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Introduction

ISDN, the Integrated Services Digital Network, is the major component of an evolving World Network™
that is linking telephones and computers around the globe. This development is molding an intricate
infrastructure of the world’s telephones as well as the multitudes of existing computers and data networks.

Advanced Micro Devices’ family of ISDN devices provides comprehensive solutions for the new services
that offer simultaneous transmission and reception of voice and data over a common network. AMD is a
leading participant in the development and advancement of ISDN as a major worldwide technology.

This Data Book is your comprehensive guide to Advanced Micro Devices’ extensive line of ISDN pro-
ducts. Whether your application is terminal equipment, network terminators, line terminators, PABXs,
concentrators or central office line cards, our products provide a cost-effective, complete solution with
both highly integrated silicon and high-performance software that is compliant with the CCITT standards.

Advanced Micro Devices’ commitment in 1982 to becoming a leader in ISDN is a reality today. We
continue to apply substantial resources to maintain that leadership position—now and for the future.
AMD’s technical staff excels at offering support at every level. Our trained field applications engineers,
specialists in communications, are backed by system experts in the factory. Call your local AMD sales
office or the authorized representative listed in the back of this publication for further information about
ISDN.

Gary Ashcraft
Vice President

Communication Products Division
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Preliminary

Am79C30A/32A

Digital Subscriber Controller (DSC)
ISDN Data Controller (IDC)

1
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DISTINCTIVE CHARACTERISTICS

B Combines CCITT 1.430 S/T Interface trans-
ceiver, D-channel LAPD processor, and audio
processor (DSC only) in a singie chip

E  Interrupt-driven microprocessor interface
B CMOS technology, TTL compatible

B ‘S’ or ‘T’ Interface Transcelver

Level 1 Physical Layer Controller
Supports point-to-point, short or extended

passive bus configurations

CRC generation/checking

Zero insertion/deletion

Four 2-byie address detectors
Random number generation
8-byte transmit and receive FIFOs

Audio Processing Capability (DSC only)

Dual audio inputs

Earpiece and loudspeaker drivers
Filter/codec with A/mu selection
Programmable gain and equalization filters
Programmable sidetone level

Multiframe support Programmable DTMF, single tone, and ringer
B D-channel Processing Capability tone generation
Flag generation/detection
BLOCK DIAGRAM
CAP, CAP,

AREF <+——d LOUT
AINB —-r—— _ ———r— 1
EAR, <+—— MAP Serial Interface L ———s LOUT,
"€ =] (mrecaoa oni Mux IS
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I [

0osC

DLC

LIU
MUX
MAP
DLC
MPI
OSsC

Main Audio Processor 7 -« - -« Do
Data Link Controller

Microprocessor Interface

Oscillator and Timing Circuitry

oz T

Publication# 09893 Rev.D Amendment /0
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GENERAL DESCRIPTION

The Am79C30A Digital Subscriber Controller (DSC)
and Am79C32A ISDN Data Controller (IDC), shown in
the block diagram, provide the Terminal Equipment ac-
cess to the ISDN. The Am79C30A/32A is compatible
withthe CCITT I-Series recommendations at the ‘S’ ref-
erence point allowing the user of the device to design
TEs which conformto the international ISDN standards.

The Am79C30A/32A provides a 192 kbps full duplex

digital path between the TE located in the subscriber’s

premises and the NT or PABX line card over 4-wires.
The Am79C30A/32A separates the bit stream into the
B1- (64 kbps), B2- (64 kbps) and D- (16 kbps) channels.
The B-channels are routed to different sections of the
Am79C30A under user control. The D-channel is par-
tially processed in the Am79C30A/32A and passed to
the microprocessor for further processing.

The transmission rate of 192 kbps provides a 48-bit
frame every 250 ps for framing and maintenance. The
frame structure provides for frame synchronization and
multiple terminal contention resolution as described in
the CCITT I-series recommendations. Both point-to-
point and point-to-multipoint connections are
supported.

The Am79C30A can be used as a voice telephone, a
digital data terminal, or a voice and data terminal. The
Am79C32A can be used as a digital data terminal.

The audio processor in the Am79C30A, shown in the
block diagram, uses Digital Signal Processing (DSP) to
implement the codec and filter functions. The audio
processor interfaces to a speaker, an earpiece, and two
separate audio inputs. In the receive and transmit paths
the user may program gain or alter the frequency re-
sponse. The audio processor is not available in the
Am79C32A.

A serial port gives the user access to the B-channels of
the Am79C30A/32A multiplexer. This serial port may be
used by data terminals and provides, with additional cir-
cuitry, access to the CCITT ‘R’ reference point.

The Am79C30A/32A is controlled via aninterrupt driven
microprocessor bus interface by an external micropro-
cessor. Using this interface, the microprocessor pro—
cesses the D-channel information and programs the
Am79C30A/32A accordingly. This includes program-
ming a multiplexer within the Am79C30A/32A to route
the B-channels as specified by the D-channel control in-
formation. The microprocessor caninterrogate and pro-
gram the Am79C30A/32A via its mode, status, and error
registers.

1-2 Am79C30A/32A



CONNECTION DIAGRAMS

Top View
40 Pin Dual-In-Line Package
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Figure 2. Am79C30A DSC Connection Diagrams
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CONNECTION DIAGRAMS

Top View
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Figure 3. Am79C32A IDC Connection Diagrams
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

0. Optional Processing

AM79C30A/32A P o B

-r— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to + 70°C)

c. PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am79C30A/32A
Digital Subscriber Controller (DSC)
ISDN Data Controller (IDC)

Valid Combinations
AM79C30A/32A PC,JC,PCB,JCB

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD’s standard military grade products.

J = 44-Pin Plastic Leaded Chip Carrier (PL 044)

Am79C30A/32A



PIN DESCRIPTION

All signal levels are TTL compatible unless otherwise stated.

Line Interface Unit (LIU)

HSW
Hook-Switch (input)

The HSW signal indicates if the hookswitch is on or off
hook. This signal may be generated with a mechanical
switchwired to ground with a pull-up resistor to Vcc. Any
change in the HSW state causes an interrupt.

LIN1, LIN2
Subscriber Line Input (Differential Inputs)

The LIN1 and LIN2 inputs interface to the subscriber (‘S’
reference point) via an isolation transformer. LIN2 is the
positive input, LIN1 is the negative input. These pins are
not TTL compatible.

LOUT1, LOUT2
Subscriber Line Output (Differential Outputs)

The LOUT1 and LOUT2 line driver output signals inter-
face to the subscriber line at the ‘S’ reference point via
an isolation transformer and resistors. LOUT2 is the
positive ‘S’ interface driver (that is, sources current dur-
ing a high mark) and LOUT1 is the negative ‘S’ interface
driver (that is, sources current during low mark). For
multipoint applications, all TE’s must maintain the same
polarity on the ‘S’ interface. These pins are not TTL
compatible.

Multiplexer (MUX)

SBIN
Serial Channel (Input)

The data rate on SBIN is 192 kbps. SBIN consists of
three 64 kbps serial channels. Data bytes are received
MSB first.

SBOUT
Serial Channel (Output)

The data rate on SBOUT is 192 kbps. SBOUT consists
of three 64 kbps serial channels. Data bytes are trans-
mitted MSB first.

SCLK
Serial Clock (Output)

SCLK s a 192 kbps synchronization clock which defines
the position of the serial bits in the SBOUT and SBIN
channels. Data at the SBIN input must be valid on the
rising edge of SCLK. The data on the SBOUT pin
changes on the falling edge of SCLK. SCLK powers up
tri-stated, and is enabled when a MUX connection is
programmed.

SFS
Serial Channel Frame Sync. (Output)

SFS is an 8 kHz signal which identifies the beginning of
eachframe by a low to high transition. The192 kbps data
stream on SBIN and SBOUT is referenced to SFS. SFS

powers up tri-stated, and is enabled when a MUX con-
nection is programmed.

Main Audio Processor (MAP)

AlIMAP pins are analog, and hence not TTL compatible.

AINA, AINB
Analog (Inputs)

These analog inputs allow for two separate analog
(audio) inputs to the transmit path of the codec/ filter. In-
put signals on either of these pins must be referenced to
AREF.

AREF
Analog Reference (Output)

This is anominal 2.4 V reference voltage output for bias-

ing the analog inputs. Note that AREF is only available
when the MAP is active.

CAP1, CAP2

Capacitor/Resistor (CAP1, Input; CAP2, Output)
An external resistor and capacitor are connected in
series between these pins. These components are
needed for the integrator in the Analog to Digital
Converter (ADC).

EAR1, EAR2

Earplece Interface (Differential Outputs)

EAR1 and EAR2 are the outputs fromthe receive path of
the filter codec. These differential outputs can directly
drive 600 ohms.

LS1,LS2
Loudspeaker Interface (Differential Outputs)

LS1 and LS2 are push-pull outputs which can directly
drive a 50 ohm loudspeaker.

Microprocessor Interface (MPI)

A2-A0
Address Line (Inputs)

A2, A1, and A0 signals select source and destination
registers for read and write operations on the data bus.

[13
Chip Select (Input)
TS must be low to read or write to the Am79C30A/32A.

Data transfer occurs over the bidirectional data lines
(D7-DO0).

D7-DO

Data Bus (Bidirectional with High Impedance State)
The eight bidirectional data bus lines are used to ex-
change information with the microprocessor. D0 is the
least significant bit (LSB) and D7 is the most significant
bit (MSB). A high on the data bus line corresponds to a

1-6 Am79C30A/32A



logic ‘1" and low corresponds to a logic ‘0’. These lines
act as inputs when both WR and CS are active and as
outputs when both RD and CS are active. When CS is
inactive or both RD and WR are inactive, the D0-D7 pins
are in a high impedance state.

iNT
Interrupt (Output)

An active low output on the INT pin informs the external
microprocessor that the Am79C30A/32A needs inter-
rupt service. INT is updated once every 125 us. The INT
pin remains active until the Interrupt Register (IR) is
read or the Am79C30A/32A is reset.

RESET

Reset (Input)

Reset is an active high signal which causes the
Am79C30A/32A to immediately terminate its present
activity and initialize to the reset condition. When reset
returns low, the Am79C30A/32A enters the idle mode.

RD

Read (Input)

The active low read signal is conditioned by CSand indi-
cates that internal information is to be transferred onto
the data bus. A number of internal registers are user ac-
cessible. The contents of the accessed register are
transferred onto the data bus after the high to low transi-
tion of the RD input. ‘
WR

Write (Input)

The active low write signal is conditioned by CS and indi-
cates that external information on the data bus is to be
transferred to an internal register. The contents of the

data bus are loaded on the low to high transition of the
WR input.

Oscillator (OSC)

MCLK
Master Clock (Output)

The MCLK output is available for use as the system
clock for the microprocessor. It is derived from the
12.288 MHz crystal via a programmable divider in the
Am79C30A/32A which provides the following MCLK
output frequencies: 12.288, 6.144, 4.096, and 3.072
MHz.

XTAL1, XTAL2
External Crystal (Output/Input)

XTAL1 and XTAL2 are connectedto an external parallel
resonant crystal for the on-chip oscillator. XTAL2 can
also be connected to an external source instead of a
crystal, in which case XTAL1 should be left discon-
nected. The frequency must be 12.288 MHz, + 80 ppm.

Power Supply Pins

mog power supply +5% (PLCC only)
AVss  Analog ground (PLCC only)
DVss Digital ground (PLCC only)
DVcc  +5V digital power supply, +5% (PLCC only)

DIP Packages
Vee  +5V power supply, +5% (DIP only)
Vss  Ground (DIP only)

Note: For best performance, decoupling capacitors should be
installed between Vcc and Vss as close to the chip as
possible. Do not use separate supplies for analog and digital
power and ground connections.

Am79C30A/32A 1-7



OPERATIONAL DESCRIPTION

In order to specify the functions of the Am79C30A/32A,
the device has been divided into blocks as shown in the
block diagram. Each of the blocks listed below is defined
separately in the Functional Description.

LIU Line Interface Unit

MUX  Multiplexer

MAP  Main Audio Processor (Am79C30A only)
DLC Data Link Controller

MPl  Microprocessor Interface
OSC  Oscillator and Timing Circuitry

User Accessible Registers/Buffers

The microprocessor interface is used to program and
control the operation of the Am79C30A/32A. The follow-
ing registers/buffers are user accessible in each of the
blocks listed above and are described in the respective
Functional Description Sections.

Registers No. Mnemonic
Line Interface Unit (LIU)

LIU Status Register 1 LSR
LIU Priority Register 1 LPR
LIU Mode Registers 2 LMR
Multiframe Register 1 MF
Multiframe S-Bit/Status Buffer 1 MFSB
Multiframe Q-Bit Buffer 1 MFQB
Muitiplexer (MUX)

MUX Control Registers 4 MCR
Main Audio Processor (MAP)

(Am79C30A only)

X Filter Coefficient Registers 16 X

R Filter Coefficient Registers 16 R

GX Gain Coefficient Registers 2 GX
GR Gain Coefficient Registers 2 GR
GER Gain Coefficient Registers 2 GER
Sidetone Gain Coefficient Registers 2 STGR
Frequency Tone Generator Registers 2 FTGR
Amplitude Tone Generator Registers 2 ATGR
MAP Mode Registers 2 MMR
Data Link Controller (DLC)

First Received Byte Address Registers 4 FRAR
Second Received Byte Address Registers 4 SRAR
Transmit Address Register (16 bit) 1 TAR
D-channel Receive Byte Limit Register (16 bit) 1 DRLR
D-channel Receive Byte Count Register (16 bit) (2 byte FIFO) 1 DRCR
D-channel Transmit Byte Count Register (16 bit) 1 DTCR
Random Number Generator Registers 2 RNGR
D-channel Mode Registers 4 DMR
D-channel Status Registers 2 DSR
Address Status Register (2 byte FIFO) 1 ASR
D-channel Error Register (2 byte FIFO) 1 DER
Microprocessor Interface (MPI)

Initialization Register 1 INIT
Command Register 1 CR
Interrupt Register 1 IR
Data Register 1 DR
D-channel Transmit Buffer (8 byte FIFO) 1 DCTB
D-channel Receive Buffer (8 byte FIFO) 1 DCRB
Bb Transmit Buffer 1 BBTB
Bb Receive Buffer 1 BBRB
Bc Transmit Buffer 1 BCTB
Bc Receive Buffer 1 BCRB

Note: See the Microprocessor Interface section for register addressing.

1-8 Am79C30A/32A



Initialization

The initialization procedure is controlled via the Initiali-
zation Register (INIT) which is accessed by the micro-
processor as defined in the Microprocessor interface

Initialization Register (INIT), Read/Write

section. This Initialization Register (INIT) has the follow-
ing format:

Bit #
76543210 Control Function
XXX XX X 00 Power Mode Selection Idle Mode (default)
XX X X X X o0 1 Active Mods (voice & data)
XX X XX X 10 Active Mode (Data only)
XXX XX X 11 Reserved
XX XX X0 X X Interrupt Selection Enable TNT pin (default)
X X X X X1 XX Disable INT pin
XX 000 X X X Divide by 2 (default)
X X001 X XX Clock Divider Selection Divide by 1
XX 010X XX Divide by 4
XX01 1 XXX Divide by 2
XX 100X XX Divide by 3
XX 101 XXX Divide by 2
XX 1t 10X XX Divide by 2
XX 111X XX Divide by 2
X1 XXX X XX Abort Selection Receive abort
X0 X X X X X X No Receive abort (default)
1 XX X XX X X Transmit abort
0 X X X X X X X No Transmit abort (default)
Reset

The Am79C30A/32A can be reset by driving the reset
pin high. When power is first supplied to the
Am79C30A/32A, a reset must be asserted. This

Idle Mode Operation

To conserve power the Am79C30A/32A can be placed
in the idle mode. This can be done by either asserting
the RESET signal or by clearing bits 0 and 1 in the INIT

initializes the Am79C30A/32A to its default values as
defined in the subsequent sections. After reset, the
Am79C30A/32A enters the idle mode.

register. When the Am79C30A/32A is in the idle mode,
and there is no activity on any of the external interfaces,
the state of the output pins are:

Pin Name State following RESET Idie Mode

D7-Do High impedance High impedance

MCLK 6.144 MHz As programmed (see Initialization section)

INT Logical ‘1’ Logical ‘1’ can be driven low by internal conditions
explained below

SBOUT High impedance High impedance

SFS High impedance 8 kHz

SCLK High impedance 192 kHz period

LS1, LS2,

EART1, High impedance High impedance

EAR2,

AREF

LOUT1, High impedance High impedance

LouT2

Am79C30A/32A 1-9



SFS and SCLK will be high impedance after areset, and
will become active upon the first write to any MCR
registers.

The minimum idle mode power consumption is met if
bits 3 and 5 of the INIT register are setto a logical ‘0’ and
bit 4 is set to a logical ‘1°, thus ensuring that the MCLK
output is 3.072 MHz.

In the idle mode the MAP, SBP, MUX and DLC blocks
are disabled and the OSC, MPI and LIU blocks are ac-
tive. The programmed state of the Am79C30A/32A is
maintained (hence the programmable registers retain
their data) and the Am79C30A/32A canbe programmed
while in the idle mode. The DLC read only registers are
reset. The microprocessor can access any of the
Am79C30A/32A registers but the idle mode power con-
sumption specification does not apply when the micro-
processor is accessing the Am79C30A/32A.

If the receiver is enabled, the LIU responds automati-
cally to activity when the Am79C30A/32A is in the idle
mode. Thus, if the receiver is enabled and the LIU either
detects activity onthe ‘S’ interface or receives an activa-
tion request from the microprocessor, the LIU follows
the CCITT activation procedure and interrupts the mi-
croprocessor when activation has been achieved. The
default value of LIU Mode Register 1 bit 6 disables the
receiver. The Am79C30A/32A idle mode can be termi-
nated in the following three ways:

1) When the LIU achieves activation on the ‘S’ inter-
face, the Am79C30A/32A interrupts the micropro-
cessor (depending on the programmed state of the
Am79C30A/32A's LIU Mode Register 1). This inter-
rupt “‘wakes up” the microprocessor if it is in its idle
mode. The microprocessor then programs the
Am79C30A/32A to the proper mode via bits 0 and 1
in the INIT register. (See LIU section.)

2) The Am79C30A/32A has a hookswitch (HSW) de-
tector with debounce circuitry to accommodate the
requirements of a mechanical switch. When the
HSW changes state, an interrupt is generated to the
microprocessor if the HSW interrupt is enabled. The
microprocessor can then read the status of the

HSW via the LIU Status Register and power-up the
Am79C30A/32A as required.

3) At any time, the microprocessor can terminate the
idle mode by writing to bit 0 and bit 1 of the INIT
Register.

MCLK Options

Upon reset the Am79C30A/32A crystal frequency of
12.288 MHz is divided by two and output as the MCLK.
The microprocessor can alter this output frequency
through the INIT register as per its timing requirements.
It should be noted that the MCLK is never stopped. The
frequencies available at the MCLK output pin are:

1) 12.288 MHz (divide by 1)
2) 6.144 MHz (divide by 2)
3) 4.096 MHz (divide by 3)
4) 3.072 MHz (divide by 4)

Receive and Transmit Abort Commands

The microprocessor has the optionvia INIT register bits
6 and 7 to abort the receive and transmit D-channel
packets. When the microprocessor sets one of these
bits, the Am79C30A/32A aborts the respective opera-
tion. The frame abort sequence is defined in greater de-
tail later. (See Data Link Controller section.)

Interrupt Handling

The Am79C30A/32A generates either no interrupt or
only one interrupt every 125 psec. Once asserted, INT
remains active until the microprocessor responds by in-
terrogating the Am79C30A/32A’s interrupt Register.
Readlgg_the Interrupt Register in response to an acti-
vated INT pin deactivates the INT pin, and clears the in-
terrupt register.

If an interrupt causing event occurs while the Interrupt
Register (IR) is being read by the microprocessor, the
effect of the event is held until the microprocessor has
completed it's read cycle. A reset clears all interrupt
causing conditions.

The INT pin remains active until the Interrupt Register is
read or reset is driven active. The Interrupt Register is
cleared by reading the Interrupt Register, or by reset.
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Interrupt Register (IR), Read Only
The Interrupt Register has the following format:

Bit interrupt generated/action required interrupt Mask
0 D-channel transmit threshold interrupt/load D-channel Transmit Buffer DMR1 bit 0
1 D-channel receive threshold interrupt/read D-channel Receive Buffer DMRH1 bit 1
2 D-channel status interrupt/read DSR1

Source Cause

DSR1 bit 0 Valid Address (VA) or End of Address (EOA) DMR3 bit 0

DSR1 bit 1 When a closing flag is recsived or a receive error occurs DMRH1 bit 3

DSR1 bit 6 When a closing flag is transmitted DMR3 bit 1
3 D-channel error interrupt/read DER and DSR2 bit 2

Source Cause

DER bit 0 Current received packet has been aborted DMR2 bit 0

DER bit 1 Non-integral number of bytes received DMR2 bit 1

DER bit 2 Collision abort detected DMR2 bit 2

DER bit 3 FCS error DMR2 bit 3

DER bit 4 Overflow error DMR2 bit 4

DER bit 5 Underflow error DMR2 bit 5

DER bit 6 Overrun error DMR2 bit 6

DER bit 7 Underrun error DMR2 bit 7

DSR2 bit 2 Receive packet lost DMRS3 bit 6
4 Bb or Bc byte available or buffer empty interrupt/read or write Bb or Bc butfers MCR4 bit 3
5 LIU status interrupt/read LSR

Source Cause

LSR bit 3 Change of state to F3 LMR2 bit 3

LSR bit 4 Change of state from#o F7 LMR2 bit 6

LSR bit 5 Change of state from/to F8 LMR2 bit 4

LSRbit 7 HSW change of state LMR2 bit 5
6 D-Channel status interrupt/read DSR2

Source Cause

DSR2 bit 0 Last byte of received packet DMRS3 bit 2

DSR2 bit 1 Receive byte available DMR3 bit 3

DSR2 bit 3 Last byte transmitted DMRS bit 4

DSR2 bit 4 Transmit buffer available DMRB3 bit 5
7 Multiframe interrupt/read MFSB

Source

MFSB bit 5 S-data available MF bit 1

MFSB bit 6 Q-bit buffer empty MF bit 2

MFSB bit 7 Multiframe change of state (In/Out of sync.) MF bit 3

Bits 0, 1 and 4 of the IR, if set, advise the microprocessor
that the respective buffer is ready for reading or writing.
If bit 0 is set due to an empty buffer, the D-Channel
Transmit Buffer must be serviced within 375 us. If bit 1 is
set and the D-Channel Receive Buffer is full, the buffer
must be serviced within 425 ps. This is to prevent erro-
neous data transfers causing transmitter underrun and
receiver overrun errors. If bit 4 is set then the Bb or Bc
buffers must be accessed within 122.4 ps. Thisisto pre-
vent erroneous data transfers. Only one interrupt is
used to signal accessibility for both B-channels of the ‘S’
interface. Since the data transfer must occur synchro-
nously to the ‘S’ interface, any data access to either Bb
or Bc or both must be made within the 122.4 s limit.
Note: even though only a single interrupt is issued,
either or both ‘S’ interface B-channels must be serviced.

IRbits 2,3, 5, 6, and 7, if set, indicate that a bit has been
set in the associated status or error register. All of the
interrupts generated by the Am79C30A/32A can be indi-
vidually disabled.

DMR1, DMR2, DMR3, LMR2, MCR4, and MF control
the mask conditions which affect the INT pin. The INT
pin is activated only by interrupts which are not disabled
and the Interrupt Register reflects the status of enabled
interrupts. The INT pin can be disabled by setting INIT
register bit 2 to a logical ‘1".

The Am79C30A/32A has facilities that allow the micro-
processor to read the status registers (status update is
inhibited during status read) or the IR at any time during
functional operation.
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Test Faclilities

The Am79C30A/32A provides three types of test
facilities:

1) The ability to suppress the framing signals from the
Am79C30A/32A to the network termination. This
simulates a loss of synchronization and is pro-
grammed into LMR1 bits 2 and 3.

2) Three types of D-channel loopbacks, two on the ‘S’
interface for maintenance purposes and one on the
microprocessor interface for local testing. Normally,
the Am79C30A/32A compares its transmitted D-
channel bits to its received E-channel bits. Any dif-
ference is interpreted as an error condition which
halts transmission. However, in these loopbacks,
the Am79C30A/32A ignores any such difference,

3)

thereby allowing transmission to proceed. These
loopback test modes are selected via LMR2 bits 0,1
and 2. See LIU Registers section for more details.

Two MAP loopbacks, one analog and one digital.
The analog loopback enables an analog signalto be
sentin on AINA or AINB and out on EAR1/EAR2 or
LS1/LS2. This loopback is selected by connecting
Ba to Ba in the multiplexer. The digital loopback
tests the digital portion of the MAP by routing the
data from the MUX through to the interpolator and
then feeding it into the decimator. The ADC and
DAC are disconnected from the loopback path. This
loopback is selected by setting bit 7 of MMR1 to a
logical ‘1’ (See Figure 9).
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FUNCTIONAL DESCRIPTION
Microprocessor Interface (MPI)

The Am79C30A/32A can be connected to any general
purpose 8-bit microprocessor via the MPI. The MCLK
from the Am79C30A/32A can be used as the clock for
the microprocessor. The MPlis an interrupt driven inter-
face containing all the circuitry necessary for access to
the internal programmable registers, status registers,
coefficient RAM, and transmit/receive buffers.

Directly Accessed Registers/Buffers

Register Mnemonic
Command Register CR
Interrupt Register IR

Data Register DR
D-channel Status Register 1 DSR1
D-channel Error Register (2 byte FIFO)  DER

MPI External Interface D-channel Transmit Buffer (8 byte FIFO) DCTB
D nnel Receive Buffer FIF R
The MPI has the following external connections: Bt;c ‘?’?ansemii ?B(:ﬁfe? uffer (8 byte FIFO) ggTBB
Bb Receive Buffer BBRB
Name Direction Function Bc Transmit Buffer BCTB
Bc Receive Buffer BCRB
D7-DO Bidirectional Data Bus D-channel Status Register 2 DSR2
A2, A1, & A0 Inputs Address Line
il g fiead enableThe 8-t bidirectional data bus (D7-DO) is used 1o com-
il nput rite enable municate with these registers. The selection of which
CS Input Chip Select register(s) is (are) accessed s controlled by the CS, RD,
RESET Input Initialization WR, A2, A1, and A0 signals from the microprocessor to
INT Output Interrupt the AM79C30A/32A in the following manner (see Figure
4): '
Register Selection
CS RD WR A2 A1 A0 Register(s) Accessed
0 1 0 0 0 0 Command Register (CR), write only
0 0 1 0 0 0 Interrupt Register (IR), read only
0 1 0 0 0 1 Data Register (DR), write only
0 0 1 0 0 1 Data Register (DR), read only
0 0 1 0 1 0 D-channel Status Register 1 (DSR1), read only
0 0 1 0 1 1 D-channel Error Register (DER), read only (2 byte FIFO)
0 1 0 1 0 0 D-channel Transmit Buffer (DCTB), write only (8 byte FIFO)
0 0 1 1 0 0 D-channel Receive Buffer (DCRB), read only (8 byte FIFO)
0 1 0 1 0 1 Bb channel Transmit Buffer (BBTB) write only
0 0 1 1 0 1 Bb channel Receive Buffer (BBRB), read only
0 1 0 1 1 0 Bc channel Transmit Buffer (BCTB), write only
0 0 1 1 1 0 Bc channel Receive Buffer (BCRB), read only
0 0 1 1 1 1 D-channel Status Register 2 (DSR2), read only
1 X X X X X No access (X = logical ‘0’ or ‘1’)

Note: The RD and WR signals must never both be low under normal operating conditions.
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Indirectly Accessed Registers

To read from or write to any of the indirect data registers byte(s) is then transferred to or from the selected
a command is first written to the Command Register register(s) as follows:
(CR). Depending on the command, one (or more) data

T D7 DgDs D4 D3 0, Dy Do A2 Al AO
— o— TS
Interrupt VO Buff Timing And — WR
Control ulter Bus Control e— RD
j¢— RESET
{} Internal B
Interrupt Command Mode
Transmit Register Register Registers
And Receive| For:
Buffers MUX
D—-Channel
M
Dll_"();( Status gﬁg
Register LU
D—-Channel osc
Error
Register
09456-28B

Figure 4. MPI Block Diagram
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Command Register (CR), Write only

The Command Register (CR) is used to hold the index
for the indirectly accessed registers. The CR is one byte
wide and divided into two fields, the destination code
field (DCF) and the operational code field (OCF):

Bit7 Bit0

Y2 | Y1 | YO| Z4 | Z3 | 22 | 21 | 20

DCF OCF

The ‘Y’ bits in the DCF determine to which block the
OCF is related. The ‘Y’ bits are defined below:

Am79C30A/32Ablock Y2 Y1 YO
RESERVED 0 0 o0
INIT 0 0 1
MUX 0 10
MAP (Am79C30Aonly) 0 11
DLC 1 0 0
LIU 1 0 1
RESERVED 1 1 0
RESERVED 1 11

The ‘Z’ bits of the OCF contain the operation code used
to address a specific register within a DCF block. For
each DCF there is a different set of OCFs. Each of the
OCFs and their associated data registers are defined in
the following sections. When the OCF indicates a read
or write operation is possible, then the appropriate ac-
cessis achieved by asserting either the read or write sig-
nals to the Am79C30A/32A.

Registers within certain groups can be quickly accessed
by using internal circuitry which automatically incre-
ments the indirect address (index value) contained in
the OCF. The CR is first loaded with the index value,
then the data bytes are transferred in sequence be-
tween the Am79C30A/32A and the microprocessor via
the DR. For example, operation number 5 in the MPI-
LIU definition allows operations 2 to 4 to be performed
sequentially without reloading the CR. Whenever the
CR register is loaded, any previous commands are
automatically terminated.

In the following tables the “bytes transferred” numbers
next to the OCFs are the number of bytes which are read
or written to the DR after the CR has been loaded.

MPI-INIT Definition

The INIT register is used by the microprocessor to select
the MCLK output frequency and the power-up/idle

states of the Am79C30A/32A. This register is accessed
via the ‘Z’ bits in the CR as follows:

OCF
INIT OPERATION 24 Z3 22 Z1 20
(DCF = 001)

Bytes
Transferred

R/WINITregister 0 0 0 0 1 1

MPI-LIU Definition
The LIU contains the following registers:

LIU Registers No. Mnemonic
LIU Status Register 1 LSR

LIU Priority 1 LPR

LIU Mode Registers 2 LMR1, LMR2
Multiframe Register 1 MF
Multiframe S-bit Buffer 1 MFSB
Multiframe Q-bit Buffer 1 MFQB

These registers are accessed viathe ‘Z' bitsinthe CR as
follows:

OCF
LIU OPERATION 24 23 72 Z1 20 Bytes
(DCF = 101) Transferred
1. Read LSR 00 0 0 1 1
2. RIWLPR 00 0 1 O 1
3. R'W LMR1 00 0 1 1 1
4. R/'W LMR2 00 10 O 1
5. Perform 00 10 3
Operations 2-4
6. Read/WriteMF 0 0 1 1 0 1
7. Read MFSB 00 1 1 1 1
8. Write MFQB 01 00 O 1

MPI-MUX Definition

The MUX contains four microprocessor read/write con-
trol registers MCR1, MCR2, MCR3, and MCR4. These
registers are accessed via the ‘2’ bits in the CR as fol-
lows:

OCF
MUX OPERATION 24 Z3 Z2 21 20 Bytes
(DCF = 010) Transferred
1. R/'W MCR1 0 0 0 0 1 1
2. R’'W MCR2 00 0 10 1
3. RYW MCR3 00 0 1 1 1
4. R/'W MCR4 00 1 00 1
5. Perform 0 0 1 0 1 4

Operations 1-4

When more than one byte is being transferred due to
OCF command 5, MCR1 is always accessed first, fol-
lowed by MCR2, then MCR3, and finally MCR4.
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MPI-MAP Definition (Am79C30A only)

The MAP registers are:
MAP Registers No. Mnemonic
X Filter Coefficient Registers 16 X
R Filter Coefficient Registers 16 R
GX Gain Coefficient Registers 2 GX
GR Gain Coefficient Registers 2 GR
GER Gain Coefficient Registers 2 GER
Sidetone Gain Coefficient Registers 2 STGR
Frequency Tone Generator Registers 2 FTGR
Amplitude Tone Generator Registers 2 ATGR
MAP Mode Registers 2 MMR
These registers are accessed via the OCF ‘Z’ bits in the CR.

OCF Bytes
MAP OPERATION (DCF=011) 2Z4 Z3 z2 ral 20 Transferred
1. R X Filter Coefficients 0 0 0 0 1 16
2. RMW R Filter Cosefficients 0 0 0 1 0 16
3. RMW GX Gain Coefficients 0 0 0 1 1 2
4. RMW GR Gain Coefficients 0 0 1 0 0 2
5. R/MW GER Gain Coefficients 0 0 1 0 1 2
6. R/MW STG Coefficients 0 0 1 1 0 2
7. RWFTGR1 & FTGR2 0 0 1 1 1 2
8. RMW ATGR1 & ATGR2 0 1 0 0 0 2
9. RW MMR1 0 1 0 0 1 1
10. RW MMR2 0 1 0 1 0 1
11. Perform Operations 1-10 0 1 0 1 1 46
MPI-DLC Definition
The indirectly accessible DLC registers are:
Registers No. Mnemonic
First Received Byte Address Registers 4 FRAR
Second Received Byte Address Registers 4 SRAR
Transmit Address Register (16 bit) 1 TAR
D-channel Receive Byte Limit Register (16 bit) 1 DRLR
D-channel Receive Byte Count Register (16 bit) (2 word FIFO) 1 DRCR
D-channel Transmit Byte Count Register (16 bit) 1 DTCR
Random Number Generator Registers 2 RNGR
D-channel Mode Registers 4 DMR
Address Status Register (2 byte FIFO) 1 ASR
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OCF Bytes
DLC OPERATION (DCF = 100) 24 Z3 Z2 Z1 20 Transferred
1. RWFRAR1,2&3 (o] 0 0 0 1 3
2. RWSRAR1,2&3 0 0 0 1 0 3
3. RWTAR 0 0 0 1 1 2
4. RWDRLR 0 0 1 0 0 2
5. RWDTCR 0 0 1 0 1 2
6. RW DMR1 0 0 1 1 0 1
7. RWDMR2 0 0 1 1 1 1
8. Perform Operations 1-7 0 1 0 0 0 14
9. Read DRCR 0 1 0 0 1 2
10. R/W RNGR1 0 1 0 1 0 1
11. RW RNCGR2 0 i 0 1 1 1
12. RW FRAR4 0 1 1 0 0 1
13. RW SRAR4 0 1 1 0 1 1
14. RW DMR3 0 1 1 1 0 1
15. RW DMR4 0 1 1 1 1 1
16. Perform Operations 12-15 1 0 0 0 0 4
17. Read ASR 1 0 0 0 1 1
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Microprocessor Access Guide for Indirect Registers

Block Opera- Register Y & ZHEX Byte
Accessed tion# Name Coding Sequence
MPL-INIT 1 INIT 21 One byte transferred
MPI-LIU 1 LSR Al One byte transferred
2 LPR A2 One byte transferred
3 LMR1 A3 One byte transferred
4 LMR2 A4 One byte transferred
5 Perform 2-4 A5 LPR, LMR1, LMR2
6 MF A6 One byte transferred
7 MFSB A7 One byte transferred
8 MFQB A8 One byte transferred
MPI-MUX 1 MCR1 41 One byte transferred
2 MCR2 42 One byte transferred
3 MCR3 43 One byte transferred
4 MCR4 44 One byte transferred
5 Perform 1-4 45 MCR1, MCR2, MCR3, MCR4
MPI-MAP 1 X Coeff. 61 ho LSB,h0 MSB..h7 MSB
(see Fig. 9) 2 R Coeff. 62 ho LSB,h0 MSB..h7 MSB
3 GX Coeff. 63 LSB, MSB
4 GR Coeff. 64 LSB, MSB
5 GER Coeff. 65 LSB, MSB
6 STG Coeff. 66 LSB, MSB
7 FTGR1, FTGR2 67 FTRG1, FTGR2
8 ATGR1, ATGR2 68 ATGR1, ATGR2
’ 9 MMR1 69 One byte transferred
10 MMR2 6A One byte transferred
11 Perform 1-10 6B 46 bytes loaded 1-10
MPI-DLC 1 FRAR1,2&3 81 FRAR1, FRAR2, FRAR3
2 SRAR1,2&3 82 SRAR1, SRAR2, SRAR3
3 TAR 83 LSB, MSB
4 DRLR 84 LSB, MSB
5 DTCR 85 LSB, MSB
6 DMR1 86 One byte transferred
7 DMR2 87 One byte transferred
8 Perform 1-7 88 14 bytes loaded 1-7
9 DRCR 89 LSB, MSB
10 RNGR1 (LSB) 8A One byte transferred
11 RNGR2 (MSB) 8B One byte transferred
12 FRAR4 8C One byte transferred
13 SRAR4 8D One byte transferred
14 DMR3 8E One byte transferred
15 DMR4 8F One byte transferred
16 Perform 12-15 - 90 FRAR4, SRAR4, DMR3, DMR4
17 ASR 91 One byte transferred

*Note: LSB=Least Significant Byte; MSB=Most Significant Byte
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Line Interface Unit (LIU)

The LIU connects to the four wire ‘S’ interface through a
pair of isolation transformers, one for the transmit and
one for the receive direction, as shown in Figure 5.

The receiver section of the LIU consists of a differential
receiver, circuitry for bit timing recovery, circuitry for de-
tecting high marks and low marks, and a frame recovery
circuit for frame synchronization. The receiver converts
the received pseudo-ternary coded signals to binary be-
fore delivering them to the other blocks of the
Am79C30A/32A. It also performs collision detection (E

and D bit comparison) per the CCITT recommendations
so that several TEs can be connected to the same ‘S’ in-
terface.

The transmitter consists of a binary to pseudo-ternary
encoder and a differential line driver which meets the
CCITT recommendations for the ‘S’ interface.

The Am79C30A/32A can establish multiframe synchro-
nization, receive S-bits, and transmit Q-bits synchro-
nized to the received frame.

Line .

Drivers §
Binary —-D .
To ,
Pseudo-ternary !
Coder _D .
L
u :
- ]
Q 1]
]
Q '
% " Frame !
> Recovery '
=2 [
= '
4 ]
o '
[ ol '
1
1
1
1
< Decoder [* Slicer !
Timing Balanced
Recovery % Recsiver

Figure 5. LIU Block Diagram
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External Interface

The LIU can be connected to both point-to-point and
point-to-multipoint configurations atthe CCITT 'S’ refer-
ence point. The point-to-point configuration consists of
one TE connected to the NT or PABX line card. The
point-to-multipoint configuration can have multiple TEs
connected to one NT.

Line Code

Pseudo-ternary coding is used for both transmitting and
receiving over the ‘S’ interface. In this type of coding, a
binary ‘1’ is represented by a space (zero voltage) and a
binary ‘0’ is represented by a high mark or a low mark.
Two consecutive binary ‘0's are represented by alter-
nate marks to reduce DC offset on the line. A mark fol-
lowed, either immediately or separated by spaces, by a
mark of the same polarity, is defined as a code violation.
Code violations are used to identify the boundaries of
the frame.

Frame Structures

In both transmit and receive directions, the bits are
grouped into frames of 48 bits each. The frame structure
is identical for both point-to-point and point-to-muitipoint
configurations. Each frame transmitted, at 4 kHz, con-
sists of several groups of bits.

Mulitiframing

If multiframing is enabled, the Am79C30A/32A recog-
nizes and establishes multiframe synchronization
based on the monitoring of the FA- (Q-bit control) and
M- (M-bit control) bits. The Am79C30A/32A also re-
ceives and compiles S-bits, and transmits Q-bits syn-
chronized to the received frame.

Establishment of Multiframe
Synchronization

When the ‘enable multiframe synchronization’ bit (bit 0
of the Multiframe Register) is set and the LIU is in state
F7, the LIU monitors the FA- (Q-bit control) and M- (M-
bit control) bits. When three consecutive multiframes
with the M-bits and FA bits set as defined in Figure 2.4
are received, the ‘multiframe synchronized’ bit (bit 7 of
the Multiframe Register) and ‘multiframe change of
state’ bit (bit 7 of the Multiframe S-bit/Status Buffer) are
set. Note that S-bit data is received, compiled and trans-
ferred to the user after attaining synchronization at the
start of the next multiframe.

S-bit Reception

After multiframe synchronization has been requested
and established, the microprocessor can read the Multi-
frame S-bit/Status Buffer (MFSB) once the ‘S-data
available’ bit (bit 5 of MFSB) is set. The ‘S-data avail-
able’ bit is set to a logical ‘1’ when the Am79C30A/32A
has received five S-bits (one S-bit per ‘S’ interface
frame) synchronized to the setting of the FA-bit to a logi-
cal ‘1’ and transferred them into the MFSB. Once the ‘S-
bit available’ bit is set, the MFSB must be accessed
within 1.25 ms or succeeding S-data will be lost.

Transmission of Q-bits

The microprocessor can load the Multiframe Q-bit
Buffer (MFQB) once the ‘Q-bit buffer empty’ bit (bit 6 of
the Multiframe S-bit/Status Buffer) is set. The ‘Q-bit
buffer empty’ bit is set to a logical ‘1’ at reset or when
data that has been written to the Multiframe Q-bit Buffer
is transferred to the LIU. The ‘Q-bit buffer empty’ bit is
cleared to a logical ‘0’ when the Multiframe S-bit/Status
Buffer is read. After multiframing has been requested
and established, the Am79C30A/32A transfers the data
written into the Q-bit Register to the LIU synchronized to
the multiframe irrespective of the receipt of valid Q-con-
trol bits. If the microprocessor does not reload the Q-bit
Register for retransmission, the Q-bit pattern is re-
peated in the next multiframe.

If multiframing is enabled but multiframe synchroniza-
tion is not established, the LIU transmits the value
loaded in MFQB bit 4 in all Q-bits. The default value of
MFQB bit 4 is a logical ‘0’ which satisfies the CCITT rec-
ommendations. When synchronization is achieved, the
contents of MFQB bits 3 to 0 are transmitted according
to Figure 6.

Loss of Multiframe Synchronization

The Am79C30A/32A continuously monitors the FA- (Q-
bit control) and the M-bits to assure multiframe synchro-
nization. Once multiframe synchronization is estab-
lished, multiframe synchronization is lost if three con-
secutive invalid multiframes are received or the LIU ex-
its state F7 or multiframing is disabled. When loss of
multiframe synchronization occurs, bit 7 of the Multi-
frame Register is setto a logical ‘0’ and bit 7 of the Multi-
frame S-bit/Status Buffer is set to a logical ‘1’. The
Am79C30A/32A also terminates the reception of S-bits
and transmission of Q-bits until multiframing synchroni-
zation is re-established.

1-20 Am79C30A/32A



LIU Registers
The LIU contains the following registers:

Registers No. Mnemonic
LIU Status Register 1 LSR
LIU Priority Register 1 LPR
LIU Mode Registers 2 LMR1, LMR2
Multiframe Register 1 MF
Multiframe S-Bit/Status Register 1 MFSB
Multiframe Q-Bit Buffer 1 MFQB
LIU Status Register (LSR), Read Only
The LSR has the following format:
Bit Logical ‘1’ Generates Interrupt
2,1,0 Binary values 000 through 110 represent the LIU activation circuitry’s No

current state (F2 through F8 respectively) Bit 2 is MSB.
3 Change of state to F3 if LMR2 bit 3 = 1
4 Change of state from/to F7 f LMR2 bit 6 = 1
5 Change of state from/to F8 If LMR2 bit 4 = 1
6 HSW state No
7 HSW change of state f LMR2 bit 5 = 1

When the microprocessor reads the LSR bits 3,4, 5, and
7 are cleared. The other bits retain the current status of
the LIU. Bits 0 to 2 are defined such that state F2 (see
CCITT 1.430 state matrix tables) is coded as 0, F3 as 1,
F4 as 2, and so on, where bit 0 is the LSB. The LIU inter-
rupts the microprocessor via bit 4 of the LSR when acti-
vation has been achieved (that is, when the LIU moves
to state F7 upon receipt of INFO 4). During reset the
LSR is zero. Subsequent to removing the reset, the
Am79C30A/32A goes to state F2 and reflects the condi-
tion of the HSW as well as the condition of ‘S’ interface
after the receiver has been enabled.

LIU D-channel Priority Register (LPR), Read/Write

The LPR contains the priority level for D-channel
access. lts default value after reset is zero.

The D-channel access procedure of the
Am79C30A/32A uses the priority level programmed in
the LPR. The priority mechanism defined by the CCITT
I-series recommendations is fully implemented if the
LPR is programmed via the microprocessor to conform
to the priority class of the layer 2 frame to be transmitted.

The LPR has 16 possible programmable priority levels.
The priority levels are numbered from 0 to 15. Priority
level 0 corresponds to counting 8 ones in the echo
channel, priority level 1 corresponds to counting 10
ones in the echo channel, and priority level 2 corre-
sponds to counting 12 ones, etc. The DSC automatically
handles transitions between the programmed priority
level “n” and the associated odd value n + 1. The priority
is incremented following a successfully transmitted
packet, and decremented when the higher count has
been satisfied.

The LPR has the following format:

Bits Description

3,2,1,0 D-Channel access priority level.
Bit 0 is LSB.

7,654 Not used, read logical ‘0’
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LIU Mode Register (LMR1), Read/Write
LMRH1 is defined as follows:

Bit  Logical ‘1’

Logical ‘0’ (default value)

Enable receivertransmitter

Disable receiverftransmitter

0 Enable B1 transmit Disable B1 transmit
1 Enable B2 transmit Disable B2 transmit
2 Disable F transmit Enable F transmit

3 Disable FA transmit Enable FA transmit
4 Activation request No activation request
5 Go from F8 to F3 No transition

6

7

Not used, reads logical ‘0 *

Not used, reads logical ‘0’

The F and FA bits in LMR1 (bits 2 and 3) should be en-
abled during the activation procedure so that the
Am79C30A/32A can respond with INFO 3.

LMR1 bit 4 is used to transfer the signals ‘PH-AR’ and
‘Expiry of Timer' from the microprocessor to the LIU
(see CCITT 1.430 state diagram — activation request).
‘PH-AR’ is defined as bit 4 being a logical ‘1’ and ‘Expiry
of Time’ is defined as the transition of bit 4 from a logical

LIU Mode Register 2 (LMR2), Read/Write
LMR2 is used to select the following operations:

‘1’to alogical ‘0. This bit must not be set untilthe LIU, as
reflected in the LSR, is in state F3, F6 or F7 and the re-
ceiver has been enabled for a minimum of 250 ps.

LMR1 bit 6 is primarily used to disable the receiverwhen
the terminal does not require access to the ‘S’ interface
signals. This bit is cleared by reset and must be written
to logical ‘1" in order to receive activation from the ‘S’ in-
terface, or to request activation.

Bit Logical ‘1’

Logical ‘0’ (default value)

D-channel loopback at Am79C30A/32A enable
D-channel loopback at LIU enable

D-channel back-off disable

F3 change of state interrupt enable

F8 change of state interrupt enable

HSW interrupt enable

F7 change of state interrupt enable

Not used, reads logical ‘0’

NOONAEWN—=-O

D-channel loopback at Am79C30A/32A disable
D-channel loopback at LIU disable

D-channel back-off enable

F3 change of state interrupt disable

F8 change of state interrupt disable

HSW interrupt disable

F7 change of state interrupt disable

Not used, reads logical ‘0’

The three D-channel loopback controls defined in LMR2
bits 0,1,and 2 are explained below:

Bit 0, D-channel loopback at Am79C30A/32A enable:

Am79C30A NT/PABX

09456-4A

This remote loopback is provided for maintenance pur-
poses from the NT's perspective. The NT transmits D-
channel bits to the Am79C30A/32A where they are in-
ternally looped (with the Data Link Controller) and trans-
mitted back to the NT. The incoming D-channel data can
be accessed by the microprocessor; however, the mi-

croprocessor cannot send data on the outgoing
D-channel.

Any difference between the transmitted D-channel bits
and the received E-channel bits toffrom the
Am79C30A/32A (normally detected as an error which
halts the transmission) is ignored thereby allowing the
transmission to continue.

Bit 1, D-channel loopback at LIU enable:

Am79C30A

A

4 v
MPI 09456A-5

NT/PABX

This local loopback is provided for local testing. Data on
the incoming D-channel is ignored. The data from the
microprocessor is processed by the DLC and then
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looped back to the microprocessor in addition to being
output to the ‘S’ interface. The looped back data stream
is processed by the DLC.

Bit 2, D-channel back off disable:

Am79C30A NT/PABX

'S’

YO

>

E
4
<

aAm

09456-6A

Multiframe Register (MF), Read/Write

This loopback is provided for maintenance purposes
from the TE'’s perspective. The Am79C30A/32A trans-
mits D-channel bits to the NT where they are looped and
transmitted back to the Am739C30A/32A in the E-chan-
nel. The operation is normal except differences between
the D- and E-channels do not halt the transmission.

Bit Logical ‘1’

Logical ‘0’ (Default value)

0 Enable multiframe synchronization

1 Enable ‘S-data available’ interrupt

2 Enable ‘Q-bit buffer empty’ interrupt

3 Enable ‘Multiframe change of state’ interrupt
6,54 Not used, read logical ‘0’

7 Multiframe synchronized (read only )

Disable multiframe synchronization
Disable interrupt

Disable interrupt

Disable interrupt

Not used, read logical ‘0’

Multiframe not synchronized (read only)

Multiframe S-bit/Status Buffer (MFSB), Read Only

Bit Description Generates Interrupt
0 S1 No
1 S2 No
2 S3 No
3 S4 No
4 S5 No
5 S-data available If MF bit 1 = 1
6 Q-bit buffer empty It MF bit 2 = 1
7 Multiframe change of state If MF bit 3 = 1

The MFSB is cleared when read or upon reset.

Multiframe Q-bit Buffer (MFQB), Write Only

Bit Description

Q1 (default = 1)
Q2 (default = 1)
Q3 (default = 1)
Q4 (default = 1)

NHbWN~-O

6,7 Not used

Q-bit value when multiframing enabled but synchronization not achieved (default = 0)
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S-Bit Channel Structure

Frame NT-to-TE NT-to-TE NT-to-TE
Number Q Control Bit (F/A) M Bit (M) S Bit(S)
1 One One SCi1
2 Zero Zero SC21
3 Zero Zero SC31
4 Zero Zero SC41
5 Zero Zero SC51
6 One Zero SC12
7 Zero Zero SC22
8 Zero Zero SC32
9 Zero Zero SC42
10 Zero Zero SCs2
1 One Zero SC13
12 Zero Zero SC23
13 Zero Zero SC33
14 Zero Zero SC43
15 Zero Zero SC53
16 One Zero SCi14
17 Zero Zero SC24
18 Zero Zero SC34
19 Zero Zero SC44
20 Zero Zero SC54
1 One One SC11
2 Zero Zero SC21
etc.
Frame NT-to-TE TE-to-NT NT-to-TE
Number Fa Bit (Q Control Bit) Fa Bit (Q Bit) M Bit (M Bit)
1 One Qt One
2 Zero Zero Zero
3 Zero Zero Zero
4 Zero Zero Zero
5 Zero Zero Zero
6 One Q2 Zero
7 Zero Zero Zero
8 Zero Zero Zero
9 Zero Zero Zero
10 Zero Zero Zero
11 One Q3 Zero
12 Zero Zero Zero
13 Zero Zero Zero
14 Zero Zero Zero
15 Zero Zero Zero
16 One Q3 Zero
17 Zero Zero Zero
18 Zero Zero Zero
19 Zero Zero Zero
20 Zero Zero Zero
1 One Qt One
2 Zero Zero Zero

Figure 6. Multiframe Structures
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Multiplexer (MUX)

The MUX connects to the Line Interface Unit (LIU), the
Main Audio Processor (MAP), the Microprocessor Inter-
face (MPI) and the Serial Port (SP).

The MUX selectively routes the 64 kbps full duplex B-
channels of the LIU, MAP, SP, or MPI to the appropriate
destinations depending on the control bits set in the
MUX control registers. The D-channel data is routed to
the DLC directly from the LIU and does not pass through
the MUX.

Serial Port External Interface

The MUX has a serial port (SP) external interface pro-
viding three full duplex 64 kbps B-channels Bd, Be, and
Bf. The timing for the SP is shownin Figure 7. The signal
names for the SP pins are:

Pin Description

SCLK Serial Clock (192 kHz)

SFS Serial Frame Sync.

SBOUT  Serial data out (the MSB is transmitted first)

SBIN Serial data in (the MSB is expected to be
received first)

The SCLK and SFS signals are synchronized to the re-
ceived ‘S’ interface frame. If there is no ‘S’ interface
frame synchronization, the SCLK and SFS signals are
free running at 192 kHz and 8 kHz respectively.

MUX Internal Interface

The logical channels available at the MUX are shown in
Figure 8. They are:

From/to the LIU channels B1 and B2
From/to the MAP channel Ba

From/to the MPI channels Bb and Bc
From/to the SP channels Bd, Be and Bf

For any specific application, the MUX can be pro-
grammed by the microprocessor to route any three B-
channel ports to any other three B-channel ports. Pro-
grammable bidirectional bit reversal is provided for both
of the MPI data channels Bb and Bc.

MUX Control Registers 1, 2, and 3 (MCR1,
MCR2 & MCR3), Read/Write

The MUX can support three bidirectional paths. The
contents of the MUX Control Registers MCR1, MCR2,
and MCRS direct the flow of data between the eight
MUX logical B-channels (See Figure 8). These three
MCRs are programmed to connect any two B-channel
ports together by writing the appropriate channel code
into an MCR. These MCRs have the same format,
where bits 7 to 4 indicate port 1 and bits 3 to 0 indicate
port 2. In each of these three MCR registers the follow-
ing channel codes are used for both ports 1 and 2:

MCR Register Channel Codes

Code Channel

0000 No connection (default value)
0001 B1 (LIU)

0010 B2 (LIU)

0011 Ba (MAP)

0100 Bb (MPI)

0101 Bc (MPJ)

0110 Bd (SP channel 1)

0111 Be (SP channel 2)

1000 Bf (SP channel 3)

For example, to connect B1(LIU) with Bb (MPI) and B2
(LIU) with Ba (MAP), the contents of the MCRs would
be:

Register Port1 / Port2
76543210

Channel connection

MCR1 00010100 Bt (LIU)<—>Bb (MPI)
MCR2 00100011 B2(LIU)<—>Ba (MAP)
MCR3 0000 0000 Noconnect<->Noconnect

Therefore, in this example, MCR1 provides a data link
fromthe ‘S’ interface and MCR2 sets up a voice connec-
tion across the ‘S’ interface.

To loopback a channel, the same channel code is used
for port 1 and port 2. For example, to loopback B1, B2
and Ba the MCRs would be:

Register Port1/ Port2 Channel connection
76543210

MCR1 0001 0001 B1(LIU) Loopback
MCR2 0010 0010 B2 (LIU)Loopback
MCR3 00110011 Ba(MAP) Loopback

MCRB has higher priority than MCR2 which has higher
priority than MCR1. If multiple connections are made to
the same port, the data from the connecting ports in the
highest priority MCR will overwrite the data from the
connecting port in the lower priority MCR, for example:

Register Port1 / Port2 Channel connection

76543210
MCR1 00000000 Noconnect
MCR2 00010100 Bt (LIU)<—>Bb (MPI)
MCR3 01000011 Bb(MPl)<—>Ba (MAP)

The final data transfers are:

B1 (LIU) receives Bb (MPI),
Ba (MAP) receives Bb (MPI),
Bb (MPI) receives Ba (MAP).

Therefore, the data transfer from B1(LIU) to Bb(MPI) is
lost in the arrangement proposed in MCR2.
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MUX Control Register 4 (MCR4), Read/Write

The MUX Control Register 4 (MCR4) can preventinterrupt generation by masking the output of IR bit 4. MCR4 has the
following format:

Bit Logical ‘1’ Logical ‘0’ (default value)

2,1,0 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’

3 Enable ‘Bb or Bc channel byte available’ interrupt (IR bit4)  Disable interrupt

4 Reverse bit order of Bb (LSB transmitted/received first) No Bb bit reversal (MSB transmitted/received first)
5 Reverse bit order of Bc (LSB transmitted/received first) No Bc bit reversal (MSB transmitted /received first)
6 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’

7 Reserved, must be set to logical ‘0’ Reserved, must be set to logical ‘0’

—" "‘ 5.2 usec

SCLK

192 kHz

SB LSB
w00 00000.600000000000000000
ID/ 05 Ds Oy D3 D> Dy DfyD7 Dg Ds Dy D3 D2 Dy Do|D7 Dg D5 D4 D3 D2 D4 Dy
Bd Be Bf

sFs _| | [

41.7us

125us |

09456-7B

Note: SBIN is sampled on the rising edge of SCLK, SBOUT is changed on the falling of SCLK.

Figure 7. Serlal Port Timing
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SERIAL PORT

A
qf Be T
¢—P g4 \
B-CHANNEL
FLOW CONTROL
Ba l¢——p
MAP *—b B2 LIU
LEVEL 1 l¢— D
D-CHANNEL
CONTROL | ¢—————F J
D
Bb Be DLC
MPI 09456A-8

Figure 8. MUX Logical Channels and D-Channel Microprocessor Access
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Main Audio Processor (MAP)
(Am79C30A Only)

This block performs the digital-to-analog (DAC) and
analog-to-digital (ADC) conversions of the audio sig-
nals. The codec and filter functions are implemented us-
ing digital signal processing techniques to provide sub-
stantial flexibility and programmability. Analog inter-
faces are provided for a handset earpiece, a handset
mouthpiece, a microphone and a loudspeaker. The
MAP contains the following programmable, user acces-
sible features:

Multi-Tone Generator

This generator can be used to generate a signal consist-
ing of one or two tones where the frequency and ampli-
tude of the tone is programmable. The tone(s) can be
summed into the transmit (and sidetone) path for use as
a DTMF tone generator, or single tones can be injected
into the receive path. The tones can be used as ringing
tones (to the loudspeaker output), dial tones, busy
signals, ringback tones or other call progress tones.

Two Attenuation Distortion Correction Filters

There is one attenuation distortion correction filterin the
transmit path and one in the receive path. These filters
can be programmed to modify the frequency character-
istics of the transmit or receive paths and to equalize for
the characteristics of the microphones, earpiece
speaker, or loudspeaker. They can also be used to add
pre and/or post emphasis to make the signals match
other characteristics.

Three Programmable Gain Stages

There is one gain adjustment in the transmit path and
two in the receive path to provide a wide range of gain
control.

Programmable Sidetone Gain

There is a built-in sidetone path which samples the
transmit signal, attenuates it by a programmable
amount, then sums it into the receive path.
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External Interface
Audio Input Port

The audio input port consists of two inputs (AINA and
AINB) selectable, one at a time, by setting a bit in the
MAP Mode Register 2, (MMR2 bit 0). Signals applied to

these inputs must be referenced to AREF.

Earpiece and Loudspeaker Drivers

Each driver consists of push-pull amplifiers with a low
impedance output. Either of these audio output ports
can be selected, one at a time, via MMR2 bit 1.

CAP1 o M—
CAP2 Oy
I
9 Ba channel
AINA—2
To
ADC CIMATORS, BPF
ane— D : DECIMATC MUX
+ Digital Transmitter
arer o—<]  Loopback e
]
N L}
' (A) | DTMF : Side Recelver
. GEN. . Tone
] . Gain
...--...........:.-...............-J *
EAR, .
EAR, :3_1 . ] Balt__:hannel
. . |-G . . rom
3 ~- DAc** |e{ INTERPOLATORS, LPF e R IG-\«{GER HHGR fe— Exp From
P ]
LS, _
Tone Tone
© Ringer Gen. ®
MINIMUM DEFAULT MAXIMUM STEP
GX 0dB »» 0dB 12dB  0.5dB
GER  _10dB ** 0dB 18dB  0.5dB
GR _—12dB * 0dB 0dB  0.5db
STG -18dB ** -18dB 0dB  0.5dB
*Programmable
**These registers can also be programmed for inifinite attenuation 09456-31B
to break the signal path if desired.
Figure 9. Main Audio Processor Block Diagram
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Signal Processing
Transmitter

The transmitter performs a series of operations as de-
scribed below:

a) An ADC converts the incoming analog signal at a
sampling rate of 512 kHz.

b) The Band Pass Filter and a series of decimators
reject DC and 50 to 60 Hz line frequencies while
reducing the sampling rate to 8 kHz.

¢) The Xfilter is an 8-tap user programmable filter for
tuning the microphone. The default is flat with unity
gain.

d) The GX filter is a programmable gain filter that al-
lows the userto programa gainof0to +12dBin 0.5
dB steps. The default value is 0 dB.

e) The p-law or A-law digital compression algorithm
converts the linear output of the GX filter to p- or A-
law code. The default algorithm is p-law code. The
MSB (sign bit) is transferred first to (or from) the
MUX.

Receiver

The receiver performs a series of operations as
described below:

Tone Generators

The MAP contains three tone generators which can be
enabled via MAP Mode Register 2 bits 2, 3 and 4. Only
one of the three tone generator bits in the registercanbe

a) An expander converts the input A- or u-law data to
digital linear data. The most significant bit is trans-
ferred from the MUX first. The default value is p-law.

b) The GR filter is a programmable gain filter that al-
lows the user to program againof -12t0 0dBin 0.5
dB steps. The default value of GR is 0 dB.

¢) The GER and Sidetone Gain (STG) are program-
mable constant multipliers which allow the user to
program a gain of ~10 to +18 dB in 0.5 dB steps
(default value 0 dB) and —-18 to 0dB in 0.5 dB steps
(default value —18 dB) respectively. The GER pro-
vides volume control (that is, for the hearing im-
paired) and should be programmed to 0 dB for nor-
mal operation. The sidetone gain path provides
feedback from the transmitter.

d) The Rfilter is providedto correct for speaker attenu-
ation distortion and is a user programmable filter
similar to the X filter in the transmitter.

e) Aseries of interpolators increases the sampling fre-
quency.

f) A DAC converts the digital signal to the analog
audio output signal.

set at a time. If more than one bit is set, all three bits are
considered set to zero and tone generation is disabled.
The tone generators are:

Tone Generator

Purpose of Tone Generator

DTMF Generator

Provides tone injection at a sampling rate of 32 kHz into the transmit and sidetone paths

(Figure 9 Block A). The DTMF frequencies generated are guaranteed to +1.2% deviation.

Tone Generation
(Figure 9 Block B).

Tone Ringer
(Figure 9 Block C).

Provides call progress tones to the receive path where it is added to the incoming speech

Provides tone alert signals output through the receive path to the loudspeaker or earpiece

To program the DTMF tone generators, two frequency
values and two amplitude values must be written to the
two 8-bit Frequency Tone Generator Registers
(FTGR1, FTGR2) and the two 8-bit Amplitude Tone
Generator Registers (ATGR1, ATGR2) respectively.

The Tone Generator and the Tone Ringer use the fre-
quency programmed in FTGR1. The Tone Generator
uses the amplitude programmed in ATGR1 while the
Tone Ringer uses the amplitude programmed in
ATGR2.
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The FTGR codes to obtain DTMF dialing output frequencies are:

The output frequency of the DTMF tone generator approximately equals (1000 i) / 128, where i is the value loaded in
the FTGR register. This allows the DTMF generator to supply common dual tone call progress signals such as Busy or

Dial tones.

FTGR 2or1 9B AB BF D3
HEX REG VALUE —p
FREQ —» | 1209 1336 1477 1633
FTGR1OR2

5A 697 1 2 3 A

63 770 4 5 6 B

6E 852 7 8 9 C

79 941 * 0 # D

FTGR codes to obtain Tone Ringer and Tone Generator output frequencies are:

Tone Ringer and Tone Generator Frequency Coefficients

Frequency (Hz) Hex Code Frequency (Hz) Hex Code
2666 AB 533 23
2000 81 500 21
1600 67 471 1F
1333 56 444 1D
1142 4A 421 1B
1000 41 400 1A
889 39 381 19
800 34 364 18
727 2F 348 17
667 2B 333 16
615 28 320 15
571 25

The ATGR registers allow the user to program a gain of
-18 dB to 0 dB in 2 dB steps. Example ATGR codes to

Amplitude Gain Coefficients

obtain amplitude gains are listed in the following table. Gain (dB) Hex Code Gain (dB) Hex Code

0 dB implies a level of +3 dBm0. The gain values are 18 37 i o1
rounded off to the nearest 1 dB. -

unded o0 the nearest e 32 ) 0
-14 31 -4 12
-12 27 -2 1
-10 22 0 10
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Programmable Gain Coefficients

The GER, GR, GX and Sidetone gain coefficients are GR, X, R, STG, and GER are accessed during a phone
each 16 bits in length. Two consecutive register loca- call, to reduce interference with MAP calculations. Ex-
tions correspond to one gain coefficient. The LSB is ample coefficients for the GER filter are listed in the fol-
transferred first to (or from) the microprocessor. Care lowing table. The gain values are rounded off to the
should be taken to minimize the number of times GX, nearest 0.1dB.

GER Galn Coefficients
Gain Hex Code Gain —HexCode
(dB) MSB LSB (dB) MSB LSB
-10.0 AA AA 4.0 31 DD
-9.5 9B BB 45 44 1F
-9.0 79 AC 5.0 43 1F
-8.5 09 9A 55 33 1F
-8.0 4 99 6.0 40 DD
-75 31 99 6.5 1" DD
-7.0 9C DE 7.0 44 OF
6.5 9D EF 75 41 1F
-6.0 74 9C 8.0 31 1F
-5.5 54 9D 8.5 55 20
-5.0 6A AE 9.0 © 10 DD
-4.5 AB cDh 9.5 42 1
4.0 AB DF 10.0 41 OF
-35 74 29 10.5 1 1F
-3.0 64 AB 11.0 60 0B
-2.5 6A FF 11.5 00 DD
-2.0 2A BD 12.0 42 10
-1.5 BE EF 12,5 40 OF
-1.0 5C CE 13.0 1 OF
-5 75 cb 13.4 22 10
0.0 00 99 14.0 72 00
5 55 4C 145 42 00
1.0 43 DD 15.0 21 10
15 33 DD 15.5 10 OF
2.0 52 EF 15.9 22 00
25 77 1B 16.6 1 10
3.0 55 42 16.9 00 0B
35 41 DD 17.5 21 00
18.0 00 OF

The coefficient 0008 provides an attenuation of infinity when GER gain is enabled.
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Example coefficients for the GR, GX, and STG filter are STG Galn Coefficlents

listed inthe following table. The gain values are rounded Gain X
off to the nearest 0.1 dB (dB) MSB LSB
-18.0 8B 7C
GX Gain Coefficlents 175 8B 44
Gain ____ HexCode -17.0 8B 35
(dB) MSB LSB -165 8B 2A
-16.0 8B 24
g'g gg gg -155 8B 22
- -15.0 91 23
1.0 3D AC -145 91 2E
15 2A ES -14.0 91 2A
2.0 25 33 -135 91 32
25 22 22 -130 91 38
3.0 2 22 -125 91 4B
35 1F D3 -120 91 F9
4.0 12 A2 -115 91 cs5
45 12 1B -11.0 91 B6
5.0 11 3B -105 92 12
5.5 o8 c3 -10.0 91 A4
6.0 10 F2 -95 92 22
65 03 BA 9.0 92 32
7.0 02 CA -85 92 FB
75 02 1D 60 p AA
8.0 o1 SA 75 93 27
85 01 22 o 93 B3
9.0 01 12 -65 94 B3
95 00 EC -6.0 oF 91
10.0 00 32 s oC EA
105 00 21 50 9B Fo
11.0 00 13 a5 9A AC
115 00 11 40 oA A
12.0 00 OE 85 A2 2
GR Gain Coefficients :gg 2§ ?g
Gain Hex Code 20 AA A3
(dB) MSB LSB s Bo e
~12.0 91 F9 -1.0 es 52
-115 91 cs 05 cs B2
0.0 08 08
-11.0 91 B6
:}g‘g gf }\i The coefficient 9008 provides an attenuation of infinity
905 92 22 when GR, GX, and/or STG are enabled.
-9.0 92 32
-85 92 FB
-8.0 92 AA
-75 93 27
-7.0 93 B3
65 94 B3
-6.0 oF 91
-5.5 9C EA
-5.0 9B F9
-45 9A AC
-4.0 %A 4A
-35 A2 22
-3.0 A2 A2
-25 A6 8D
-2.0 AA A3
-15 B2 42
-1.0 BB 52
-05 cB B2
0.0 08 08
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Programmabile Filter Coefficients and
Equations

The frequency domain transfer function equation forthe
X and R filters is :

hi = ho + iz + haz 2+ haz® hyz* + hsz®+ hez %+ hyz™”

where:
z =c0os (WT) +1i e sin(wT)

i=(-1)"
w = frequency of input signal in Hz e 2pi
T = sample period in seconds (0.125 ms)
hj (j = 0,1,...7) = user defined coefficients
Each hj coefficient is defined by the following equation:
hj=A3(1+A2(1+A1(1+A0)))

where each hj Coefficient Register pair has the following
format:

Byte 7 654 3 210
LSB s1 M1 ) Mo
MSB s3 M3 2 M2

and Ai =-15%2™M (i=0,1,2,3). The X and R filter coeffi-
cients are programmed using a 16 byte transfer with the
following format:

Byte Value
0 ho LSB
1 ho MSB
2 h1LSB
3 h1 MSB
4 h2 LSB
5 h2 MSB
6 h3 LSB
7 h3 MSB
8 h4 LSB
9 h4 MSB

10 h5 LSB
11 hs MSB
12 h6é LSB
13 hé MSB
14 h7 LSB
15 h7 MSB

AmMAP, a software package which calculates X and R filter
coefficients, is available from Advanced Micro Devices.
Overflow/Underflow Precautions when
Using Programmable Gains

Care must be taken such that at any point in the signal
processing path, the combination of gains and filters

and/ortones does not result in a signal thatis larger than
full scale. Full scale is defined as the digital representa-
tion of the maximum analog signal which is allowed into
the transmitter or out of the receiver with all filters and
gain stages at their default (0 dB) settings (for example,
in A-Law, the transmitter full scale is +1.25 Vp and the
receiver full scale is £2.5 Vp). Likewise, it is desirable
that the peak signal be kept as close to full scale as pos-
sible at any point in the signal processing pathinorderto
minimize digital truncation effects in the A/D, D/A and
MAP DSP.

Consider the following example: STG is programmed
for infinite attenuation, GR is programmed to —6 dB
while GER is programmed to +12 dB and the R filter is
programmed suchthat it exhibits a net gain of -6 dB. As-
sume that the analog full scale out of the receiver is
+2.5 Vp and that a full scale PCM code is possible from
the MUX. After GR, the equivalent analog signal would
be 2.5/2 = +1.25 Vp. However, after GER the signal
would be 1.25« 4 or +5 Vp. Even though the R filter
would have a net gain of —6 dB, the signal would have
clipped after GER and the signal would be distorted for
PCM codes between full scale and 6 dB below full scale
because of the intermediate result at the output of GER.

Care should also be taken when programming the tone
ringers/generators. For example if one of the DTMF
tones is programmed to 0 dB, a tone is generated which
is equivalent to a + full scale signal in the transmit path.
This means that there is no headroom left for the other
DTMF tone. Therefore, the DTMF generator should
never be programmed in such a way as to exceed full
scale if signal quality is to be maintained. In the receive
path, similar caution should be exercised in order to pre-
vent the combination of Tone Generator, Side Tone,
GR, and GER from clipping the signal.

Test Facilities

Two test/maintenance facilities, MAP Analog Loopback
and MAP Digital Loopback, are provided to diagnose
the MAP functions.

MAP Analog Loopback

This test enables the monitoring of the analog output
(EAR1/EAR20r LS1/LS2) and the analog input (AINA or
AINB). Signals sentinon AINA or AINB are sent back on
EAR1/EAR2 or LS1/LS2 via the MUX. The MUX must
be set up for Ba to Ba loopback by writing 33 Hex to
MCRH1, 2 or 3. No other Ba connections should be pro-
grammed.

MAP Digital Loopback

The digital portion of the MAP canbe tested fromthe ‘S’
interface or the microprocessor by setting bit 7 of MAP
Mode Register 1 to a logical ‘1°. With this option enabled
the data is taken out of the interpolator and fed as the
input to the decimator, in place of the output of the ADC.
It should be noted that in digital loopback, the D to D gain
is approximately 2.5 dB.
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MAP Registers

The MAP contains the following byte wide programma-
ble registers:

MAP Registers No. Mnemonic

X Filter Coefficient Registers 16 X

R Filter Coefficient Registers 16 R
GX Gain Coefficient Registers GX
GR Gain Coefficient Registers GR
GER Gain Coefficient Registers GER

Sidetone Gain Coefficient Registers
Frequency Tone Generator Registers
Amplitude Tone Generator Registers
MAP Mode Registers

[N SN N U O K
@
©
)

Note: It is necessary to complete any transfers to the multi-
byte MAP registers; for instance, a total of 16 bytes must be
transferred to update the X-filter.

Following power-up, all MAP registers, except the two
FTGR registers and the two MAP mode registers, con-

MAP Mode Register 1 (MMR1), Read/Write

tain unknown values. Only the FTGR registers and the
MMR registers reset to “0” HEX. All other registers inthe
MAP (X, R, GX, GR, GER, ATGR, and STG) are not af-
fected by reset and must be programmed via the micro-
processor before being enabled. When the registers are
disabled, or after reset, the MAP will have the following
responses:

Fllter Default Response
X Filter Disabled (0 dB, Flat)
R Filter Disabled (0 dB, Flat)
GX Filter Disabled (0 dB, Gain)
GR Filter Disabled (0 dB, Gain)
GER Filter Disabled (0 dB, Gain)

Sidetone gain Disabled (~18 dB, Gain)

The bits in the MAP Mode Register define the enable/
disable options for the various MAP configurations as
follows:

Bit Logical ‘1’ Logical ‘0’ (default mode)

0 A-Law p-Law

1 GX coefficient loaded from register GX bypassed; gain=0 dB

2 GR coefficient loaded from register GR bypassed; gain=0 dB

3 GER coefficient loaded from register GER bypassed; gain=0 dB

4 X coefficient loaded from register X bypassed; response =flat

5 R coefficient loaded from register R bypassed; response =flat

6 Sidetone gain coefficient loaded from register STG gain=-18 dB*

7 Digital loopback at MAP enabled Digital loopback at MAP disabled

*To remove the sidetone path completely, it is necessary to enable the STG function by setting MMR1 bit 6 to ‘1°, and program the

STGR coefficient to 9008 (Hex)
MAP Mode Register 2 (MMR2), Read/Write

Bit Logical ‘1’

Logical ‘0’ (default mode)

AINB selected

LS1/LS2 selected

DTMF enabled

Tone generator enabled

Tone ringer enabled

High pass filter disabled

ADC auto-zero function disabled
Reserved, must be logical ‘0’

NOOAEWN-=-O

AINA selected

EAR1/EAR2 selected

DTMF disabled

Tone generator disabled

Tone ringer disabled

High pass filter enabled

ADC auto-zero function enabled
Reserved, must be logical ‘0’

Note:  For most applications, MMR2 bits 5 and 6 should always be written to logical ‘0". This enables the 50-60 Hz rejection filter
and the internal offset cancellation circuits to operate normally. They can both be disabled when system or test conditions

require that DC or low frequency signals be transmitted.
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Data Link Controller (DLC)

A 16 kbps D-channel is time multiplexed within the
frame structure of the ‘S’ interface. The data carried by
the D-channel is encoded using the Link Access Proto-
col D-channel (LAPD) format shown in Figure 10. The
D-channel can be used to carry either end-to-end sig-
naling or slow speed packet data. Further information
concerning the LAPD protocol can be found in CCITT
recommendations. The LIU controls the multiplexing
and demultiplexing of the D-channel data between the
‘S’ interface and the DLC.

The DLC performs processing of level 1 and partial level
2 LAPD protocol including flag detection and genera-

tion, zero deletion and insertion, Frame Check Se-
quence (FCS) processing for error detection, and some
addressing capability. High level protocol processing is
done by the external microprocessor. The microproces-
sor may process the address field inthe LAPD frame de-
pending on the programmed state of the DLC. The
status of the DLC is held in the status registers and rele-
vant interrupts are generated under user program con-
trol. The DLC also contains a 16-bit pseudo-random
number generator (RNG) which is used in the D-channel
address allocation procedure as defined in the CCITT
recommendations, as well as two 8-byte data FIFO’s.

D-channel Processing

SAPI C/R | EA=0f OCTET 2
.......................... R
TEI EA=1 3
FLAG ADDRESS CONTROL FCS FLAG
01111110 16-BITS 8-BITS 16-BITS 01111110 Minimum Packet
OCTET 1 L 23 K 4 5,6 7
‘I , 'l
FLAG ADDRESS CONTROL INFORMATION FCS FLAG
General Packet
01111110 16-BITS 8-BITS N-BITS 16-BITS 01111110
OCTET 23 4 5. N-1 N
Notes: EA =  Address Field Extension Bit
C/R= Command/Response Field Bit
09456-34B

SAPI = Service Access Point Identifier

TEl =
FCS =

Terminal Endpoint Identifier
Frame Check Sequence

Figure 10. Level Two Frame Structure Formats
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Random Number Generator (RNG)

The RNG is accessible by the microprocessor and oper-
ates in the following manner:

On the low to high transition of the reset signal the RNG
is cleared, then started. The RNG stops when the LSB
or MSB of the 16-bit counter is read by the microproces-
sor or when the MSB is loaded by the microprocessor.
Writing to the MSB of the counter loads this byte but
does not start the RNG. The RNG starts when the LSB
of the counter is loaded by the microprocessor.

Frame Abort

The DLC aborts an incoming D-channel frame upon the
reception of seven contiguous logical ‘1’s. Whenthis oc-
curs, an end of receive packet interrupt is issued to the
processor. DER bit 0 is set to a logical ‘1’ when the last
byte of the aborted packet is read from the D-channel
Receive Buffer. The ‘Receive Abort’ interrupt can be
masked by setting DMR2 bit 0 to a logical ‘0. With the
exception of the ‘Packet reception in progress’ bit, no
other bits associated with packet reception are updated
after a receive packet abort. The receive frame can be
aborted at any time by setting INIT bit 6 to logical ‘1°.
Similarly, the transmit frame can be aborted by setting
INIT bit 7 to a logical ‘1’. When the transmit frame is
aborted, seven consecutive ones are transmitted on the
‘S’ interface followed by a logical ‘0’ and DSR1 bit 7 is set
to a logical ‘1°. Seven consecutive ‘1’s followed by a ‘0’
will continue to be transmitted as long as INIT bit 7 is set
to a ‘1°. DSR1 bit 7 will be set after each sequence of
seven consecutive 1's followed by a ‘0°.

Level Two Frame Structure

The D-channel level two frame structure conforms to
one of the formats shown in Figure 10. All frames start
and end with the flag sequence consisting of one ‘0’ fol-
lowed by six ‘1’s followed by one ‘0’. A packet consists of
alevel two frame minus the flag bytes. The LSB is trans-
mitted first for all bytes except the FCS.

The flag preceding a packet is defined as the opening
flag. Therefore, the byte following an opening flag, by
definition, cannot be an abort or another flag. A closing
flag is defined as a flag that terminates a packet. This
flag can be followed by another flag(s), interframe fill
consisting of all ones or flags, or the address field of the
next packet. In the latter case, the closing flag of one
packet is the opening flag of the next packet. The DLC
receiver is able to recognize interframe fill consisting of

logical ones or flags. The DLC transmitter follows the
closing flag with interframe fill consisting of all ones if
mark idle is selected by setting DMR4 bit 4 to a logical ‘0’
(thereby satisfying the D-channei access protocoi de-
fined in the CCITT I-series recommendations) or con-
tinuous flags if flag idle is selected by setting DMR4 bit 4
to a logical ‘1.

Upon detection of collision (mismatch of a D and E bit), a
complete frame must be retransmitted. Note that for
transfer across the ‘S’ interface, the frame structure of
the ‘S’ interface itself is impressed upon the frame struc-
ture (LAPD) of the D-channel.

Zero Insertion/Deletion

When transmitting, the DLC examines the frame con-
tent between the opening and closing flags. To ensure
that a flag sequence is not repeated within the flag
boundaries of the frame, a logical ‘0’ bit is automatically
inserted after each sequence of five contiguous logical
ones. When receiving, the DLC examines the frame
content between the opening and closing flags and
automatically discards the first logical zero which di-
rectly follows five contiguous logical ones.

D-Channel Address Recognition

The address field, shown in Figure 10, allows for three
types of addresses: 1) a one byte address signified by
the LSB of the first address byte being set to a logical ‘1°;
2) atwo byte address signified by the LSB of the first ad-
dress byte being set to a logical ‘0’ and the LSB of the
second address byte being setto a logical ‘1°; 3) a more
than two byte address signified by the LSB of both the
first and second address bytes being set to a logical ‘0°.
Inthe case of the LAPD operating environments, the ad-
dress is a two byte address where the first byte is analo-
gous to the Service Access Point Identifier (SAPI) and
the second byte is analogous to the Terminal Endpoint
Identifier (TEI) as defined by the CCITT recommenda-
tions.

The DLC is able to recognize D-channel addresses of all
of the three types outlined above. Note that only the first
two bytes of a more than two byte address can be
checked by the DLC. There are four First Received Byte
Address Registers (FRARs) which hold the values used
to match against the first byte of the incoming address.
Similarly, there are four Second Received Byte Address
Registers (SRARs) which hold the values used to match
against the second byte of the incoming address.
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FRAR4 defaults to FE hex; SRAR4 defaults to FF hex. This default is analogous to the broadcast address defined by
the CCITT recommendations. The type of address recognition which is enabled is determined as follows:

DMR4 DMR1
bit bit bits
7 5 7 6 5 4 Type of address recognition
0 1 X X X 1 FRAR1 First received byte only address
X X 1t X FRAR2
X 1 X X FRAR3
1 X X X FRAR4
1 1 X X X 1 SRAR1 Second réceived byte only address
X X 1 X SRAR2
X 1 X X SRAR3
1 X X X SRAR4
X 0 X X X 1 FRAR1 : SRAR1 Two byte address
X X 1 X FRAR2 : SRAR2
X 1 X X FRAR3 : SRAR3
1 X X X FRAR4 : SRAR4
X X 0 0 0 O Address recognition disabled

If DMR4 bit 6 is set to a logical ‘0", bit 1 of the FRARs is
ignored when matching the first incoming address byte.
If DMRA4 bit 6 is set to a logical ‘1, all bits of the FRARs
are used when matching the first incoming address
byte. FRAR bit 1 is analogous to the C/R bit defined by
the CCITT recommendations. The address recognition
mechanism for the four FRAR/SRAR addresses can be
individually enabled/disabled via DMR1 bits 4-7.

First Received Byte Only Address
Recognition

1f DMR4 bit5 is setto a logical ‘1’ and DMR4 bit 7 is set to
alogical ‘0’, only the first byte of the incoming address is
compared to the values stored in the enabled FRARs.
An interrupt is generated if there is an address match
and the ‘Valid Address’ interrupt is enabled. If the ad-
dress matches, the packet will be received.

Second Received Byte Only Address
Recognition

IfDMR4 bits 5 and 7 are set to a logical ‘1°, the DLC com-
pares only the value in the second byte of the incoming
address to values stored in the enabled SRARs. An in-
terrupt is generated if there is an address match and the
‘Valid Address’ interrupt is enabled. if the address
matches, the packet will be received.

Two Byte Address Recognition

If DMR4 bit 5 is set to a logical ‘0’, the first byte of the
incoming address is compared to the values stored in
the enabled FRARs and the second byte of the incoming
address is compared to the value stored in the corre-
sponding SRAR. An interrupt is generated if a match is
found for both incoming address bytes with a FRAR/
SRAR pair and the ‘Valid Address’ interrupt is enabled.
If the address matches, the packet will be received.

Disabling Address Recognition

If DMR1 bits 4, 5, 6, and 7 are all set to logical ‘0, all ad-
dress recognition is disabled and all addresses are rec-
ognized and received. In this case, the Am79C30A/32A

receives the first two bytes following the opening flag
(the incoming address), and then issues an ‘End of Ad-
dress’ interrupt if the ‘End of Address’ interrupt is en-
abled.

DLC Operation
Recelving D-Channel Packets

The receiver controls the flow of D-channel data to the
D-channel Receive Buffer and the termination of a re-
ceive packet. Up to two packets can be contained in the
D-channel Receive Buffer.

After receiving an opening flag (a bit sequence of
01111110) and one byte of data which is not an abort or
flag on the D-channel, the DLC sets the ‘Packet recep-
tion in progress’ status bit (bit 2) in D-channel Status
Register 1 (DSR1). The DLC then receives the first two
bytes (the two address bytes). If address recognition is
enabled, the Am79C30A/32A issues a valid address in-
terrupt if a match between the programmed values and
the received address is detected. If no matchis detected
and address recognition is enabled, the DLC ignores
the packet. If address recognition is disabled, the
Am79C30A/32A receives the first two bytes, issues an
‘End of Address’ interrupt, and receives the packet.
Both a ‘Valid Address’ and an ‘End of Address’ interrupt
set Interrupt Register bit 2 to a logical ‘1’ and bit 0 of the
D-channel Status Register 1 (DSR1) to a logical ‘1. The
‘Valid Address/End of Address’ interrupt can be dis-
abled via DMR3 bit 0. There is an internal three byte de-
lay which holds the first of the D-channel address bytes
until the interrupt has been issued. Note that the incom-
ing address bytes cannot be read however, until the ‘D-
channel receive byte available’ or ‘D-channel receive
threshold’ interrupt is set.

After the address is received, the DLC continues to re-
ceive D-channel bytes into the D-channel Receive
Buffer FIFO. The DLC issues an interrupt when data is
available inthe D-channel Receive Buffer. This interrupt
can be disabled by setting DMR3 bit 3 to a logical ‘0"
The DLC also issues an interrupt when the receive

1-38

Am79C30A/32A



threshold set in DMR4 is reached. This interrupt can be
disabled by programming a logical ‘0’ into DMR1 bit 1.
By poliing, the microprocessor can then read the D-
channel bytes. The three byte delay incurred during ad-
dress recognition is maintained. Therefore, the DLC re-
ceives the Frame Check Sequence (FCS) before issu-
ing an interrupt to signal the last byte of the packet has
been received and appropriate status bits have been
updated. If DMR3 bit 7 is set, the two FCS bytes at the
end of the packet are transferred into the D-channel Re-
ceive Buffer along with the data.

The DLC issues an interrupt when the last byte of the
packet is read from the DCRB. This interrupt can be dis-
abled by setting DMR3 bit 2 to a logical ‘0".

After the FCS is received, the DLC receiver detects the
closing flag (a bit sequence of 01111110) and then ter-
minates the packet by issuing an ‘end of receive packet’
interrupt (bit 1 of DSR1) and returns to looking for open-
ing flags. The DLC also terminates the packet when an
abort or an overflow or overrun error condition is de-
tected. The ‘end of receive packet’ interrupt can be dis-
abled by setting DMR1 bit 3 to a logical ‘0".

The D-channel Receive Byte Count Register (DRCR) is
a 16-bit wide 2-word deep FIFO which is used to record
the number of bytes in the incoming D-channel packets.
Each count is terminated by an end of packet condition.
Thus, the DRCR informs the microprocessor of the
number of bytes, including the address bytes, which
have been received. The counter is updated when the
last byte of a packet is placed in the D-channel Receive
Buffer. When the FCS bytes are included in the data
transferred to the D-channel Receive Buffer, the FCS
bytes are included in the byte count; if the FCS bytes are
not included in the transfer, they are not included in the
byte count. The opening flag and closing flag are not in-
cluded in the byte count.

The D-channel Error and Address Status Registers are
also double buffered. Reading the last byte of a packet
causes the DER byte to propagate to the output of the
FIFO and updates the D-channel Status and Interrupt
Registers accordingly. Reading the MSB of the DRCR
causes the next count and associated ASR byte to
propagate to the output of the FIFOs and updates the D-
channel Status and Interrupt Registers accordingly. For
this reason it is important to read ASR, DER and DSR1
prior to reading the DRCR.

When a receive error occurs, an end of packet interrupt
is generated and the packet is terminated. When the last
byte of the associated packet is read from the D-channel
Receive Buffer the appropriate DER bits are set and an
errorinterrupt is generated. All error interrupts canbe in-
dividually masked by setting the corresponding bits in
DMR2 to a logical ‘0’

There is one 16-bit D-channel Receive Byte Limit Regis-
ter (DRLR). The received byte count is compared to the
DRLR. When the byte count of the currently received D-

channel packet exceeds the limit value, a receiver over-
flow is detected, the packet is terminated and an end of
packet interrupt is issued. D-channel Error Register
(DER) bit4is setto a logical ‘1’ and an overflow interrupt
issued when the last byte of the associated packet is
read from the D-channel Receive Buffer. The overflow
error interrupt can be masked by setting DMR2 bit4to a
logical ‘0".

The minimum packet length is five bytes for a two byte
address packet (not including flags). If the packet length
is less thanthe above, aninterrupt is issued and DER bit
5 is set to a logical ‘1’ when the last byte of the associ-
ated packet to read from the D-channel Receive Buffer.
The error interrupt can be masked by setting DMR2 bit 5
to a logical ‘0"

If packet reception is in progress and the D-channel Re-
ceive Buffer is full, the microprocessor has a maximum
of 425 psec to respond to the D-channel receive data
available interrupt. If the microprocessor fails to do so,
then an overrun error occurs when the data byte is over-
written. When this happens, the packet is terminated.
DER bit 6 is set to a logical ‘1’ when the last byte of the
associated packet is read from the D-channel Receive
Buffer. The overrun error interrupt can be masked by
setting DMR2 bit 6 to logical ‘0".

Error indication is given if two packets have been re-
ceived and not serviced by the user and a third packet is
received via DSR2 bit 2. When this error occurs, the
third packet is terminated (that is, not received).

Error indication is given for a receiver abort (the recep-
tion of seven contiguous 1s) by DER bit 0.

If the number of bits received between two flags is not an
integral multiple of 8 (that is, if the received packet does
not contain an integral number of bytes), DER bit 1 is set
and an interrupt is generated when the last byte of the
associated packet is read from the D-channel Receive
Buffer.

The incoming bit stream (including FCS) is run through
the FCS generation and compare block. Upon receipt of
the closing flag, the result is checked and must be (MSB
first) 0001110100001111. Any other pattern indicates
anFCS errorand DER bit 3 is set to a logical ‘1’ when the
last byte of the associated packet is read from the D-
channel Receive Buffer.

The DLC receiver does not assume the packet to be
byte-aligned. The architecture supports shared flags
between packets, interframe fill consisting of logical
ones (mark idle), and interframe fill consisting of flags
(flag idle). Mark idle is defined as at least 15 or more
contiguous ones. Flag idle is defined as more than two
consecutive flag characters, notincluding a closing flag.
DSR2 bit § is set to a logical ‘1’ while mark idle is being
detected. DSR2 bit 6 is set to a logical ‘1’ while flag idle is
being detected. The receiver D-channel packet can be
aborted at any time during reception by setting INIT bit 6.
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Transmitting D-Channel Packets

The DLC Transmitter is activated as soon as the MSB
(the second byte) of the 16 bit D-channel transmit byte
count register (DTCR) has beenloaded by the micropro-
cessor.

Next the LIU starts counting the number of consecutive
‘1’s on the E-channel until the number of ‘1’s defined by
the LIU priority mechanism is detected. After the se-
quence of ‘1’s the DLC transmitter will begin packet
transmission.

Address bytes for a transmit packet can be handied in
twoways: they can be loaded into the transmit buffer or
loaded into the transmit address register (TAR).

There is one 16-bit Transit Address Register (TAR)
which can be loaded by the microprocessor. The bytes
loaded into the TAR are transmitted LSB first followed
by MSB. For LAPD operation the LSB contains the SAPI
and the MSB contains TEI. This 16-bit address (loaded
LSB first) is transmitted within the address field of the D-
channel packet if enabled by setting DMR1 bit 2 to alogi-
cal ‘1. If the TAR is enabled, the DTCR should be
loaded with the number of bytes to be transmitted ex-
cluding the address, flags and FCS. If the TAR is dis-
abled, the DTCR should be loaded with the number of
bytes to be transmitted excluding the flags and FCS and
the microprocessor must load the address to be trans-
mitted as the first two bytes of the D-channel packet
data.

The DLC issues an interrupt when a position is available
in the D-channel Transmit Buffer. This interrupt can be
disabled by setting DMR3 bit 5 to a logical ‘0. The DLC
also issues aninterrupt to the microprocessor to request
D-channel data bytes when the D-channel Transmit
Buffer empties to the threshold specified in the D-chan-
nel FIFO Mode Register. This interrupt can be disabled
by setting DMR1 bit 0 to a logical ‘0".

If the D-channel Transmit Buffer is empty, the micropro-
cessor has up to 375 us to respond to the D-channel
transmit buffer interrupt. If the microprocessor fails to
load the data bytes in this time frame, anunderrun inter-
ruptisgenerated in DERbit 7 and packet transmission is
terminated with a transmitted abort. The underrun inter-
rupt can be masked by setting DMR2 bit 7 respectively
to a logical ‘0. Transmission is also terminated when a
collision is detected or LIU loss of synchronization
occurs.

The D-channel Transmit Byte Count Register is decre-
mented each time a byte of data is transferred from the
D-channel Transmit Buffer to the DLC. The count repre-
sents the number of bytes left to be transferred exclud-
ing the FCS and flags. If the transmit abort bit (INIT bit 7)
is set, the transmit byte count is frozen and indicates the
number of bytes left to transfer and not the number of
bytes transmitted. The last byte of the packet is deter-

mined by the D-channel Transmit Byte Count de-
crementing to zero. When this occurs, DSR2 bit 3 is set
to a logical ‘1°.

After the last byte of the packet is transmitted, the DLC
adds the FCS and closing flag. Then the DLC issues an
interrupt (bit 6 of DSR1) to signify the end of the packet
transmission. This interrupt can be masked by setting
DMR3 bit 1 to a logical ‘0’ and is reset either by reading
DSR1 orwhenthe D-channel Transmit Byte Count Reg-
ister is loaded for the next packet.

Once the D-channel Transmit Byte Count has decre-
mented to zero, a second packet may be loaded into the
D-channel Transmit FIFO. If the MSB of the D-channel
Transmit Byte Count Register is loaded prior to the end
of transmit packet interrupt, the second packet is trans-
mitted back-to-back with the previous packet. The end
of transmit packet interrupt is not set between the two
packets. If the MSB of the D-channel Transmit Byte
Count Register is loaded after the end of packet inter-
rupt, the second packet is transmitted once the LIU pri-
ority mechanism has been re-satisfied.

Collision Detection

The Network Terminator echoes the transmitted D-
channeldatabackto the DLC inthe E-channelbits of the
‘S’ interface frame. If there is a difference between the
data transmitted and the data echoed back, a collision
has occurred. The DLC alerts the microprocessor to this
event by asserting the interrupt line (INT) and setting
DERMDbit 2. If a collision occurs during the transmission of
an abort sequence, the interrupt is still issued. The colli-
sion detect interrupt can be masked by setting DMR2 bit
210 a logical ‘0°.

D-Channel Receive and Transmit Errors

Non-integral Number of Bytes

A non-integral number of bytes occurs whenthe number
of D-channelbits received between opening and closing
flags is not divisible by 8. If areceived packet consists of
a non-integral number of bytes, the DLC sets bit 1 inthe
D-channel Error Register (DER) to a logical ‘1’ when the
last byte of the associated packet is read from the D-
channel Receive Buffer.

Frame Check Sequence Error

If areceived packet includingits 16-bit Frame Check Se-
quence is not received perfectly, the DLC sets DERbit3
to a logical ‘1’ when the last byte of the associated
packet is read from the Receive Buffer.

Recelive Packet Abort

If seven contiguous 1’s are received while receiving a
packet, the packet will be terminated and DER bit 0 will
be setto alogical ‘1’ when the last byte of the associated
packet is read from the D-channel receive buffer.
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Overflow

Overflow occurs when the total number of D-channel
bytes within a packet (including, only when enabled, the
Frame Check Sequence bytes) exceeds the limit con-
tained in the D-channel Receive Byte Limit Register.
(See Receiving D-channel Packets section.) When this
occurs, the DLC terminates the packet, and sets DER bit
4 to a logical ‘1’ when the last byte of the associated
packet is read from the D-channel Receive Buffer.

Underflow

If a received D-channel (including FCS) packet is less
than five bytes for a two byte address packet, an under-
flow error condition occurs and the DLC sets DER bit 5
to a logical ‘1’ when the last byte of the associated
packet is read from the D-channel Receive Buffer.

Overrun

A D-channel overrun error occurs when the receiver
buffer is full and another byte is received. This can hap-

DLC Registers
The DLC contains the following registers:

pen if the D-channel receive buffer fills and is not read
within 425 us. When this error occurs, the DLC sets
DER bit 6 to a logical ‘1’ and terminates the packet.

Underrun

A D-channel underrun error occurs when an empty D-
channel buffer is transmitted. This can happen if the D-
channeltransmit buffer is not loaded within 375 us of the
‘D-channel transmit buffer empty’ interrupt being as-
serted (IR bit 0). When this error occurs, the DLC sets
DER bit 7 to a logical ‘1’ and terminates the packet.

Receive Packet Lost

Receive packet lost occurs when two outstanding pack-
ets have been received and not serviced (that is, the mi-
croprocessor has not read the DRCB register) and a
third packet is received. When this error occurs, DSR2
bit 2 is set to a logical ‘1’ and the incoming packet is ter-
minated (not received).

Registers No. Mnemonic
First Received Byte Address Registers 4 FRAR
Second Received Byte Address Registers 4 SRAR
Transmit Address Register (16 bit) 1 TAR
D-channel Receive Byte Limit Register (16 bit) 1 DRLR
D-channel Receive Byte Count Register (16 bit) (2 word FIFO) 1 DRCR
D-channel Transmit Byte Count Register (16 bit) 1 DTCR
Random Number Generator Registers 2 RNGR
D-channel Mode Registers 4 DMR
Address Status Register (2 byte FIFO) 1 ASR
There are three other accessible registers associated
with the DLC. They are microprocessor read only
registers. These registers are:
D-channel Status Registers (DSR1 and DSR2)
D-channel Error Register (DER) (2 byte FIFO)
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D-Channel Mode Register 1 (DMR1), Read/Write

DMR1 controls the enable/disable options for the DLC. It is under sole control of the microprocessor -and does not
generate any interrupts. DMR1 is defined below:

Bit Logical ‘1’ Logical ‘0’

0 Enable ‘D-channel transmit threshold’ interrupt (see IR bit 0) Disable interrupt (default value)

1 Enable ‘D-channel receive threshold’ interrupt (see IR bit1) Disable interrupt default value)

2 Enable Transmit Address Register Disable Transmit Address Register (default value)
3 Enable ‘end of receive packet’ interrupt (see DSR1 bit 1) Disable interrupt (default value)

4 Enable FRAR1/SRAR1 Disable FRAR1/SRAR1 (default value)

5 Enable FRAR2/SRAR2 Disable FRAR2/SRAR2 (default valus)

6 Enable FRAR3/SRAR3 Disable FRAR3/SRARS (default value)

7 Enable FRAR4/SRAR4 (default value) Disable FRAR4/SRAR4

D-Channel Mode Register 2 (DMR2), Read/Write
DMR2is used to enable/disable the interrupts generated in the DER (See DER definition below). DMR2 is controlled

by the microprocessor and does not generate interrupts. DMR2 is defined below:

Bit Logical ‘1’ Logical ‘0’ (defaulit value)
0 Enable ‘receive abort’ interrupt (see DER bit 0) Disable interrupt
1 Enable ‘non-integral number of bytes received’ interrupt (see DER bit 1) Disable interrupt
2 Enable ‘collision abort detected’ interrupt (see DER bit 2) Disable interrupt
3 Enable ‘FCS error’ interrupt (see DER bit 3) Disable interrupt
4 Enable ‘overflow error’ interrupt (see DER bit 4) Disable interrupt
5 Enable ‘underflow error’ interrupt (see DER bit 5) Disable interrupt
6 Enable ‘overrun error’ interrupt (see DER bit 6) Disable interrupt
7 Enable ‘underrun error’ interrupt (see DER bit 7) Disable interrupt

D-Channel Mode Register 3 (DMR3), Read/Write

Bit Logical ‘1’ Logical ‘0
0 Enable ‘Valid Address/End of Address’ interrupt (default value) Disable interrupt

(see DSR1 bit 0).
1 Enable ‘End of valid transmit packet’ interrupt (default value) (see DSR1 bit 6)  Disable interrupt
2 Enable ‘Last byte of received packet’ interrupt (see DSR2 bit 0) Disable interrupt (default value)
3 Enable ‘Receive byte available’ interrupt (see DSR2 bit 1) Disable interrupt (default value)
4 Enable ‘Last byte transmitted’ interrupt (see DSR2 bit 3) Disable interrupt (default value)
5 Enable 'Transmit buffer available’ interrupt (see DSR2 bit 4 ) Disable interrupt (default value)
6 Enable ‘Received packet lost’ interrupt (see DSR2 bit 2) Disable interrupt (default value)
7 Enable FCS transfer to FIFO Disable FCS transfer to FIFO

(default valus)
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D-Channel Mode Register 4 (DMR4), Read/Write

Bit
76543210 Control Function
XXXXXXo00 Receiver Threshold 1 Byte (default value)
XXXXXX01 2 bytes
XXXXXX10 4 bytes
XXXXXX11 8 bytes
XXXX00XX Transmitter Threshold 1 Empty Byte
XXXX01XX 2 Empty Bytes
XXXX10XX 4 Empty Bytes
XXXX11XX 8 Empty Bytes (default value)
XXX0XXXX Interframe Fill Mark Idle (default value)
XXX1XXXX Flag Idle
XX0XXXXX Address Recognition Two byte (default value)
0X1XXXXX First Received Byte only
1TX1TXXXXX Second Received Byte only
X0XXXXXX C/R Bit Compare Disable FRAR bit 1 compare (default value)
X1XXXXXX Enable FRAR bit 1 compare

Note that the receiver and transmitter thresholds can only be changed when the Am79C30A/32A is in idle mode.
Address Status Register (ASR), Read Only

Bit Logical ‘1’ Logical ‘0’ (default value)

0 FRAR1/SRAR1 address recognized No FRAR1/SRAR1 address match
1 FRAR2/SRAR2 address recognized No FRAR2/SRAR2 address match
2 FRAR3/SRAR3 address recognized No FRAR3/SRARS3 address match
3 FRAR4/SRAR4 address recognized No FRAR4/SRAR4 address match
4-7 Not used, reads logical '0’ Not used, read logical ‘0’

D-Channel Status Register 1 (DSR1), Read Only
DSR1 has the following format:

Bit Logical ‘1° Logical ‘0’ (default value)

0 Valid Address (VA) if the address decode No valid address
logic is enabled or End of Address (EOA)
if the address decode logic is disabled

1 End of receive packet Not end of packet

2 Packet reception in progress Packet not being received

3 Loopback in operation at Am79C30A/32A No loopback in operation at Am79C30A/32A
4 Loopback in operation at LIU No loopback in operation at LIU

5 D-channel back-off not in operation D-channel back-off in operation

6 End of valid transmit packet Not end of transmit packet or no transmission
7 Current transmit packet has been aborted No transmit packet abort

The DSR1 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or
idle mode).
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Bit  Generate Interrupt  Bit Set Bit Reset
0 Yes if DMR3 bit 0=1 Two bytes after an opening flag if a VA is When the microprocessor reads
decoded or address recognition is disabled DSR1 or associated DRCR
Yes if DMR1 bit 3=1 When a closing flag is received When the microprocessor reads
DSR1 or associated DRCR
2 No One byte after the opening flag of any packet, When a flag or an abort is received
valid or not
3 No When the operation is in progress When the operation is not in progress
4 No When the operation is in progress When the operation is not in progress
5 No When the operation is in progress When the operation is not in progress
6 Yes if DMR3 bit 1=1 When the closing flag is transmitted When the microprocessor reads DSR1 or
when DTCR is loaded
7 No When seven ones and a zero have been When the microprocessor reads DSR1

transmitted

or when DTCR is loaded

D-channel Status Register 2 (DSR2), Read Only
DSR2 has the following format:

Bit Logical ‘1’ Loglcal ‘0’ (default value)
0 Last byte of received packet Not last byte of received packet
1 Receive byte available Receive byte not available

2 Receive packet lost Receive packet not lost

3 Last byte transmitted Last byte not transmitted

4 Transmit buffer available Transmit buffer not available

5 Mark idle detected (15 or more contiguous ones) Mark idle not detected

6 Flag idle detected (more than 2 contiguous flags) Flag idle not detected

7 Not used, reads logical ‘0’ Not used, reads logical ‘0’

The DSR2 bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset or

idle mode):

Bit  Generate Interrupt  Bit Set Bit Reset

0 Yes, if DMR3 bit 2= 1 When last byte of a received packet is read When the microprocessor reads the
from the DCRB DSR2

1 Yes, if DMR3 bit 3=1 When DCRB contains one or more bytes of data When DCRB is empty

2 Yes, if DMR3 bit 6 =1 When two outstanding packets are received When the microprocessor reads DSR2
and not serviced and a third packet is received

3 Yes, if DMR3 bit 4=1 When the last byte of a transmit packet is When the microprocessor reads DSR2
transferred from the DCTB

4 Yes, if DMR3 bit 5 = 1 When the DCTB is available to be loaded witha  When the DCTB is full
data byte

5 No When 15 contiguous one bits have been detected When the first zero bit is detected on
in the incoming D-channel the incoming D-channel

6 No When more than two contiguous flags are When a non-flag character is detected
detected on the incoming D-channels not on the incoming D-channel
including a closing flag

7 Not used
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D-channel Error Register (DER), Read Only
The DER has the following format:

Bit Logical ‘1’ Logical ‘0’ (default value)

0 Received packet abort No abort received

1 Non-integral number of bytes have been received Integral number of bytes received
2 Collision detected No error

3 FCS error No error

4 Overflow error No error

5 Undertiow error No error

6 Overrun error No error

7 Underrun error No error

The DER bits generate interrupts and are set/reset under the following conditions (in addition to a hardware reset):

Bit  Generates Interrupt Bit Set Bit Reset
0 Yes, if DMR2 bit 0=1 When seven consecutive ones are received When the pP reads the DER
within a packet (DSR1 bit 2=1) or associated DRCR
1 Yes, if DMR2 bit 1 =1 Upon error condition after closing flag When the pP reads the DER
has been received or associated DRCR
2 Yes, if DMR2bit 2=1 See section on collision detection When the pP reads the DER or when
DTCR is loaded
3 Yes, if DMR2 bit 3=1 If error occurs When the pP reads the DER or
associated DRCR
4 Yes, if DMR2 bit 4 =1 If error occurs When the pP reads the DER
or associated DRCR
5 Yes, if DMR2 bit5=1 If error occurs When the pP reads the DER
or associated DRCR
6 Yes, if DMR2 bit 6 =1 If error occurs When the pP reads the DER
or associated DRCR
7 Yes, if DMR2 bit 7 =1 If error occurs When the pP reads the DER

or when DTCR is loaded

DERbits 0, 1, 3, 4, 5, and 6 are set when the last byte of the associated packet is read from the D-channel Receive
Buffer.

OSCILLATOR (OSC)

This interface sources the primary timing for the Am79C30A/32A and contains facilities for the connection of a 12.288
MHz clock, or a parallel resonant crystal and load capacitors.
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APPLICATIONS
Figure 11— ISDN Feature Phone

This basic feature phone is the ISDN equivalent to the
common analog phone. The Keypad can be a simple
four by four single pole switch matrix or up to a six by six
matrix to provide full key system features. The display
option, illustrated, can be included in any of the applica-
tions shown in this section.

Figure 12 — ISDN Feature Phone with Parallel and
Serial Data Ports plus other Peripherals

Access to the CCITT ‘R’ reference interface is illustrated
via both the serial and parallel ports in the diagram. In
addition, an example of several other peripherals inter-
faced to the microprocessor bus is shown. This applica-
tion has the capability of supporting various voice op-
tions. Hence, the keypad is included in the figure even
though it is not required for data only applications.

1]
sP LOUT, '
:
1]
LOUT, T
1]
EAR; LIN 4 '
HANDSET D DSC ,
EARPIECE Am79C30A
| EARy LIN, T
1]
ISY
TELEPHONE LS4 HANDSET
SET AINA j:U MICROPHONE
LOUDSPEAKER AREF
LSp AINB
MPI
DISPLAY MICROPROCESSOR
KEYPAD
09456-98

Figure 11. Feature Phone with Display
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—t— DATA RATE
—r ADAPTOR
R
[
SP LOUT,
LOUT,
EAR4 LIN¢
DSC
Am79C30A
EAR; LIN2
s
LS4
AINA
AREF MEMORY
CRT CONTROLLER LS AINB (RAM OR/AND RAM)
MPI
DISPLAY MICROPROCESSOR l/gAéF;OEJgS
KEYPAD
09456-11B

Figure 12. Feature Phone with Parallel and Serial Data
Ports Plus Other Peripherals

'
e
L
g
‘R

Am79C30A/32A

1-47



ELECTRICAL AND SWITCHING CHARACTERISTICS

Absolute Maximum Ratings

Storage Temperature -65°Cto +150°C
Ambient Temperature

with Power Applied -55°Cto +125°C
Supply Voltage to Ground

Potential Continuous OVto+7.0V

Lead Temperature (soldering, 10 sec) 300°C
Maximum Power Dissipation 15w
Voltage from any

pin to Vss Vss —0.5 V to Vecto +0.5V
DC input/output current

(except LS1, LS2) 10 mA
DC output current, LS1, LS2 only 100 mA

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

Operating Ranges
Commercial (C) Devices
Operating Vce range with respect
to Vss 475Vto 525V
Ambient Temperature (Ta) 0°to +70° C

Operating ranges define those limits between which the
functionality of the device is guaranteed.
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DC Characteristics (over operating ranges unless otherwise specified)

Parameter Parameter
Symboi Descriptions Test Conditions Min. Max. Unit
ViH Input high level except XTAL2 2.0 Vec+0.25 \"
ViH2 Input high level XTAL2 0.8 Vce Vee +0.25 v
Vi Input low level Vss -0.25 0.8 v
Vo Output low level loL=2 mA 04 v
Vor Output HIGH level lon = ~400 pA \"
=-10 pA
loL Output leakage current 0<Vour<Vee t10 HA
Output in high Z state
I Input Leakage Current 0<Vin<Vce
Digital Inputs +10 HA
LIN1/LIN2 +200 A
XTAL2 TBD A
Ci Input capacitance temp=25°C 10 pF
digital input freq.=1 MHz (typical)
Co Output capacitance, 15 pF
digital input/output (typical)
Parameter Parameter
Symbol Descriptions Min. Typ. Max. Unit
lec Vcec supply current
(Mdle) receiver enabled;
15 33 mA
lec2 Vcc supply curren H= Vee; ViL= Vss;
(Active; call setup) ive, data only; fmcik = 3.072 MHz;
iver and transmitter enabled; 20 35 mA
" interface activated with data on
annel only; ‘'S’ interface load = 50 ohms
leca Vee=5.25 V; Vii=Vce; ViL=Vss;
da) mode = Active voice + data;
fmelk=3.072 MHz; LIU receiver/
transmitter enabled; ‘S 'interface
activated with data on D-ch & one 40 50 mA

B-ch; 'S’ interface load = 50 ohms;
AINA = —-15 dBm0, 1 kHz sine wave;
EAR1/EAR2 = —-15 dBm0,

1 kHz tone driving 600 ohms

Am79C30A/32A
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AC Characteristics
Vec =5V +5%, Vss = 0 V; TA = 0°C —>70°C, MCLK = 3.072 MHz

MAP Analog Characteristics (Am79C30A only)

Parameter Parameter

Symbol Description Test Conditions Max Units
Zn Analog input impedance -125V<VN<+1.25V Kohm
AINA or AINB to AREF fin <4 kHz
Vios Allowable offset voltage with respect to +5 mv
at AINA or AINB AREF pin
ViR Analog input full scale with respect to +1.25 Vpeak
reference level AINA or AINB i (nominal)
VpR Analog output full RLOAD > 540 ohm +2.5 Vpeak
scale reference level 00 pF, or (nominal)
(PCM code = +3 dBm0) RLOAD > 40 ohm
Allowable Load L} RLOAD > 40 ohms
and
CLOAD <100 pF
RLOAD > 540 ohms
and
CLOAD <100 pF
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MAP Transmission Characteristics (Am79C30A only)

Parameter Description Test Conditions Min Max Units
Attenuation vs frequency relative *50-60 Hz (Xmit only) 24.0 dB
to —10 dBmo0 at 1020 Hz <300Hz dB
(See Figures 13, 17) 0.3-3 kHz 0.25 dB
3-3.4 kHz 0.9 dB

3.4-3.6 kHz dB

3.6-3.9 kHz dB

3.9 kHz—4 kHz dB

Group delay variation with frequency 500-600 Hz 750 us
at 0 dBmO (See Figures 14, 18) 600-1000 Hz 380 us
130 us

750 us

Gain tracking CCITT Method 2 -0.3 0.3 dB
(Tone at 1020 Hz) -0.6 0.6 dB
(See Figures 15, 19) -1.6 1.6 dB
Signal to total distortion CCITT 35 dB
Method 2 (Tone at 1020 Hz) 29 dB
(See Figures 16, 20) —45 dBm0 24 dB
ldle channel noise Receiver -75 dBmo
Transmitter —66 dBmo

Absolute gain Relative to 0 dBm0 -0.3 +0.3 dB

at 1020 Hz, RL > 540 ohms
(See notes below.)

The half channel parameters are specified above from
AINA or AINB input pins to a B-channel for the transmit
path and from a B-channel to EAR1/EAR2 pins mea—
sured differentially for the receive path. The parameters
are applicable for both A- or U-law conversion. (A-law
assumes psophometric filtering and U-law assumes
c-message weighting.) All parameters are specified
with the GR, X, R, GX, and GER filters disabled; STG
filter enabled but programmed for infinite attenuation.

A 0 dBmoO signal is equivalent to 0.625 Vrms at AINA or
AINB and to 1.25 Vrms measured differentially at

EAR1/EAR2 or LS1/LS2, when programmed for A-law
operation. In u-law mode, 0 dBm0 is equivalent to 0.620
Vrms at AINA or AINB and to 1.24 Vrms at EAR1/EAR2
or LS1/LS2.

An external 1 Kohm resistor (+5%) and 2000 pf capaci-
tor (+20%) are connected in series between the CAP1
and CAP2 pins.

*Valid only when high pass filter and auto zero bits are
enabled in MAP Mode Register 2.
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Figure 13. Attenuation/Frequency Distortion (Transmit)
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LIU Characteristics
All of the parameters below are measured at the chip terminals and are consistent with 2;1 transformers.

Parameter
Symbol Parameter Description Max Units
Viour Output mark amplitude measured between LOUT2 and LOU: 2.442 \
(Note 1)
VLN Receivable input level measured between LIN2 and: 1800 mV
noise added as specified by CCITT 1.430 sectio: 2)
Zout Output impedance measured between LOLT2
Spacing condition 20 Kohm
ZN Input Impedance measured between L| 20 Kohm
J Timing Extraction Jitter o -7 +7 %
PD Total Phase Deviation ¢tto LIN) -7 +15 %
PU Pulse Unbalance UT2 & LOUT1 (Note 1) -5 +5 %
PW Output Pulse Wi stween LOUT2 & LOUT1 (Note 1) 4.7 5.2 5.7 us

Note 1: See the equiv‘afé est load circuit and pulse template in Figures 22 and 23.

Note 2: The 530 mV receiveinput level is equivalent to 9.0 dB of attenuation from a nominal transmit level when measured at the
LIN pins. Allowing 0.5 dB loss in the isolation transformer and 1.0 dB loss in the input isolation resistors, this level will
guarantee compliance to the CCITT recsiver sensitivity spec of 7.5 dB when measured at the ‘S’ reference point.
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LOUT2 2 2:1 0
S —— ! +
kY 3 SR Lo,
LouT 3 s$hL T V(s-reference)
LOUT = -\ + o}
Ry
2:1
LIN1 ANV 0
: 2R L (o] vV,
C S$"L T L (s—reference)
LIN2 AA% +
Ry
09456-40A

V (S-Interface): Transmitter output at the ‘S’ interface reference point.

RL is the termination impedance at the ‘S’ interface.

CL is the effective capacitance at the ‘S’ interface (see 1.430 B.5.1.2).

R1 and R2 are the transmitter output series resistors; their value depends upon the characteristics of the pulse trans-

former. (See equations in Figure 24.) R3 and R4 are required for multi-point operation to prevent loading of the line
when power is removed from the terminal.

Figure 21. System Interface to LIU

High Mark

50 ohms

LOUT
UTe 50%

LOUT,

Low Mark

50 ohms

b c
PU= S HIGH MARK - I S LOW MARK |
Figure 22. Equivalent Test a b

Load Conditions
09456-40C

Figure 23. Differential Output Signals
Between LOUT2 and LOUT1 Using the Test Circuit
In Figure 22
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LIU Characteristics (Continued)
Series Resistor Calculations

lLout
Rz Rsec Rerm o N2 Rcoro @ N2
LOuUT2 —\VV ANNV—MN-
+
Viour RL e N?
LOUTH AN
Ry
09456—44A

Rsec is the DC impedance of the transformer secondary. (IC side of transformer)

Rprim is the DC impedance of the transformer primary. (Line side of transformer)

Rcoro is the DC impedance of the TE connecting cord typically 4-6 ohms

N is the transformer tums ratio. (N =2 for Am79C30A/32A)

Ruis the ‘S’ interface line impedance. (50 ohms)

lour is the desired load current for the CCITT transmission templates (7.5 mA for 50 ohm line).
Vwouris the nominal output voltage from the DSC/IDC line driver.

lout = Viour
R1 + R2 + Rsec + (Rprim ¢ N?) + (RL ¢ N?) + (Rcorp « N?)
R1+R2= (Viour) - Rsec — (Rprim ¢ N?) — (RL ¢ N?) — (Rcorp ® N?)

(lout )
Let R1 = R2
R1=R2= 1/2{Viour— Rsec — (Rprim e N?) — (RLe N?) — (Rcorp « N?)}
leour
N=2
RL = 50 ohms
Viour = 2.326 V
lout=7.5mA

R1=R2= 55.067 — 1/2 { Rsec + (4 » Rprim) + (4 « Rcoro) }

This equation should be used to determine the value of Ry and Rz for the particular transformer used by each cus-

tomer.
Figure 24. Equivalent DC Circuit at LOUT Pins for calculation of R: & Rz

Am79C30A/32A
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Microprocessor Read/Write Timing
Microprocessor Read Timing

Parameter Parameter

Symbol Description Min Units
tRLRH RD pulse width 200 ns
tRHAL Read recovery time (Note 1,2) 200 ns
toLRL TS low to RD low 0 ns
tRHCH RD high to C3 high () ns
tapAL Address to RD low . 20 ns
trHAD Address hold after RD high 10 ns
tRLDA RD low to data available ns
trHDZ RD high to data high Z ns

No timing relationship is required between ADDR and CS pu
The TS can be tied low.

Read and write indirect register operations cannot be 1
between them.

east one write command register operation

Note 1: The read/write recovery time of 200 ns holds in gtig
read data register operation when accessin
of 450 ns.

hen awrite command register operation is followed by a
ient RAM. This operation requires a minimum recovery time

Note 2: Successive reads of the D-channel Receive ire a minimum cycle time (tRLRH + tRHAL) of 480 ns.

Microprocessor Write Timing

Parameter Parameter

Symbol Description Min Max Units
twiwn WR pulse width 200 ns
twHwL Write recovery ti 200 ns
toiwL CS low to WR1 0 ns
twheH WR high to CS | 0 ns
taowL 20 ns
twHAD 10 ns
{oawH 100 ns
twhbz 10 ns

No timing relationship is required between ADDR and CS pulses.
The TS can be tied low.

Read and write indirect register operations cannot be mixed without at least one write command register operation
between them.

Note 1: The read/write recovery time of 200 ns holds in all cases except when a write command register operation is followed by a
read data register operation when accessing the MAP coefficient RAM. This operation requires a minimum recovery time
of 450 ns.
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t
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DATA : : : :
09456-19
Flgure 25. Microprocessor Read/Write Timing

INT Timing

Interrupt Timing

Parameter Parameter . ‘

Symbol Deseription Min Max Units

tinte mﬁcle time 125 us

trec INT recovery time 500 ns

< tINTC
INT K /
: N
lg—t REC
09456A-20

Figure 26. INT Timing
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Reset and Hookswitch Timing
Reset Timing

Parameter Parameter

Symbol Description Units
tres Reset pulse width us
tPHRL Power stable to reset low us
te Reset transition fall time 1 ms
t Reset transition rise time 20 us
Hookswitch Timing
Parameter Parameter Min Max Units
Symbol Description
to Debounce : 16 16.25 ms
t4 HSW detected 1 ' 0 370 us
475V f
Vee
¢ 'PHRL
ViH 3
Vv
RESET L tRES -
‘t, > ~'f >
09456228

Figure 27. Reset Timing

A\

ol

N

09456A-23

Figure 28. Hookswitch Debounce Timing
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OSC (XTAL2) Timing

Parameter Parameter Test
Symbo! Description Conditions Min Max Units
teleL Oscillator period 81.374 81.387 ns
tcH High Time 33 ns
teL Low Time 33 ns
telen Rise Time T 10 ns
tomeL Fall Time L 10 ns
Frequency = 12.288 MHz + 80 ppm. o ’
MCLK Timing
Parameter Parameter Test ’
Symbol Description Conditions Min Max Units
to XTAL2 VCC/2 to MCLK Load <80pF 60 ns
MCLK VCCr2
trise Rise Time MCLK Load <80pF 15 ns
traLL Fall Time MCLK Load <80pF 15 ns
tPwH High Puise ~ 12:288 MHz MCLK Load <80pF 33 ns
Width 6.144 MHz 73 ns
4,089 MHZ 114 ns
3.072 MHz 155 ns
tewL Low Pulse 12.288 MHz MCLK Load <80pF 33 ns
Width 6.144 MHz 73 ns
4.096 MHz 114 ns
3.072 MHz 155 ns

The MCLK output can only change modes every 12 OSC cycles (that is, when all four of the MCLKs are synchronized

on their low-to-high transitions).

*Not TTL Vi

Figure 29. External Clock Driver (XTAL2) Timing
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Serial Port Timing

Parameter Parameter Test

Symbol Description Conditions Max Units

Tp* SCLK 5.392 us

Ta High Time 2.615 us

Tb* Low Time i 2777 us

trise SCLK rise time SCLK Load <80pF. * 20 ns

tfall SCLK fall time SCLK Load <! - = 20 ns

tucsc MCLK to SCLK MCLK load <80pF = - 60 ns
@6.144 MHz SCL# Load <80pF

toHrs SCLK high to 2 50 250 ns
Frame Sync : E

teloo SBOUT = SBOUTISFS 50 250 ns
Data Available i Load = 80 pF

toicH SBIN Set up timia T . 200 ns

tcHoz SBIN Hold Tima, ' 0 ns

*The frequency of SCLK is;ﬁiways fxtaL2/64. Tp and Tb are based on this SCLK frequency, but include a + 163 nsec allowance for
internal phase lock loop corraction.

Ta To Tp
S e
s JUUTUULTUUTUUTUUUUU U UL

SBIN

00000 00000080008080000008
l‘—Bd ———-’l‘—_ Be T J: Bf __-’I

| l [
l‘—_ T _—.l Note: T1 width is eight SCLK periods

SFS

09456—45A

Note: SBIN data is sampled on the rising edge of SCLK; SBOUT data is changed on the falling edge of SCLK

Figure 31. Serial Port Input/Output Timing
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Figure 32. Serial Port MCLK/SCLK/SFS Timing
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SWITCHING TEST CONDITIONS
(Input)

24V
20V 20V
:}Test Points <

0.8V 0.8V
09456-29A

045V

ACtesting inputs are driven at 2.4 V for a logical one and 0.45 V for a logical zero. Timing measurements are made at
2.0V and 0.8V for a logical one and a logical zero respectively.
Figure 33. Switching Test Input/Output Waveform

Device
Under — 1. C.=80FF

Test
= 1)

C. Includes Jig Capacitance 09456A-30

Figure 34. Switching Test Load Circuit
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Key Design Hints For The DSC/IDC

Due to the high

level of integration of the

Am79C30A/32A DSC/IDC, it is easy to overlook impor-
tant design information when reading the datasheet.
The following list of key design hints have been com-
piled to streamline the design process. A comprehen-
sive series of ISDN application notes and tutorials is
available from Advanced Micro Devices; please contact
an AMD sales office or factory for current information.

1)

2)

3)

4)

5)

6)

7

The AREF pin MUST be used to bias the AINA and
AINB inputs. There is a datasheet parameter Vios
which states that the analog inputs must be biased
to within 5 mV of AREF. AREF is NOMINALLY 2.4
volts; normal device-to-device variation will exceed
the 5 mV Vios specification. If a voltage other than
AREF is used, transmission performance at very
low signal levels will be degraded.

The recommended method of biasing the AINA and
AINB inputs is to use a 15k-100k ohm resistor be-
tween the input and AREF. The signal source
should be AC-coupled to the analog input. Care
should be taken such that the RC formed by the
biasing resistor and blocking capacitor does not dis-
tort the input signal. A 3-dB point below 10 Hz is
recommended. -

The AREF output must not be loaded with a capaci-
tor, since it may cause the internal buffer amplifier to
become unstable. For some applications involving
significant gain external to the DSC, the AREF out-
put may require a simple RC noise filter. In this
case, the AREF output should be isolated from the
capacitor by a resistance of greater than 1tk ohmsto
ensure stability.

The DSC/IDC should be provided with decoupling
capacitors, situated as closely as possible to the
package power leads. In general 0.1 microfarad ce-
ramic capacitors are sufficient, but bulk decoupling
capacitors will be required if the LS1 and LS2 loud-
speaker outputs are driving a heavy load.

The DSC/IDC is constructed on a single substrate,
and therefore the device power pins must not be
from separate supplies. If there is a DC offset be-
tween the analog and digital power supply pins, ex-
cessive current may flow through the device sub-
strate.

The LS1, LS2 and EAR1, 2 outputs are intended to
be used differentially. Although it is possible to use
only a single output, the rejection of power supply
noise and internal digital noise is improved if the
outputs are used differentially.

It is necessary to observe the maximum loading
specification for the LS and EAR outputs. When
used differentially, the EAR outputs must see a
minimum of 540 ohms between them. Similarly, the
LS outputs must see a minimum of 40 ohms. The

8)

9)

10)

11)

12)

13)

14

~

15)

16)

17)

maximum capacitive loading in either case is 100
pF.

The LS and EAR outputs do not need to be
“matched”to the load. The LS and EAR outputs are
voltage drivers, and do not assume the presence of
any particular load impedance. As long as the maxi-
mum loading specification is met, the LS and EAR
outputs will function satisfactorily. Insome cases an
external resistor may be used to centre the desired
output volume, for instance while driving a 150 ohm
earpiece with the EAR outputs.

It is not recommended to unnecessarily access the
ATGR, FTGR, GX, GR, GER, STG, X, R, MMR1,
and MMR2 registers while audio is active. Whenthe
microprocessor accesses these registers it may in-
terfere with the MAP calculations, resulting in de-
graded transmission performance or audible noise.

When using programmable gains and filters in the
MAP, it is necessary to consider dynamic range ef-
fects such as truncation error and clipping. In case
of question in any particular application, please con-
tact AMD applications staff for assistance.

All MAP tone generators are referenced with re-
spect to the +3 dBmO0 overload voltage, i.e., a0 dB
tone yields a +3 dBm0 output. Care must be takento
avoid clipping when adding tones to signals, as for
example when generating DTMF waveforms.

The RC connected to CAP1/CAP2 must be situated
as close as possible to the DSC package, to reduce
the amount of noise coupled in from other signal
traces.

Itis necessary to observe the XTAL2 frequency ac-
curacy requirement of 12.288 MHz + 80 ppm. Since
crystals from different manufacturers will vary, it is
necessary to measure the DSC oscillator output fre-
quency atthe MCLK pin and if necessary, adjustthe
value of the crystal load capacitors as part of the in-
itial design procedure. An application note of oscil-
lator considerations is available from AMD.

If driving the XTAL2 pin with the external oscillator, it
is necessary to observe the datasheet input voltage
and rise/falltime requirements. Note thatthe XTAL2
levels are not TTL-compatible.

The DSC, as any sensitive analog device, requires
care in board layout. An application note of DSC
board layout hints is available from AMD.

The sidetone path defaults to —18 dB attenuation. If
it is desired to disable the sidetone path, it is neces-
sary to enable the sidetone block and program it for
infinite attenuation.

The LIU transformers, series resistors, and IC LIU
output drivers must be considered as a functional
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18)

unit. Transformers that meet CCITT 1.430 require-
ments with other transceivers are not necessarily
appropriate for use with the DSC, and vice versa.
An application note of DSC transformer and series
resistor considerations is available from AMD.

Interrupts should be masked when reading or writ-
ing any indirect or multi-byte DSC registers, to pre-

19.

vent the possibility of an interrupt occurring and de-
stroying the contents of the Command Register.

If the MAP is disabled, the EAR, AREF, and LS out-
puts are high impedance. If the MAP is enabled, the
unselected audio output is high impedance.

Am79C30A/32A

1-69



PHYSICAL DIMENSIONS
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Preliminary

Am79C401

Integrated Data Protocol Controller (IDPC)

e\

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS
Data Link Controller

B Multiple (four plus broadcast) address recognition

m Full-featured bit-oriented communication controller

supporting HDLC, SDLC, LAPB, LAPD, and DMI

W Data transfer rate: 2.048 Mb/s

B 32-byte receive FIFO and 16-byte transmit FIFO
with programmable thresholds and DMA hand-

modes

W Multiplexed seriai interface with up to 31 8-bit chan-

nels or non-multiplexed serial interface

® Transparent (Protocol-Free) Mode

B Local and Remote Loopback Modes

shakes
W 56 kb/s Mode
BLOCK DIAGRAM
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DISTINCTIVE CHARACTERISTICS (continued)

USART

B Superset of Industry-Standard 8250 UART
features

B Four-byte transmit/receive FIFOs

B Special character recognition (up to 128
programmable)

B Synchronous mode provides a transparent serial
data path

B Local Loopback mode
Dual-Port Memory Controller

B Memory bus arbitrator provides dual-port access to
standard low-cost static RAM

B Programmable inter-processor interrupts support
RAM-based inter-processor mailboxes

Microprocessor Interface
B 8-bit non-multiplexed data bus

B Operates with 12.5 MHz 80188 processor with zero
wait states

General Features

® Compatible with Am79C30A DSC and
Am79C32A IDC

B CMOS technology, single +5 V supply
B Power-down mode
® 68-pin PLCC

GENERAL DESCRIPTION

The Am79C401 Integrated Data Protocol Controller
(IDPC) and companion software product, the
Am79LLD401 IDPC Low-Level Driver (LLD), provide the
essential building blocks for construction of a variety of
communications systems. When combined with ROM,
RAM, a microprocessor, and the physical layer trans-
ceiver, a complete ISDN, X.25, SNA, or similar system
can be constructed. The IDPC is design-compatible with
existing AMD communication components such as the
Am79C30A Digital Subscriber Controller (DSC) and
Am79C32A ISDN Data Controlier (IDC) and off-the-shelf
microprocessors such as the 80188.

The IDPC contains hardware and software support fea-
tures foruse in a single-processor environment (such as
a terminal adapter for an ISDN network) or a multi-
processor application (such as a communication inter-
face for a PC or integrated voice/data work station appli-
cation). For multi-processor applications, the IDPC
controls access to an external “shared” static RAM by ar-
bitrating simultaneous shared memory requests and
supports an interprocessor interrupt scheme.

A companion software product, the Am79LLD401 IDPC
LLD, provides isolation of the various hardware functions
from the higher levels of packet protocol software. The
LLD canbe used with any bit-oriented protocol, including
AmLink™, which is AMD's LAPD/LAPB implementation.
Additionally, AMD’s AmLink3™ package offers a com-
plete implementation of the X.25 Packet Layer (Layer 3)
protocol.

For ISDN D-channel applications, a similar function is
provided by the Am79C30A DSC and Am79LLD30ALLD
software.

The interfaces presented by the Am79LLD30ADSC LLD
andthe Am79LLD401 IDPC LLD use the same primitives
so that both the D-channel and the B-channel can use
the same layer-2 software. Both LLDs provide a hard-
ware-independent interface to upper-layer protocols
such as AmLink LAPD.

Functionally, the IDPC consists of four sections: a Data
Link Controller (DLC), a Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART), a Dual-Port
Memory Controller (DPMC), and a Microprocessor Inter-
face (MPI).

Data Link Controller (DLC)

The DLC shown in the Block Diagram is a high-speed,
bit-oriented protocol processor that supports either mul-
tiplexed or non-multiplexed data rates up to 2.048 Mby/s.

The DLC provides full-duplex (simultaneous transmit
and receive) data transfer between the chip’s Serial Bus
Port (SBP) and internal parallel bus. Throughthe use of a
32-byte receive FIFO, a 16-byte transmit FIFO, and two
external DMA channels, the DLC provides efficient
movement of data to and from external memory and the
SBP (network interface).

The DLC supports data transfers via DMA, interrupts, or
polied I/0. The use of the FIFO buffers minimizes inter-
rupt latency and frequency of interrupts.
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The DLC has several programmable modes of operation
which include:

* Non-multiplexed mode

® Multiplexed mode

® Local/Remote Test modes

® Transparent (Protocol-Free) Mode
® 56 kb/s Mode

Non-multiplexed Mode

In non-multiplexed mode, the DLC functions as a con-
ventional serial communications controller capable of
supporting full-duplex data transfers at rates up to 2.048
Mb/s. This mode is useful in non-ISDN applications such
as Local Area Networks, personal computer networks,
Host-to-Host or terminal-to-Host applications.

Multiplexed Mode

In multiplexed mode, the DLC's SBP interfaces cleanly
with the SBP on the Am79C30A DSC or the Am79C32A
IDC, and provides access to 31 64 kb/s time slots.

Local/Remote Loopback Test Modes

The DLC canbe placed in either local or remote loopback
mode under software control. In local loopback, the
transmitter output is tied back to the receiver input. In re-
mote loopback, the receiver input from the network is
transmitted back to the network for system test

purposes.

Transparent Mode

In Transparent Mode, the DLC receives and transmits
data without performing any HDLC protocol processing,
creating a clear path between the SBP and the transmit
and receive FIFOs. This mode can be used in either mul-
tiplexed or non-multiplexed modes.

56 kb/s Mode

In 56 kb/s Mode, the DLC transmits and receives data at
a 56 kb/s data rate. In this mode, the DLC sends data
within an 8-bit time slot period, and always pulls the
SBOUT pin High during the transmit time period of the
eighth bit. Similarly, during data reception, the DLC shifts
in 7 bits during the programmed time slot, but always
waits until eight bits have been accumulated before
transferring the data to the receive FIFO.

Universal Synchronous/Asynchronous
Receiver/Transmitter (USART)

The IDPC contains a USART for exchanging data be-
tween RS232 type terminals and the ISDN network in ap-
plications where there is no host processor. The USART
provides a superset of 8250 UART features and supports
both synchronous and asynchronous serial communica-
tions. The USART is capable of full-duplex operation at
speeds up to 64 kb/s.

The USART supports the following functions:

® Programmable synchronous/asynchronous
modes

® Software reset

® Line break recognition and generation

® Special character recognition

® Selectable stop bits (1-, 1.5-, or 2-stop bits)

® Modem control handshake lines (RTS, CTS, D3R,
and DTR)

® Local loopback and “stick parity” test features

The USART receiver candetect up to 128 user-identified
special characters. As each character is received, it is
tested. If it is identified as a special character, a mask-
able interrupt can be generated.

The USART includes an internal Baud Rate Generator
(BRG) that provides a clock for the transmitter and re-
ceiver sections (and to the external pin BDCLKOUT).
The Baud Rate Generator’s data rate is programmed by
loading two “divisor latches” under software control.

Dual-Port Memory Controller (DPMC)

The DPMC provides access control and an inter-proces-
sor interrupt mechanism that permits two processors to
share static RAM memory without the expense of dual-
port RAM. These features are necessary in developing
network interface applications for PCs and Integrated
Voice/Data Workstations (IVDWs).

In atypical multi-processor application, a local processor
(such as the 80188) exchanges data with the host proc-
essor in the PC or IVDW using shared memory. The
DPMC performs RAM access arbitration between the lo-
cal and host processors, allowing the static RAM to ap-
pear as a dual-port memory to each processor.

The local processor can access any device on the IDPC
local bus. The host processor can only access the RAM
onthe IDPC local bus. Any contention between the local
processor and the host processor is arbitrated by the
DPMC on the IDPC. Both processors communicate via
memory-resident data buffers and mailboxes. An inter-
processor interrupt scheme notifies the other processor
whenone of the processors has written data to a buffer or
a command to a mailbox.

Microprocessor Interface (MPI)

The MPI consists of an 8-bit non-multiplexed data bus
that allows the IDPC to function with a 12.5-MHz 80188
processor (or other similar microprocessor) with zero
wait-states.

Am79C401
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CONNECTION DIAGRAM

Top View
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Note: Pin 1 is marked for orientation.
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LOGIC SYMBOL

| | g

L e L]

L

CLK DACK Ag-As
m DLCINT [
RST DRQg, DRQ1 |4+
WA USARTINT —>
TS BDCLKOUT —*
DSR DTR —*
RxCLK RTS —*
RxD SBOUT|—
TxD ADBE [—
USARTCLK HDLE |—>
SBIN HDLOE [—*
SCLK HINTOUT|—*
SFS/XMITCLK [ABE —
HDT-R LDBE —
HINTACK LDLE |—>
HINTIN LDLOE [—*
HRDY LINTOUT |—*
HREQ LRDY —
LDT-R RAMCS [—*
REQ HABE |—
Do-D7 RAMOE RAMWE
8 1 09360B-3
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM79C401 J C B

L——- e. OPTIONAL PROCESSING

Blank= Standard processing
B = Burn-in

d. TEMPERATURE RANGE
C= Commercial (0to +70° C)

c. PACKAGE TYPE
J = 68-Pin Plastic Leaded Chip Carrier
(PL 068)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION

Am79C401
Integrated Data Protocol Controller (IDPC)

Valid Combinations
AM79C401 JC, JCB

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD’s standard military grade products.
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PIN DESCRIPTION

The interface pins of the 68-pin IDPC chip can be classi-
fied into six major groups:

Processor Bus interface (25 pins)
USART Interface (9 pins)
Serial Bus Port Interface (4 pins)
Bus Arbitration Control (21 pins)
Power/Ground (7 pins)
No Connects (Reserved) (2 pins)

Unless otherwise specified, all input pins are TTL com-
patible.

Processor Bus Interface

As—Ao Address Lines (input)

These six address lines are generated by the external
processor to select internal registers of the IDPC, and
are valid only when CS is active Low.

DACK DMA Acknowledge (Input; Active Low)

The DACK signal is an indication that the DMA Controller
is executing a DMA cycle to the DLC transmit FIFO. This
indication occurs early in the DMA cycle, allowing the
transmit FIFO to deactivate the DRQ1 signal when the
last data transfer takes place (before an unwanted DMA
cycle is initiated). An equivalent signal is not required for
the DLC receive FIFO operation.

CLK Master Clock (Input)

The Master Clock is an input that provides synchroniza-
tion and timing for internal IDPC logic functions. CLK is
normally the same clock used by the CPU.

CS Chip Select (Input; Active Low)
CSis aninput that indicates the IDPC has been selected
for a read or write cycle.

D7-D0 Data Lines (Input/Qutput; Three State)
D7-DO0 are bidirectional data lines used to transfer data
between the local processor and the IDPC. The direction
of the data transfer is controlled by the RD and WR
control lines. When CS is inactive High, the data lines
remain in a high-impedance state.

DLCINT DLC interrupt (Output; Active High)
DLCINT goes active High when the IDPC’s DLC sets a
status bit and the associated interrupt enable bit is set,
and remains active until all pending DLC interrupts are
cleared.

DRQo Receive DMA Request (Output;

Active High)

DRQuis an output signal used by the DLC’s receive FIFO
to begin a DMA cycle for received data.

DRQo goes active High under the following conditions:

1) when number of bytes transferred into the receive
FIFO equals the number specified in the DLC
FIFO Threshold Register, or

2) when an “end of packet” byte is loaded into the
receive FIFO.

DRQu is deactivated Low under the following conditions:

1) Reset
2) when the receive FIFO becomes empty, or

3) when the last byte of a packet is transferred from
the receive FIFO to external memory.

DRQ: Transmit DMA Request (Output;

Active High)

DRQ: is an output signal used by the DLC’s transmit

FIFO to request the start of a DMA cycle for the transmit

data.

DRQ:1 goes active High when ALL of the following condi-
tions are met: .
1) the transmit byte count is not equal to zero,

2) last byte of the packet has not been loaded into
the transmit FIFO, and

3) number of bytes in the FIFO is equal to or less
than the value programmed in the transmit FIFO
Threshold.

DRQ: is deactivated Low under the following conditions:

1) Reset,
2) when the transmit FIFO is full, or

3) when the last byte of the packet is loaded into the
transmit FIFO.

PD Power Down (Input; Active Low)

This signal disables all internal clocks and places all
three-state signals in a high-impedance state. HRDY and
LRDY are disabled and all interrupt outputs are deacti-
vated. Status and data will be lost but programming is re-
tained. PD should be held active for a period of 8 MCLK

cycles.
RD Read (Input; Active Low)

This input is used by the IDPC to indicate when data from
the IDPC is being requested.

RD is qualified internally with an active Low CS.

RST Reset (Input; Active High)

This input forces all functions to terminate and places the
IDPC in a default state. HRDY and LRDY are disabled
and all three-state outputs are placed in a high-imped-
ance state. RST should be held active for a period of 8
MCLK cycles.

USARTINT USART Interrupt (Output; Active High)

USARTINT goes active High when the IDPC’s USART
sets a status bit and the associated interrupt enable bitis
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active, and remains active until all pending USART inter-
rupts are cleared.

WR Write (Input; Active Low)
WR is used by the IDPC to latch incoming data (D7—Do)
during a write cycle.

WR is qualified internally with an active Low CS.

USART Interface

BDCLKOUT Baud Rate Generator Clock Out
(Output)

This signal is the output of the USART’s Baud Rate Gen-
erator, and can be used as acommon clocking source for
a modem or other similar device.

CTS Clear To Send (Input; Active Low)
Activity on CTS generates a maskable interrupt, but does
not directly control the USART’s transmitter.

DSR Data Set Ready (Input; Active Low)
Activity on DSR generates a maskable interrupt, but

does not directly control the USART’s transmitter or
receiver.

DTR Data Terminal Ready (Output; Active Low)
DTR is user-controlled and does not directly control the
USART'’s transmitter or receiver.

RTS Request To Send (Output; Active Low)

RTS is user-controlled and does not directly control the
USART's transmitter.

RxCLK Receive Clock (Input)

RxCLK is an input to the USART and is used in synchro-
nous and asynchronous operation. In asynchronous
mode, the RxCLK should be 16 times the data rate.
In synchronous mode, RxCLK is synchronized to the
incoming data, and the rising edge is used to latch data
on the RxD pin. The maximum data rate supported is
64 kb/s.

RxD Receive Data (Input; Active High)

RxD is aninput to the USART. Data on this pin is clocked
into the IDPC on the rising edge of the selected clock
source.

TxD Transmit Data (Output; Active High)

TxD is an output of the USART. Datais clocked out of the
IDPC on the falling edge of the selected clock source.

USARTCLK USART Clock (Input)

This pin is the clock input for the USART's Baud Rate
Generator. The frequency of this clock source must be
aninteger multiple of the desired baud rate (output of the
Baud Rate Generator is the same as the data rate for
synchronous operation and 16 times the data rate for
asynchronous operation). If the Baud Rate Generator is
programmed to divide by one, USARTCLK operates as a

directinputtothe USART. When the IDPC is usedin con-
junction with the Am79C30 (DSC), the 12.288-MHz
clock output can be used as the USART clock source.
The maximum data rate supported is 64 kb/s.

Serial Bus Port Interface

SBIN Serial Data In (Input)

SBIN is the serial data input to the IDPC’s DLC. Data is
clocked into the DLC, LSB (bit 0) first, on the rising edge
of SCLK. The maximum data rate supportedis '/s of clock
supplied viathe CLK pin. This data rate, however, should
not exceed 2.048 Mby/s.

In applications where an Am79C30A (DSC) is used,
SBIN can be tied to the SBOUT pin of the DSC directly.

SBOUT Serial Data Out (Output; Open Drain)
SBOUT is the serial data output of the IDPC’s DLC. Data
is clocked out, LSB (bit 0) first, on the falling edge of
either SCLK or SFS/XMITCLK. SBOUT data rate may
range from 0 to 2.048 Mb/s. In applications where an
Am79C30A (DSC) is used, SBOUT of the IPDC is tied to
SBIN of the DSC with a pullup resistor.

SCLK Serial Clock In (Input)
SCLK is used as the clocking source for the DLC.

In multiplexed mode, SCLK supplies both the transmit
and receive clocks synchronized to SFS/XMITCLK. In
non-multiplexed mode, SCLK is used as the receive
clock and is not synchronized to SFS/XMITCLK. The ris-
ing edge of SCLK is used to latch data on SBIN and the
falling edge is used to shift data out on SBOUT in multi-
plexed mode. The maximum data rate supported is 1/5 of
clock supplied via the CLK pin. This data rate, however,
should not exceed 2.048 Mb/s.

SFS/XMITCLK Serial Frame Sync/Transmit Clock
(Input)

This input clock signal has two different functions de-
pending on the mode of operation selected by bits 4-0in
the DLC SBP Control Register. In multiplexed mode, this
input pin functions as SFS, the synchronization pulse
used to indicate the first of up to 31 independent 8-bit
time slots on SBIN and SBOUT.

In non-multiplexed mode, SFS/XMITCLK is used by the
DLC as the input for an independent transmit clock. SFS/
XMITCLK is used by the DLC to shift data out onto
SBOUT, LSB (bit 0) first, on the falling edge. This clock
operates from 0 to 2.048 MHz.

Bus Arbitration Control

HDBE Host Data Bus Enable (Output;

Active Low)

HDBE is an active Low output used to enable the data

bus lines from the host processor to the shared RAM
data bus. HDBE is driven active as a result of HDT-R
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being sampled High (write cycle) and remains High until
the end of the memory cycle.

HABE Host Address Bus Enable (Output;

Active Low)

HABE is driven active Low by the IDPC as a result of re-
ceiving an HREQ from the host processor and is used to
enable the address lines from the host processor and re-
mains active until the end of the memory cycle.

HDLE Host Data Latch Enable (Output;

Active High)

This active High output is used to latch data from shared
RAM to the host processor. HDLE is driven High as a re-
sult of HDT-R being sampled Low. HDLE returns Low at
the end of the memory cycle.

HDLOE Host Data Latch Output Enable (Output;
Active Low)

This active Low output is used by the host processor to
enable the output of the data bus latches to the host proc-
essor. HDLOE is driven Low when HDT-R is sampled
Low. It is deactivated when HREQ goes inactive Low.

HDT-R Host Data Transmit-Receive (Input)

HDT-R indicates whether a read or write cycle takes
place to shared memory from the host processor. When
HDT-R is sampled High, it indicates that a shared RAM
write cycle is in progress. As a result, RAMWE and HDBE
are driven active Low .

When HDT-R is sampled Low, a shared RAM read cycle
occurs and RAMOE and HDLOE are driven active Low,
and HDLE is driven active High .

HINTACK Host Interrupt Acknowledge (Input;
Active High)

HINTACK is generated by the host processor in re-
sponse to a Host Interrupt Out signal (HINTOUT) from
the IDPC. HINTACK is used to clear bit 0 of the Sema-
phore Register, and deactivate the HINTOUT signal
Low.

HINTIN Host Interrupt In (Input; Active High)

This signal is used by the host processor to generate an
interrupt to the local processor via the LINTOUT pin.
When the host processor pulses this pin High, bit 1 of the
Semaphore Register is set to ‘1° and LINTOUT is driven
active High.

HINTOUT Host Interrupt Out (Output;

Active High)

HINTOUT is used to generate an interrupt to the host
processor. This signal goes active High when the local
processor sets bit 0 of the Semaphore Register to ‘1°.
HINTOUT is deactivated Low by a pulse on the HINT-
ACK pin or by Reset.

HRDY
Drain)
HRDY is an output from the IDPC used by the host proc-
essor to complete a shared RAM memory cycle. HRDY is
normally High. It is pulled Low when a request for shared
RAM is received from the host processor (HREQ) and is
returned High at the end of the memory cycle, or by Re-
set.

Host Ready (Output; Active Low; Open

HREQ Host Processor Bus Request (Input;

Active High)

The HREQ is a active High input to the IDPC from the
host processor requesting access to the shared RAM.
HREQis sampled on the falling edge of every IDPC Mas-
ter clock cycle. When sampled active, HREQ drives
RAMCS and HABE active Low, and HRDY active Low.
HREQ is an asynchronous input with respect to the
IDPC’s Master Clock and is synchronized internally.

LABE Local Address Bus Enable (Output;

Active Low)

This signal is driven Low by the IDPC to enable the ad-
dress lines from the local processor bus onto the shared
memory bus when a Local Processor Bus Request
(LREQ) is received from the local processor. LABE
remains active Low until the end of the memory cycle.

LDBE Local Data Bus Enable (Output;

Active Low)

This signal is used to place the data from the local proc-
essor bus onto the shared RAM data bus. LDBE is driven
active Low as a result of LDT-R being sampled High.
LDBE remains Low until the end of a memory cycle.

LDLE Local Data Latch Enable (Output;

Active High)

This signal is driven High to latch data from shared RAM
onto the local processordata bus. LDLE is driven High as
aresult of LDT-Rbeing sampled Low, and is deactivated
Low at the end of a memory cycle.

LDLOE Local Data Latch Output Enable (Output;
Active Low)

This signalis an active Low outputfromthe IDPC that en-
ables the output of the data bus latch onto the local proc-
essor. LDLOE is driven active Low when LDT-Ris sam-
pled Low, and is cleared when LREQ goes inactive High.

LDT-R Local Data Transmit-Receive (Input)

LDT-R indicates whether a read or write cycle takes
place to shared memory fromthe local processor. When
this signalis sampled High, a shared RAM write cycle oc-
curs. As a result, RAMWE and LDBE are driven active
Low.

Am79C401

1-79



When LDT-Ris sampled Low, a shared RAM read cycle
occurs, RAMOE and LDLOE are driven active Low, and
LDLE is driven active High .

LINTOUT Local Interrupt Out (Output;

Active High)

LINTOUT is driven active High when the HINTIN pin is
pulsed high by the host processor, and goes Low when
bit 1 in the Semaphore Register is cleared to “0” by soft-
ware, or after a Reset.

LRDY Local Ready (Output; Active Low;

Open Drain)

LRDY is an active Low output from the IDPC used by the
local processor to complete a shared RAM memory cy-
cle. LRDY is normally High, and is driven Low when a re-
quest for shared RAM is received from the local proces-
sor (LREQ) and the host processoris currently accessing
shared RAM.

LREQ Local Processor Bus Request (Input; Active
Low)

This active Low signal is an input to the IDPC from the lo-
cal processor when it requests access to the shared
RAM. LREQis sampled onthe falling edge of every IDPC
Master Clock cycle.

LREQ must be synchronous to CLK.

RAMCS RAM Chip Select (Output; Active Low)

This signal is an active Low output from the IDPC used
by the shared RAM as its chip select. RAMCS s a driven
Low when either LREQ or HREQ is sampled active.
RAMCS remains active until the end of a memory cycle.

RAMOE RAM Output Enable (Output;

Active Low)

This signal is an active Low output signal from the IDPC
used by the shared RAM to enable its output drivers.
RAMOE is driven active Low when either LDT-R or
HDT-R'is sampled Low and is deactivated High at the
end of the memory cycle.

RAMWE RAM Write Enable (Output; Active Low)
This signal is an active Low output from the IDPC used
by the shared RAM as a write strobe. RAMWE is driven
Low when either LDT-R or HDT-R is sampled High and
remains active until the end of a memory cycle.

Power/Ground
Vee +5 V Power Supply

Vss Ground
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FUNCTIONAL DESCRIPTION
IDPC Block Diagram Description

The IDPC contains three major functional modules
which include:

o Data Link Controller (DLC)

o Universal Synchronous/Asynchronous Receiver/
Transmitter (USART)

o Dual-Port Memory Controller (DPMC)

Data Link Controller (DLC)

The DLC consists of a transmitter, receiver, and of Con-
trol/Status registers (Figure 1).

DLC Transmitter

The transmitter resides between the IDPC’s parallel bus
and the serial communication network. The local proces-
sor builds a data block in memory containing the ad-
dress, control, and information fields of an HDLC frame.
This block of data is then moved into the transmit FIFO
under either DMA or programmed I/O control.

The transmitter functions include: opening flag transmis-
sion, data transparency (via zero insertion), generation
and transmission of the Frame Check Sequence (FCS)
characters (if enabled), and transmission of the closing
flag.

The transmitter may also be programmed to perform
such functions as inverting the polarity of the data
stream, transmitting an abort sequence, and transmitting
an all “1s” pattern (Mark Idle) or back-to-back flags (Flag
Idle) between packets.

A block diagram of the DLC transmitter is shown in
Figure 2.

Transmit FIFO—The transmit FIFO consists of a
16-byte FIFO buffer, transmit byte count register, trans-

mit byte counter, and DMA request logic. Data can be
loaded into the transmit FIFO under programmed I/O or
Direct Memory Access (DMA) control.

Data Register—The “user-addressable” portion of the
FIFO is termed the data register. The transmit FIFO sets
bit 3 (XMIT BUFFER AVAIL) in the FIFO Status Register
to “1” to indicate when the Data Register is available.
This bit is set any time the Data Register is empty, and is
cleared when the Data Register is written to and the
FIFO becomes full or the last byte of a packet is loaded
into the FIFO.

Parallel-to-Serial Shift Register—The output of the
transmit FIFO is loaded one byte at a time into the paral-
lel-to-serial shift register then shifted out to the zero bit in-
sertion logic before appearing at the SBOUT pin.

Flag and abort characters are loaded into the parallel-to-
serial shift register for transmission by the DLC when a
flag or abort sequence is to be sent. During the transmis-
sion of a flag or abort sequence the zero bit insertion
logic is disabled.

Bit Residue —The transmitter also has provisions for
handling bit-residue. Bit-residue refers to the number of
bits left over after the | (Information) field of a frame (ex-
cluding inserted zeros) is divided into 8-bit bytes. Proto-
cols such as LAPD and SDLC specify that data be sentin
8-bit quantities. In HDLC, however, the information field
can be any number of bits and not necessarily an integral
number of 8-bit characters. On the IDPC a programma-
ble 3-bit field is provided that specifies the number of
valid data bits received or transmitted during the last byte
of a frame. Transmitting packets with bit-residue I-fields
requires that the user load a 3-bit register field (Residue
Bit Status Control Register) with the number of residue
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bits in the packet (in the last byte of the I-field just prior to
transmitting the FCS). When the last byte of the I-field is
to be transmitted, the contents of the Residue Bit Status
Control Register are used to determine whenthe FCS is
actually sent.

CRC Generator—The Frame Check Sequence (FCS) is
16 bits long and contains the generated CRC code forthe
frame being transmitted. All data transmitted between
the opening and closing flags (excluding inserted zeros)
is included in the CRC calculation. The standard CCITT
generator polynomial, X' + X'2+ X5 + 1, is used.

Zero Bit Insertion—The zero bit insertion logic provides
data transparency by ensuring that flag or abort charac-
ters embedded in the data is not recognized by the re-
mote receiver as actual data link control characters. The
zero bit insertion logic monitors the data streambetween
the opening and closing flags of a frame and inserts a “0”
after detecting five contiguous “1”s.

Flag/Mark Idle Generation —The DLC transmitter may
be programmed to either flag or mark idle when the
transmitter is enabled and is not actively sending a data
packet or an abort sequence.

Abort Generation —An abort sequence will be sent by
the DLC transmitter whenever the Send Abort bit (bit 0 in

the DLC Command/Control Register) is set. The trans-
mitterwill continue sending an abort sequence aslong as
this bit is set; however, if the Send Abort bit is set and
cleared on two successive writes to the DLC Command/
Control Register at least one abort character willbe sent.

Serial Bus Port—The Serial Bus Port (SBP) sits at the
output of the transmitter and performs a number of func-
tions related to time slot assignment, clock selection,
data inversion, transmitter enable/disable, and loopback
testing.

Time Slot Multiplexer: The time slot multiplexer oper-
ates in two modes: multiplexed and non-multiplexed. In
the multiplexed mode, one of 31 time slots may be pro-
grammed to transmit data; in the non-multiplexed mode,
the data is transmitted directly without multiplexing. In
addition, time slots 0 and 1 can be concatenated in multi-
plexed mode into one 16-bit wide slot by holding the
frame sync signal, SFS/XMIT , active through the first bit
time of time slot 1.

Transmit Enable/Disable Logic: The transmit enable/
disable logic monitors bit 1 of the DLC Command/Control
Register. When this bit is reset to “0,” the SBOUT pin is
set to a physical mark idle state (i.e., the SBOUT pin is
pulled High). Note that if the transmitter is disabled or en-
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abled during the programmed time slot (in multiplex
mode), the disabling or enabling of the transmitter will oc-
cur at the end of the time slot.

Local Loopback Logic: The DLC can be placedin a lo-
cal Loopback mode for test purposes by setting bit 6 in
the SBP Control Register to “1.” Local loopback discon-
nectsthe SBIN pin and connects the transmitter output to
the receiver input. The selected transmit clock is used as
the receive clock.

Remote Loopback Logic: The DLC can be placed in
the remote loopback mode for diagnostic purposes by
setting bit 7 of the SBP Control Registerto “1.” in remote
loopback mode, the transmitter is disabled and data re-
ceived atthe SBIN pinis echoed out the SBOUT pin. The
receiver operates normally in this mode.

Transparent Mode: In Transparent Mode, all HDLC
protocol functions are bypassed. Data is transmitted ex-
actly as it is loaded in the transmit FIFO. Transparent
Mode is enabled when bit 7 of the DLC Residual Bit
Status Control Register is set to “1.” Two modes of op-
eration are available in Transparent Mode using bit 6 of
the DLC Residual Bit Status Control Register.

Transparent Mode 1—If bit 6 and bit 7 of the DLC
Residual Bit Status Control Register are setto “1,” the
number of bytes to be sent, after the XMIT Enable bit
inthe DLC Command/Control Register is set to “1,” is
determined by the count programmed in the DLC
Transmit Byte Count Register. When the number of
bytes loaded into the transmit FIFO equals the pro-
grammed count further DMA requests are inhibited
and, when the last bit of the last byte is transmitted,
the XMIT Enable bit will be cleared to “0” and the Valid
Packet Sent Status bit in the DLC Interrupt Source
Register will be set to “1” to indicate that transmission
has completed.

Transparent Mode 2—If bit 6 is set to “0” and bit 7 is
set to “1”inthe DLC Residual Bit Status Control Reg-
ister, the number of bytes transmitted will be con-
trolled by the XMIT Enable bit in the DLC Command/
Control Register and the DLC Transmit Byte Count
Register will be ignored. In this mode of operation the
DLC will start generating DMA requests and sends
data for as long as the XMIT Enable bit is set to “1.”
When this bit is cleared to “0” further DMA requests
are inhibited and, when the last bit of the last byte is
transmitted, the Valid Packet Sent Status bit in the
DLC Interrupt Source Register will be setto “1”to indi-
cate that transmission has completed.

56 kb/s Mode: If bit 7 of the DLC Residual Bit Status
Control Register is set to “1” and the DLC is programmed
for multiplex operation, the DLC will transmit data at a 56
kb/s data rate instead of the normal 64 kb/s data rate. In
this mode, the DLC will send data within an 8-bit time slot
period, but will always disable the SBOUT pin High dur-
ing the eighth bit time period.

DLC Receiver

The receiver (shown in Figure 3) processes serial data
packets from the SBP and transfers the data to a 32-byte
receive FIFO, where it is transferred to “off-chip” RAM
memory under DMA or processor control. Data rates
from 0 to 2.048 Mb/s are allowed. The hardware can re-
ceive an entire packet and move the information to off-
chip RAM without processor intervention if DMA is used
in the design. Packet status information is then reported
on a packet-by-packet basis at the time that the last byte
of the packet has been moved to memory.

Dedicated hardware modules perform bit-level opera-
tions on each frame of data including mark-Idle and flag-
Idle detection, data inversion, flag/abort recognition,
zero bit deletion, CRC checking, and address recogni-
tion.

Functionally, the receiver consists of the following major
circuits:

Serial Bus Port

Zero bit Deletion Unit

Short Frame Byte Counter
CRC Checker
Serial-to-Parallel Shift Register
Address Detection Unit
Receive FIFO

Receive Byte Counter

Serial Bus Port—The Serial Bus Port (SBP) receives
serial data from the SBIN pin and sends it to the flag/
abort detection unit and the zero bit deletion unit.

The SBP performs three operations on the incoming
data:

1) Mark Idle Detection
2) Programmable data inversion
3) Time slot de-multiplexing

Zero Bit Deletion Unit—The zero bit deletion unit moni-
tors the data stream between the opening and closing
flags and removes a zero that appears after a string of
five consecutive “1”s (“0”s are added during transmis-
sion to prevent a data pattern from resembling an abort,
opening, or closing Flag).

Short Frame Byte Counter—The Short Frame Byte
Counter is a 4-bit counter that counts the number of char-
acters that have reached the serial-to-parallel shift regis-
ter. If aframe ends in a flag, and the number of bytes re-
ceived is less than the value programmed into the
Minimum Packet Size Register, and data has been
placed in the FIFO (Receive Byte Counter>0), the
SHORT FRAME ERROR status bitinthe Receive Frame
Status Register will be set to “1” when the last byte of the
packet is read from the receive FIFO. Note that packet
status is reported to the user and interrupts are gener-
ated, when the last byte of the received packet is read by
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the processor or placed in off-chip RAM by the DMA
controller.

CRC Checker—The output of the flag/abort detection
unit is shifted into the CRC Checker. When the closing
flag is detected, the 16-bit Frame Check Sequence has
just been shifted into the checker. At this point, the con-
tents of the CRC Checker is examined. If an error is de-
tected, the CRC ERROR status bit is set in the Receive
Frame Status Register (bit 2) when the last byte of the
packet is read from the receive FIFO. The FCS can op-
tionally be placed in the receive FIFO by setting the EN-
ABLE FCS PASS-THRU bit (bit 7) to “1” in the DLC Com-
mand/Control Register. If this bit is set to “0” the FCS is
discarded by the DLC and is not available for use.

Serial-to-Parallel Shift Register—The output of the
zero bit deletion unit is fed into a 32-bit shift register
which converts the serial stream into bytes.The parallel
output of the shift register is fed to the receive FIFO, one
byte at a time.

Address Detection Unit—The address detection unit
identifies packets that are addressed to the receiver. De-
pending on programming, the first, second, or both of the
firsttwo bytes of each received packet (after receipt of an
opening flag) are compared with the contents of five ad-
dress registers (four user-programmable registers and
one broadcast). If address recognition is enabled and the
incoming packet’s address field matches one of the ad-
dress registers, the packet is received; otherwise, the

packet is discarded and the receiver goes into a wait pat-
tern looking for the next flag. As a programmable option,
the Command/Response (C/R) bit (bit 1 of the first byte)
can be ignored. If address recognition is disabled (i.e.,
bits 4-0 of the DLC Address Control Register are resetto
“0”), all packets are accepted by the DLC.

Receive FIFO—The receive FIFO is a 32-byte buffer lo-
cated between the serial-to-parallel shift register and the
Microprocessor Interface (MPI). The FIFO is loaded by
the shift register and unioaded by either the local proces-
sor or DMA controller. When the user-visible Data Regis-
ter contains data, the RECV DATA AVAIL status bitinthe
DLC FIFO Status Register is set to “1” and a maskable
interrupt is generated. This status bit is cleared to “0”
when the byte is read from the Data Register and the re-
ceive FIFO becomes empty.

Receive FIFO Threshold Logic: This logic generates a
receive FIFO Threshold Reached signal. This signal is
High whenever the number of bytes in the receive FIFO
are equal to or greater than the threshold level pro-
grammed into the FIFO Threshold Register (bits 7—4).
This signal is used to set the RECV TRSHLD REACHD
status bit to “1”in the DLC FIFO Status Register and gen-
erate a maskable interrupt. The Threshold Reached sig-
nal is also used to generate DRQo.

Data Movement Control: Data is moved from the re-
ceive FIFO either by DMA or Programmed I/O. The
DRQo pin is the receive FIFO's Data Request output to
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the off-chip DMA controller. DRQu is activated when the
level in the FIFO reaches the programmed threshold, or
the last byte of a packet is placed in the FIFO. Once acti-
vated, DRQo remains active until the FIFO becomes
empty or the last byte of a packet is removed from the
FIFO. DRQo will not be re-activated until the status of the
previous packet has been read (by reading the least sig-
nificant byte of the Receive Byte Count Register).

When programmed /O is used, a maskable interrupt is
generated when the programmed threshold is reached.
The userremoves data by reading the receive FIFO Data
Register. If the last byte of a packet is placed in the FIFO,
the end-of-packet Interrupt (maskable) indicates that the
FIFO requires servicing. In this case, the user reads a
data byte and then polls the RECV DATA AVAIL bit in the
DLC FIFO Status Register. The user continues to re-
move data in this read-a-byte, poll RECV DATA AVAIL
bit, read-a-byte fashion until the RECV DATA AVAIL bit
is no longer set to “1.” Since this procedure is in response
to an end-of-packet Interrupt, the lack of a valid RECV
DATA AVAIL bit indicates that the previously read data
byte was the last in the packet and packet status should
be read. The RECV DATA AVAIL bit de-activated by the
receive is FIFO in response to the packet’s last byte be-
ing removed. This happens even if the FIFO is not empty
(for example, data from a new packet has been re-
ceived). The RECV DATA AVAIL status bit will not be re-
activated until the least significant byte of the Receive
Byte Count Register is read (and additional data is in the
FIFO).

Receive Byte Counter—The Receive Byte Counter
keeps track of the number of current packet bytes trans-
ferred into the receive FIFO. When the last byte is re-
moved from the FIFO, the contents of the counter are
loaded into the Receive Byte Count Register.

The receive byte count is used to identify long frames
and frames that have terminated prior to any data being
placed in the buffer. Software uses the receive byte
count to determine the length of a received frame.

Long Frame Error—A long frame error occurs when the
closing flag of a frame is not detected before the number
of received bytes equals the value programmed in the
Maximum Packet Size Register. When this occurs, the
byte that caused the long frame erroris tagged as the last
byte and the LONG FRAME ERROR status bit is set to
“1"in the DLC Receive Frame Status Register.

Bit Residue—As data is shifted into the serial-to-parallel
shift register, the bits in each byte are counted. When the
counter reaches eight, a byte of data is transferred into
the receive FIFO. If a closing flag is detected and this
count does not equal eight the NON-INT # BYTES RECV
status bit in the DLC Receive Frame Status Register will
be set to “1” to indicate that a non-integer number of
bytes has been received. When this occurs the 3-bit field
(bits 2-0) in the DLC Residual Bit Status Control Regis-
ter reports the number of data bits received at the time

the closing flag was detected. This register is a delayed-
reporting type register like the Receive Byte Count Reg-
ister. The residue bits are right-justified before being
placed in the receive FIFO.

Transparent Mode —In Transparent Mode, all receive
HDLC functions (i.e., flag/abort detection, CRC check-
ing, and zero bit deletion) are bypassed. Two modes of
operation are provided through the use of bit 6 and bit 7
of the DLC Residual Bit Status Control Register. When
the RECVER ENABLE bit in the DLC Command/Control
Register is set to “1” data is loaded into the receive FIFO
exactly as it is received. The FIFO operates normally. In
addition, if bit 6 of the DLC Residual Bit Status Control
Register is setto “1,” the DLC Maximum Packet Receive
Register is used to determine when the IDPC disables
data reception.

Transparent Mode 1—If bit 6 and bit 7 of the DLC Re-
sidual Bit Status Control Register are set to “1,” the
number of bytes to be received, after the RECVER
ENABLE bit in the DLC Command/Control Register is
set to “1,” is determined by the count programmed in
the DLC Maximum Packet Receive Register. When
the number of bytes loaded into the receive FIFO
equals the programmed count further DMA requests
are inhibited and, when the last byte is read from the
FIFO, the VALID PACKET RECVD status bit in the
DLC Interrupt Source Register is set to “1” to indicate
that data reception is complete.

Transparent Mode 2—If bit 6 is resetto “0” and bit 7 is
setto “1”in the DLC Residual Bit Status Control Reg-
ister, the number of bytes received is controlled by the
RECVER ENABLE bit in the DLC Command/Control
Register. and the DLC Maximum Packet Receive
Registerisignored. In this mode of operation, the DLC
accumulates 8-bit characters and operates as in nor-
mal mode of operation as long as the RECVER EN-
ABLE bit is set to “1.” When this bit is reset to “0” fur-
ther DMA requests are inhibited and, when the last
byte is read from the FIFO, the VALID PACKET
RECVD status bit in the DLC interrupt Source Regis-
ter will be set to “1” to indicate that data reception is
complete.

56 kb/s Mode: If bit 7 of the DLC Residual Bit Status
Control Registeris set to “1” and the DLC is programmed
for multiplexed operation, the DLC receives data at a 56
kb/s data rate instead of the normal 64 kb/s data rate. In
this mode, the DLC receives 7 bits of data within an 8-bit
time slot period, but always accumulates eight bits in the
receive shift register before transferring it to the receive
FIFO.

Universal Synchronous/Asynchronous
Receiver/Transmitter (USART)

The IDPC’s USART provides a superset of the 8250
UART features and supports both synchronous and
asynchronous serial communications. The USART is ca-
pable of full-duplex operation at speeds up to 64 kb/s us-
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ing either the on-chip programmable Baud Rate Genera-
tor or external clock sources.

The USART consists of the following major circuits:

USART Receiver
USART Transmitter
Modem Control Unit
Interrupt Controller
Baud Rate Generator
Clock Selector Unit

A simplified block diagram of the USART is shown in
Figure 4.

USART Receiver

The receiver performs serial-to-parallel conversion, veri-
fies framing, buffers the data in a FIFO, and detects
break conditions, parity errors, and special characters. A
maskable interrupt is generated if a parity error, framing
error, or a break condition is detected. Data can be read
out of the receive FIFO into external RAM memory under
control of the external processor or DMA.

Parity Checking—If the ENABLE PARITY bit (bit 3) in
the USART Line Control Register is set to “1,” the parity
generation/checking logic is enabled and parity is
checked on all characters loaded into the receive FIFO.
Whenthe parity check bit generated by the receiverdoes
not match the parity bit appended by the transmitter, the
PARITY ERROR IN FIFO status bit in the USART Line
Status Register is set to “1” and, if the RECV LINE
STATUS bit in the USART Interrupt Enable Register is
set to “1,” an interrupt will be generated when that char-
acter is transfered to the receive FIFO. The CHAR w/
PARITY ERROR AVAIL status bit in the USART Status
Register is then set to “1” when the character with the
parity error reaches the output of the receive FIFO. No in-
terrupt is generated by this bit. The selection of odd or
even parity is made via bit 4 of the USART Line Control
Register. Parity checking is available only in asynchro-
nous mode.

Stick Parity—Stick parity is a test mode that forces the
parity bit to be generated and detected as the logical in-
version of the USART Line Control Register bit 4 when
USART Line Control Register bits 5 and 3 are set. For ex-
ample, if bits 5, 4, and 3 are set then the parity bit is al-
ways generated and detected as a“0.” If bits 5 and 3 are
set and bit 4 is cleared then the parity bit is always gener-
ated and detected as a “1.”

Break Detection—Break Detection is performed in the
asynchronous mode only. If the receive datainput is held
spacing (“0”s) for more than a full character time (start
bit, data bits, parity bit, and stop bits), the USART sets
the BREAK DETECT status bit (bit 4) inthe USART Line
Status Registerto “1” and, if bit 2 in the USART Interrupt
Enable Register, RECV LINE STATUS is setto “1”an in-
terrupt is generated.

Framing Error Detection—Frame errors are detected
in only the asynchronous mode. In this mode, if a re-
ceived character does not have a valid stop bit and a
Break condition is not present, the USART reports a
framing error by setting bit 3 of the USART Line Status
Register. If bit 2 in the USART Interrupt Enable Register,
RECV LINE STATUS, is set to “1” an interrupt is gener-
ated.

Receive Shift Register—The receive shift register pro-
vides serial-to-parallel conversion for the serial data en-
tering the Receive Data (RxD) pin.

Receive FIFO—The receive FIFO is a 4-byte, 10-bit-
wide buffer used for temporary storage of receive data
from the receive shift register. The FIFO provides stor-
age for 8 data bits, one special character flag, and one
parity error flag. Parity and special character conditions
are checked when data is loaded into the FIFO.

The presence of a character with either a special charac-
ter or parity error flag is reported in the USART Line
Status Register. Maskable interrupts are generated
when an error condition is detected. Data is read out of
the FIFO fromthe receive FIFO Data Register. Only the 8
data bits are accessible by the external processor or
DMA controller.

While special character and parity error interrupts are
generated when the character is loaded into the FIFO,
the parity error present and special character available
status bits (in the USART Line Status Register) are not
set until the character is at the FIFO output. This allows
the user to identify which character caused the interrupt.

The receive FIFO Data Register is the equivalent of the
Receive Buffer Register in the 8250 UART. The pres-
ence of valid datain the receive FIFO Data Register is in-
dicated by bit 0 (RECV DATA AVAIL bit) in the USART
Line Status Register.

Receive Overrun Error Detection—If the receive FIFO
is full when a newly received character is to be loaded
into the FIFO, receive overrun error is reported via bit 1
(RECV BUFFER OVERUN) in the USART Line Status
Register, and, if the RECV LINE STATUS bit in the
USART Interrupt Enable Register is set to “1,” an inter-
rupt is generated.

Receive Character Length—If the USART Line Control
Register is programmed to receive characters with fewer
than 8 bits, the unused bit positions are filled with “0”s as
the character is placed in the receive FIFO.

Receive FIFO Timeout—If the FIFO level is below the
programmed threshold and no new characters are re-
ceived within approximately 2048 receiver clocks, and, if
the RECV FIFO TIMEOUT bit inthe USART Interrupt En-
able Registeris setto “1,” an interrupt is generated to in-
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Figure 4. USART Simplified Block Diagram 09360B-7

dicate that data is available in the FIFO. This function is
available only in the asynchronous mode.

Special Character Recognition Logic—Special char-
acter recognition is performed by using the lower order 7
bits of each received character as a pointer into a 128-bit
RAM. If the addressed RAM bit has been programmed
by the user to “1,” the SPCHL CHAR IN FIFO status bit
(bit 7) in the USART Line Status Register is set to “1,”
and, if the SPCHL CHAR bit (bit 5) in the USART Inter-
rupt Enable Register is set to “1,” an interrupt is gener-
ated. The SPCHL CHAR AVAIL status bit (bit 2) in the

USART Status Register is set when the special charac-
ter reaches the output of the receive FIFO.

Synchronous Mode—The synchronous mode of op-
eration is enabled when the SYNC/ASYNC SELECT bit
(bit 2) in the USART Control Register is set to “1.” In this
mode of operation, the receiver clocks in data bits on
each rising edge of the selected clock. Each 8 bits re-
ceived are placed in the receive FIFO without regard for
framing or breaks. This mode allows for transparent re-
ception of a data stream, regardless of protocol.
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USART Transmitter
The USART Transmitter consists of the following major
circuits:

Transmit FIFO .
Parallel-to-Serial Shift Register
Frame, Break, and Parity Generation Logic

Transmit FIFO—The transmit FIFO serves ‘as a buffer
for data being moved from memory to the parallel-to-
serial shift register. As the shift register becomes empty,
the next characteris moved from the FIFO to the parallel-
to-serial shift register.

Whenthe number of bytes in the transmit FIFO becomes
less than or equal to the programmed transmit threshold
level in the USART Control Register (bits 6 and 5), the
XMIT TRSHLD REACHD status bit (bit 5) in the USART
Line Status Register is set to “1,” and , if the XMIT FIFO
TRSHLD bit (bit 1) inthe USART Interrupt Enable Regis-
ter is set to “1,” an interrupt is generated.

Bit 5inthe USART Line Status Register is the equivalent
of the Transmitter Holding Register Empty in the 8250
UART.

Parallel-to-Serial Shift Register—The parallel-to-
serial shift register converts parallel data from the FIFO
into serial form for transmission.

The shift register clock can come from either the Baud
Rate Generator (BDCLKOUT) or from the RxCLK pin.
The clock source for the shift register should be 16 times
the data rate in asynchronous mode and the same as the
data rate in synchronous mode. Bit 6 (XMIT SHIFT REG
EMPTY) of the USART Line Status Register is setto “1”
when the transmit FIFO is empty and the last bit of the
transmit shift register has been shifted out. Aninterrupt is
generated by this condition if the SHFTREG EMPTY bit
(bit 6) in the USART Interrupt Enable Register is set
to “1.”

Frame, Break, and Parity Generation Logic—Frame
generationtakes place only inthe asynchronous mode of
operation. The number of stop bits and character length
are programmed via the USART Line Control Register.
The same parameters apply to the receiver. Even, odd,
and no parity can be selected via the USART Line Con-
trol Register.

Break Generation—The USART will generate a break
condition (all “0”s) when bit 6 (BREAK) in the USART
Line Control Register is set to “1.” When this bit is set the
USART transmits a minimum 10 consecutive “0”s imme-
diately after completing any character transmission in
progress, and continues sending this pattern until the bit
is cleared. When the bit is set and the current character
being transmitted clears the shift register the transmit
FIFO s cleared. When the bit is reset, the TxD pin willbe
returned High for at least one bit time before a new char-
acter is transmitted. This allows the start bit of the new
character to be generated.

Modem Control Unit

The USART contains modem handshake signals for use
in controlling communications between the IDPC and a
RS232 type terminal. The modem handshake signals in-
clude: RTS, CTS, DSR, and DTR.

RTS and DTR are outputs and are controlled by the local
processor via bits 1 and 0 in the USART Modem Control
Register, respectively. CTS and DSR are inputs and their
status can be read via the USART Modem Status Regis-
ter, bits 4 and 5 respectively. The Change in DSR and
Change in CTS bits in the Modem Status Register indi-
cate pin status since the USART Modem Status Register
was last read. A maskable Modem Status Interrupt is
generated if bit 3 of the USART Interrupt Enable Register
and either bit 1 or bit 0 of the USART Modem Status Reg-
ister are set. The Change in DSR and Change in CTS bits
are cleared when the USART Modem Status Register is
read.

Interrupt Controller

The USART interrupt controller issues an interrupt re-
quest to the external processor if an interrupt occurs and
that particular interrupt is enabled inthe USART Interrupt
Enable Register. The interrupt request remains active
until the source of the interrupt is cleared. Bits 1, 2, and 3
of the USART Interrupt Identification Register define the
source of the interrupt. Bit 0, when cleared, indicates that
an interrupt is pending.

Baud Rate Generator

The USART Baud Rate Generator is a programmable
16-bit divider that receives its input from the USARTCLK
pin and can provide the clock to the USART transmitter
and receiver. The Baud Rate Generator is configured by
loading the USART Baud Rate Divisor LSB and MSB
Registers. These registers are accessed by setting the
DIV LATCH ACCESS BIT (bit 7 in the USART Line Con-
trol Register) and then writing to USART hexadecimal
addresses 20 and 21 (USART Data Registers and Inter-
rupt Enable Register addresses when the DIV LATCH
ACCESS BIT is cleared).

In asynchronous mode, the Baud Rate Generator must
be programmed to a value 16 times the data rate. The
output of the Baud Rate Generator is fed to the USART
transmitter and receiver and BDCLKOUT pin. Program-
ming the Baud Rate Generator to divide-by-1 passes the
USARTCLK unaffected. An internal divide-by-16 circuit
generates the appropriate clock rate for the transmitter.

Clock Selector Unit

The sources of the transmitter and receiver clocks are in-
dependently selectable. For example, when bit 0 is set to
“1"inthe USART Control Register, the Receiverusesthe
output of the Baud Rate Generator for its clock. When bit
0is cleared, the RxCLK input is used. The same options
apply to the transmitter, except in this case, bit 1 in the
USART Control Register specifies the clock source.
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Dual-Port Memory Controller (DPMC)

The DPMC permits the use of shared memory in a multi-
processing environment. The local processor ex-
changes data with the host processor via shared mem-
ory and interprocessor hardware interrupts. The local
processor also accesses any device on the IDPC exter-
nal bus. The host processor can only access the RAMon
the IDPC external bus. Any contention between the local
processor and the host processor is arbitrated by the
DMPC logic internal to the IDPC, providing for transpar-
ent access to shared memory. Both processors commu-
nicate via memory-resident data buffers and “mail-
boxes.” An inter-processor interrupt scheme notifies the
other processor when one of the processors has written
data to a buffer or a command to a mailbox.

Functionally, the Dual-Port Memory Controller consists
of the following major circuits:

Memory Cycle Arbitration and Control
Buffer/Latch Control
Inter-processor Interrupt Controller

A simplified block diagram of the Dual-Port Memory Con-
troller is shown in Figure 5.

Memory Cycle Arbitration and Control

The DPMC generates the cycle timing for all accesses to
shared RAM. The length of each cycle is fixed and inde-
pendent of the cycle times of either the local or host proc-
essors. This logic generates memory cycles in response
to processor requests. In case of conflicting requests,
the logic arbitrates the conflict, granting the first memory
access cycle to one processor while holding off the other

processor via the appropriate ready line. The DPMC al-
ways arbitrates in favor of the local processor (L-port). If
a request from the host port (H-port) is present during a
local memory cycle, the host processor is granted the
next memory cycle.

Buftfer/Latch Control

The Buffer/Latch Control logic performs such functions
as enabling RAM output drivers, enabling data bus
latches, and generating RAM cycle timing.

Inter-Processor Interrupt Controller

The inter-processor interrupt controller provides for in-
ter-processor interrupts via the Semaphore Register.
The Semaphore Register is located in the IDPC and is
used to coordinate inter-processor interrupts. The local
processor can access the Semaphore Register directly,
but the host processor cannot (access is provided via
strobes to specific pins on the IDPC).

For a local-to-host-processor interrupt, the local proces-
sorwrites a “1”in bit 0 of the Semaphore Register. When
this bit is set, the Interrupt Controller activates the Host
Interrupt Out (HINTOUT) pin. The host then responds by
pulsing the Host Interrupt Acknowledge (HINTACK) line,
clearing the bit and thus the interrupt.

A host-to-local-processor interrupt is initiated when the
host pulses the Host Interrupt In (HINTIN) pin. When this
happens, Bit 1 inthe Semaphore Register is set, activat-
ing the Local Interrupt Out (LINTOUT) line. The local
processor then acknowledges the interrupt by clearing
bit 1 in the Semaphore Register.

LREQ —> RAMOE
.| RAM > RAM
HREQ ——[SYNC Cycle —* Cycle RAMCS | verface
Arbitrator Timer }—* RAMWE
Clock | ’
—
b [ e |l
LDT-R LDBE
Control |—» TABE Interface
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HDT-R o e | . Bse [ BUS
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Figure 5. Dual-Port Memory Controller (DPMC)
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Programmable Features Data Link Controller (DLC)

The IDPC is controlled via internal registers that are writ-
ten and read by software running on the local processor
connected to the IDPC external bus. These internal reg-
isters may be mapped into either memory or I/O space.

The internal registers occupy a 64-byte block located in
the local processor’s memory address space. The start-
ing address of the memory block is determined by ad-
dress decode logic (external to the IDPC) that is used to
generate the IDPC chip select signal (CS). The registers
and their respective memory offset values are provided
in Tables 1-4.

In systems containing more than one processor (e.g., a
workstation application with host processor and local
processor), only the local processor can access the
IDPC registers. The host processor, however, can con-
trol IDPC operations indirectly by issuing requests to the
local processor via shared memory supported by the
IDPC’s Dual Port Memory Controller.

The programmable registers are used for establishing
modes of operation, configuring the IDPC, and monitor-
ing/reporting status.

Table 1. IDPC Address Map

DLC Transmitter

The programmable features associated with the DLC
transmitter include:

Transmit Enable—the transmitter may be discon-
nected from the output pin (SBOUT), leaving other
transmit functions intact.

Abort Generation—interrupts a frame and places the
transmitter in the abort condition.

Flag/Mark Idle—either condition may be selected as
an idle state between frames.

CRC Generation—may be enabled or disabled.

FIFO Threshold—user selectable threshold of 0 to 15
bytes. When the level of the transmit FIFO falls to this
level or below, status is reported and a DMA request is
generated.

Transparent Mode—transmit HDLC control functions
(i.e., flag generation, CRC generation, abort genera-
tion, and zero bit insertion) are disabled and data is
sent as received from the transmit FIFO.

Interrupts—the following transmitter-related interrupts
can be selectively enabled or disabled:

o"::_‘fp o) %‘fgk ¢ Valid Packet Sent
20-2A USART ¢ FIFO Buffer Available
2B-3E Reserved o Transmit Threshold Reached
3F DPMC o Transmit Underrun
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DLC Receiver
The DLC receiver programmable features include:

Receiver Enable—when disabled, the receive datain-
put pin (SBIN) is disconnected leaving other receiver
functions intact.

CRC Check—selectively enables or disables the in-
ternal CRC compare operation.

CRC Pass-Thru—the FCS field can be placed into the
receive FIFO with the data.

Address Recognition—program any combination of
four unique one- or two-byte addresses and the
broadcast address, performing address filteringon all
incoming packets. In the 1-byte mode, either the first
or second byte can be selected. In addition, the Com-
mand/Response bit (bit 1 of the first byte) can be ig-
nored.

Minimum Packet Size—defines the minimum packet
size inuse. A short frame error is indicated if a packet
is received containing fewer than the programmed
number of bytes (015 bytes).

Maximum Packet Size—defines the maximum packet
size in use. This prevents buffer overruns in the event
of lost flags or protocol violations (65,536 bytes).

FIFO Threshold—select threshold of 2 to 32 bytes.
When the level of the receive FIFO reaches this level
or above, status is set (unless the last byte of a packet
has already been read from the FIFO and status for
that packet has not yet been read by the user) and a
DMA request is generated. This forms an interlock
that maintains synchronization between packet status
and data.

Transparent Mode—receive HDLC related control
functions (i.e., abort detection, CRC generation and
checking, flag detection, and zero bit deletion) are dis-
abled and data is received unaltered.

56 kb/s Mode—data is received at a 56 kb/s data rate
instead of the usual 64 kb/s rate while in multiplex
mode.

Interrupts—the following DLC receiver interrupts may
be selectively enabled or disabled:

« Valid Packet Received

e Abort Received

» Non-Integer Number of Bytes Received (bit
residual)

* Receive Data Available

o End-of-Packet in Receive FIFO

DLC Transmit/Receive Options

The following programmable options affect boththe DLC
transmitter and receiver:

Data Inversion—the output of the transmitter and the
input of the receiver are inverted when this option is
selected.

Channel Selection—up to 31 8-bit time slots for multi-
plexing transmitted serial data and demultiplexing re-
ceived serial data may be chosen. In non-multiplexed
mode, received serial data is continuous and the SFS/
XMITCLK pin is used as a transmit clock input inde-
pendent of the receive clock input.

Local Loopback—the DLC can be programmed to
route transmitted data to the receiver for diagnostic
purposes.

Remote Loopback—the DLC can be programmed to
route received data to the transmit data output for re-
mote testing capabilities.

Reset—a software reset can be generated to stop all
functions, clear the FIFOs, and set all registers to their
default values.

Delayed Status Reporting

The DLC contains several registers that report status ina
delayed fashion (see Figure 7). The Receive Frame
Status Register, Receive Byte Count Register, Receive
Link Address bit field (bits 2—-0 of the Interrupt Source
Register), and the Receive Field of the Residue Status
Control Register (bits 2-0 require this specific implemen-
tation in order to support the reception of contiguous
(back-to-back) frames. These registers, and residue bit
fields, maintain a “history” of frame status, and byte
counts of up to three previously received frames while a
fourth frame is actually being received. This allows
status storage for up to 4 frames.

Each of these registers and bit fields are comprised of
the following four stages: current, holding, master, and
slave.

As shown in Figure 7, stage 1 holds the current status of
the frame presently being receivedonthe link. This stage
is updated with the current DLC receiver status as
changes occur in real-time.

Stage 1 is transferred to stage 2 when stage 2 is empty
and the last byte of another packet is transferred to the
DLC receive FIFO. If stage 2 is not empty, then stage 1
retains its status. When stage 1 has transferred to stage
2, stage 1 is free to acquire status of the next packet.

Stage 2 status is transferred to stage 3 as soon as stage
3 becomes empty, allowing status to move from stage 1
to stage 2.

Stage 3 status is transferred to stage 4 (which is the ac-
tual status register read by user software) when stage 4
is empty and the last byte of a packet is received. If stage
4 is not empty, then stage 3 retains its status. Stage 4 is
cleared when read by software or when DLC reset oc-
curs.

The frame status can back up. If stage 4 has not been
read when an event occurs that would cause stage 3 to
be transferred to stage 4, stage 3 is not transferred to
stage 4. What happens is as follows: existing stages 1, 2,
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Figure 7. Four-Stage Delayed Status Mechanism

3, and 4 are not disturbed, the DLC receiver freezes  Note: If the various delayed-stacked status registers

stage 1 and data at the SBIN pin is ignored.

Additional received packets are lost until stage 4 is read.
As soon as stage 4 is read, stage'3 is transferred to stage
4, stage 2 moves to stage 3, and stage 1 is transferred to
stage 2. At this point, the DLC receiver logic enters a
“hunt-for-flag” state, and frame reception can begin

again.

The valid and invalid packet received bits of the DLC In-

have not been read since the Interrupt Source
Register was last read, and the LSB of the Re-
ceive Byte Count Register is read, these status
registers will be cleared. This ensures that the
four-layer stack will remain in sync if a packet is
received and the status registers are not read.

_ Detailed Description of User-Visible DLC Registers
The DLC contains 23 registers, as shown in Table 2.

terrupt Source Register are also reported in a delayed

fashion.
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Table 2. DLC Registers

Offset Size
(Hex) Register Name (Bytes) Type
00 Command/Control Register 1 Read/Write
01 Address Control Register 1 Read/Write
02 Link Address Recognition Register 0 2 Read/Write
04 Link Address Recognition Register 1 2 Read/Write
06 Link Address Recognition Register 2 2 Read/Write
08 Link Address Recognition Register 3 2 Read/Write
0A Serial Bus Port Control Register 1 Read/Write
0B Minimum Receive Packet Size Register 1 Read/Write
oC Maximum Receive Packet Size Register 2 Read/Write
0OE Interrupt Source Interrupt Enable Register 1 Read/Write
OF Receive Frame Interrupt Enable Register 1 Read/Write
10 Receive Link Interrupt Enable Register 1 Read/Write
11 FIFO Status Interrupt Enable Register 1 Read/Write
12 Transmit Byte Count Register 2 Read/Write
14 FIFO Threshold Register 1 Read/Write
15 Interrupt Source Register 1 Read Only
16 Receive Byte Count Register 2 Read Only
18 Receive Frame Status Register 1 Read Only
19 Receive Link Status Register 1 Read Only
1A FIFO Status Register 1 Read Only
1B Receive FIFO Data Register 1 Read Only
1C Transmit FIFO Data Register 1 Write Only
iD Residual Bit Control Status Register 1 Read/Write
1E-1F Reserved 2 -
DLC Command/Control Register (00 HEX)
This register is used to control basic transmitter and receiver functions.
7 6 5 4 3 2 1 0
ENABLE DLC ENABLE ENABLE FLAG/ RECVER XMIT SEND
FCS RESET CRC CRC MARK ENABLE ENABLE ABORT
PASS- GENER. CHECK IDLE
THRU SELECT

Bit 7: FCS Pass-Thru Enable (Default=0)—The
Frame Check Sequence (CRC) bytes will be
transferred to the receive FIFO if this bit is set to
“1”; otherwise, they will be discarded by the DLC.

Bit 6: DLC Reset (Default = 0)—When this bit is set to
“1,”all DLC FIFOs, latches and status/control bits
are forced to their default values. A delay of ten
Master Clock (CLK) cycles is required before any
DLC registers can be accessed, after resetting
the DLC.

Bit 5: CRC Generate Enabie (Default = 1)—If this bit
is setto “1,”the frame is terminated by appending
the calculated CRC bytes and closing flag to the
last byte of a packet in the transmit FIFO. If it is
clearedto “0,"the frame is terminated by append-
ing the closing flag to the byte last byte of a
packet.
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Bit4: CRC Check Enable (Default =1)—If this bit is
setto “1,”thenonreception of the closing flag, the
result of the CRC check is transferred to the CRC
Error bit (bit 2) in the Receive Frame Status Reg-
ister; otherwise, the CRC result is ignored.

Flag/Mark Idle (Default=0)—This bit deter-
mines what the transmitter sends when not in-
frame. If it is set to “1,” a flag pattern (01111110)
is sent. If it is reset to “0,” a mark pattern
(11111111) is sent.

Receiver Enable (Default = 0)—When this bit is
set to “1” data is clocked into the Serial Bus Port;
otherwise, the DLC receiver is disabled and data
on the SBIN pin is ignored.

Bit 3:

Bit 2:

Note that if this bit is cleared while the DLC receiver is in
the process of receiving a frame (i.e., the receiver is in-
frame), the SBIN pin will not be disabled until the closing
flag of the frame being received is detected.

Bit 1: Transmitter Enable (Default = 0)—When set to
“1,” data from the DLC is shifted out the SBOUT
pin under control of SCLK or SFS/XMITCLK; oth-

erwise, the SBOUT pin is disabled.

Note that if this bit is cleared while in the process of send-
ing a frame, the DLC will complete sending the frame be-
fore disabling the SBOUT pin.

Bit 0: Send Abort (Default = 0)—When set to “1,” the
DLC transmitter abort generator transmits abort
characters (01111111, LSB on right). If this bit is
set and cleared on two successive writes, the
DLC will transmit at least one abort character.
The transmitter will continue to send these abort
patterns for as long as this bit is set. Abort charac-
ters are always sent in whole bytes.

Note that when this bit is set the DLC transmit FIFO, DLC
byte counter, and the DLC Transmit Byte Count Register
will be cleared.

DLC Address Control Register (01 HEX)

All bits in the DLC Address Control Register are set and
cleared by software except when initialized to default val-
ues as the result of a reset.

The DLC Address Control Register can be written and
read by the local processor. When all link address enable
bits (bits 3—0) and the broadcast enable bit (bit 4) are
cleared to “0,” the DLC does not perform address detec-

tion, and passes all received frame bytes to the DLC re-
ceive FIFO. In this case, bits 7-5 are ignored.

If one or more of the link address enable bits (bits 4-0)
are set, then a successful link address compare must oc-
cur before any frame bytes can be transferred to the DLC
receive FIFO.

7 6 5 4 3 2 1 0
FIRST/ ENABLE 1-2 ENABLE ENABLE ENABLE ENABLE ENABLE
SECOND C/R BYTE BRDCST ADDR ADDR ADDR ADDR
BYTE BIT ADDR ADDR DETECT DETECT DETECT DETECT
SELECT CMPARE SELECT DETECT 3 2 1 0

Bit 7: First/Second Byte Selection (Default= 0)—
This bitis ignored unless bit 5 of this register is set
to “1.” When this bit is set, only the second byte is
monitored by the address recognizers (first eight
bits are don’t cares). When this bit is cleared, only
the first byte is examined.

C/R Address Enable (Default = 0)—At leastone
of the enable bits (4-0) must be set for this bit to
have any effect on DLC operation.

Bit 6:

If any of the enable bits are set, and the C/R address en-
able bit is cleared, then bit 1 of the first address byte of
each received frame will be ignored.

If this bit is set, then bit 1 of the first received frame ad-
dress byie must compare successfully along with the
other address bits for address recognition to occur.

Bit 5: Address Size 1-2 (Default = 0)—At least one of
the enable bits (4-0) must be set for this bit to
have any affect on DLC operation.

If any of the enable bits are set and bit 5 is cleared, then
the first two address bytes of each received frame will be
compared.

Ifbit5is setto “1,” only one byte is compared (bit 7 speci-
fies whether the first or second byte is compared).

Bit 4: Broadcast Address Enable (Default=1)—
When set to “1,” this bit enables comparison of a
receive frame address with an all “1”s (broadcast
address) register. The comparison is conditioned
by bits 7-5 of this register. When bits 4-0 are
cleared, address detection by the DLC is inhib-
ited. If bit 4 is cleared to a zero and one or more of
the enable bits (3-0) is set, then the all “1”s pat-
tern is ignored.

Address Register 3 Enable (Default = 0)—Link
address 3 enable.

Address Register 2 Enable (Default = 0)—Link
address 2 enable.

Bit 3:

Bit 2:
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Bit 1: Address Register 1 Enable (Default = 0)—Link

address 1 enable.

Address Register 0 Enable (Default = 0)—Link
address 0 enable.

Bit 0:

Note: When set to “1,” bits 3—0 enable comparison of
a received frame address with the contents of the DLC

Link Address Recognition Registers 0 through 3,
respectively.

The comparison of a received frame address with the
contents of all enabled Address Recognition Registers is
conditioned by bits 7-5 of this register.

DLC Link Address Recognition Registers (02-03, 04—05, 0607, 068-09 Hex)

These four registers are two bytes wide with the LSB
having the lower address. The LSB of each pair corre-
sponds to the second byte following the flag. The MSB
corresponds to the first byte following the flag.

All of the bits in the four Link Address Recognition Regis-
ters are set and cleared by software except when initial-
ized to “0"s by a DLC reset or IDPC reset.

Each of these four registers has a corresponding enable
bit in the DLC Address Control Register (bits 3-0). !f the
corresponding enable bit is set, thenthe value in the Link
Address Recognition Register is conditioned by bits 7-5
of the DLC Address Control Register. Default=Hex
0000.

DLC Serial Bus Port Control Register (0A HEX)

All bits inthe Serial Bus Port Control Register are set and cleared by software, except when initialized to default values
by a DLC reset or IDPC reset. This register can be written and read by the local processor.

7 6 5 4 3 2 1 0
ENABLE ENABLE INVERT CHAN CHAN CHAN CHAN CHAN
REMOTE LOCAL DATA SELECT SELECT SELECT SELECT SELECT
LOOP LOOP MSB —-— — — LSB
BACK BACK

Bit 7: Remote Loopback Enable (Default = 0)—This
bit is set to enable loopback for diagnostic pur-
poses. When set, the SBIN pin is connected di-
rectly to SBOUT. In this manner, receive data is
presented to SBOUT as transmitted data. In this
mode, the appropriate receive clock is SCLK. Re-
ceive data may be presented to the DLC receiver
depending on the setting of the receive enable
bit.

Local Loopback Enable (Default = 0)—This bit
is setto enable loopback for diagnostic purposes.
When set, the transmit data path (SBOUT) is
connected internally to the receive data path
(SBIN is disconnected). The selected transmit
clock (either SCLK or SFS/XMITCLK) is used for
both the transmit and receive clocks.

Data Invert (Default = 0)—If this bit is setto “1,”
the serial bit stream being sent or received is in-
verted at the SBOUT and SBIN pins, respec-
tively. If it is cleared to “0” no inversion takes
place.

Bit 6:

Bit 5:

Bits 4-0: Channel Select—These five bits select Serial
Bus Port time slots for multiplexing transmitted
serial bit streams/de-multiplexing received serial

bit streams.
Bit Channel
4 3 2 1 0 Selection
0 0 0 0O Channel 0
0 0 0 0O Channel 1
0 0 0 1 0 Channel 2
1 11 1 0 Channel30

11 1 1 1 Non-Multiplex Mode

In non-multiplexed mode, a single channel is available
with the receiver clocked by the SCLK pin and the trans-
mitter clocked by the SFS/XMITCLK pin. For all settings
except non-multiplexed, both the transmitter and the re-
ceiver are clocked by the SCLK pin.

If the SFS/XMITCLK pin is held active through the first bit
time of time slot 1 in multiplex mode, data in time slot 0
and 1 can be transmitted, and received 16 bits at a time.
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DLC Minimum Receive Packet Size Register (0B Hex)
This register specifies the Minimum Receive Packet Size.

7 6 5 4 3 2 1 0
56 kb/s 0 0 0 MIN PKT MIN PKT MIN PKT MIN PKT
MODE SIZE SIZE SIZE SIZE
MSB — — LSB
Bit 7: 56 kb/s Mode Enable—This bit enables the DLC
transmitter and receiver to transmit and receive Bit Minimum
data at a 56 kb/s data rate instead of the usual 64 3 210 Packet Size
kb/s rate.
. 0 0 0 1 1 Byte
Bits 6—4: Not used and must be cleared to “0.” 00 1 0 2 Bytes
Bi - . . 00 1 1 3 Bytes
its 3—-0: Minimum Receive Packet Size (Default =
Hex 5)—Bits 3-0 of this register are set and 1 1 P 15 é‘).ftes
cleared by software except when initialized to a 0 0 0 0 Not Used

default value by a DLC reset or IDPC hardware
reset. This register indicates the minimum packet
length (exclusive of opening and closing flags)
that can be received without generating a short
frame error in the Receive Frame Status Regis-
ter.

Atthe time that the shortframe interrupt is generated, the
Receive Byte Count Register reflects the number of
bytes in the short frame.

Note: Although reception of packets containing only 1,
2, or3bytes canbe programmed, a minimumof 3
bytes must be received before data is moved into
the FIFO and the packet is reported.

DLC Maximum Receive Packet Size Register (OC(LSB) — OD(HSB) Hex) (Default = 0000 Hex)

This register indicates the maximum packet length (ex-
clusive of opening and closing flags) that canbe received
without generating a long frame error in the Receive
Frame Status Register. The value programmed into the
register should be equal to the desired packet size minus
three.

Note that the receive byte counter is incremented on
8-bit boundaries and therefore is compared with the
Maximum Receive Packet Size register each time a
character is transferred from the receive shift register to
the receive FIFO. The LONG FRAME ERROR status bit

(bit 4) inthe DLC Receive Frame Status Register will be
set to “1” when the programmed value is exceeded.
When this occurs, the state of the ENABLE FCS PASS-
THRU ENABLE bit (bit 7) in the DLC Command/Control
Register will determine the total number of characters
passed to system memory. If this bit is set to “1,” the total
number of characters passed through to the receive
FIFO and system memory will equal to the maximum
count programmed plus 3. If this bit is reset to “0,” the
maximum characters transferred will equal the maxi-
mum count programmed plus 1.

DLC Interrupt Source Interrupt Enable Register (OE Hex)

7 6 5 4 3 2 1 0
ENABLE ENABLE ENABLE ENABLE ENABLE 0 0 0
RECVR FIFO RECV VALID VALID

LINK STATUS FRAME PACKET PACKET
STATUS STATUS SENT RECVD

Bits 4 and 3 provide single-level interrupt enable/disable
control for valid packet received and valid packet sent
status conditions. For bits 7-5, the Interrupt Source In-

terrupt Enable Register contains the first-level enable of
a two-level interrupt enable structure. Bits 7-5 enable
three corresponding Interrupt Enable Registers:
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Receive Frame Interrupt Enable Register
Receive Link Interrupt Enable Register
FIFO Status Interrupt Enable Register

The valid packet received and valid packet sent inter-
rupts have a single-level interrupt enable structure (bits 3
and 4 of the Interrupt Source Interrupt Enable Register).

When an eventoccurs that causes a bit to be setin one of
the three status registers (Receive Frame, Receive Link,
and FIFO Status Registers), and both levels of status in-
terrupt enable are set to “1,” the DLC interrupt is gener-
ated and the bit corresponding to that register is setinthe
DLC Interrupt Source Register. Unless both levels of in-
terrupt enable are set, no interrupt is generated.

Bit 7: Enable Receive Link Status (Default=0)—
This bit is set as the first level of enable for the
Receive Link Status Enable Register. If a status
bit is set in the Receive Link Status Register, and
the corresponding bit is set in the Receive Link
Status Interrupt Enable Register, and bit 7 of this
register is set, an interrupt is generated and bit 7
of the Interrupt Source Register is set to indicate
the interrupt originated in the Receive Link Status
Register.

Enable FIFO Status Interrupt (Default=0)—
This bit is set as the first level of enable for the
FIFO Status Interrupt Enable Register. If a status
bit is setin the FIFO Status Register, and the cor-
responding bit is set in the FIFO Status Interrupt
Enable Register, and bit 6 of this register is set,
an interrupt is generated and bit 6 of the Interrupt
Source Register is set to indicate the interrupt
originated in the FIFO Status Register.

Bit 6:

Bit 5: Enable Receive Frame Status Interrupt (De-
fault = 0)—This bit is set as the first level of en-
able forthe Receive Frame Interrupt Enable Reg-
ister. If a status bit is set in the Receive Frame
Status Register, and the corresponding bit is set
in the Receive Frame Interrupt Enable Register,
and bit 5 of this register is set, aninterrupt is gen-
erated and bit 5 of the Interrupt Source Register
is setto indicate the interrupt originated in the Re-
ceive Frame Status Register.

Bit 4: Enable Valid Packet Sent Interrupt (Default =
0)—if this bit is set and the valid packet sent bit is
set in the Interrupt Source Register, a DLC inter-
rupt is generated. If this bit is cleared, setting of
the valid packet sent bit in the Interrupt Source

Register does not generate an interrupt.

Bit 3: Enable Valid Packet Received Interrupt (De-
fault = 0)—If this bit is set and the valid packet re-
ceived bitis setin the Interrupt Source Register, a
DLC interrupt is generated. If this bit is cleared,
setting of the valid packet received bit inthe Inter-
rupt Source Register does not generate an inter-
rupt.

Bits 2—0:—Not used and must be cleared to “0.”

DLC Receive Frame Interrupt Enable Register (OF Hex)

The Receive Frame Interrupt Enable Register contains a bit-for-bit image of the Receive Frame Status Register. If a
status bit is setinthe Receive Frame Status Register corresponding to a set bit inthe Receive Frame Interrupt Enable
Register, and bit 5 of the first-level enable register (Interrupt Source Interrupt Enable Register) is set, a DLC interruptis
generated and bit 5 of the Interrupt Source Register is set indicating the interrupt originated in the Receive Frame

Status Register.

7 6 5 4 3 2 1 0
0 0 ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
OVRRUN LONG SHORT CRC NON-INT ABORT
ERROR FRAME FRAME ERROR #BYTES RECVD
ERROR ERROR ERROR

Bits 7-6:—Not used and must be cleared to “0.”

Bit 5: Enable Overrun Error Interrupt (Default = 0)
—lf the first level of interrupt (Interrupt Source In-
terrupt Enable Register, bit 5) is set, setting this
bit enables a DLC interrupt if the overrun error bit
(bit 5) is set in the Receive Frame Status Regis-
ter.

Bit 4: Enable Long Frame Error Interrupt (Default =
0)—If the first level of interrupt (Interrupt Source
Interrupt Enable Register, bit 5) is set, setting this
bit enables a DLC interrupt if the long frame error
bit (bit 4) is setin the Receive Frame Status Reg-
ister.
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Bit 3:

Bit 2:

Enable Short Frame Error Interrupt (Default =
0)—If the first level of interrupt (Interrupt Source
Interrupt Enable Register, bit 5) is set, setting this
bit enables a DLC interrupt if the short frame error
bit (bit 3) is set in the Receive Frame Status Reg-
ister.

Enable CRC Error Interrupt (Default=0)—If
the first level of interrupt (Interrupt Source Inter-
rupt Enable Register, bit 5) is set, setting this bit
enables a DLC interrupt if the CRC error bit (bit 2)
is set in the Receive Frame Status Register.

Bit 1:

Bit 0:

Enable Non-Integer Number Bytes Received
Interrupt (Default = 0)—If the first level of inter-
rupt (Interrupt Source Interrupt Enable Register,
bit 5) is set, setting this bit enables a DLC inter-
rupt if the non-integer number bytes received bit
(bit 1) is set in the Receive Frame Status Regis-
ter.

Enable Abort Received Interrupt (Default =
0)—Iif the first level of interrupt (Interrupt Source
Interrupt Enable Register, bit 5) is set, setting this
bit enables a DLC interrupt if the abort received
bit (bit 0) is setin the Receive Frame Status Reg-
ister.

DLC Receive Link Interrupt Enable Register (10 HEX)
This register is used to enable/disable interrupts from the Receive Link Status Register (Default = 0).

7 6 5 3 2 1 0
0 0 0 0 0 ENABLE ENABLE ENABLE
IN-FRAME FLAG MARK
ERROR IDLE IDLE
RECVD RECVD

Bits 7-3:—Not used and must be cleared to “0.”

Bit 2:

Bit 1:

Enable Change In In-Frame Interrupt (Default
= 0)—If the first level of interrupt (Interrupt
Source Interrupt Enable Register, bit 7) is set,
setting this bit enables a DLC interrupt if the
change inin-frame bit (bit 2) is set in the Receive
Link Status Register.

Enable Change In Flag idle Received Interrupt
(Default = 0)—lf the first level of interrupt (Inter-
rupt Source Interrupt Enable Register, bit 7) is
set, setting this bit enables a DLC interrupt if the
change in flag idle received bit (bit 1) is set in the
Receive Link Status Register.

Bit 0:

Enable Change In Mark Idle Received Inter-
rupt (Default = 0)—If the first level of interrupt
(Interrupt Source Interrupt Enable Register, bit 7)
is set, setting this bit enables a DLC interrupt if
the change in mark idle received bit (bit 0) is set in
the Receive Link Status Register.

DLC FIFO Status Interrupt Enable Register (11 HEX)
This register is used to enable/disable interrupts fromthe
FIFO Status Register (Default = 0).

6 5 4 3 2 1 0
ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
EOP XMIT XMIT XMIT RECV RECV
RECV UNDRUN BUFFER TRSHLD DATA TRSHLD
FIFO REACHD AVAIL REACHD AVAIL REACHD

1-98

Am79C401



Bits 7-6:—Not used and must be cleared to “0.”

Bit 5:

Bit 4:

Bit 3:

Enable EOP in Receive FIFO Interrupt (De-
fault = 0)—If the first level of interrupt (Interrupt
Source Interrupt Enable Register, bit 6) is set,
setting this bit enables a DLC interrupt if the EOP
in receive FIFO bit (bit 5) is set inthe FIFO Status
Register.

Enable Transmit Underrun Interrupt (Default
=0)—If the first level of interrupt (Interrupt
Source Interrupt Enable Register, bit 6) is set,
setting this bit enables a DLC interrupt if the
transmit underrun bit (bit 4) is set in the FIFO
Status Register.

Enable Transmit Buffer Available Interrupt
(Default = 0)—If the first level of interrupt (Inter-
rupt Source Interrupt Enable Register, bit 6) is
set, setting this bit enables a DLC interrupt if the
transmit buffer available bit (bit 3) is set in the
FIFO Status Register.

Bit 2: Enable Transmit Threshold Reached Inter-
rupt (Default = 0)—If the first level of interrupt
(Interrupt Source Interrupt Enable Register, bit 6)
is set, setting this bit enables a DLC interrupt if
the transmit threshold reached bit (bit 2) is set in
the FIFO Status Register.

Bit 1: Enable Receive FIFO Data Available Interrupt
(Default = 0)—If the first level of interrupt (Inter-
rupt Source Interrupt Enable Register, bit 6) is
set, setting this bit enables a DLC interrupt if the
receive FIFO data available bit (bit 1) is set in the
FIFO Status Register.

Bit 0: Enable Receive Threshold Reached Interrupt
(Default = 0)—If the first level of interrupt (Inter-
rupt Source Interrupt Enable Register, bit 6) is
set, setting this bit enables a DLC interrupt if the
receive threshold reached bit (bit 0) is set in the
FIFO Status Register.

DLC Transmit Byte Count Register (12 (LSB)— 13(MSB) Hex) (Default = 0)
This register is written by software when the number of
bytes to be transmitted is different from the current value
stored in the Transmit Byte Count Register (exclusive of
opening and closing flags and FCS bytes).

The register contents are written to the transmit byte
counter whenever software writes the least significant
byte of this register pair (if the transmitter is out of frame),
or when the last byte of a packet is loaded from the trans-

Transmit Byte Count Decode:

mit FIFO into the parallel-to-serial shift register. If a write
to this register occurs as the last byte of a packet is being
loaded, the transfer to the transmit byte counter is de-
layed until the write is complete. The MSB of the this reg-
ister must be written first because the transmit byte
counter is loaded immediately after the LSB of this regis-
ter is written. A transmit FIFO underrun error clears this
register.

15 14 13 12 11 10 9 8 7 6

o o0 0 o0 o0 o o o o0 o

4 3 2 1 0 Value Selected
o o o o 1 1 Byte

1 1 1 1 1 65,535 kbytes
o 0o o0 o0 O0 Not Assigned

DLC FIFO Threshold Register (14 Hex)
This register is used to specify the transmit and receive FIFO threshold levels.

7 6 5 4 3 2 1 0
RECV RECV RECV RECV XMIT XMIT XMIT XMIT
TRSHLD TRSHLD TRSHLD TRSHLD TRSHLD TRSHLD TRSHLD TRSHLD
MSB — - LSB MSB — — LSB
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Bits 7-4: Receive FIFO Threshold (Default = Hex 8)

—The receive FIFO threshold counts by two
since the receive FIFO buffer is 32 bytes deep.

Bits 3-0: Transmit Threshold Value (Default = Hex

8)—The contents of this register are set and
cleared under software control except when in-
itialized by a DLC reset or IDPC reset orwhen an
abort is issued.

Bit ‘ Receive Bit Receive
7 6 5 4 Threshold 3 2 10 Threshold
0 0 0 1 2 Bytes 0 0 0 1t 1 Byte
0 0 1 0 4 Bytes 0 0 1 0 2 Bytes
0o 0 1 1 6 Bytes 00 1 1 3 Bytes
111 1 30 Bytes 111 1 15 Bytes
0 0 0 32 Bytes 0 0 0 O 16 Bytes

DLC Interrupt Source Register (15 HEX)
This register is used to identify the source of interrupting conditions and to report valid-packet-transmitted, valid-pack-

et-received.
7 6 5 4 3 2 1 0
RECV FIFO RECV VALID VALID RECV RECV RECV
LINK STATUS FRAME PACKET PACKET ADDR ADDR ADDR
STATUS STATUS SENT RECVD MSB —_ LSB
Bit 7: Receive Link Status (Default = 0)—This bit is This bit is gated when stage 3 status is actually

Bit 6:

Bit 5:

set to “1” when any bitin the Receive Link Status
Register is set and both of the corresponding bits
in the Receive Frame Interrupt Enable Register
and bit 7 (enable received link status interrupt bit)
are set in the Interrupt Source Interrupt Enable
Register.

It is cleared to “0” when the Receive Link Status
Register is read by software, a DLC reset is exe-
cuted, oran IDPC reset is received from the proc-
essor.

FIFO Status (Default = 0)—This bit is set to “1”
when any bit in the FIFO Status Register is set
and both of the corresponding bits in the Receive
Frame Interrupt Enable Register and enable
FIFO status interrupt (bit 6) are setto “1"inthe In-
terrupt Source Interrupt Enable Register.

ltis cleared to “0” whenthe FIFO Status Register
is read by software, a DLC reset is executed, or
an IDPC reset is received from the processor.

Recelve Frame Status (Default = 0)—This bit is
set to “1” when any bit in the Receive Frame
Status Register and both of the corresponding
bitsinthe Receive Frame Interrupt Enable Regis-
ter and enable receiver frame interrupt bit (bit 5)
are set in the Interrupt Source Interrupt Enable
Register.

Bit 4:

Bit 3:

transferred to stage 4. (See description of de-
layed status reporting.)

Bit 5 is cleared to 0 when the Receive Frame
Status Register is read by software, a DLC reset
is executed, oran IDPC reset is received fromthe
processor.

Valid Packet Sent (Default = 0)—This bit is set
to “1”when the last bit before the closing flag has
been transmitted by the DLC transmitter (trans-
mit byte counter = 0 and no underrun and trans-
mitter out of frame). It is cleared when the trans-
mitter goes in-frame, this register is read, a DLC
reset is executed, or an IDPC reset occurs.

Valid Packet Received (Default = 0)—This bitis
reset to its default value when a DLC reset is exe-
cuted or an IDPC reset is received. It is setto “1”
whenthe last byte of a packet is read from the re-
ceive FIFO buffer and no receive error has been
detected for that packet. It is cleared when soft-
ware reads this register, or a DLC reset or IDPC
reset occurs.

Bits 2-0: Receive Address Field (Default=110 (0=

LSB))—The receive link address field is written
by hardware whenever a packet is received (with
or without errors). It is a delayed-stacked field.
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The link address for up to four received packets can be
stored at any giventime. The address field for any packet

is not presented to the user until the last byte of that pack-
et is read from the FIFO.

Bits
2 1 0 Definition
0o 0 O Contents of Link Address 0 Recognized
0o o0 1 Contents of Link Address 1 Recognized
0 1 0 Contents of Link Address 2 Recognized
o 1 1 Contents of Link Address 3 Recognized
1 0 O Broadcast Link Address (All “1"s) Recognized
1 0 1 Not Used
1 1 0 Default Value—No Packet Received
1 1 1 Packet Received with no Address Recognized enabled
(Bits 4-0 of DLC Address Control Register cleared to “0s”)

DLC Receive Byte Count Register (16(LSB) —17(MSB)Hex) (Default = 0)
This 16-bit register indicates the number of bytes received in a packet, not including the opening and closing flags,
whether the packet was received in error or not. The actual counter is incremented each time a byte is loaded into the

FIFO.

This registeris a “read-only” register, and is cleared to “0”
when a DLC reset is executed or an IDPC reset is re-
ceived from the processor.

This register presents information in a delayed fashion.
When the last byte of a packet is read from the receive
FIFO, the receive byte count is made available to the
user. If a new packet is received before the status from
the previous packet is read by the user, the status for the
new packet is stacked behind the previous packet.
Status for up to four packets can be stacked at any given
time. When the four-deep stack is full, the DLC receiver
ignores new packets until the status from at least one
packet is read by the user.

There are two mechanisms that ensure synchronization
between packet data and status: 1) data from one packet
cannot be read from the FIFO until status from the previ-
ous packet is read; and 2) when the least-significant byte
of the Receive Byte Count Register is read, all of the de-
layed stacked registers for that packet are cleared (Re-
ceive Byte Count Register, Receive Frame Status Reg-
ister, Residual Bit Register, and the received address
field of the Interrupt Source Register). For this reason,
the LSB of the Receive Byte Count Register should al-
ways be read last.

Receive Byte Count Decode:

Bits
15 14 13 12 11 10 9 8 7 6

Value Selected

1 byte

65,535 kbytes
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DLC Receive Frame Status Register (18 HEX)

This is a “read-only” register. The setting of any bit in this
register will result in the setting of bit 5 in the Interrupt
Source Register if the corresponding bit is set in the Re-
ceive Frame Interrupt Enable Register, and the receive
frame status bitis setin the Interrupt Source Interrupt En-
able Register.

This register is a delayed-stacked register. Status is not
reported until the last byte of the packet is read from the
FIFO. At that time maskable interrupts are generated.
Status for up to four packets can be stacked at any given
time.

The bits of this register are cleared to “0” (default setting)
when a DLC reset is executed, the IDPC reset pin is acti-

vated, or when this register or the LSB of the Receive
Byte Count Register is read.

It is possible that more than one receive error may occur
simultaneously on the same receive bit. However, only
one bit in this register may be set to “1” at any time. The
following table indicates the precedence of the various
errors and exception conditions flagged by this register
(listed in descending order of precedence):

Ifthe Receive Frame Status Register is notread (not nor-
mally read for a valid packet) before the LSB of the Re-
ceive Byte Count Register, reading the Receive Byte
Count Register will clear the Receive Frame Status Reg-
ister to keep the register in sync (i.e., read Receive Byte
Count Register LSB last).

7 6 5 4 3 2 1 0
0 0 OVRRUN LONG SHORT CRC NON-INT ABORT
ERROR FRAME FRAME ERROR #BYTES RECVD
ERROR | ERROR RECVD
Bits 7-6: Not used and must be cleared to “0.” Bit 1: Non-Integer Number Bytes Received (Default
A I = 0)—This bit is set to “1” as a result of the DLC
Bit5: Overrun Err orf(DefauIct; = O)T'TE'IS g“ Is set to receiver flag detector recognizing a closing flag
1"as aresult of the DL rer?elve IF F(?;tgctmg character with at least three bytes received when
an overrun condition (i.e., the receive g con- anon-integer number of bytes has been received
tains 32 byte;]s V;:‘:S frecetvs dgta r|1|ee S éo be; in a non-short frame (i.e., at least one but less
gg;/eg into the fom the Parallel-to-Seria than eight bits were received after zero bit dele-
ift Register). tion inthe byte immediately preceding the closing
Bit4: Long Frame Error (Default = 0)—This bit is set flag).
to*1" as a result of the DLC receiver detectinga gy o: Abort Received (Default = 0)—This bit is setto

long frame error.

Bit 3: Short Frame Error (Default = 0)—This bit is set
to “1” as a result of the DLC receiver detecting a

short frame error.

CRC Error (Default = 0)—This bit is setto “1” as
aresult of the DLC CRC checker detecting an er-
ror when CRC check is enabled inthe DLC Com-
mand/Control Register.

Bit 2:

“1” as a result of the DLC receiver abort detector
detecting an abort character (seven “1”s while in-
frame) while the DLC receiver is in-frame and at
least three bytes have been received.

DLC Receive Link Status Register (19 HEX)

The Receive Link Status Register reflects the status of the data link at the receiver input. Three conditions are moni-
tored: mark idle, flag idle, and in-frame. Bits 5-3 reflect the current status of the link and do not generate interrupts. Bits
2-0 reflect changes in the link since the register was last read; maskable interrupts are associated with these bits. At
reset, bits 2—-0 are cleared and bits 5-3 are cleared by the hardware that sets them.

Bits 7-6: Not used and must be cleared to “0.”

Bit 5: In-Frame Received (Default = 0)—This bit is set
to “1” when the receiver goes in-frame and is
cleared when the receiver is not in-frame.

Bit 4: Flag Idle Received (Default = 0)—This bit is set
to “1” to indicate a flag idle condition on the data
link and is cleared when flag idle is not being re-
ceived.
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7 6 5 4 3 2 1 0
0 0 INFRAME FLAG MARK CHANGE CHANGE CHANGE
RECVD IDLE IDLE IN IN IN
RECVD RECVD INFRAME FLAG MARK
IDLE IDLE

Bit 3: Mark Idle Received (Default=0)—This bit, is
set to “1” to indicate a mark idle condition on the
data link and is cleared when mark idle is not be-
ing received.

Change In In-Frame (Default=0)—This bit,
when set, indicates that the in-frame bit (bit 5)
has changed (either set or cleared) since the last
time the register was read. This bit is cleared by
reading the register, a DLC reset, or an IDPC re-
“set.

Bit 2:

Bit 1: Change In Flag Idle (Default=0)—This bit,
when set, indicates that the flag idle bit (bit 4) has
changed (either set or cleared) since the last time
the register was read. This bit is cleared by read-
ing the register, a DLC reset, or an IDPC reset.

Change in Mark Idle (Default=0)—This bit,
when set, indicates that the mark idle bit (bit 3)
has changed (either set or cleared) since the last
time the register was read. This bit is cleared by
reading the register, a DLC reset, or an IDPC re-
set.

Bit 0:

DLC FIFO Status Register (1A HEX)

Eachof the FIFO Status Register bits are set and cleared
by DLC hardware to indicate the real-time status of the
various conditions.

The bits of this register will be set or cleared to their de-
fault values by either a DLC or IDPC reset.

Setting any bit in this register will set bit 6 of the Interrupt
Source Register providing the corresponding enable bit
is set in the FIFO Status Interrupt Enable Register and
the enable FIFO status interrupt bit 6 is set in the Inter-
rupt Source Interrupt Enable Register.

6 5 4 3 2 1 0
EOP XMIT XMIT XMIT RECV RECV
IN UNDRUN BUFFER TRSHLD DATA TRSHLD
RECV AVAIL REACHD AVAIL REACHD
FIFO

Bits 7-6: Not used and must be cleared to “0.”

Bit5: EOP in Receive FIFO (Default = 0)—This bit is
setto “1” to indicate that the last byte of a packet
has beenloaded into the receive FIFO. It remains
set until no EOP tags remain in the FIFO. This is
the packet received indication, and is normally
used in non-DMA applications to indicate that the
FIFO requires servicing.

Bit 4: Transmit Underrun (Default = 0)—This bit is set
to “1” during data transmission when the transmit
FIFO goes empty and the transmit byte counter is
not equal to zero, and is cleared when the FIFO

Status Register is read.

An abort will automatically be transmitted in response to
a transmit underrun condition.

Bit 3: Transmit Buffer Available (Default = 0)—This
bitis setto “1”wheneverthe DLC FIFO Data Reg-
isteris empty, and the transmit byte counter is not
equal to zero (i.e., available to be written into).
This bit remains active as long as the transmit
FIFO is not full, and is cleared when the last byte
of a packet is loaded in the FIFO. This prevents
multiple packets from existing in the FIFO at the
same time (non-DMA users).

Bit 2: Transmit Threshold Reached (Default=0)
—This bitis setto “1” whenthe number of bytes in
the DLC transmit FIFO is less than or equal to the
count in the transmit FIFO threshold bit field (bits

3-0 of the FIFO Threshold Register).
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This bit is cleared to a “0” when the number of
bytes in the transmit FIFO becomes greater than
the transmit FIFO threshold bit field value. This
status bit is used to condition the DLC transmit
DMA data request signal.

Receive Data Available (Default = 0)—This bit
is set to “1” whenever a byte is available in the
DLC receive FIFO Data Register, and is cleared
to “0” when a byte is read and the receive FIFO
becomes empty. It is also cleared when the last
byte of a packet is read from the FIFO. Under this
condition, it is not re-enabled until the user reads
the LSB of the Receive Byte Count Register.
This, in conjunction with the packet received in-
terrupt, notifies the non-DMA user when the last
byte of a packet has been read.

Bit 1:

Bit 0: Receive Threshold Reached (Default=0)
—This bitis setto “1” whenthe number of bytes in
the DLC receive FIFO becomes equal to the
value programmed in the receive FIFO threshold
bit field of the DLC FIFO Threshold Register.

Thisbitis cleared to “0” when the number of bytes
in the receive FIFO byte counter becomes less
than the receive threshold value programmed in
the DLC FIFO Threshold Register.

DLC FIFO Data Registers
The receive FIFO and transmit FIFO Data Registers are
8-bit registers.

The receive FIFO Data Register is read by DMA or soft-
ware to remove a byte from the receive FIFO. If read by
software, the user should first poll the receive FIFO data
available status bit (bit 1 inthe FIFO Status Register), un-
less data is being read in response to a threshold
reached indication in which case the number of bytes to
be read is known.

The transmit FIFO Data Register is written by DMA or
software. If written by software, the user should first poll
the transmit FIFO buffer available status bit (bit 3 in the
FIFO Status Register) to ensure that a byte is available in
the FIFO,(unless the data is being loaded in response to
athreshold reached indication, in which case the number
of bytes that can be loaded is known).

DLC Residual Bit Status/Control Register (1D Hex)

This read/write register controls the number of bits transmitted in the last byte of a packet and displays the number of
valid data bits received in the last byte of a packet. It is also the register used to enable the Transparent mode.

7 6 5 4 3 2 1 0
TRANS. TRANS. XMIT XMIT XMIT RECVD RECVD RECVD
MODE MODE RESIDUE  RESIDUE  RESIDUE | RESIDUE  RESIDUE  RESIDUE
ENABLE SELECT COUNT COUNT COUNT COUNT COUNT COUNT
MSB — LSB MSB - LSB

Bit 7: Transparent Mode Enable—This bit enables
data to be sent or received without any HDLC
protocol related format.

Bits 6: Transparent Mode Select—This bit determines
whether data transmission and reception is con-
trolled by their respective transmitter/receiver
enable control signals or maximum byte counts
programmed. This bit is ignored if bit 7 of this reg-
ister is cleared to “0.”

Bits 5-3: Transmitter Residue Count (Default = 000)
—These three bits specify the number of residue
bits to be transmitted in the last byte of a packet.
Thisis a read/write field that is cleared under soft-
ware control. ’
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Bits Bits
5 4 3 Residue Bits 5 4 3 Residue Bits
0 0 O 8 Bits 0 0 O 8 Bits
0o 0 1 1 Bit 0 0 1 1 Bit
0 1 0 2 Bits 0o 1 0 2 Bits
1 0 O 7 Bits 1 0 O 7 Bits

Bits 2-0: Received Residue Count (Default = 000)
—These three bits form a “read-only” field dis-
playing the number of residue bits received. This
field is cleared to “0"s upon reset or by reading
this register or reading the LSB of the receive
byte counter. This field is a delayed-stacked field.
Status for up to four packets may be stacked at
any one time.

Detailed Description of User-Visible USART Registers

Universal Synchronous/Asynchronous Receiver/Transmitter (USART)

The programmable features of the USART include:

Character Length—character length is user-selectable
(5-, 6-, 7-, or 8-bit characters).

Parity— even, odd, or no parity options are selectable. In
addition, “stick” Parity test mode is provided.

Stop Bits—1 or 2 Stop Bits may be selected for 6-, 7-, or
8-bit characters; 1 or 1'/2 Stop Bits may be selected for
use with 5-bit characters.

Data Rates—USART supports data rates from 300 to 64
kb/s in both asynchronous and synchronous modes.

Handshake Lines—the USART provides RTS and DTR
assertion through software control and allows for status
checking of CTS and DSR.

Operational Modes—the USART may be programmed
for asynchronous or synchronous operation.

Baud Rate Generator—a programmable internal baud
rate generator allows a selectable clock rate for asyn-
chronous operation. Either mode allows selection of an
external clocking source.

Break Generation—software break character genera-
tion.

FIFO Thresholds—each 4-byte transmit and receive
FIFO has a selectable threshold value up to 4 bytes.

Upon reaching the threshold value, the USART may be
programmed to interrupt the external processor.

Special Character Recognition—the user may define
one or more characters as special characters, and can
enable when a special character is detected. Up to 128
characters can be selected as special. If 5-, 6-, or 7-bit
character lengths are selected, any combination of char-
acters may be selected as special. If 8-bit character
length is used, characters with bit patterns of 0-127 may
be selected as special.

Interrupts—any of the following interrupts may be selec-
tively enabled or disabled:

« Change in CTS

« Change in DSR

o Parity Error

* Receive FIFO Threshold Reached
* Receive FIFO Timeout

« Transmit Shift Register Empty

* Break Detect

» Special Character Detect

¢ Framing Error

« Buffer Overrun

The USART contains 14 registers, as shown in
Table 3.
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Table 3. USART Registers

Offset Size
(Hex) Register Name (Bytes) Type
20 Receive FIFO Data Register (DLAB = 0)* 1 Read Only
Transmit FIFO Data Register (DLAB = 0) 1 Write Only
Baud Rate Divisor LSB Register (DLAB = 1) 1 Read/Write
21 Interrupt Enable Register (DLAB = 0) 1 Read/Write
Baud Rate Divisor MSB Register (DLAB = 1) 1 Read/Write
22 Interrupt Identification Register 1 Read Only
23 Line Control Register 1 Read/Write
24 Modem Control Register 1 Read/Write
25 Line Status Register 1 Read Only
26 Modem Status Register 1 Read Only
27 Control Register 1 Read/Write
28 Status Register 1 Read Only
29 Special Character Bit-Map Address Pointer Register 1 Read/Write
2A Special Character Bit Map Command Register 1 Read/Write
2B-3E Reserved 20 —

*Divisor Latch Access Bit (DLAB) in the Line Control Register.

USART Receive FIFO Data Register (Default = 0)
(20 Hex, DLAB =0)

The Receive FIFO Data Register is a “read-only” regis-
ter. Data received by the USART is read from the receive
FIFO by the CPU at this address.

LSB

MSB '
[7]e]sfafafa]t]ol]

USART Transmit FIFO Data Register (Default = 0)
(20 Hex, DLAB = 0)

The Transmit FIFO Data Register is a “write-only” input
to the transmit FIFO. Data written in this 8-bit register is
transmitted out of the TxD pin LSB first.

MS| LSB
l |

7B|s[5[4[312r1|o

USART Baud Rate Divisor LSB Register (Default =
0) (20 Hex, DLAB = 1)

The Baud Rate Divisor LSB Register is an 8-bit register
used to hold the LSB of the 16-bit baud rate divisor.

LSB

| o]

MSB
[7lefsfafafa]r
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USART Baud Rate Divisor MSB Register (Default = 0) (21 Hex, DLAB = 1)
The Baud Rate Divisor MSB Register is an 8-bit register used to hold the MSB of the 16-bit baud rate divisor.

Note: Divide-by-one passes the USARTCLK unaf- Note: When executing a reset, the register pair is

fected. This allows the receiver and transmitter to cleared to all zeros, but the baud rate generator
operate from separate clocks in synchronous will divides the USARTCLK by 64 until the Baud
mode. A write to either the MSB or LSB Divisor Rate Registers are programmed.
Registers loads the baud rate generator with a
16-bit value.
Bits

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Divide By:

o o o o0 o0 O O O o o o o o o o0 o Reserved

o 0 o 0 o0 O O O O O 0O O O 0 O 1] 1Byt

11 1 1 1 1 1 1 1 1 1 1 1 1 1 1|  65535kbytes

USART INTERRUPT ENABLE REGISTER (21 HEX, DLAB = 0)

The Interrupt Enable Register is an 8-bit read/write regis-  Clearing a bit disables the interrupt and resets the inter-
ter used to enable specific interrupt sources (Default =  rupt pin if the corresponding condition is present.

0). Setting a bit enables its corresponding interrupt.

7 6 5 4 3 2 1 0
0 XMIT USART USART MODEM RECV XMIT RECV
STATUS: STATUS: STATUS: STATUS: LINE FIFO _FIFO
SHFTREG SPCL Rx FIFO CTS STATUS TRSHLD TRSHLD
EMPTY CHAR. TIMEOUT DSR

USART INTERRUPT IDENTIFICATION REGISTER (22 HEX)
The Interrupt Identification Register is an 8-bit read-only register that identifies which status register contains an inter-
rupt condition. Unused bit positions (bits 7—4) return “0”s when this register is read.

7 6 5 4 3 2 1 0
0 0 0 0 INTR INTR INTR INTR
SOURCE SOURCE SOURCE PEND
MSB —_ LSB
Bits 7-4: Not Used and must be cleared to “0.” Bit 0: Interrupt Pending (Default=1)—This bit is

, 0" i an | ) ing.
Bits3-1: Interrupt Source (Default = 000)—This 3-bit cleared to “0” if any interrupt is pending

field identifies the highest priority source of all ex-
isting interrupts.
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Interrupt Source Decode

Bits

3 2 1 Priority Source Reset By*

0 0 O 4th CTS or DSR ! Reading the Modem Status Register

0 0 1 3rd Transmit FIFO Reading this Register and Interrupt Source = 001
Threshold Reached

0 1 0 2nd Receive FIFO Reading this Register and Interrupt Source = 010
Threshold Reached

0 1 1 1st* Overrun, Parity, Reading Line Status Register
Special Character Received,
Framing, or Break

1 00 5th Receive FIFO Timeout Reading USART Status Register

1 0 1 6th Transmit Shift Register Reading this Register and Interrupt Source = 101
Empty

* All bits are reset by a USART reset or an IDPC reset.

** Simultaneous receipt of a special character or a character with a parity error, and a threshold reached condition generates the
interrupt for the special character or parity error before the threshold reached interrupt.

USART LINE CONTROL REGISTER (23 HEX)
This register controls access to the Baud Rate Generator Divisor registers and sets the mode of operation for the

USART.
7 6 5 4 3 2 1 0
DIV BREAK STICK EVEN/ PARITY STOP CHAR CHAR
LATCH PARITY oDD ENABLE BIT LENGTH LENGTH
ACCESS PARITY LENGTH MSB LsB
BIT SELECT
Bit 7: Divisor Latch Access Bit—This bit is used to  Bit 3: Parity Enable—When this bit is set to “1,” parity

enable access to the Baud Rate Divisor Regis-
ters. If it is set to “1,” access to these registers is
enabled, but must be reset to “0” before access-
ing the receive/ transmit FIFO Data Registers
and the Interrupt Enable Register.

Bit 2:

generation and checking is enabled. When this
bit is cleared, parity generation and checking is
disabled.

Stop Bit Length—This bit selects the number of
stop bits used in serial data transfers.

Bit 6: Break—This bit is set to request that abreak con- .
dition be transmitted. The USART will transmit 0=1StopBit .
the break pattern immediately after completing 1=1.5Stop B"s. (5-bit characters) or 2 Stop Bits
any character transmission in progress when this (6-, 7-, or 8-bit characters)
bitis set. The transmit shift register and transmit it 1-0: Character Length—Bits 1 and 0 define the
FIFO contents are discarded. The line returns to character length.
normal operation when the bit is cleared. Breaks
are transmitted only in asynchronous mode. Bits Character
Bit 5: Stick Parity—lIf parity is enabled (bit 3 set) and 1 0 Length
this bit is set to “1,” parity is expected to be re-
ceived opposite to that indicated by bit 4. Parity is 0 0 5 Bits
transmitted with a value opposite that of bit 4. 0 ) 6 Bits
Bit 4: Even/Odd Parity Select—This bit selects the 1 0 7 Bits
parity sense used by the transmitter and receiver. .
Ifitis setto “1”; even parity is selected. If it is reset 1 1 8 Bits
to “0”; odd parity is selected.
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USART Modem Control Register (24 HEX)
This register specifies modem control parameters (Default = 0).

7 6 5 4 3 2 1 0
0 0 0 LOCAL RESRVD RESRVD RTS DTR
LOOPBK PIN PIN
ENABLE CONTR CONTR
Bits 7-5: Not used and must be cleared to “0.” Bit 1: RTS Pin Control—Whenthis bitis setto “1,” RTS

Bit 4:

Local Loopback Enable—Setting this bit to “1”
places the USART in a local loop back condition
for diagnostic purposes.

Bits 3-2: Reserved

Bit 0:

pin goes active-Low. This bit does not directly
control the transmitter.

DTR Pin Control—When this bit is set to “1,” the
DTR pin goes active-Low. This bit does not di-
rectly control the transmitter or receiver.

USART Line Status Register (25 HEX)
The USART Line Status Register contains flag bits that are set to indicate the presence of a condition that can gener-
ate an interrupt if the appropriate interrupt enable bits are set in the Interrupt Enable Register. Bits 1 through 4 and 7
are cleared by reading this register. Bit 5 is cleared when the condition goes away, but the interrupt is cleared by read-
ing the Interrupt Identification Register (when the Interrupt Identification Register is reporting this interrupt). Bits 0 and
6 are cleared when the associated conditions are no longer present.

Bit 7:

Bit 6:

Bit 5:

Bit 4:

7 6 5 4 3 2 1 0
SPCHL XMIT XMIT BREAK FRAMING PARITY RECV RECV
CHAR SHIFT TRSHLD DETECT ERROR ERROR BUFFER DATA
IN REG REACHD IN OVRRUN AVAIL
FIFO EMPTY FIFO
Special Character In FIFO (Default = 0)—This Bit 3: Framing Error (Default = 0)—This bit is set to

bit is set to “1” when a special character is trans-
ferred into the receive FIFO, and cleared when
the USART Line Status Register is read.

Transmit Shift Register Empty (Default = 1)—
This bit is set to “1” when the transmit shift regis-
ter is empty (i.e. the last character transmitted)
and cleared when the transmit shift register and
FIFO are not empty.

Transmit FIFO Threshold Reached (Default =
1)—This bit is cleared when the number of bytes
inthe transmit FIFO rises above the programmed
threshold, and is set to “1” when the FIFO level is
equal to or below the threshold.

Break Detected (Default = 0)—This bit is set to
“1” when a break condition is detected by the re-
ceiver, and is cleared when the USART Line
Status register is read.

Bit 2:

Bit 1:

Bit 0:

“1”when an invalid stop bit is detected. A charac-
ter with a framing error is not loaded into the
FIFO, and is cleared when the USART Line
Status register is read.

Parity Error in FIFO (Default = 0)—This bit is
set to “1” when a character with a parity error is
transferred into the receive FIFO from the receive
shift register, and is cleared when the USART
Line Status register is read.

Receive Buffer Overrun (Default = 0)—This bit
is set to “1” when an overrun error results in lost
receive data, and is cleared when the USART
Line Status register is read.

Receive Data Available (Default = 0)—This bit
is set to “1” when receive data is available in the
receive FIFO Data Register.
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1-109



USART Modem Status Register (26 HEX)
The 8-bit Modem Status Register is used to indicate the condition of the link handshake input signals and any change
in their status. Bits 1 and 0 are cleared on reset; bits 5 and 4 reflect the input status.

7 6 5 4 3 2 1 0
RESRVD RESRVD DSR CTS RESRVD RESRVD DSR CTS
PIN PIN PIN PIN
STATUS STATUS CHANGE CHANGE
STATUS STATUS

Bits 7-6: Reserved

Bits 3-2: Reserved

Bit 5:

Bit 4:

DSR Pin Status—This bit is set to “1” if the DSR
input pin is active-Low and cleared to a “0” if DSR
is inactive.

CTS Pin Status—This bit is set to “1” if the CTS

input pin is active-Low and is cleared to a “0” if
CTS s inactive.

Bit 1: DSR Pin Change Status (Default = 0)—This bit

is set to “1” when a change in the DSR input pin
has occurred since this register was last read.

Bit 0: CTS Pin Change Status (Default = 0)—This bit

is set to “1” if the input pin has changed state
since this register was last read.

USART Control Register (27 HEX)
This 8-bit USART register is used to control all non-8250-UART functions. Additionally, this register contains the

USART software reset bit.

7 6 5 4 3 2 1 0
RESET XMIT XMIT RECV RECV SYNC/ XMIT RECV
FIFO FIFO FIFO FIFO ASYNC CLK CLK
TRSHLD TRSHLD TRSHLD TRSHLD MODE SOURCE SOURCE
MSB LSB MSB LSB SELECT

Bit 7: Reset (Default=0)—This bit is set to initiate a

Bits 4-3: Receive FIFO Threshold (Default=11)—

USART reset operation (identical to a reset initi-
ated by hardware viathe RST pin, exceptonly the
USART is affected). The software reset takes 2
master clock cycles, and this bit clears itself.

Bits 6-5: Transmit FIFO Threshold (Default = 00)—

This field is used to hold a 2-bit count that reflects
the transmit FIFO threshold. When the number of
bytes remaining in the transmit FIFO is less than
or equal to this level, Transmit FIFO Threshold
Reached status is generated.

Bit Transmit
6 5 Threshold
0 0 0 Bytes
0 1 1 Bytes
1 0 2 Bytes
1 1 3 Bytes

These two bits are used to select the receive
FIFO threshold. When the number of bytes inthe
receive FIFO is greater than or equal to this
value, the Receive FIFO Threshold Reached
status is generated.

Bit Receive
4 3 Threshold
0 1 1 Byte
1 0 2 Bytes
1 1 3 Bytes
0 0 4 Bytes
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Bit 2:

Sync/Async Mode Select (Default = 0)—This
bit determines the operating mode of the USART.
If it is set to “1,” the USART operates in synchro-
nous mode where no start/stop bits are recog-
nized and where the expected data rate is equal
to the clock source programmed. If this bit is reset
to “0,” the USART operates in asynchronous
mode and the clock source to the transmitter and
receiver mustbe 16times the expected datarate.

Bit 1:

Bit 0:

Transmit Clock Source (Default = 0)—The out-
put of the internal baud rate generator is used as
the clock source for the transmitter if it is set to
“1”; otherwise, the RxCLK pin is used.

Receive Clock Source (Default = 0)—The out-
put of the internal baud rate generator is used as
the clock source for the receiver if this bit is set to
“1”; otherwise, the RxCLK pin is used.

USART Status Register (28 HEX)
The USART Status Register reports status conditions that do not occur in an 8250 UART. This register also contains
the Parity Error Character Available status bit. The default = 00010000.

Bits 4-1 are cleared when the corresponding condition no longer exists.

Bit 7:

Bit 4:

Bit 3:

Bit 2:

7 6 5 4 3 2 1 0
RECVR XMIT RECV SPCHL PARITY RECV
ENABLE BUFFER FIFO CHAR ERROR FIFO
AVAIL TRSHLD AVAIL CHAR TIMEOUT
REACHD AVAIL

Receiver Enable/Disable (Default=0)—This Bit 1: Parity Error Character Available (Default = 0)

bit is set to enable the USART receiver, and is —This bit is set to “1” when a character with the

cleared to disable the receiver. parity error reaches the output of the receive
Bits 6-5: Not used and must be reset to “0.” :,IOF:nOt'hI; g;{l;ared when the character s read

Transmit Buffer Available (Default = 1)—This gy . Receive FIFO Timeout (Default = 0)—This bit is

p't is setto "1 w henever the FIFO Data Beglster setto “1” when a receive FIFO timeout occurs. It

is empty, and is cleared when the FIFO is full is cleared when this register is read or when the

Receive FIFO Threshold (Default = 0)—This bit receive FIFO becomes empty. The timeout oc-

is set to “1” when the number of bytes in the re- curs when the level in the receive FIFO is below

ceive FIFO is greater than or equal to the pro- the threshold and no characters are receivedin at

grammed receive FIFO threshold, and cleared least 2048 receiver clocks.

when the number of bytes in the receive FIFO

falls below the threshold value.

Special Character Available (Default=0)—

This bit is set to “1” when the special character

reaches the output of the receive FIFO. It is

cleared when the character is read from the

FIFO.
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USART Special Character Bit-map Address Pointer Register (29 HEX)
This register is used to address the 128-bit special character bit map (Default = 0).

7 6 5 4 3 2 1 0
0 SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL
CHAR CHAR CHAR CHAR CHAR CHAR CHAR
MSB — — — —_ — LSB

Bit 7: Not used and must be reset to “0.”

Bits6-0: These bits represent the special character ad-
dress inthe bit map. A characteris designated as
a special character by first writing the address
(which is the character itself) into bits 7-0 of the
Special Character Bit-Map Address Pointer Reg-
ister, and then by writing a “1” into bit 0 of the Spe-
cial Character Bit-Map Command Register. A
special character can be returned to normal
status by writing a “0” into bit 0 of the Special
Character Bit-Map Command Register (after the
pointer is set).

USART Special Character Bit-map Command Register (2A HEX)

This register is used for setting and clearing the corresponding bit in the bit-map of the special character pointed to by
the Special Character Bit-Map Pointer Register (Default = 0).

All bits in the bit-map are cleared on reset.

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 SET/
CLEAR
BIT MAP

Bits 7-1: Not Used and must be reset to “0.”

Bit 0: Set/Clear Bit Map—Writing a “0” or “1” to this bit
clears or sets the Special character pointed to by
the Special Character Pointer register. When this
register is read bit 0 reflects the status of the spe-
cial character pointed to by the Special Character
Bit-MAP Pointer.

When the receiver enable bit is set (bit 7 of
USART Status Register), reading the Special
Character Bit-Map Command Register returns all
“1”s regardless of the actual state of the special
character addressed. This is done to prevent si-
multaneous bit map accesses by the MPland the
internal logic.

A special character can be read or written to via the MPI
only when the receiver enable bit (USART Status Regis-
ter bit 7) is cleared.

Note:

Dual-Port Memory Controller (DPMC)

For multiprocessor applications, a common message
area in RAM (i.e., a mailbox) is used for inter-processor
communications.

When bit 0 of the Semaphore Register is setto “1,”anin-
terrupt (HINTOUT) is generated to the host processor in-
dicating it has a message waiting in the mailbox. Bit 0 of
the Semaphore Register is reset to “0” when the host
processor acknowledges this interrupt by pulsing the
HINTACK line.

When the host processor has completed placing a mes-
sage inthe mailbox for the local processor, it alerts the lo-
cal processor by pulsing the HINTIN line. This results in
setting bit 1 in the Semaphore Register which activates
the interruptline (LINTOUT) to the local processor. LINT-
OUT is de-activated when the local processor clears bit 1
of the Semaphore Register.
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Table 4. DPMC REGISTERS Table 5. DPMC REGISTERS

Offset Size Offset Size
(Hex) Register Name (Bytes) Type (Hex) Register Name (Bytes) Type
3F  Semaphore Register 1 Read/Write 3F Semaphore Register 1 Read/Write

DPMC Semaphore Register
The Semaphore Register controls interrupt requests between the host processor and the loca! processor in a multi-

processor application. These interrupts coordinate processor-to-processor communication via shared memory. This
register is cleared to “0”s by a hardware reset.

DPMC Semaphore Register (3F HEX)

7 6 5 4 3 2 1 0
0 INTR INTR
TO TO

LOCAL HOST

PROC PROC
Bits 7-2: Not used and must be reset to “0.” Bit 0: Interrupt to Host Processor (Default = 0)—
Bit 1: Interrupt to Local Processor (Default = 0)— 13;5::"‘18,:3;:;;1:0;1? wifrlofr?; pr:g(;?s;gctgsjgg:
This bit is setto “1” when.the HINTIN pinfrom the Setting this bit causes the HINTOUT pin to go ac-
host processor goes active (i.e., is pulsed). Set- tive High. The bit is cleared by the HINTACK pin
ting this bit to *1” causes the LINTOUT pin to go (from the host) going High. This bit can be read by

active High. This bit is cleared by the local proc- the local processor.

essor by writinga “0”to it. LINTOUT goes inactive
when this bit is cleared.
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APPLICATIONS

Overview

Most ISDN applications of the IDPC may be grouped into
two categories:

Terminal Adapter (TA)
PC or Integrated Voice/Data Workstation (IVDW)

The major difference is the number of processors in the
system. In the terminal adaptor application, a single local
processor (such as the 80188) controls all system func-
tions and the USART serves as the RS-232 interface be-
tweenthe ISDN network and the terminal. The IDPC pro-
vides an external bus for attachment of an external
processor such as the 80188, memory, “S” Interface
transceiver hardware, and other ISDN support
hardware.

Inthe PC or IVDW application, two processors (local and
host) are present. The local processor (with associated
circuitry and software) and the IDPC form the heart of the
communication processor. The local processoronthein-
terface card exchanges ISDN transmit/receive data with
the host processor using shared memory and inter-

processor interrupts (instead of using the USART as in
the TA application).

Terminal Adapter (TA) Application

Atypical terminal adapter application is shown in Figure
8. For the TA application, the processor attaches to the
IDPC bus and runs specialized communication software
to allow “dumb terminals” to attach to an ISDN network
and make ISDN data calls. The low-level programming
interface required for ISDN communications is available
from AMD. The arbitration software required for multiple
processor communications is not used in the TA
application.

DRQ,
I | DRQy 3 i
DLCINT INT,
v USARTINT INTy
Driver K ——] C—,% CLK =
a!® ja= S
WR
CS _
DRQ e
0 *| DRQg go188
DRQ DRQ]
R52% Am79C401 Ef* ALE
- [}
ROVR ——) ADDR K525 — > 3732) K== ADo7
K £ Ass
Data MCS
SBP ) |:
CLK | T3 ROM
4 Data :"> Data
Tl
K—>| am79c30A . C
DSC  ADDR [~ > ADDR
i
E ADDR Data
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\—_> Data
> ADDR
—| CS
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Figure 8. Typical TA Application (see 09360B-11)
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PC or Integrated Voice/Data Workstation
(PC/IVDW) Application

Typically, the PC/IVDW application uses an interface
card that installs in the PC or workstation. in this applica-
tion, two processors (local and host) are present. The
local processor (with associated circuitry and software)
performs layers 2 and 3 of the communications protocol.

The local processor on the interface card exchanges
ISDN transmit/receive data with the host processor us-
ing shared memory and inter-processor interrupts (in-
stead of using the USART as in the TA application). The
Dual-Port Memory Controller on the iDPC provides for
effective memory sharing and handling of inter-proces-
sor interrupts.

The local processor can access any device onthe IDPC
external bus, whereas the host processor can only ac-
cess the RAM on the IDPC external bus. Any contention
between the local processor and the host processor s ar-
bitrated by the Dual-Port Memory Controller on the
IDPC. This arrangement provides for transparent access
to shared memory by both the local and host processors,
allowing inter-processor communications via memory-
resident data buffers and mailboxes.

A combination of IDPC interrupt-related pins and IDPC
register bits (which can be read and written only by the lo-
cal processor) implement the interrupt mechanism.
Once the iocal processor or host processor has written
datato abufferora command to a mailbox, ituses the in-
ter-processor interrupt mechanism to notify the other
processor.

A sample PC/IVDW interface design is shown in
Figure 9. For the PC application, the local processor at-
taches to the IDPC bus and runs specialized communi-
cation software (offered by AMD) to allow PCs and inte-
grated voice/daia workstations to attach to an ISDN
network and make ISDN data calls.

The local processor runs a ROM-based layer 2 and 3
ISDN communication package (offered by AMD) to con-
trol ISDN operations. The local processor and the host
processor in the PC or workstation communicate via
IDPC interrupts and the shared RAM on the ISDN inter-
face card.
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A Add .
5 ress | 43732 (A0,
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SFS CLK | WE‘ ROM
. 8
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Figure 9. Typical PC Application 09360B-12
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The RAM is shared (transparent to the software) using
the bus arbitration logic in the IDPC’s Dual-Port Memory
Controller.

PC-Based SNA Terminal Emulation

The following example shows the use of the IDPC in non-
multiplexed mode to provide a PC-based intelligent SNA
terminal emulator. The SNA processor executes all of
the SNA emulation code, with the possible exception of
the SNA presentation services layer. The IDPC supports
SDLC at speeds up to 2.048 Mb/s.

Similar to the IVDW-PC application, the IDPC’s Dual-
Port-Memory Controller provides a shared RAM area to
allow the local and host processors to exchange informa-
tion (see Figure 10).

Communications Protocol Overview

Most communication networks used for data transfer
employ a set of rules and techniques called bit-oriented
protocols. These protocols allow for the transfer of data
in packets. The most common bit-oriented protocols in-
clude: HDLC, SDLC, LAPB, LAPD, and DMI.

Bit-Synchronous Message Concepts
Allcommunications over the ISDN (or any network using
the bit-oriented protocols, such as X.25 or SNA) make
use of message-framing formats in which specific bit pat-
terns (Flags) rather than control characters are used to
delineate message blocks.

Frame Format

Each packet, plus its opening and closing flags, is called a frame. Each frame conforms to the following format:

Address
(1-N Bytes)

Control
(1 or 2 Bytes)

Flag

Information
(Optional)

Frame Check Sequence
(FCS)

Flag

o Flags: Used to bracket the packet (leading “0” bit
followed by six “1” bits and a trailing “0” bit).

o Address: Identifies the data sender or receiver. All
addresses are an integer number of bytes in length.
In general, an address can be 1, 2, or “n” bytes long.

The length of an “n"-byte-long address is determined by
the value of the least significant bit in each byte of the ad-
dress. This bit, called the Extended Address (EA) Bit,
identifies the last byte of the address. All of the bytes on

| Q Driver
80188 Microprocessor bPC '@
Micro- Bus MPI DLCiB| SNA
processor Network
Pl I§| Receiver —
___________________ ——==x
[oewe} l
Shared
oo | o | Mamony
System
ROM Inter- [RAM Inter-
face I face
L ] I

Host System Bus |

Figure 10. Typical SNA Application
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an “n"-byte-long address will have the EA bit cleared to a
0 except for the last byte which has the EA bit set.

Note: The length of the address field affects the detec-
tion of a short frame (see description of short
frame).

In some protocols, the second bit (bit 1) of the first byte of

the address is used to indicate whether the frame is a

command or a response. This bit, the Command/Re-

sponse (C/R) bit, does not affect address recognition.

B Control Information: Used by higher levels of the
protocol for data management (no action taken by
the DLC in response to information in this field).

¥ |nformation Field (data): Variable length—up to 64K

bytes long (minus address and control lengths). This

" field is optional and can be omitted for protocol con-
trol packets.

B Frame Check Sequence (FCS): The Frame Check
Sequence is a 16-bit word that is produced by a Cy-
clic Redundancy Check (CRC) generator at the
transmit side, reproduced by a similar circuit at the
receive side, and checked against the transmitted
code to determine if a bit has been dropped or
picked up in error. The CRC is calculated using all
bits after the Opening Flag up to the first bit of the
Frame Check Sequence (excluding bits inserted for
transparency).

Packet—A packet is defined as a frame minus the open-
ing and closing flags.

Mark Idle—When frames are not being transmitted over
the link, the link is idle. When the link is idle, the transmit-
ter can be programmed to send an 'all 1s’ pattern which
is referred to as the mark idle condition (15 or more “1”s
constitute mark idle).

Flag Idle—Prior to and between frames, the transmitter
can be programmed to send back-to-back flags over the
data link. This condition is referred to as flag idle.

In-Frame—The DLC receiver is said to be In-Frame
whenitis enabled and the first non-Flag, non-abort char-
acter is received after receiving at least one flag charac-
ter.

The DLC transmitter is said to be In-Frame from the time
it starts to send the first bit of the opening flag until the last
bit of the closing flag has been transmitted (assuming the

transmitter has not been commanded to send an abort
character).

Abort Condition—The abort condition is an action that
takes place in a response to the detection of an abort
character while the DLC receiver is In-Frame. An abort
causes the termination and discarding of the packet be-
ing received. Aborts are asynchronous events in that
they can be transmitted and detected on bit boundaries.

Abort Character—The abort character is any pattern of
at least seven contiguous “1"s. The DLC transmitter
sends a pattern of seven “1”s and a “0” as an abort char-
acter.

Zero Insertion/Deletion (Data Transparency)—In or-
der to prevent the data characters from appearing as
flags, aborts, or markidles , a technique calledbit stuffing
is employed. The contents of each packet is examined
bit-by-bit (beginning with the first bit after the opening
flag to the last bit of the Frame Check Sequence), and a
“0”is inserted in the bit stream for any pattern containing
five contiguous “1"s.

At the receiver side, “0"s are removed following the re-
ceipt of five contiguous “1”s.

Short Frame—Bit-Oriented Protocols (i.e., SDLC,
HDLC) specify minimum lengths for valid packets (usu-
ally 4,5, or 6 bytes). Any frame that is received with fewer
than the minimum acceptable number of bytes is labeled
as a short frame and is reported as an error.

Long Frame—In order to prevent buffer overrun, it is
common practice to specify the maximum packet length
for a data transfer (typically varies with each data call).
Any received frame that exceeds the specified maximum
frame length is terminated, identified as a long frame,
and reported as an error.

Non-Integer Number of Bits Received—If a closing
flag is detected and a non-integer number of bytes has
been received (character preceding the closing flag con-
tained fewer than 8 bits), a non-integer number of bytes
condition is reported. This is not an error when bit-resi-
due is allowed.

Order of Bit Transmission—All bytes are transmitted in
ascending numerical order. Within a byte, the least sig-
nificant bit (LSB) is transmitted first (except for the Frame
Check Sequence which is transmitted MSB first).

Am79C401
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature ............. —60to +150°C
Ambient Temperature Under Bias . .. . -55t0 +125°C
Voltage from Any Pinto Vss ... -0.25to Vcc +0.25 V
Voltage fromVcctoVss ............ -025t047V
Lead Temperature (Soldering, 10 sec) .. ... +300°C

Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent device failure.
Functionality at or above these limits is not implied. Ex-
posure to absolute maximum ratings for extended peri-
ods may affect device reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (TA)
Supply Voltage (Vcc)

0to +70°C
+4.75t0 +5.25 V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range unless otherwise noted

Parameter | Parameter

Symbol Description Test Conditions :} Unit
ViH Input High Logic Level Vce \"
Vi Input Low Logic Level : 0.8 \
VoL Output Low Logic Level 5, nA . 04 v
VoH Output High Logic Level “lon = -400 pA 2.4 v

; IGH:=—-10 uA Vece-10 \
oL Output Leakage Cutrentdn  f 0<Vour < Vee +10 pA
e Input Leakag_e"burfghf: % 0 <VIN< Vee +10 HA
lcc(S) | Vee Supply Current (Standby) | Vec +5.25V 800 pA
lcc(A) Vce Suppty Current (Active) Ta=70°C 30 mA
Capacitance*

Parameter | Parameter

Symbol Description Test Conditions Min. Max. Unit
Ci Logic Input Capacitance 10 pF
Co Logic Output Capacitance 15 pF

*Parameters are not “tested.”
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SWITCHING CHARACTERISTICS over operating range unless otherwise noted

Parameter Parameter
No. Symbol Description Min, Max. Unit
CLOCKS
1 teH CLK High Time 25 ns
2 teL CLK Low Time 25 ns
3 teier CLK Cycle Time 80 . 1000 ns
4 teHeL CLK High-to-Low Transition i5 ns
5 teLeH CLK Low-to-High Transition 15 ns
6 tc SCLK or SFS/XMITCLK High Time B ns
7 tsct SCLK or SFS/XMITCLK Low Time : ! 50 ns
8 tscie SCLK or SFS/XMITCLK Cycle Time. 488 ns
9 tscHoL SCLK or SFS/XMITCLK High-to-Low 1000 ns
Transition
10 tscien SCLK or SFS/XMITCLK Lowsg-High 1000 ns
Transition .
RESET S
’ Master
CLK
11 tres RST Active 10 Cycles
Master
CLK
12 trResoL Delay after RST Low béfore cycle 8 Cycles
Master
i CLK
13 teo PD Active 10 Cycles
Master
— CLK
14 trooL Detay after PD High before cycle 8 Cycles
DMA REQUEST
15 torao Last DMA Cycle to DRQu Inactive 40 ns
16 toras Last DMA Cycle to DRQ: Inactive 40 ns
HOST MESSAGE AVAILABLE
17 tHiavHIDL HINTACK Active to HINTOUT Inactive 30 ns
USART ASYNCHRONOUS OPERATION
18 tr Clock Low to Data Valid I 50 I ns

Am79C401
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SWITCHING CHARACTERISTICS

Parameter Parameter

No. Symbol Description Min. Max. | Unit
USART SYNCHRONOUS OPERATION
19 turDVL Data Setup to Clock High 15 ns
20 tURDH Data Hold from Clock High 15 ns
21 tutcov Clock Low to Data Valid ns
SERIAL BUS PORT
22 tsbc Data Setup to CLK High ns
23 tSDHLD Data Hold from CLK High ns
24 tcsov Data Valid from CLK Low ns
LOCAL CPU WRITE
25 tAvAL Address Valid to CS Low ns
26 twa CS validto WR Active 15 ns
27 tw WR Active Width 130 ns
28 tDHLD Data Hold from WR 15 ‘ ns
29 two WA Low to Data 1 e
E Cycle
_ A e Master
30 twr WR Low o RD Low. 4 CLK
P Cycle
30a toce W_R H{gh io "@m Transition 3 '\cﬂfﬁter
v o Cycle
LOCAL CPU READ
31 ddress Validto CS Low 15 ns
32 CS validto RD Active 15 ns
33 RD Active Width 120 ns
34 tRics! RD Highto CS High 0 ns
35 tRDHLD Data Hold from RD High 10 ns
36 tRDDLY RD Low to Valid Data 0 80 ns
37 tRDHDZ RD High to Data Bus Hi-Z 35 ns
37a tinT RD High to INT High 80 ns
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SWITCHING CHARACTERISTICS

Parameter | Parameter
No. Symbol Description Min. Max. | Unit
DUAL-PORT MEMORY CONTROLLER

38 tLrRas LREQ Low Setup to CLK Low 10 ns

39 tTRs LDT-R, HDT-R Setup to CLK High 10 ns

40 tTRH LDT-R, HDT-R Hold from CLK High 15 ns

4i twEADLY RAMWE Active Delay from CLK High 35 ns

42 twEIDY RAMWE Inactive Delay from CLK Low 35 ns

43 tcsabLy RAMCS Active Delay from CLK Low 40 ns

44 tesioLy RAMCS Inactive Delay from CLK Low _ 40 ns

45 tDEADLY RAMOE Active Delay from CLK High 40 ns

46 tDEIDLY RAMOE Inactive Delay from CLK Low 40 ns

47 tBADLY LDBE, HDBE Active Delay from:. o ‘ 40 ns
CLK High !

48 tBIDLY LDBE, HDBE Inactive D 40 ns
CLK Low ..

49 tLDLEADLY LDLE, HDLE Active Del 40 ns

50 LDLEIDLY LDLE, HDLE| 40 ns
CLK Low

51 toLoADLY [DLOE, HDLOE Act 40 ns
CLK High )

52 tLoLoDLY In‘:ac ay from LREQ/ High 20 ns

53 tABADLY EKEE,H:’A:EE Active Delay from CLK High* 40 ns

54 tasioLy - [BBE, anactive Delay from 40 ns
CLK Low

55 tLRADLY .. | fRW Active Delay from LREQ Low** 35 ns

56 tLRDLY. _ CRBY Inactive Delay from CLK Low** 35 ns

57 twRADLY | | ~ HRDY Active Delay from HREQ High** 35 ns

58 tHRIDLY HRDY Inactive Delay from CLK Low 35 ns

59 tHDLDIDLY HDLOE Inactive Delay from HREQ Low 20 ns

60 tHREQSU HREQ Setup 10 ns

* CLK or LABEYHABE, whichever happens last
** With 1k pull-up resistor

Am79C401
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SWITCHING WAVEFORMS

KEY TO SWITCHING WAVEFORMS

Waveform Inputs

Must Be
Steady

May Change
FromHtoL
FromLto H
Don’t Care,
Any Change

Permitted

Outputs

Will Be
Steady

Will Be
Changing
FromHto L

Will Be
Changing
FromLtoH

Changing,
State
Unknown

CLK (:)

KS000010

®_

N 7]
. )
! 2/
SCLK
or
FSF/XMITCLK - @
N 7
. (&)
" /
Clock Timing

09360B-14
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(12)—
®

" 773\

I \W;

RST

le o .
) ©

i —\ti—_g:j}

Reset Timing

09360B-15

-~

De-asserted during
last Read Cycle

DRQ, __/

)}

\l De-asserted during
last Write Cycle
DRO1 .

O
>
Q)
X
-

DMA Request Timing 09360B-16
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HINTOUT

HINTACK
09360B-17
Host Message Available Timing
RXCLK 1 l 2 ls ‘—‘ |1e l1 lz
BDCLKOUT
TXD Start Bit A Bito Valid

f Y

USART Asynchronous Operation

09360B-18
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RxCLK or
BDCLKOUT.
\
RxD
A
Dot @
Qo
TxD
e {21)
09360B-19
USART Synchronous Operation
SCLK or
SFS/XMITCLK v L L
i
SBIN Valid
Data
@)t
SBOUT Valid
Data

Serial Bus Port Timing

09360B-20
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Ash Valid

o5 N A
—()— 5
- @ \
DO—D7 Valid
) | o | N
RTS I~ 1
5 X 09360B-21 (Amend)

Local CPU Write Timing

AgAs Valid
)
¢_@
CS
- 4—
®
RD
(3

Do-D; Valid

INT

Local CPU Read Timing 09360B-22
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Ong *@Jr‘
=
- }:‘
RAMOE \
O~ =~ e
LDLOE \

Dual-Port Memory Local Proc. Read Cycle (No contention)
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One \l‘ —-®

F_
1
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+
it

7

Dual-Port Memory Local Proc. Write Cycle (No contention)
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o [\ W f \ /)
"
HREQ () ’ . \_
L
~®|=t e ©) |
O ——@JI-___
@ t
- = B
RAMOE \
@—> - - ©
HDLOE \

(*) HREQ is internally synchronized by the IDPC. If the setup time to the rising
edge is not met, the memory cycle starts on the next rising edge of CLK.

Dual-Port Memory Host Proc. Read Cycle (No contention)
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CLK

HREQ (*)

HDLE

O
N

'

?
—
P9

(*) HREQ is internally synchronized by the IDPC. If the setup time to the rising
edge is not met, the memory cycle starts on the next rising edge of CLK.

Dual-Port Memory Host Proc. Write Cycle (No contention)
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Multiplexed Mode

No. Symbol  Description

! ns
2 ns
ns
*tsencl = SCLK cycle time.
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SCLK -f\ L_/c—_\‘
@)

SFS

_ A

—

Time Slot 0

SFS Timing for Multiplexed Mode

Bit

Bit
F—\\ﬁ

fe———— Time Slot 1 ———

N

Time Slot 0

—]

®

SFS Timing for Extended Mode
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PHYSICAL DIMENSIONS
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Am2085 A o

ISDN Subscriber Access Controller (ISAC-S) Devices

DISTINCTIVE CHARACTERISTICS

B S-Bus transceiver according to CCITT 1.430 B Serial interfaces for various types of B-channel
sources/destinations (SLD, SSI)

B Recovery of clock and frame
. . o B Switching functions for B-channels
B Frame alignment for trunk line termination
. B Watchdog timer
B Access to Echo bit
. o o B Switching of test loops

B |mplementation of activation/deactivation

procedure according to CCITT 1.430 W 8-bit microprocessor interface
B Support of LAPD protocol B Advanced CMOS technology
B FIFO buffer (2 x 64 byte) for efficient transfer of ® | ow power consumption

D-channel packets
GENERAL DESCRIPTION
The Am2085 ISAC-S™ is a transceiver circuit able to The device is mounted in a 40-pin CMOS package.
interface voice/data communication equipment to the . Lo . n
four-wire CCITT S-bus. It supports the LAPD protocol in The power consumption of the device in the active state
hardware. For an efficient transfer of D-channel pack- ' 80 MW (8 mW in Power Down State).

ets, FIFO structures are used.
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CONNECTION DIAGRAMS
Top View

40-Pin DIP
AD, 01 o U 40 [ AD,
ADs 02 39 P AD,
AD, O3 38 J AD,
AD, 04 37 3 AD,
SDAR O5 363 RD
sDAX/sDS1 Os 35 H WR
SCA/FSD/SDS2 O 7 34 Cs
RsT Os 33 ALE
SIP/EAW O 9 32 B pP1
Veso [ 10 31 [ ppo
pcL O 11 30 P sx2
Fsc1 12 29 [ sx1
Fsc2 Q13 28 B v,
M 014 27 B RsRvD
X. 015 26 [ UFI
X, 016 25 1 sR1
X E 17 24 [ SR2
M, O 18 23 [ XTAL1
cPBCL O 19 22 B XTAL2
INT ] 20 21 [ Ve
11136-002B
44-Pin PLCC
S csssaacs
rSsc888eag
< ~ © v v © & .« o
<5 222222222 <
ninininininininininin!
/ 6 5 4 3 2 1 44 43 42 41 40
L]
spAx/sps1] 7 39[7] RD(DS)
scarFsprisps2] 8 38| ] WR(RW)
rsT] 9 a7[] s
sip/EAW/AsL] 10 36 ] ALE
Veso ] 11 35[] IDP1
pcL [ 12 34[] 1bPo
Fsci [ 13 33[] sx2
Fsc2[] 14 32[] sx1
m ] 15 31 Voo
x2[] 16 30[] RSRVD
AL 718 19 20 21 22 23 24 25 26 27 2829b UFI
U O OOLOUIUInI
2 9 o < = - N =
€X X323k 313355
. o xX X
Note: Pin 1 is marked for orientation. (8]
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LOGIC DIAGRAM

L
1
L
' L]
: <:> ADO-AD7 SXi ll :
L}
: sx2 VS
! P + Bus
H 7D, WA SR1 :
A w— [ ol | I
) '
' - INT
SLD 1+ +———" SIPEAW
' 3
ssi SDAR Mo <:l
! SDAX/SDS1 _
Special
. Functions
oM <:> IDP1 X0...X2 <:‘>
' IDPO
E CP/BCL > (Operating Mode . . .)
Clock/Frame ¢ SCA/FSD/SDS2
. A UFL L
Synchronization: FSC;
: DCL XTALl —
XTAL2 | T
768MHz 7
+5V OV 0V Reset 11136-003B
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ORDERING INFORMATION

Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM2085 P c B

-[—————— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial ( 0 to +70°C)

c. PACKAGE TYPE

P = 40-Pin Plastic DIP (PD 040)
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am2085
ISDN Subscriber Access Controller (ISAC-S)

Valid Combinations
AM2085 PC, JC, PCB, JCB

Valid Combinations
Valid Combinations list configurations planned to
be supported in volume for this device. Consult
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD's standard military grade products.
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PIN DESCRIPTION

ADo—-AD~
Address Bus (Input)

The multiplexed Address/Data Bus transfers data and
commands between the microprocessor System and
the ISAC-S.

ALE

Address Latch Enable (Input)

A High on this line indicates an address on the external
address/data bus, selecting one of the ISAC-S internal
sources or destinations.

CP

(Output)

Synchronized clock output.

[

Chip Select (Input; Active Low)

A Low onthis line selects the ISAC-S for a read/write op-
eration.

DCL

Clock (Input/Output)

This pin supplies the device clock.
FSC1

Frame Sync 1 (Input/Output)

Supplies the synchronization signal 1: input (LT-S/NT)
or output (TE/LT-S).

FSC2

Frame Sync 2 (Input/Output)

Supplies the synchronization signal 2: input (LT-S/NT)
or output (TE/LT-T).

INT

Interrupt (Output; Active Low)

The signal is activated when the ISAC-S requests an
interrupt. It is an open-drain output.

Mi, Mo

(Input)

Setting of operating mode.

RD

Read (Input; Active Low)

This signal indicates a read operation.
RST

Reset (Input; Acitve High)

A High on this input focus forces the ISAC-S into reset
state.

SCA/FSD

Serial Clock Port A/Frame Sync. Delayed (Output)

Depending on the programmed timing mode, this output
supports either a 128-kHz clock signal for the SSIport or
a delayed 8-kHz frame synchronization signal for IOM
interface.

SDAR
Serial Data Port A Receive (SS!) (Input)

This line receives serial data at standard TTL or CMOS
levels. An integrated pull-up circuit enables connection
of an open-drain/open-collector driver without an exter-
nal pull-up resistor.

SDAX
Serial Data Port A Transmit (SSI) (Output)

This line transmits serial data at standard TTL or CMOS
levels.

SDI
(Input/Output)
Serial Data In, IOM interface.

SDO
(Output)

Serial Data Out, IOM interface.
SIP/EAW

SLD Interface Port (Input/Output)

This line transmits and receives serial data at standard
TTL or CMOS levels. When the terminal-specific func-
tions are selected, this line serves as the subscriber
awake line.

SR1

(Output)

S-bus receiver, 2.5 V reference output.
SR2

(Input)

S-bus receiver, signal input.

SX1

(Output)

Positive output S-bus transmitter.
SX2

(Output)

Negative output S-bus transmitter.

Am2085
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UFI X2, X1, Xo

(Output) (Input/Output)
Connection for an optional external RC circuit. . ' . .
Operating mode-specific functions.
V
PDD ly (+5 V 5% XTAL1
ower supply (+5 V £5%). (Input)
Vssa . .
Connection for crystal or external clock input.
Analog ground.
v XTAL2
_ss,D (Output)
Digital ground.
— Connection for external crystal. Left unconnected if
WR external clock is used.

Write (Input; Active Low)
This signal indicates a write operation.
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OPERATIONAL DESCRIPTION

The ISAC-S, designed for the user area of the ISDN ba-
sic access, can be used for the following applications

corresponding to the appropriate basic operating mode
of the ISAC-S:

« Terminal equipment type 1
ISDN feature telephone, extended ISDN terminal

« Network termination 2
PABX, including the functions for the following:

~line termination on S(LT-S), just as in a digital
subscriber line module

—line termination on T(LT-T), just as in a digital
line trunk module

TE Mode

LT-S mode (INFO 2 and 4 will be generated automatically)

NT mode (Info 2 and 4 must be initiated by software)

LT-T mode

The operating mode of the ISAC-S must be selected by
pin-strapping, as described in Operating Modes, before
Power On Reset.

Reset

After Reset, Layer 1 will have reached the following
state:

B G1 deactivated in LT-S/(NT) mode
B F3 standby in TE/LT-T mode

according to CCITT 1.430 (see Control of Layer 1). F3
standby state means that the internal oscillator is active,
and the DCL clock and the FSC1/FSC2 frame signals
are delivered as output signals. The F3 power down
state, with a minimum power consumption of not more
than 8 mW, can be achieved by programming the
CFS-bit="1"in the ADFR register.

Table 1. Subset of ISAC-S Registers with Defined Reset Values (in Hex)

Register Value After Reset Meaning

ISTA 00
MASK 00
EXIR 00

No interrupts

No interrupts

All interrupts enabled

STAR

CMDR
MODE

RFBC
SPCR

STCR

CIXR

ADFR

48

00
00

00
00

00

BF

00

XFIFO is ready to be written to

RFIFO is ready to receive at least 16 octets of a new message
No command

Auto mode

1-octet address field

External timer mode

Receiver inactive

IOM interface, monitor channel not used (TE: pt-pt, LT-S/(NT):
point-to-multipoint)

No frame bytes received

SDI pin = High

SIP/SAW pin “High Impedance” (SLD interface deactivated)
Timing mode 0 (terminal)

IOM interface test loop deactivated

SLD B-channel loop is selected

SDAX pin = High

Serial interface port for the SLD interface selected

TIC bus address 0

No Synchronous Transfer

C/lcode = 1111

TE-channel data = 1

TIC bus is not requested for transmitting a C/I code

No prefilter

Active clock signals (Standby) in TE mode

Adaptive timing (point-to-multipoint) in NT/LT-S
FSC1/FSC2 frame signals are not inverted in TE mode
Interframe time fill = consecutive 1
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Initialization

Duringinitialization phase the appropriate registers must be programmed according to the application and the desired
features, as listed in Table 2.

Table 2. Programming for Initialization Phase

Function Register Effect
Special Functions ADFR Prefilter
Disabled Layer-1 functions
Standby/power-down selection in TE mode, fixed (point-to-point, S interface),
adaptive (S-bus) timing in LT-S mode
B1/B2-channel assignment (SSI) in TE mode
Interframe time fill in HDLC port mode
Masking Interrupts MASK Masking of selective interrupt sources
D-channel MODE Message transfer mode
(HDLC port) 2-octet/(1-octet) address
Timer mode: external/internal (auto mode only)
IOM interface mode:
IOM: point-to-point and point-to-multipoint (LT-S,NT)
IOM: point-to-multipoint (TE)
HDLC port: (TEM-bit 1)
TIMR N1 and T1 in internal timer mode (TDM-bit in mode) T2 in external timer mode
XAD1 SAPI: LAPD transmit address octet (auto mode only)
XAD2 TEI:
SAP1/SAP2 SAPI: LAPD receive address octet for the internal address recognition
TEN/TEI2 TEI:
Serial interface SPCR SLD port inactive/active
B-channel switching, Timing mode O, 1
Terminal-specific IOM interface loop (reduced timer resolution)
functions B-channel switching
STCR Terminal-specific functions/SLD interface
TIC bus address
CIXR Subscriber/Exchange Awake, Watchdog Timer

Table 3. Characteristics and Typical ISDN Applications of the Message Transfer Modes

Message Transfer Modes
Non- Transparent Ext. Transparent Ext. Transparent
Auto Mode Auto Mode Mode Mode 1 Mode 0
Characteristics  One logical link
(SAP1, TEI1) can be
handled autonomously
Window Size (WZ) =1
Full address recognition  Full SAPI SAPI No address
(SAPI, TEI) address address address recognition
recognition recognition recognition
(SAPI, TEI) fully transparent
Typical Terminal: WZ = 1 Terminal: WZ 2 1
Application Exchange: Exchange: Exchange: Exchange: Diagnostic
point-to-point point-to-point bus configuration bus configuration
configuration configuration
WZ =1 WZ21
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Processing

Assuming the ISAC-S has been initialized for typical ap-
plications in the user area of the ISDN basic access, the
ISAC-S is now ready to transmit and receive messages
in the D-channel (LAPD support). As a prerequisite for
that, the Layer 1 must be previously activated.The con-
trol of the data transfer phase is mainly done by com-
mands from microprocessor to ISAC-S via the CMDR
register and by interrupt indications from ISAC-S to mi-
croprocessor (ISTA and EXIR register).

The two B-channels (B1/B2) can be switched in a highly
flexible manner between the S interface (IOM interface)
and the SSI and SLD interface.

Control of Layer 1

The management commands of Layer 2, programmed
inthe CIXR register, trigger certain procedures in Layer
1. The responses from Layer 1 can be read from CIRR
register after a CIC interrupt (ISTA). An example of acti-
vation and deactivation with the respective commands
and indications is depicted in Figure 4.
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Layer 2, Layer 1 S Layer 1 , Layer 2
' ]
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IOM IOM
11136-004B
Figure 4. Example of Activation/Deactivation
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Tables 4 to 6 contain the command/indication codes in the different operating modes:

Table 4. Commands and Indications in LT-S Mode

Command (downstream) Abbr. Code Remark

Deactivate requést DR 0000 (x)

Send continuous zeros SCz 0001 Transmission of AMI pulses at a frequency of 96 kHz (x)
Send single zeros S8z 0010 Transmission of AMI pulses at a frequency of 2 kHz (x)
Activate request ARD 1000

Activate request loop ARL 1010 Activate request for loop 2

Deactivate indication DID 1111 Deactivation acknowledgment, quiescent state
Indication (upstream)

Lost signal level LSL 0001 No receive signal

Lost framing RSYU 0100 Receiver is not synchronous

Activate request ARU 1000 Info 1 received

Activate indication AlU 0100 Synchronous receiver

Deactivate indication DIU 1111 Timer TS6 or TS7 expired after deactivation command

Note: (x) = unconditional commands

Table 5. Commands and Indications in NT Mode

Command (downstream) Abbr. Code Remark

Deactivate request DR 0000 (x)

Send continuous zeros SCcz 0100 Transmission of AMI pulses at a frequency of 96 kHz
Activate request ARD 1000 Transmission of info 2

Activate request loop ARL 1010 Transmission of info 2, switching of test loop 2
Deactivate indication DID 1111 Deactivation acknowledgment, quiescent state
Activate indication AID 1100 Transmission of info 4

Activate indication loop AlL 1110

Indication (upstream)

Timing TIM 0000 Clocks are required

Lost signal level LSL 0001 No receive level

Lost framing RSYU 0100 Receiver is not synchronous

Error indication El 0110 RST and SCZ both active

Activate request ARU 1000 Info 1 received

Activate indication AlU 1100 Synchronous receiver

Deactivate indication DIU 1111 Timer TS6 or TS7 expired after deactivation command
Note: (x) = unconditional commands
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Table 6. Commands and Indications TE/LT-T

Command (downstream) Abbr. Code Remark

Timing TIM 0000 Clocks are required

Reset RS 0001 (x)

Send single zeros SSZ 0010 Transmission of AMI pulses at a frequency of 2 kHz (x)
Activate request, priority 8 AR8 1000 Activation command set D-channel priority to 8
Activate request, priority 10 AR10 1001 Activation command set D-channel priority to 10
Activate request ARL 1010 Activation of test loop 3 (x)

Deactivate indication DIU 1111 IOM interface can be switched into idle state

Indication (upstream)

Power up PU 0111
Deactivate request DR 0000
Slip detected SD 0010
Disconnected DIS 0100
Error indication . El 0110
Level detected RSY 0100
Activate request ARD 1000
Test indication TI 1010
Activate indication with Al 8 1100
priority class 8
Activate indication with Al 10 1101
priority class 10
Deactivate indication DID 1111

Note: (x) = unconditional commands

IOM clocking is provided

Deactivation request by S

Wander is larger than 18 ps peak-to-peak

Pin CON connected to GND

(RST =1 and CFS-bit=0) or RS

Signal received, receiver

Info 2 received

Test loop 3 activated or continuous zeros transmitted
Info 4 received, D-channel priority is 8 or 9

Info 4 received, D-channel priority is 10 or 11

Clocks will be in disabled quiescent state

Transfer of LAPD frames in the D-Channel

When Layer 1 of the S interface is activated, the ISAC-S
is able to transmit and receive LAPD frames via this
international standardized interface in a highly sophisti-
cated manner.

The LAPD protocol support depends on the selected
message transfer mode (Table 5 and Layer 2 Functions
section). The powerful FIFO structure of the ISAC-S,

which consists of a 2 x 32 byte receive and a
2 x 32 byte transmit FIFO, as well as an intelligent FIFO
controller, builds a flexible connection between the
LAPD controller of the ISAC-S and upper layer protocol
functions in the microcontroller system via the micropro-
cessor interface. Assuming a normally running commu-
nication link (Layer 1 activated, Layer 2 link established,
TEI assigned, and so on), Figure 5 demonstrates the
transfer of an I-frame via the D channel.
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%

XIF or XTF

XPR

XIF or XTF and XM
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B - data transfer

*In auto mode, the “RR” response will be transmitted autonomously 11136-0058
(provided operation is normal)

LAPD Link
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=== S-Frame |'"""J°°
] eey

Figure 5. Transmission of an I-Frame in the D-channel
(Subscriber to Exchange)

The following table summarizes the commands which CMDR register to Control Layer 2 (see also Detailed
can be programmed by setting appropriate bits in the Register Description).

Table 7. CMDR Register Bits for Layer 2 Control

Com. HEX Bit 7-0 Meaning

RMC 80 1000 0000 Receive message complete

RHR 40 0100 0000 Reset HDLC receiver

RNR 20 0010 0000 Receiver not ready (auto mode)

STI 10 0001 0000 Start timer

XTF 08 0000 1000 Transmit transparent frame without closing the frame
XIF 04 0000 0100 Transmit “auto mode” I-frame without closing the frame
XTFC 0A 0000 1010 Transmit transparent frame and close frame

XIFC 06 0000 0110 Transmit “auto mode” I-frame and close frame

RHX 01 0000 0001 Reset HDLC Transmitter
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Interrupt List
In the following table, all interrupts of the ISAC-S are listed together (see also Detailed Register Description).

Tabie 8. Meaning of ISAC-S interrupts (Layer 1 and Layer 2)

Interrupt Meaning Reaction (ISDN)
Layer 2 RPF ISTA Receive Request for reading Read the octets and
receive Pool Full received octets of a acknowledge with RMC
RME ISTA Receive LAPD frame from RFIFO. command.
Message End
RFO EXIR Receive A frame has been lost. Error report for statistical
Frame The microcontroller purposes only.
Overflow has failed the minimum
reaction time.
PCE EXIR Protocol S- or I-frame with in- Error report Data link
Error correct N(R) or S-frame release indication to
with I-field received, Layer 3.
(in auto mode only).
TIN ISTA Timer External timer expired Error report Data link
interrupt or, in auto mode, release indication to Layer 3
internal timer (T200) (no acknowledgment from
and repeat counter peer entity).
(N200) both expired.
Layer 2 XPR ISTA Transmit Acknowledgment that Write further octets to the
transmit Pool Ready further octets of an LAPD XFIFO and subsequently
frame can be written to request (further) transmission
the XFIFO. with X_F or X_FC.
RSC ISTA Receive A status change from Read STAR register, check
Status peer has been received, RRNR-bit and report it.
Change RR/RNR frame.
XMR EXIR Transmit Frame must be repeated Transmission of this frame
Message due to a transmission must be repeated. No
Repeat error and/or a received indication to Layer 3.
negative acknowledgment.
XDU EXIR Transmit Frame has been aborted
Data because the XFIFO holds
Underrun no further data (messages
greater than 32 octets).
Layer 1 Cic ISTA C/I Code A change of indication Read CIRR register and
Change from layer-1 has been report reason to
detected. management entity.
MOR EXIR — Not used in the ISAC-S.
Synchronous SIN ISTA Synchronous Synchronization of micro- Access to B-channel registers
transfer Transfer processor and data transfer BCX1/2, BCR1/2, or SFCR.
Interrupt via serial interfaces. Has to be confirmed by setting
the appropriate ST0/(1)-bit
in STCR within a time limit.
Sov EXIR Synchronous The SIN interrupt was Abnormal error condition.
Transfer not confirmed on time by Revise access software.
Overflow setting the appropriate
STO/(1)-bit in STCR.
Terminal- SAW EXIR Subscriber Indicates a falling edge Switch into “Power Up”
specific Awake on SAW line (terminal- state and start data link
functions specific functions are selected. establish procedure.
wov EXIR Watchdog Watchdog timer has been Worst error condition.
Timer expired (terminal-specific Restart system software.
Overflow functions are selected).
EXI ISTA Extended An interrupt indicated in Read EXIR and determine
Interrupt EXIR has occurred. interrupt source.

Am2085
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FUNCTIONAL DESCRIPTION

The Am2085 performs the Layer 1 functions of the ISDN
basic access as well as B-channel switching and wide-
spread functional support for Layer 2.

General Functions and Device
Architecture

The detailed block diagram of the ISAC-S is shown in
Figure 6.

B D-channel access

Furthermore the following diagnostic tests are
implemented:

B Testloop 2 (NT/LT-S)and 3 (TE/LT-T) close to the
S-bus

B Send single AMI pulses at 2 kHz and send

The left side of the diagram contains the Layer 1 func- continuous AMI pulses at 96 kHz
tions, according to CCITT | series recommendations: The right side consists of Layer 2 functions to support

B S.bus transmitter and receiver LAPD and provides B-channel switching capabilities.

In a special operating mode, the auto mode, the ISAC-S
processes information transfer and procedure hand-
shakes (I- and S-frames) of the LAPD protocol
autonomously.

B Timing recovery and synchronization by means of
digital PLL circuitry

B Activation/Deactivation
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Figure 6. ISAC-S Device Architecture
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Two serial interfaces to B-channel sources/destinations
are realized:

B The standard SLD interface which is a bidirectional
(ping-pong) 256-kb/s interface primarily optimized
for telecommunication applications

¥ The full-duplex 128-kb/s interface, SSI, which can
serve as a general interface in TEs to transfer the
two B-channels

Control and monitor functions as well as data transfers
(D-channel messages, transparent B-channel data) by
the user's CPU is performed through a standard 8-bit
microprocessor interface. A highly sophisticated 2 x 64
byte FIFO structure for both directions enables aflexible
D-channel message information exchange between the
LAPD (HDLC) controller and a microcontroller system.

The timing unit is responsible for the system clock and
frame synchronization. Pin-strapping determines its
operating mode.

Operating Modes
The Am2085 is configurable for the following applica-
tions:
B |SDN terminals (TE)
—> TE (mode)

B |SDN subscriber line termination (LT-S)
—> LT-S/(NT) mode

B |SDN trunk line termination (PABX connection to
central office)
—> LT-T mode

Configuration is performed by pin-strapping (pins Mz,
Mo), yielding different meanings to the multifunctional
pins (Xo, X1, X2) as well as the clock and framing signal
pins (DCL, FSC1, FSC2, CP).

Table 9. Operating Modes and Functions of Mode-Specific Pins of Am2085 ISAC-S

Appli-

cation M2 MO DCL FSC1/2 CcP X2 X1 X0

TE 0 0 O: 512kHz*  O: 8kHz* O: 1536 kHz* O: ECHO O: 3840 kHz I: CON
LT-T o 1 I 512kHz I 8kHz O: 512 kHz* I fixed at 0 I: fixed at 0 I.: CON
LT-St 1 0 I:  512kHz I: 8kHz I: fixed I: fixedat0  O: 7680kHz at 0 I: fixed at 0
NT 11 I 512kHz . 8kHz I SCz I 88z I: fixed at 0 _
*synchronized to S I= Input O =Output

Notes: ECHO Reproduces the E-bits received from the S interface synchronously to IOM frame “D"-bits
(bit positions 24 and 25 of IOM frame). All other bit positions are binary 1.

CON  Connected to S-bus
Scz Send continuous binary zeros (96 kHz)
SSZ  Send single binary zeros (2 kHz)

Am2085
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The different operating modes in relation to the timing recovery are illustrated in Figure 7.
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Figure 7. Operating Modes of ISAC-S
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Interfaces

The ISAC-S serves three different user-oriented inter-
face types: .

B parallel processor interface to higher layer functions

B SS|and SLD as interfaces for B-channel sources/
destinations

B |OM interface; to the Layer 1 functions of the ISDN
basic access (TIC bus)

Microprocessor Interface

The microprocessor interface consists of bus trans-
ceiver, address register, and bus control logic. Via this
interface, the ISAC-S can be connected to the multi-
plexed address/data bus of a microcontroller system.
The following functions can be performed by writing and
reading special registers in the ISAC-S (see Detailed
Register Description section):

B Transfer of data packets in the D-channel

B Control of Layer 2 functions for the ISDN basic
access

¥ Switching of B-channels

B Access to the B-channels

B Control of Layer 1 functions for the ISDN basic
access

B Support of diagnostic functions

Inthe case of special events in the ISAC-S, the proces-
sor is notified by interrupt. The interrupt source can be
determined and acknowledged by means of the ISAC-S
registers ISTA, EXIR, and MASK (see Detailed Register
Description).

Serial Synchronous Interface (SSI)

The serial port SSI serves as a full-duplex connection to
B-channel sources/destinations in terminal equipment
with a data rate of 128 kb/s. SSI consists of one data line
for each direction (SDAX and SDAR), the 8-kHz frame
synchronization signal (FSC1 and/or FSC2), and the
128-kHz clock signal (SCA/FSD). This serial interface
allows the possible connection of serial synchronous
transceiverdevices (USART Am82520 HSCC) and vari-
ous CODEC filters directly to the ISAC-S, as illustrated
in Figure 8.

SSI
B-channel source/destination . ISDN subscriber access .
A ' A .
128 1 kb/s o h
7 %"1SDAR ISAC-S E
Serial Synchron 128 .+ kb/ -
Transgeiver < — SDAX timing mode 0 :l '
Device ! TE mod !
Codeo fiter,...  |——128+KHZ SCA/(FSD) mece
8 ' kHz '
< . FSC1/FSC2 :I E
! '
]
S
SDAR, X | B2 | B

*default polarity (ADFR registser)

FSC1/FSC2 —l__‘————r—

11136-008B

Figure 8. Connection of B-channel Sources/Destinations
to the ISAC-S via SSI
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Programming the FSC1/FSC2-bit in the ADFR register The SLD interface can be used in:
makes it possible to independently program the strobe B Terminal conti . _ de 0"
signals FSC1/FSC2 so that either B1 or B2 is selected erminal configurations (timing mode “0") as a

for further processing by the terminal device. The full-duplex time-multiplexed (ping-pong) connec-

microcontroller system has access to B-channel data tion to B-channel sources/destinations.

viathe ISAC-S registers BCR1/BCR2 and BCX1/BCX2. B Digital exchange configurations (timing mode “1”)

The microprocessor access must be synchronized to as a full-duplex time-multiplexed connection of

the serial transmission process by means of the B-channel sources/destinations, in this case the

Synchronous Transfer Interrupt (STCR; see Detailed ISAC-S itself, to a peripheral board controller. In a

Register Description). typical line-card application the PBC performs
time slot assignment of the B-channels to PCM

SLD Interface highways, building a system interface to a

The standard SLD interface is a three-wire interface with switching network and a central processor as

a 512-kHz clock (DCL), an 8-kHz frame direction signal shown in Figure 10.

(exchange: FSC1 only, terminal: FSC1 and FSC2), and
a serial ping-pong data lead (SIP) with an effective full-
duplex data rate of 256 kb/s.

SLD

B-channel source/destination ' ISDN subscriber access '
A ' A ‘
e RYNE !

L}
P si2kos fon '
SLDcompatible | 512 ' kHz ISAC-S :
voice/data = v DCL timing mode 0 :

module 8 | kHz TE mode

¢ T FSC1/FSC2 I :
: L]

L
' L}
N L
L}
S

SLDin SLDout
S & timing mode 0

SIP IB1 Iez IFCISlG B1 IB2 IFClSIGl

FSC1/FSC2 —]—_—I'——J-—

i 11136-009B

Figure 9. Connection of B-channel Sources/Destinations
to the ISAC-S via SLD
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Figure 10. Connection of the ISAC-S as B-channel Source/Destination
to a Peripheral Board Controlier (PBC)

The microcontroller system has access to B-channel
data, the Feature Control Byte (FC) and the Signaling
Information (SIG) via the ISAC-S registers:

B BCR1/2 and BCX1/2 <—B1/B2
M SFCR ~ <—FC
B SSGRand SSGX  <—SIG

The microprocessor access to BCR1/2, BCX1/2 and
SFCR must be synchronized to the serial transmission
process by means of the Synchronous Transfer Inter-
rupt (STCR) and the BVS-bit (STAR).

ISDN Oriented Modular (IOM) Interface

Although the ISAC-S combines the Layer 1 functions of
an Am2080 S-bus transceiver (SBC) with the HDLC
functions onone chip, the IOM interface is externally still
available for Telecom IC (TIC) bus applications. The TIC
bus allows the possible connection of up to seven addi-
tional IOM-compatible Communications Controllers via
the Layer 1 functions of the ISAC-S to CCITT's S inter-
face as shown in Figure 11.
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Figure 11. Typical TIC Bus Application

The IOMinterface consists of one data line per direction
(SDBR and SDBX). Three additional signals define the
data clock (DCL) and the frame synchronization
(FSC1/FSC2) at this interface. These signals are inter-
nally derived from the S interface and are delivered by
the ISAC-S in timing mode 0 (terminal).

Intiming mode 1 (exchange), the clock and a synchroni-
zation signal are provided by the system. In this case,
the IOM interface is synchronization by a synchroniza-
tion signal SCA/FSD, delayed in time with respect to the
frame synchronization signal supplied by the system.
This reduces the round-trip delay time (see Figure 12).
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The IOM interface has two different clocking states:

B |dle state <— FSC1/FSC2 and DCL are disabled
and both data lines are logical High
(power down)

B Clocked state <— FSC1/FSC2 and DCL are
enabled (stand by)

Unlike digital exchange configurations in which the IOM
interface always remains in the synchronized state, in
terminal equipment both clock states can be selected.

The transition from idle state to clocked state will be
automatically initiated by an incoming call from network
side. An activation of the IOM interface from the sub-
scriber end has to be programmed in this case by setting
and resetting the SPU-bit in the SPCR register, before
the IOM interface can be used (that is, for the activation/
deactivation procedure at the S interface, see Opera-
tional Description section).
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The IOM Channel Structure

The channel frame structure of the IOM interface and the related channel capacity are defined in Figure 13 as

follows:
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8 8 8 2 4 1., 1 IOM
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Figure 13. IOM Channel Capacity

Inthe ISAC-S, the monitor channel supports the TIC bus
access mechanism as well as the indication of the S-bus
status (D-channel access). The ISAC-S indicates by
means of monitor bit 3 (BAC) whether or not it occupies
the TIC bus (B-channel).

The control of the Layer 1 functions, especially the acti-
vation/deactivation procedure at the S interface, will be
done by the exchange of special 4-bit C/I-codes in the
C/l channel.

The T-channel, which is fully transparent, and the
E-channel are reserved for future use.
TIC Bus

The TIC bus is operated in point-multipoint configura-
tion. It uses a wired-OR connection of the data outputs
to enable the TIC bus access mechanism. Therefore the
ISAC-S contains an internal pull-up resistor at the SDI
pin.

The TIC bus is controlled by a collision resolution
mechanism in the monitor channel similar to the
D-channel access on the S-bus.

Individual Functions

Distinctive functions for the ISDN basic access realized
in the ISAC-S are:

B B-channel switching

B [ayer 1 functions

B | ayer 2 functions

B Terminal-specific functions
B Test functions

B-Channel Switching

The ISAC-S contains two serial synchronous interfaces
which can serve as interfaces to B-channel sources/
destinations.

B SS| —> 128 kb/s data rate, B1 and B2
—> one data line per direction

B SLD—> 256 kb/s data rate, B1 and B2 (and also
FC and SIG)
—> one data line for both directions
(ping-pong)

Both channels B1 and B2 can be switched independ-
ently of one anotherto the IOM interface and to the four-
wire Sinterface. Furthermore, it is possible to programa
loop for B-channel data received from the IOM or SLD
interface. The microcontroller can select the B-channel
routes in the SPCR register and has access to the B-
channels by writing or reading the BCR/BCR2 and
BCX1/BCX2 registers (Figure 14). Synchronization to
the 8-kHz frame is done by means of a Synchronous
Transfer programmed in the STCR register (SIN Inter-
rupt indicated in the ISTA register and SOV interrupt in
EXIR).
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In Figure 15 all possible selections of the B-channel routes and access to B-channel data via the micoprocessor inter-
face are illustrated.
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Figure 15. B-channel Routes and Access to B-channel Data
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Layer 1 Functions for the ISDN Basic Access

The S-bus interface circuit in the ISAC-S performs the

Layer 1 functions for the S/T interface of the ISDN basic

access according to CCITT 1.430. The distinctive func-

tions are listed below:
B S-pus transceiver according to CCITT 1.430

B Recovery of clock and frame in all applications

B Frame alignment for trunk line termination

Implementation of activation/deactivation

procedures

Switching of test loops

Level detection in power-down state

The wiring configurations in user premises, in which the
ISAC-S can be used, are illustrated in Figure 16.
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“S” Interface

According to CCITT recommendation 1.430, a modified
AMI code with 100% pulse width is used on the S inter-
face. A logical 1 corresponds to a neutral level (no cur-
rent), whereas logical Os are coded as alternating posi-
tive and negative pulses. An example of a modified AMI
code is shown in Figure 17.

One S-frame consists of 48 bits at a nominal bit rate of
192 kb/s. Thus each frame carries two octets of B1, two
octets of B2, and four D-bits, according to the B1+B2+D
structure defined for the ISDN basic access (total useful
data rate: 144 kb/s). Frame beginning is marked using a
code violation. The frame structures (from network to
subscriber and subscriber to network) are shown in
Figure 18.

0

1

o 0o t+1 0 0 0 1 1

Binary values +V------ "—-J'_LL]_-I__—L—I‘—[_’_

Line signal

Yo esemesmes

11136-0178

Figure 17. Modified AMI Code
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ISDN APPLICATIONS
System Integration

The basic architecture for the ISDN basic access ac-
cording to CCITT | series recommendations consists of

®  an exchange and trunk line termination in the
central office (ET, LT)

B aremote network termination in the user area (NT)
B a3 two-wire loop (U interface) between NT and LT

B a four-wire link (S interface) which connects
subscriber terminals, PABX system and the NT in
the user area as depicted in Figure 18.

The NT equipment simply serves as a link between the
U interface on the exchange and the S interface on the

user side. The NT itself may consist of either an NT1
only oran NT1 together withanNT2 connected viathe T
interface which is physically identical to the S interface.
The NT1 is a direct transformation between Layer 1 of S
and Layer 1 of U. NT2 also includes the complex func-
tions like multiplex and exchange functions in higher
layer OSI functions.

The ISAC-S is specifically designed for the user area of
the ISDN basic access, especially Terminal and PABX
exchange equipment. Figure 19 illustrates the general
subscriber access architecture in the user area of the
ISDN basic access including Terminal and PABX
equipment.

ISDN ISDN
User Area Central Office
S U
TE ' '
] )
. 1 1
. ' NT !
: L L
: : ~{NT1 }~- . LT ET
. 1 L
: o |[NT2 T '
L] 1 1]
. L
TE ' '

11136-018B

Figure 18. ISDN Architecture for the Basic Access
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Figure 19. ISAC-S Applications in the User Area (ISDN Basic Access)

The concept of the ISDN basic access is based on two
circuit-switched 64 kb/s B-channels and a message-
oriented 16 kb/s D-channel for packetized data, signal-
ing, and telemetry information.

The two serial interfaces of the ISAC-S, SLD, and SSI
can be used as interfaces for B-channel sources/desti-
nations, and the IOM interface in TIC-bus configuration
provides the possibility of connecting further D-channel
link entities to the S-bus.

Via the microprocessor interface, the microcomputer
system can select the B-channel switching, can
transmit/receive data packets inthe D-channel, and has
control over various functions (Layer 2, Layer 1,
diagnostic, . . .).

To get a general idea, the following figures illustrate the
ISAC-S integration into typical ISDN applications.
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Microprocessor Environment

The ISAC-S is especially suitable for cost-sensitive
applications with single-chip microcontrollers (that is,
Am8031, Am8051). Due to its bus structure (8-bit multi-
plexed address/data bus) and non-critical bus timing,
it also fits perfectly into aimost every 8-bit microproces-
sor system environment (that is, 8085, 8088, 80188).

With minimum hardware or software expense, it is also
possible to use the ISAC-S with 16-bit microprocessors
(that is, 8086, 80186). Figure 23 gives an example of the
integration of ISAC-S in an 80C51 or 80188 system.

SLD_ _Ssi_ oM _
+5V
. - | | TR s
—L INT
INT (NTX) |« = T So
RD e »{RD .
WR !
— >R SX1
WA ALE R H|E
Am80CS 1, »la Sx2 )
(Am80188) ALE E '
ISAC-S SY1 :l I:
(FSCX) [----------===-==-[-==----- —» Am2085 sy2 ;
L
Ass AAL T T[Tt —»ics '
As
AD \|AD
M - 7
AD, [\ ARAD: )
AD,
<L v
I Latch ]

Common Bus Ays—Ao, D~Ds

3

b

Memory

11136-023B

Figure 23. Example of Integration of ISAC-S in an Am80C51 or Am80188 System
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Analog Functions

The full-bauded AMI pulse shaping is achieved with the
integrated transmitter which is realized as a voltage
limited current source. A current of 7.5 mA is delivered
over SX1-SX2, which yields a voltage of 1.5 V over
200 ohms.

The receiver is designed as a threshold detector with
adaptively switched threshold levels. Pin SR1 delivers
2.5 V as an output, which is the virtual ground of the
input signal on pin SR2.

An external transformer of ratio 2:1 is needed in both re-
ceive and transmit directions to provide for isolation and
to transform voltage levels according to CCITT recom-
mendations. ‘

Level Detection Power Down (TE mode)

In power-down state, only an analog level detector is
active. All clocks, including the IOM interface, are
stopped. The data lines are High, whereas the clocks
are Low.

An activation initiated from the exchange side (Info 2 on
S-bus detected) will have the consequence that a clock
signal is provided automatically. From the terminal side,
an activation must be started by setting and resettingthe
SPU-bit in the SPCR register (see Detailed Register
Description section).

Timing Recovery

A DPLL circuitry working with a frequency of 7.68 MHz
1100 ppm serves to generate the 192-kHz line clock
fromthe reference clock delivered by the network and to
extract the 192-kHz line clock from the receive data
stream.

The 7.68-MHz clock may be generated with the help of
an external crystal between pins XTAL1 and XTAL2. It
may also be provided by an external oscillator.

The buffer memory serves to adapt the different bit rates
of the S and the IOM interface. In addition, in trunk line
applications it absorbs the possible deviation between
two system clocks, according to CCITT Q.503.

Activation/Deactivation

An incorporated finite state machine controls ISDN
Layer 1 activation/deactivation according to CCITT.

D-Channel Access

The D-channel access procedure according to CCITT
1.430, including priority management, is fully imple-
mented inthe ISAC-S. Whenused in LT-S (NT) mode in
a multipoint configuration, the device generates the
echo bits necessary for D-channel collision detection.

Q-Channel Support

Interminal applications (TE), the Q-channel as specified
by 1.430 is supported. In case the ISAC-S inthe terminal
has received a binary one in Fa-bit position, it will reflect
this binary one in the next S frame (also Fa-bit position)
from TE to NT. This allows another terminal to use the
extra transmission capacity.

Control of Layer 1

The control of the Layer 1 functions, especially the acti-
vation/deactivation procedure at the S interface, will be
done by the exchange of special 4-bit Command/indica-
tion codes in the C/I channel (see Operational Descrip-
tion section).

Layer 2 Functions for the ISDN Basic Access

LAPD, Layer 2 of the D-channel protocol (CCITT 1.441)
includes functions for :

B Provision of one or more data link connections on a
D-channel (multiple LAP). Discrimination between
the data link connections is performed by means of
a data link connection identifier (DLCI = SAPI +
TEI).

B HDLC-framing

B Application of a balanced class of procedure in
point-multipoint configuration.

The simplified block diagram in Figure 25 shows the
functional blocks of the ISAC-S which support the LAPD
protocol.

Am2085
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Figure 25. D-Channel Processing of the ISAC-S

For the support of LAPD, the ISAC-S contains an HDLC
transceiver which is responsible for flag generation/rec-
ognition, bit stuffing, CRC-check and address recogni-
tion. In the auto mode, the LAPD controller handles the
control field utilization and parts of LAPD procedures
(information transfer in multiple frame operation with
window size of 1).

A FIFO structure with two 64-byte pools for transmit and
receive directions and an intelligent FIFO controller
permits flexible transfer of protocol data units to and
from the microcontroller system. Programming of the
several modes and control of message transfer is done

via status, command, and mode registers (see Opera-
tional Description and Detailed Register Description
sections).

For the address recognition, the ISAC-S contains the
registers SAP1, SAP2 for an individual SAPI address
(fixed value for Group SAPI) and TEI1, TEI2 for an indi-
vidual TEIl address. The C/R-bit interpretation can be
programmed according to network or user side in the
SAP1 register (CRI-bit). The control field format for the
optional modulo 128 operation can be selected in the
SAP2 register (MCS-bit).
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Message Transfer Modes

The ISAC-S supports Layer 2 of the D-channel protocol
(LAPD) with different capabilities depending on the se-
lected message transfer mode.

¥ Auto mode

The ISAC-S processes all S- and I-frames of a
logical link fully autonomously, according to CCITT
1.441.

During the “communication procedure,” dialogue
between the ISAC-S and processor is not
necessary. The ISAC-S reports the status of the
procedure to the processor. The Layer 2 software
remaining in the microcontroller system is used for
initialization and error recovery. As a prerequisite
for this mode, window size 1 must be used between
transmitted and acknowledged frames.

B Non-auto mode

In this mode the control field and the information
field of an HDLC frame is forwarded directly to the
processor. The Layer 2 address recognition is still
performed.

B Transparent modes

The address field is either partly checked by the
ISAC-S (SAPI) or completely forwarded to the
processor. The Layer 2 headers are either stored in
special purpose registers (transparent mode) or,
together with the information field, in the FiFO buffer
(extended transparent mode).

The three major types of message transfer mode and
the corresponding Layer 2 functions in the ISAC-S are
illustrated in Figure 26 in relation to the ISO’s OSl refer-
ence model.

LAPD Frame N
Flag | Address| Control [Informa ~/~tion | FCS
~ N
. Layer 2 functions
processing of the ISAC-S
flag
generation/
recognition
bit stuffing
transparent
modes
CRC-check non-
auto
mode
dart
address
Layer 2 recognition
................................... ‘K
full Z
address auto
recognition mode
control
field
utilization
control \ 4
procedures -
Layer 3 L

1 1 [
1 ' [
1 1 ] 1]
] ¥ [}
functions realized
in the uC system

Figure 26. D-channel Protocol Support of the ISAC-S 11136-0268
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Reception of Frames

Depending on the selected message transfer mode, the
protocol data (address, control and information field) of
areceived frame will be storedinthe RFIFO aswell asin
additional registers (RHCR, TEI1). The processor will
be informed by an appropriate interrupt and must react
within a corresponding reaction time.

The RFIFO and the FIFO-controller have been 'so de-
signed that the maximum microprocessor reaction time
is 16 ms for messages of more than 32 octets. The pro-
cessor will be informed about the receiver operation
(status) chiefly by means of the two interrupts:

B RPF (Receive Pool Full)

B RME (Receive Message End) —> ISTA
(see Detailed Register Description)

When one of the two receive pools is filled up com-
pletely, the ISAC-S generates an RPF interrupt.

If the processor wants to save the frame, it should, as a
consequence, react by reading the 32 bytes out of the
RFIFO within the maximum reaction time.

During a handshake procedure between ISAC-S and
microcontroller system, the processor has to acknowl-
edge the reading by means of the RMC (Receive Mes-
sage Complete) command.

When the end of a frame is detected, an RME interrupt
will be generated, indicating that the remainder of the
current frame is now available in one of the two receive
pools. The reception of the last part of a frame must also

be completed with an RMC command (see Operational
Description).

With respect to the RME interrupt, the ISAC-S provides
additional information about the received frame in its in-
ternal registers, according to Table 10.

Transmission of Frames

The processor initiates the transmission of a message
with one of the two commands:

B XTF (Transmit Transparent Frame)

B XIF (Transmit I-frame, in auto mode only)
—> CMDR

after it has written up to 32 bytes in one of the two
32-byte pools of the XFIFO.

When one pool is empty an XPR interrupt alerts the
processor. The processor can then write further data to
the XFIFO and enable the continuation of frame trans-
mission according to a handshake procedure with the
appropriate transmit command XIF of XTF (see also In-
terrupt List).

The microcontroller must indicate the message end with
an XME command (together with the appropriate trans-
mit command XIF or XTF) for the following cases:

B The message length is shorter than or equal to 32
bytes and all data is entered into the XFIFO or

B The last part of a longer message is written into the
XFIFO

Table 10. Received Frame Information Saved in the Internal Registers

Information Register Bit Mode
SAPI of LAPD address field TEN Extended transparent mode 0
TEI of LAPD address field TEN Extended transparent mode 1

Transparent mode

RHCR Extended transparent mode 0

LAPD control field RHCR Auto mode

Non-auto mode

Transparent mode

Extended transparent mode 1
Type of frame (Command/Response) RSTA C/R —
Result of CRC-check (positive/negative) RSTA CRC -
Data available in RFIFO (yes/no) RSTA RDA —
Abort condition detected (yes/no) RSTA RAB —
Data overflow during reception of a frame (yes/no)  RSTA RDO —
Recognition of Data Link Connection RSTA SA0 Auto mode
Identifier (DLCI = SAP! + TEI) SA1 Non-auto mode

TA

Number of bytes received in RFIFO RFBC 5-0 —
Message length (< 223 ) RFBC 7-0 —
1-170 Am2085



An XPR interrupt will also be generated subsequent to:

B The complete transmission of a transparent frame
after the XTF and XME command or

B The reception of a positive acknowledge after the
XIF and XME command or

B When no frame transmission is in progress and the
microprocessor gives the XRES command

The message will be aborted automatically:

B When there is no more data in the XFIFO ready to
be transmitted or

B When the processor gives an XRES command

The ISAC-S then transmits an abort sequence and gen-
erates an XDU interrupt.

Collisions that occur on the S-bus (D-channel) up to the
32nd data byte of a frame are treated without micropro-
cessor interaction. The ISAC-S will retransmit the frame
automatically. If the collision is detected later than the
32nd data byte of a frame, the ISAC-S aborts the frame
and requests the processor to repeat the frame with an
XMR (Transmit Message Repeat) interrupt.

In every mode, the start flag will be inserted automati-
cally, as are likewise the end flag and the frame check
sequence (CRC-16 according to LAPD) which are
appended after an XME command.

When auto-mode I|-frames are transmitted, the LAPD
controller of the ISAC-S generates in addition to the de-
limiting flags and the FCS field, the address and control
field autonomously. In this mode the XFIFO contains
only the data for the information field.

The status of the XFIFO can also be read fromthe STAR
register (XFW-bit: XFIFO write enable). This allows fora
polling procedure instead of or in addition to the XPR
interrupt and can be useful when there is no need to
transmit a high quantity of messages (referred to the
D-channel capacity).

Layer 2 Functions in the Auto Mode

In addition to address recognition, all S- and I-frames
are processed independently by the ISAC-S in the auto
mode with window size 1. The control field format may
be either for basic (modulo 8) or extended (modulo 128)
operation. The following functions are performed:

B Update of transmit and receive counter

B Fyajuation of transmit and receive counter

Processing of S commands

Flow control with RR/RNR

]

-

B Response generation

B Recognition of protocol errors
]

Transmitting of S commands, if an acknowledg—
ment is not received

B Continuous status query of remote station after
RNR has been received

®  Programmable timer/repeaier functions
Terminal-Specific Functions

In addition to the ISAC-S standard functions supporting
the ISDN basic access, the ISAC-S contains optional
functions, useful in various terminal configurations:

B Subscriber Awake (using SIP/SAW line)
B watchdog Timer

The terminal-specific functions, STCR, SPCR, and
CiXR registers (see Detailed Register Description),
make it possible to generate a Reset signal as well as
the appropriate interrupt in the following cases:

B power Down

—Subscriber Awake—initiated by a falling edge
on the SAW line (SAW interrupt)

—Exchange Awake—initiated by a message from
Layer 1 (CIC interrupt)

B power Up

—Watchdog Timer—after expiration of the internal
watchdog timer (WOV interrupt)

The reset pulse generated by the ISAC-S has a pulse
width of 5 ms and is an active High signal. During one
time period of 128 ms, the WTC1- and WTC2-bit of the
ADFR register must be set consecutively in the following
nianner:

Steps WTCH WTC2
1 1
2 0 1

As a result, the watchdog timer is reset and restarted.

Am2085

1-171



Test Functions

The ISAC-S provides several test and diagnostic func-
tions which can be grouped as follows:

Closing loops in the transmission path; that is;

—loop internally inside the B-channel switching
circuit (B-channel IOM loop) see B-Channel
Switching)

—loop internally at the IOM interface, with
reduced timer resolution (IOM interface loop),
SPCR: TLP-bit, (see Detailed Register
Description)

—loop at the analog end of the S interface (see
Interrupt List)

B Using the IOM interface as an HDLC port without

IOM frame structure (D-channel splitting) and no
Layer 1, MODE and ADFR: TEM-bit, (see Detailed
Register Description)

Sending of special test signals on the S-bus,
according to the modified AMI code; that is;
—single zeros (SSZ, 2 kHz repetition rate)

—continuous zeros (SCZ, 96 kHz repetition rate)
(see Layer 1 Functions for the ISDN Basic
Access; also see Processing)
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DETAILED REGISTER DESCRIPTION

The parameterization of the ISAC-S as well as transfer
of data and control information between the micropro-
cessor and ISAC-S is performed with the R- and XFIFO
and two register sets (Figure 27). The two FIFOs are
accessed with the addresses 00—1FH which are of
equal value and are referenced to the respective actual
byte in the FIFO.

The special purpose registers of the address range
20-2FH pertain to the HDLC transceiver and LAPD
controller as well as to higher-ranking functions in the
ISAC-S.

The serial interfaces are controlled and monitored with
the register record 30-3FH.

Register Read Write
Address
[1] Name Description Name Description | _______ |
00 '
- RFIFO | Receive FIFO Transmit FIFO FIFO
1F Buffer :
20 ISTA Interrupt Status Register MASK | Mask Register | '
21 STAR | Status Register CMDR| Command Register ,
22 MODE MODE Register .
1
23 TIMR Timer Register HDLC-
24 EXIR Extended Interrupts XAD1/| Transmit Address 1 Transceiver |
25 RFBC Receive Frame Byte Counter XAD2| Transmit Address 2 c&ﬁ%’ﬁér '
26 [2] SAP1| SAPI Address 1 -
27 RSTA Receive Status Register SAP2| SAPI Address 2 X
28 TEN TEI Address 1 [3] :
1
29 RHCR Receive HDLC Control TEI2 TElAddress1 | _______ N
2A
e [4]
2F
30 SPCR Serial Port Control ;
31 CIRR Command/Indicate Receivel CIXR ] Command/Indicate Transmit !
32 MDNR Monitor Register !
33 SSGR SLD Signaling Receive | s5GX] SLD Signaling Transmit Serial
34 SFCR SLD Feature Control Interface !
35 BCX1 B1-Channel Transmit .
36 BCX2 B2-Channel Transmit .
37 BCR1 B1-Channel Receive STCR | Synchr. Transfer Control \
38 BCR2 B2-Channel Receive ADFR | Additional Features .
39
3F
Notes: 1) Hexadecimal representation of ADO_7
2) Inverted contents of SAP1 when reading
3) Inverted contents of TEI1 when reading auto
4) Invalid address range (data value “00” when reading)
11136-0278B

Figure 27. Register Address Arrangement
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For quick reference, the page numbers for all registers are listed below:

Internal Events and Conditions

ISTA M
MASK 42
EXIR 43
STAR 44

LAPD/(HDLC) Operation Control

CMDR 45
MODE 46
TIMR 47
RFBC 48
RSTA 49

LAPD/(HDLC) Address Variables

XAD1 50
XAD2 51
SAP1 51
SAP2 52
TEH 52
TEI2 53

LAPD/(HDLC) Control Data
RHCR 53

LAPD/(HDLC) Information Data

RFIFO 54
XFIFO 54

Serial Interface Control

SPCR 55
STCR 56
CIXR 57
CIRR 58
MONR 58
BCX1 59
BCX2 59
BCR1 60
BCR2 60
SSGX 60
SSGR 61
SFCR 61

Special Functions
ADFR 62
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Internal Events and Conditions

ISTA—Interrupt Status Register—(Read)

Value after Reset: 00H
Address: 20H

Format: RME| RPF | RSC | XPR TIN | CIC |SIN | EXI

Bit Name  Description

RME Receive Message End
The receive message is now complete.
Either one complete message, shorter than 32 bytes, or the remaining part of a longer message has been received.
The contents are now available in the RFIFO. The actual message length and additional information may be
obtained from the RFBC and the RSTA register.

RPF Receive Pool Full
A 32 byte block of a message, greater than 32 bytes has been received and is now available in the RFIFO. The
message is not yet complete.

RSC Receive Status Change (used in auto mode only)
A status change inthe receiver of the remote station (receiver ready/receiver not ready) has been detected, due to a
received “RR"/“RNR” S-Frame (according to HDLC and LAPD). The current status can be read from the STAR
register (RRNR-bit).

XPR Transmit Pool Ready
A data block of up to 32 bytes can be written to the XFIFO. An XPR interrupt will be generated in the following cases:
after an XTF or XIF command, when one transmit pool is emptied and the frame is not yet complete after an XTF
together with an XME command, when the whole transparent frame has been transmitted after an XIF together with
an XME command, when the whole I-frame has been transmitted and a positive acknowledge from the remote
station has been received.

TIN Timer Interrupt
The internal timer and repeat counter has expired (see also TIMR register).

CIC C/l Code Change
A change in C/l code has been recognized.
The same C/I code, which differs from the prior subsequent received C/l code, has been received at least twice.
The actual C/l code can be read from the CIRR register.

SIN Synchronous Transfer Register
The beginning or the center of an IOM-frame has been indicated, as programmed in the STCR register.

EXI Extended Interrupt

This interrupt signifies that one of eight non-critical interrupts, indicated in the extended interrupt register EXIR, has
been generated. The exact cause must be read from EXIR.

Note: Reading of the EXIR register by the processor clears the EXI-bit, and reading of the ISTA register clears all other bits
of ISTA.
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MASK—Mask Register—(Write)

Value after Reset: 00H (all interrupts enabled)
Address: 20H .

7 0
Format: RME| RPF| RSC| XPR| TIN | CIC | SIN EXI
Bit Name  Description
RME Each bit of the MASK register relates to the corresponding bits of the ISTA register.
Each interrupt can be selectively masked by setting the respective bit in MASK.
EXI Masked interrupts are not indicated when reading ISTA. Instead, they remain internally stored and will be indicated

after the respective MASK is reset.

Note: In the event of an extended interrupt, no interrupt request (INT=Low) will be generated with a masked EXI-bit,
although this bit is set in ISTA.
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EXIR—Extended Interrupt Register—(Read)

Value after Reset: 00H
Address: 24H

Format: XMR [ XDU | PCE | RFO |SOV | MOR| SAW WOV

Bit Name  Description

XMR Transmit Message Repeat
The transmission of the last message has to be repeated because:
the ISAC-S has received a negative acknowledgment in auto mode (according to HDLC/LAPD) a collision on the
S-bus has been detected after the 32nd data byte

XDU Transmit Data Underrun
The actual transmission of a frame has been aborted with “IDLE” because the XFIFO holds no further data.
This interrupt occurs whenever the processor has failed to respond to an XPR interrupt (ISTA register) quickly
enough, after having initiated a frame transmission, and the message to be transmitted is not yet complete.

PCE Protocol Error (significant during auto mode only)
A protocol error has been detected during auto mode due to a received S- or I-frame with an incorrect sequence
number N(R), or to an S-frame containing an |-field.

RFO Receive Frame Overflow
The received data of a message could not be stored entirely, because the internal message buffer is occupied (the
whole message has been lost). This interrupt can be used for statistical purposes and indicates that the processor
does not respond quickly enough to an incoming RPF or RME interrupt (ISTA).

SOV Synchronous Transfer Overflow
The synchronous transfer programmed in STCR (ST0/ST1) was not confirmed in time (setting SC0/SC1 by the
processor).

MOR Monitor Byte Received (not used in the ISAC-S)
A valid monitor byte has been identified in an IOM frame and has been stored in the MONR register.

SAW Subscriber Awake
Indicates that a falling edge on the SAW line has been detected, in case the terminal-specific functions are adjusted
(TFS-bit in STCR).

Wov Watchdog Timer Overflow

Signals the expiration of the watchdog timer, which means that the processor has failed to set the watchdog timer
control bits WTC1 and WTC2 in the correct manner. A reset pulse has been generated by the ISAC-S.

Note: When an XMR or XDU interrupt is generated, it is not possible to send transparent frames or I-frames until the interrupt has
been acknowledged by the processor.

Am2085 1-177



STAR—Status Register—(Read)

Value after Reset: 48H
Address: 21H

Format: XDOV|XFW {XRNR| RRNR{MBR| 0 BVS | 0

Bit Name

Description

XDOV

XFW

XRNR

RRNR

MBR

BVS

Transmit Data Overflow
More than 32 bytes have been written to one pool of the XFIFO, and data have been overwritten in this pool.
Transmit FIFO Write Enable
Data can be written to the XFIFO.
The poliing of the XFW-bit can be used instead of or in addition to an XPR interrupt handling when few messages
have to be transmitted (refer to D-channel capacity).
Transmit RNR (significant during auto mode only)
During auto mode, this bit indicates whether the ISAC-S receiver status is ready or not ready (if not ready, the ISAC-S
sends an “"RNR” S-frame autonomously to the remote station.)
0 —> receiver ready
1 —> receiver not ready
Received RNR (significant in auto mode only)
During auto mode, this bit indicates the receiver status of the remote station
0 —> (remote) receiver ready
1 —> (remote) receiver not ready

(If not ready, the ISAC-S has received an “RNR” S-frame from the remote station.)

Message Buffer Ready

This bit signifies that temporary storage is available in the RFIFO to receive at least the first 16 bytes of a new
message.

B-channel Valid at SLD port

BVS indicates the beginning of an SLD frame, especially the validity of the two B-channels, and represents a 16-kHz
signal, synchronous to the SLD frame.
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LAPD/(HDLC) Operation Control

CMDR—Command Register—(Write)

Value after Reset: 00H
Address: 21H

Format: RMC|RHR | RNR [ STI |XTF | XIF | XME [XRES

Bit Name Description

RMC

RHR

RNR

STI

XTF

XIF

XME

XRES

Note:

Receive Message Complete

Reaction to RPF (Receive Pool Full) or RME (Receive Message End) interrupt.

By setting this bit, the processor confirms to the ISAC-S, that it has fetched the current frame or data block, and the
ISAC-S can release the space occupied in the RFIFO.

Reset HDLC Receiver
All data in the RFIFO and the contents of the message buffer is deleted. In auto mode, the Transmit and Receive
counters (V)[S], V[R] according to HDLC), also are reset.

Receiver Not Ready (used in auto mode only)
The status of the ISAC-S receiver is set. Determines, whether a received frame is acknowledged via an “RR” or
“RNR” supervisory frame (S-frame according to HDLC) in auto mode.

0 —> receiver ready (“RR”)
1 —> receiver not ready (“RNR”")

Start Timer
The internal timer is started in external timer mode (TMD-bit in MODE register). The timer is stopped by rewriting the
TIMR register after start.

Transmit Transparent Frame
After having written up to 32 bytes in the XFIFO, this command bit initiates the transmission of a transparent frame.
An opening flag sequence is automatically added to the data by the ISAC-S.

Transmit I-Frame (used in auto mode only)
Initiates the transmission of an I-frame in auto mode. In addition to the opening flag sequence, the address and
control field of the frame is automatically added by the ISAC-S.

Transmit Message End

Indicates that the data block written last to the XFIFO completes the current frame. The ISAC-S terminates the
transmission operation properly by appending the CRC and the closing flag sequence to the data.

Transmit Reset

The contents of the XFIFO is deleted and an “IDLE” is transmitted. This command can be used by the processor to
abort a frame currently in transmission.

After an XPR interrupt, further data have to be written in the XFIFO and the appropriate Transmit Command (XTF or XIF)
has to be written in the CMDR register again to continue transmission, when the current frame is not yet complete (see
also XPR in ISTA).

During frame transmission, the 0-bit insertion according to the HDLC bit-stuffing mechanism is done automatically.
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MODE—Mode Register—(Read/Write)

Value after Reset: 00H
Address: 22H

7 0
Format: MDS1|MDS0| ADM| TMD | RAC | HMD2|{HMD1 | HMDO
Bit Name  Description
MDS1, Mode Select
MDSO0 The message transfer mode of the HDLC controller is selected.
MDS1 MDS0 Mode
0 0 auto
0 1 non-auto
1 0 transparent
1 1 extended transparent
ADM Address Mode
Defines the length of the address field in an HDLC frame.
0 —> 1-byte address field, LAPB
1 —> 2-byte address field, LAPD
lf the extended transparent mode is selected by setting MDS1=MDS0 =1, this bit differentiates between the two
modes:
0 —> extended transparent mode 0 (no address recognition)
1 —> extended transparent mode 1 (SAP| address recognition)
TMD Timer Mode
The operating mode of the internal timer is set.
0 —> external mode
The Timer is controlled by the processor and can be started at any time by setting the STI-bit in CMDR and can
be stopped by rewriting the TIMR register (see also TIMR register).
1 —> internal mode
The timer is used internally by the ISAC-S for time-out and retry conditions in auto mode (refer to TIMR register
description).
RAC Receiver Active
Switches the receiver to operational or inoperational state.
0 —s> receiver inactive
1 —> receiver active
HMD2, HDLC Port Mode
HMD1, The operating mode of the IOM/(HDLC) interface is set.
HMDO Interface
HMD2 HMD1 HMDO Mode Monitor Channel
0 0 0 Monitor channel is not used.
In point-to-point or for primary use
(LT-S/NT mode) in point-multipoint
configurations (S-bus).
IOM
0 0 1 Monitor channel is used.
For secondary use (TE mode) in point-multipoint
configurations (D-channel access control).
0 1 0
0 1 1
1 0 0 / Reserved
1 0 1
1 1 0
1 1 1 HDLC For diagnostic or test configurations, it is possible to
program a pure HDLC frame without the complex
2-D-bit splitting of the IOM frame. The data clock and
the component clock are identical.
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TIMR—Timer Register—(Read/Write)

Value after Reset: Undefined (Previous Value)
Address: 23H

7 54 0
Format: CNT Value

Field Name Description

CNT is a 3-bit field; value is a 5-bit field.

Value Sets the time period T1 as follows:
T1 = (Value + 1) « 64 us
CNT Interpreted differently, depending on the selected timer mode (TMD-bit in the MODE register).

Internal timer mode (TMD =1)
CNT indicates the maximum number of S-commands “N1” which are transmitted autonomously by the ISAC-S after
expiration of time period T1 (retry, according to HDLC). The internal timer procedure will be started in auto mode:
after start of I-frame transmission; or,
after an “RNR” S-frame has been received
After the last retry, a timer interrupt (TIN-bit in ISTA) is generated.
The maximum time between the start of I-frame transmission or reception of an "RNR” S-frame and the generation of
a TIN interrupt would be: (CNT+1 . T1.
The timer procedure will be stopped when:
a TIN interrupt is generated; or,
the TIMR is written to; or,
a positive or negative acknowledgment has been received.

Note: The maximum value of CNT can be 6. If CNT is set to 7, the number of retries is unlimited.
External timer mode (TMD = 0)
CNT together with Value determine the time period T2 after which a TIN interrupt will be generated:
T2 = CNT «2.048 sec + T1
The timer can be started by setting the STI-bit in CMDR and will be stopped when :
a TIN interrupt is generated; or,
the TIMR register is written to

If CNT is set to 7, a TIN interrupt is periodically generated after every expiration of T1.
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RFBC—Receive Frame Byte Counter—(Read)

Value after Reset: 00H
Address: 25H

7 0
Format: RDC7|RDC6{ RDC5{ RDC4 |RDC3| RDC2| RDC1| RDCO
Bit Name Description
RDC7-0 Receive Data Count
Represents the total number of actual received data bytes of a message (limited to 223).
RCRDC4-0 Indicates always the length of the data block currently available in the 32-byte RFIFO. For message lengths

greater than 223 data bytes, the bits RDC7-5 remain to the value “111.” In this case only the bits RDC4-0
are significant.

Note: Normally this register should be read by the processor after an RME interrupt in order to determine the number of bytes to
be read from the RFIFO, and the total message length.
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RSTA—Receive Status Register—(Read)

Value after Reset: Undefined
Address: 27H

Format: RDA) RDO |CRC |RAB | SA1 | SA0O | CR | TA

Bit Name Description
RDA Data Received
Data is available in the RFIFO. (RDA = “17). After an RME interrupt, an RDA = “0” means that data is available in the
internal registers RHCR or TEH1 only (that is, S-frame).
RDO Receive Data Overflow
A data overflow has occurred with the current frame. At least one byte of the frame has been lost (that is, the last
message has to be deleted).
CRC CRC compare/check
0 —> CRC check failed (received frame contains errors)
1 —> CRC check passed (received frame contains no errors)
Receive Message Aborted
The received message was aborted from the remote station. According to HDLC, this frame must be discarded by
the processor.
SA1, SAPI Address Identification
SA0 Indicates which of the three possible SAPI addresses were recognized.
SAt1 SAQ
0 0 SAPI2 (programmable)
0 1 Group SAPI (fixed value, ISDN/LAPD management functions)
1 0 SAPI1 (programmable)
C/R Command/Response
The C/R bit identifies a frame as either a command or a response, according to LAPD.
Command Response Direction
0 1 user to network side
1 0 network to user side
TA TEI Address Identification

The comparison of the TEl address in the received frame with the two programmable addresses TEI1 and TEI2
resulted in:

1 —> TEI1 was recognized
0 —> TEI2 was recognized

Note: In transparent and extended transparent mode with ADM-bit set to 1 in the MODE register:
SAPI address recognition—the TA-bit is irrelevant.
In extended transparent mode with ADM-bit set to 0
No address recognition—bits 0-3 are irrelevant.

If the programmable address registers SAP1 and SAP2 contain the same address value, the bit combination “00” will be
omitted.
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LAPD/(HDLC) Address Variables

XAD1—Transmit Address 1—(Write)
Address: 24H

7 0
Format:
Bit Name  Description
Bit 0-7 Used in auto mode only

XAD1 contains an individual programmable address byte which is appended automatically to the frame by the
ISAC-S in auto mode. Depending on the selected address mode (ADM-bit in MODE,) XAD1 is interpreted as follows:

2-byte address field (AMD = 0)

XAD1 builds up the high byte (SAPI in the ISDN) of the 2-byte address field.
According to the ISDN LAPD protocol, bit 1 is interpreted as the command/response bit “C/R” and will be
automatically inserted by the ISAC-S depending on the CRI bit in the SAP1 register. Bit 1 must be set to 0. In the
ISDN LAPD, the address field extension bit “EA,” that is, bit 0 of XAD1 must be set to 0.

C/R Bit
Command Response Transmission Side CRI Bit
0 1 Network 0
1 0 User 1

1-byte address field (ADM = 1)
According to the X.25 LAPB protocol, XAD1 indicates a command.

Note: In standard ISDN/LAPD applications, only 2-byte address fields are used.
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XAD2—Transmit Address 2—(Write)
Address: 25H

Format: RDC7|RDC6| RDC5| RDC4] RDC3| RDC2|RDC1 | RDCO

Bit Name

Description

Bit 0-7

Used in auto mode only

XAD?2 represents the second individual programmable address byte, whose function depends on the selected
address mode (ADM-bit in MODE)

2-byte address (ADM = 0)

XAD?2 builds up the low byte (TEI in the ISDN) of the 2-byte address field.

1-byte address (ADM = 1)

According to the X.25 LAPB protocol, XAD2 indicates a response.

Note: See note to XAD1 register description.

SAP1—SAPI Register 1—(Write)
Address: 26H

Format: SAP1 CRI 0

Bit Name  Description

SAPI SAPI 1 value

Bit 7-2 Value of the first individual programmable Service Access Point ldentifier (SAPI) according to the ISDN
LAPD protocol.

CRI Command/Response Interpretation

CRI defines the side of the ISDN user-network interface for identification of command/response frames.
Depending on CR,| the C/R-bit will be interpreted autonomously by the ISAC-S, when recsiving frames in
auto mode, as follows:

C/R Bit
CRIBit.  Receiver End Command  Besponse
0 Network 1 0
1 User 0 1

For transmitting frames in auto mode, the C/R-bit manipulation will also be done automatically, depending on the
setting of the CRI-bit (refer to XAD1 register description). In message transfer modes with SAP| address recognition
(all except extended transparent mode 0) the high byte of the received address is compared with the individual
programmable values in SAP1, SAP2, and the fixed group SAPI. (In 1-byte address mode, the CRI-bit would have to
be sett0 0.)
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SAP2—SAPI Register 2—(Write)
Address: 27H

Format: SAPI2 MCS| ©

Bit Name Description

SAPI2 SAPI 2 value

Bit 7-2 Value of the second individual programmable Service Access Point Identifier (SAPI) according to the ISDN LAPD
protocol.

MCS Module Count Select (valid in auto mode only)

The MCS bit adjusts the control field format according to the ISDN LAPD protocol.
0 —> basic operation (modulo 8)
1 —> extended operation (modulo 128)

Note: When modulo 128 is selected in auto mode, the RHCR register contains compressed information of the extended
control field (see RHCR register description).

TEN—TEI Register 1——(Read/Write)
Address: 28H

Format: TEN EA

Bit Name  Description

TEI(1) TEl value 1

Bit 7-1

EA Address field Extension bit

Has to be set to “1” according to ISDN LAPD.

Write:

Value of the first individual programmable Terminal Endpoint ldentifier (TEI) according to the ISDN LAPD protocol
(2-byte address field). In auto and non-auto mode this value is used by the ISAC-S for the address recognition.

Read:
Depending on the message transfer mode, the reading of the TEI1 register contains the following information:

Message Transfer Mode Meaning/Contents

Auto Inverted value of the programmed TEI1
Non-auto Inverted value of the programmed TEI1
Transparent Received TEI value

Extended Transparent 0 First byte of the frame after the opening flag
Extended Transparent 1 Received TEl value

Note: In auto and non-auto mode with 1-byte address field, the whole contents of TEI1 would be recognized as a command
according to X.25 LAPB.
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TEI2—TEI Register 2—(Write)
Address: 29H

7 0
Format: TEI2 EA

Bit Name  Description

TEI(2) TEl value 2

Bit 7-2 Value of the second individual programmable Terminal Endpoint Identifier (TEl) according to the ISDN LAPD
protocol (2-byte address field). In auto and non-auto mode, this value is used by the ISAC-S for the address
recognition.

EA Address field Extension bit

Has to be set to “1” according to ISDN LAPD.

Note: In auto and non-auto mode with 1-byte address field, the whole contents of TEI2 would be interpreted as a response
according to X.25 LAPB.

LAPD/(HDLC) Control Data

RHCR—Recelve HDLC Control Register—(Read)
Address: 29H

7 0
Format:
Bit Name  Description
Bit 0-7 Value of the received HDLC control field

In extended transparent mode 0 (no address recognition), RHCR contains the second byte of a received frame after
the opening flag. When modulo 128 is selected in auto mode, the RHCR register contains compressed informa
tion of the extended control field. In this case the bit 0 of the RHCR register has the following meaning:

0 —> an I-frame has been received

1 —> a U-frame has been received
(S-frames will be handled autonomously by the ISAC-S.) When message transfer modes other than the auto mode
are used and “modulo 128" is agreed upon, then the first octet of the extended control field is available in the
RHCR register. The second octet is always available in the RFIFO corresponding to the message transfer mode.

Am2085 8 1-187



LAPD/(HDLC) Information Data

RFIFO—Receive FIFO—(Read)
Address: 00-1FH

Format:

Bit Name  Description

Bit 0-7 Up to 32 bytes of received data can be read from the RFIFO. After an RPF interrupt (ISTA), exactly 32 bytes are
available. After an RME interrupt (ISTA), the number of data bytes to be read may be obtained reading the RFBC
register.

XFIFO—Transmit FIFO—(Write)
Address: 00-1FH

Format:

Bit Name  Description

Bit 0-7 Up to 32 bytes of transmit data can be written into the XFIFO following an XPR interrupt (ISTA).

Note: Addresses within the address space of the FIFOs (00—-1FH) are interpreted equally, that is, the current data byte can be
accessed with any address within the valid space.
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Serial Interface Control

SPCR—Serial Port Control Register—(Read/Write)
Address: 30H

Format: SPU | SAC | SPM | TLP |B1C1|B1CO | B2C1 | B2CO

Bit Name  Description
SPU Software Power Up (in TE mode only)
For activating the ISDN S interface in TE mode, the SPU-bit has to be set to ‘1" and then cleared again.
After a subsequent CIC interrupt (C/l code change; ISTA) and reception (the C/l code “PU” Power Up indicationin TE
mode), the reaction of the processor would be:
to write an Activate Request command as C/l code in the CIXR register
to reset the SPU-bit and wait for the following CIC interrupt.
SAC SIP Activated
With SAC, the state of the SLD port can be programmed as follows:
0 —> inactive in transmit direction (SIP: always high impedance)
1 —> active in transmit direction
SPM Serial Port Timing Mode
SPM selects the timing mode:
0—> timing mode 0 terminal:
Timing signals are derived from the S-bus. DCL, FSC1 and FSC2 are outputs.
FSD/SCA is a 128-kHz clock signal for SSI.
1 —> timing mode 1 exchange:
Timing signals are provided by the digital exchange system. DCL, FSC1 and
FSC2 are inputs. FSD/SCA is the delayed frame signal of FSC1.
TPL Test Loop
Instructs the ISAC-S to connect internally the IOM interface lines SDI and SDO. Also, the times T1 and T2
programmed in the TIMR register—are reduced by a factor of 64.
B1C1, Switching of B1 channel Both B-channels can be switched independently of each other.
B1CO
B2CH1, Switching of B2 channel
B2CO

C1 BC -Channel Switchin uP Access

o 0 SLD loop monitoring, loop
o 1 SLD-IOM (S-bus) connection monitoring

1 0 SSI-IOM (S-bus) connection monitoring

1 1 IOM loop monitoring, loop
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STCR—Synchron Transfer Control Register—(Write)
Address: 37H

Format: TSF T-ADR ST1 |SToO |SCt1 |SCo

Bit Name  Description
TSF Terminal Specific Functions
0 —> The serial interface port for the SLD interface is selected (SIP).
1 —> The terminal-specific, such as Subscriber/Exchange Awake (SIP/SAW)functions, are activated, Watchdog
Timer
In this case, the SIP/SAW line is always an input signal which can serve as a request signal from the subscriber to
initiate the awake function in a terminal. A falling edge on the SAW line generates an SAW interrupt (EXIR). When
the RSS-bit in the CIXR register is zero, a falling edge on the SAW line (Subscriber Awake) or a C/l code change
(Exchange Awake) initiates a reset pulse. When the RSS-bit is set to one on the other hand, a reset pulse is
triggered only by the expiration of the watchdog timer (see also CIXR register).
T-ADR TIC bus Address
T-ADR defines an individual address for the point-to-multipoint bus configuration of the 10 -interface (TIC bus:
Telecom IC bus). The bus configuration makes it possible to connect further ICCs (up to seven) to the Layer 1
component of the ISAC-S.
ST1 Synchronous Transfer 1
When set, causes the ISAC-S to generate an SIN interrupt (ISTA register) at the beginning of the 8-kHz frame signal.
timing mode 0 FSC1 and FSC2 (IOM, SLD, SSl)
timing mode 1 FSC1 (System)
STO Synchronous Transfer 0
When set, causes the ISAC-S to generate an SIN interrupt at the center of the 8-kHz frame signal.
timing mode 0 FSC1 and FSC2 (IOM, SLD, SSI)
timing mode 1 FSC1 (System)
SC1 Synchronous Transfer 1 Completed
After an SIN interrupt, the processor has to access and subsequently acknowledge the interrupt by setting the
SC1-bit before the center of the frame signal is reached, if the interrupt originated from a Synchronous Transfer 1
(ST1). Otherwise, an SOV interrupt (EXIR register) will be generated.
SCo Synchronous Transfer 0 Completed

Atter an SIN interrupt, the processor has to access and subsequently acknowledge the interrupt by setting the
SCO-bit before the end of the frame signal is reached, if the interrupt originated from a Synchronous Transfer 0
(STO). Otherwise, an SOV interrupt (EXIR register) will be generated.

Notes: ST0/1 and SCO0/1 are useful for synchronizing microprocessor accesses and receive/transmit operations in the ISAC-S.

In a TIC bus configuration, that is, if additional Layer-2 controllers (ICCs) are connected to the IOM interface, it has to be
ensured that one Layer-2 component has been assigned the TIC bus address “7.” For applications without additional
Layer-2 components it is generally recommended to set ADR to “7” (after reset T-ADR = “0").

The TSF-bit will be cleared only by Hardware reset.
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CIXR—Control/Indicate Transmit Register—(Write)

Value after Reset: BFH
Address: 31H

Format: RSS |TBC | C (¢] D X TCX | ECX

Bit Name

Description

RSS

TBC

CODX

TCX

ECX

Reset Source Select

0 —> Subscriber or Exchange Awake (Power Down)
As reset source serves:

a falling edge on the SAW line (Subscriber Awake)

a C/l code change (Exchange Awake)

A logical zero on the SAW line also activates the IOM interface clock and frame signal, just as the SPU-bit
(SPCR) does.

1 —> Watchdog Timer (Power Up)
The expiration of the watchdog timer generates a reset pulse.
The watchdog timer will be reset and restarted when two special bit combinations are written in the ADFR
register within the time period of 128 ms (see also ADFR register description). After a reset pulse generated
by the ISAC-S and the appropriate interrupt (WOV, SAW or CIC), the actual reset source can be read from
the ISTA and EXIR.
TIC bus Control
For transmitting the C/I code written in the CIXR register, an access to the TIC bus can be forced by setting the
TBC-bit. When no further Layer 2 controllers are connected to the TIC bus (IOM interface) and the TIC bus address
is programmed to “7” (T-ADR in the STCR register,) the TIC bus is always accessed and it is not necessary to set
the TBC-bit.
C/I-Code Transmit
These four bits are transmitted continuously (beginning with the left-most one) as a Command/Indicate code in the
C/l channel of the IOM frame, if the TIC bus is accessed.
T-Channel Transmit
The TCX-bit will be transmitted continuously in the T-channel of the IOM frame if the TIC bus is accessed.

E-Channel Transmit
The ECX-bit will be transmitted continuously in the E-channel of the IOM frame if the TIC bus is accessed.
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CIRR—Control/Indicate Receive Register—(Read)

Value after Reset: 7EH
Address: 31H

7 0
Format: 0 TBA| C (o] D R | TCR 0
Bit Name  Description
TBA TIC Bus Access

Indicates the state of the TIC bus (transmit direction: Layer 2 to Layer 1; SDI) when a C/I code change has been
recognized. TBA = 0 means the TIC bus is occupied by the ISAC-S.

CODR C/l Code Receive
The receipt of a new C/I code in two successive IOM frames, which differs from the previously received value, will
release a CIC interrupt (ISTA register). After detection of such a C/l code change the new code can be read from
CIRR.

TCR T-Channel Receive
TCR represents the current value received in the T-channel.

Note: The TBA- and CODR-bits of the CIRR will be updated every time CIRR has been read previously by the processor

and a G/l code change is recognized. If several C/l code changes were recognized before reading the CIRR register,
only the very first and very last changes in the C/l code (also TBA) will be available for the processor to read.

MONR— Monitor Register—(Read/Write)
Address: 32H

Format:

Bit Name  Description

Bit 0-7 The MONR register normally contains control information transferred in the monitor channel of an IOM frame
between Layer 2 and Layer 1. In the ISAC-S however, MONR is not required since the monitor channel is used only
for the TIC bus access mechanism, which will be automatically realized by the ISAC-S.
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BCX1—B1-channel Transmit Register—(Read/Write)
Address: 35H

7 0
Format:
Bit Name  Description
Bit 0-7 BCX1 can be used in microprocessor-controlled interactions with the serial transmission process, for instance in

loop or monitor applications. Depending on the selected B-channel switching (SPCR register) and synchronized to
the transmission process via SIN interrupt (ISTA register) and BVS-bit (STAR register), the serial data can be read/
written from/to BCX1 as follows:

Receive Data Transmit Data
B-channel Switching from (Read) i
SLD loop SLD SLD
SLD-IOM connection SLD /
SSI-IOM connection SSi /
IOM loop IOM IOM

BCX2—B2-channel Transmit Register —(Read/Write)
Address: 36H

7 0
Format:
Bit Name  Description
Bit 0-7 BCX2 can be used in microcprocessor-controlled interactions with the serial transmission process, for instance in

loop or monitor applications. Depending on the selected B-channel switching (SPCR register) and synchronized to
the transmission process via SIN interrupt (ISTA register) and BVS-bit (STAR register), the serial data can be read/
written from/to BCX2 as follows:

Receive Data Transmit Data
B-channel Switching from (Read) j
SLD loop SLD SLD
SLD-IOM connection SLD /
SSI-IOM connection SSi /
IOM loop IOM IOM
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BCR1—B1-channel Receive Register—(Read)
Address: 37H

7 0
Format:

Bit Name  Description

Bit 0~7 BCR1 can be used in microprocessor-controlled monitoring of the serial transmission process by reading data from
BCR1 as listed below:
B-channel Switching.
SLD-IOM connection IOM
SSI-IOM connection IOM

BCR2—B2-channel Receive Register—(Read)
Address: 38H

7 0
Format:

Bit Name Description

Bit 0-7 BCR2 can be used in microprocessor-controlled monitoring of the serial transmission process by reading data from
BCR2 as listed below:
B-channel Switching
SLD-IOM connection IOM
SSI-IOM connection IOM

SSGX—SLD Signaling Register Transmit—(Write)
Address: 33H

Format:

Bit Name Description

Bit 0-7 The contents of SSGX represent directly the signaling byte (SIG) which will be transmitted continuously in an SLD
frame.
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SSGR—SLD Signaling Register Receive—(Read)
Address: 33H

Format:

Bit Name  Description

Bit 0-7 The signaling byte of a received SLD-frame can be read from SSGR.

SFCR—SLD Feature Control Register—(Read/Write)
Address: 34H

Format:

Bit Name  Description

Bit 0-7 The Feature Control (FC) byte of an SLD frame (receive) can be read from SFCR. Also, an FC byte to be transmitted
in an SLD frame (transmit) has to be written into SFCR. The microprocessor accesses are synchronized to SIN
interrupts (ISTA, refer to STCR).
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Special Functions

ADFR—Additional Feature Register—(Write)

Value after reset: 00H
Address: 38H

7 . 0
Format: WTC1|WTC2|TEM | PFS |CFS | FC2 | FC1 |ITF
Bit Name Description
WTC1, Watchdog Timer Control 1, 2
WTC2 After the watchdog timer mode has been selected, the watchdog timer is started. During every time period
of 128 ms the processor has to program the WTC1- and WTC2-bit in the following consecutive sequence:
WTCH WTC2
1. 1 0
2. 0 1
to reset and restart the watchdog timer. If not, the timer expires and a WOV interrupt together with a reset pulse, are
initiated.
TEM Test Mode

Setting this bit makes it possible to test the Layer 2 functions of the ISAC-S using the IOM interface.
The Layer 1 functions are disabled, and the ISAC-S is fully compatible to the “ICC” at the IOM interface with
the following references to the “ICC” pin designation:

ICC (IOM) = ISAC-S Meaning
FSC FSC1 frame synchronization
DC DCL interface clock
SDBR SDO receive data
SDBX SDI transmit data
PFS Prefilter Select

This bit has to be set, if an external prefilter is connected to S-bus port receive, respectively pins SR1,
SR2, and UFI. PFS initiates an internal delay time compensation.
CFS Configuration Select
Depending on the operating mode, CFS determines clock relations and recovery on S and IOM interfaces.
TE mode:
0 —> The IOM interface clock and frame signal is always active (standby). With the C/l command Timing (TIM),
the processor can initialize the “Power Up” state. With C/I command Deactivation Indication (DIU) the
“Stand By" state will be reached again. It should be mentioned, however, that it is also possible to activate
the S interface directly with the C/l command Activate Request (AR 8/10/L) without the TIM command.
1 —> The IOM interface clock and frame signal is normally inactive (“Power Down”). For activating the S inter
face, the “Power Up” state can be initialized via software (SPU-bit in SPCR register). After that, the S
interface can be activated with a C/l command Activate Request (AR8/10/L). The “Power Down” state will
be reached again with the C/l command Deactivation Indication (DIU). )

Note: After reset the IOM interface is always active. To achieve “Power Down” state properly the CFS- bit has to be
set previously.

LT-S mode:

0 —> Bit stream on S-interface with the internal PLL. This is to tolerate a variable bit shift from 2 to 8 bit-times
(greater distances possible: max. < 1.0 — 1.5 km).
1—> Inbus configurations only afixed bit shift of 2 bit-times will be accepted according to CCITT (max. round trip
delay time; max. < 150 m).
LT-T mode:
0 —> CFS always has to be set to “0.”
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ADFR (continued)

Bit Name  Description
FC2, Frame Synchronization Control 2,1 (significant in TE mode only)
FC1 Adjusts the polarity of the symmetrical 8-kHz-frame output signal (IOM, SLD, SSI).
0 —> normal: High during the first half of the 125-us frame, Low during the second half.
1 —> inverted: Low during the first half, High during the second half of the 125-us frame.
Note: If the FSC1, FSC2 outputs (in TE mode) supply the data strobe signal for B-channel sources/destinations
connected to the Serial Synchron Interface (SSI), it is possible to select individual switching to the B1- or
B2-channel.
ITF Interframe Time Fill

ITF selects the interframe time-fill signal which will be sent beiween HDLC frames when the HDLC port mode is
selected in MODE.

0 —> idle (sequence of “1"s)
1 —> flags (sequence of patterns: “0111 11107)

When the IOM interface mode is selected, the interframe time fill signal is always idle, according to LAPD.
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ABSOLUTE MAXIMUM RATINGS

Storage temperature ............. —65 to +125°C
Ambient temperature underbias . ... ... 0to +70°C
Voltage on any pin with respect to

ground ................... -0.4to Voo+0.4V

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta) .. ......... 0to +70°C
Supply Voltage (Vee) . ............. .. +5V 5%

Operating ranges define those limits between which the func-
tionality of the device is guaranteed.
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DC CHARACTERISTICS over operating ranges
Ta=0t070°C,Voo =5V +5%, Vsso =0V, Vssa=0V

Parameter Parameter _Limit Values

Symbol Descriptions Test Conditions Min. Max. Unit

All pins except SX1, SX2, SR1, SR2, RREF

Vi Input Low voltage — -0.4 0.8 \"

Viu Input High voltage —_ 2.0 Vec+ 0.4 V

VoL Output Low voltage loi= 2 mA v

Vou Output High voltage low=—400 pA v

Vou Output High voltage low=—100 pA Vv

lec Power supply current operational Voo = 5V, Inputs at 0 Vi mA
Power supply current power down No output loads mA

Iy Input leakage current 0V<Vin<Vopt0.0 v — +10 A

lo Output leakage current 0V < VourigVo - +10 HA

SX1, SX2 B

VX Absolute value of output R = 25 ohms™ — 0.3 v
Pulse amplitude R.=2006hms 135 1.65 v
(VSX2-VSX1)* R, = 1600 ohms 1.35 2.4 v

IX Transmitter output currefit’ RL =200 ohms —_ 8.25 mA

RX Transmitter output, ... Inactive or during binary one 10 — kohm
Impedance During binary zero 80 —_ ohm

R = 200 ohms

SR1, SR2

VSR1 Receiver output voltage lo <100 pA 24 2.6 v

VTR Receiver threshold voltage Dependent on peak level +225 +375 mV
VSR2-VSR1

RREF

VO Voltage at RREF Rrer = 2.2 kohm £1% 1.0 1.2 v

10 Output Current Rerer = 2.2 kohm £1% 450 550 HA

Notes: *Due to the transformer, the pulse amplitude zero to peak on S interface line will be halved.

**Load resistance on S interface line will be divided by four.

CAPACITANCES

Ta=25°C, Voo =5V +5%, Vsso=0V, Vssa=0V

Parameter Parameter _Limit Values

Symbol Descriptions Test Conditions Min. Max. Unit
All pins except SR1,SR2, XTAL1, XTAL2

Cw Input capacitance — — 7 pF
Cno /(0] —_ f— 7 pF
SX1, SX2

Cour Output capacitance against Vssa — —_ 10 pF
SR1, SR2

(o Input capacitance — — 7 pF
XTAL1, XTAL2

Cw Load capacitance — — 50 pF

Am2085
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External 22
Oscillator =——————— XTAL1
1 22 Signal
] XTAL1
CLD
r— 7.68 MHz ——:-— CLD < 50pF
23
hL XTAL2 NG —— 2| A2
CLD
Crystal Oscillator Mode Driving from External Source

11136-0288
Figure 28. Recommended Osciilator Circuits

SWITCHING CHARACTERISTICS
Ta=01t070°C,Voo =5V +5%,Vsso =0V, Vssa=0V

Inputs are driven at 2.4 V for a logic “1" and at 0.4 V for a logic “0.” Timing measurements are made at 2.0 V for a logic
“1” and at 0.8 V for a logic “0.” The AC testing input/output waveforms are shown below.

20V 20V
> Test Points <
0.8V 0.8V

Figure 29. Input/Output Waveform AC Tests

24V

045V

11136-0298

1-200 Am2085



Table 11. Microprocessor Interface Timing

Parameter Parameter Limit Values
Symbol Description Test Conditions Min. Max. Unit
Tan ALE pulse width — ns
Ta Address setup time at ALE ns
T Address hold time from ALE ns
Tan .dtw"' ns
Tro 25 ns
Tor 110 ns
Ta RD cd — ns
Tow WR pulse width _ 60 — ns
Tow Data setup time to WR + CS —_ 35 — ns
Two Data hold time from WR + CS — 10 — ns
Tw WR control interval - 70 —_ ns
-—-—-’: Taa .:‘——
! 1
ALE 4 & / \
1
S ' v '
' t— Ton —o Ta »
= — ¥ N
[ ) ' '
: : vy »
' ' —_— T —
VT Ta Vo :
: >, ——-—D: Tro + @—— :
: X : :
ADy-AD; } """" '{ Data
11136-030B
Figure 30. Microprocessor Read Cycle
ALE ———/__\ of \

)
:<—Tww —’: : < Tw ]

Figure 31. Microprocessor Write Cycle

11136-031B

Am2085
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Table 12. SLD Interface Timing

Parameter Parameter Limit Values _
Symbol Description Test Conditions

Unit

SLD data delay

ns

rame 'ync. width
Trso Frame sync. delay — -20 20 ns

SLD (In) | SLD (Out)

FSC1/FSC2 (0)

DCL(O)

SIP(/0):s

I = Input
0 = Output 11136-032B

Figure 32. SLD (TE Mode)

SLD (Out)} SLD (in)

FSC1())

siro)y  __K

i) - gﬁ{gm : 11136-0338
Figure 33. SLD (LT-S/LT-T Mode)
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Table 13. SSI Timing

Parameter Parameter
Symbol Description
TSCD
TSSD *
Tsss Idata settp i 30 — ns
Taen /' SSl data hold — 30 —_ ns
B2(B1*) channel | B1(B2*) channel
FSC1/FSC2 (O0)* \;
'

SDAR

SDAX D4

*Default polarity

Individual B-channel switching to the B1 and B2 channel

can be selected by programming the output polarity of

PSC1 and FSC2 in the ADFR register. 11136-034B

O = Output

Figure 34. SSI (TE Mode)
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Table 14. IOM Interface/(HDLC Port) Timing

Parameter Parameter
Symbol Description Test Conditions

Unit

Ton ns
Trs ns
Tﬁwn ns
Trwe ns
Treo | Framg synod : ns
Too IOM oltput data delay - - 200 ns
The IOM input data setup —_ 20 ns
Tm IOM input data — 50 ns
IOM-frame “n"} |OM—frame “n-1"
(... B*=channel) | (B1—channel...)
¢ >
—

FSC1/FSC2 (0)

I T

1 = Trso
|
/IR N N\
DCL(O) ! ‘

ol

-
SDI
X X
O = Output

Figure 35. IOM (TE Mode) 11136-0358
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IOM-frame “n” IOM-frame “n+1”
(...B*=channel) J (B1channel...)

A
< D
\r

v

Tewn

sDl -

SDO X V X

Note: At the SDI pin an internal Pull-Up Resistor is integrated for the TIC bus
configuration with wired-OR connections (open drain outputs). 11136-036B

Figure 36. IOM (NT, LT-S, LT-T Mode)

|
DCL (1) W
——{ Too IL_ :
|
SDI (0) X X | X
|
HDLC port mode: —FSC1 = “High”

— HMDO,1,2 bits in MODE are set '
— TEM—bit in ADFR is set

i
—JI Tim IL—

X X

—

SDO ()

11136-37B
Figure 37. HDLC Port Mode
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Clock Timing

The clocks in the different operating modes are summarized in Table 15, with the respective duty ratios.

Table 15. ISAC-S Clock Signals

Application M1 Mo DCL FSC1/FSC2 CP X1 Xo
TE 0 0 0:512 kHz* 0:8 kHz* 0:1536 kHz* 0:3840 kHz
21 11 3:2 1:1
LT-T 0 1 1:512 kHz 1:8 kHz 0:512 kHz* - —
2:1
LT-S 1 0 1:512 kHz 1:8 kHz — 0:7680 kHz I:fixed
—_ i ato0

NT 1 1 1:512 kHz 1:8 kHz _ —_ —_

*Synchronous to receive “S” line P.

Clock CP is phase-locked to the receive S signal and is
derived using the internal DPLL and the 7.68-MHz
+100 ppm crystal (TE and LT-T). A phase tracking of CP
with respect to “S” is performed once in 250 pus. As a
consequence of this DPLL tracking, the high state of CP
may be either reduced or extended by one 7.68-MHz
period (CP duty ratio 2:2 or 4:2 instead of 3:2) once

every 250 ps. Since DCL and FSC1/FSC2 are derived
from CP (TE mode), the high or low states of
FSC1/FSC2 and DCL may likewise be reduced or ex-
tended by the same amount once every 250 ps.

Note: The phase adjustment may take place either in the sixth,
seventh, or eighth CP cycle counting from the beginning of an
IOM frame in TE.

7.68 Mhz

cpisss kHze LT L1

X1:3840 kHz

*Synchronous to receive “S,” Duty ratio 3:2 normally

Juuyyyurryryryryr UL

L1

[ I [ O U I s 6 s U6 I 6 6 I 6y O

11136-038B

Figure 38. Phase Relationships of Auxiliary Clocks
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The timing relationships between CP, DCL and FSC1/FSC2 are specified in Table 16 and Figure 39.

Table 16. CP, DCL, and FSC1/FSC2 Timing Spegifications

Symbol Description . : Téat Conditions : Min. Max. Unit
Toc ~ Clock delay CP-DCL - ' 0 50 ns
Tre Glock delay CP-SC — 0 50 ns
Teso Frame.sync. delay — -20 20 ns
m
L}
CP () ! Toc .
— — —>
L L
' ' ' 1
1 t L}
1 ) 1
)
)
DCL (0) . ' \L—
! ! 1 Teso '
L} ] 1
1} ' 1
: , ' Tre
1 ) :
—____/;Z
FSC1/FSC2 (0)* '
*Default polarity (can be programmed in ADFR). 11136-0398
Figure 39. CP, DCL, FSC1/FSC2 Timing Relationships
3.5V /
0.8V A 7
P Tum P Twe R
. TP
11136-040B

Figure 40. Definition of Clock Period and Width

Am2085
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Tables 17 through 19 give the timing characteristics of the clocks.

Table 17. Clocks Timing

Symbol DCL Description Test Conditions Min. Typ. Max. Unit
Te Output (TE) 512 kHz Osc £100 ppm 1822 ns
Twn Output (TE) 512 kHz 2:1 Osc £100 ppm 1121 ns
Twe Output (TE) 512 kHz 2:1 Osc +100 ppm 470 ns
Twn Output (NT, LT-S, LT-T) — 200 — ns
Twe Output (NT, LT-S, LT-T) - 200 - ns
Table 18. Clocks Timin
Symbol CP Description Test Conditions Max. Unit
Te Output (TE) 1536 kHz Osc £100 ppm 651 782 ns
Twn Output (TE) 1536 kHz Osc 100 ppm 391 541 ns
Tw. Output (TE) 1536 kHz Osc £100 pp 260 281 ns
Ta, T¢ (TE, LT-T) CL = 100 pF — 20 ns
CL=50p — 10 ns
Te Output (LT-T)512kHz 1953 2084 ns
Twx Output (LT-T)512kHz 1302 1483 ns
Tw. Output (LT-T)512 kHz 651 832 ns
Symbol X1 Description Min. Typ. Max. Unit
Te Output (TE) 3840 kHz 0 ppm -100 ppm 260 +100 ppm ns
Tws Output (TE) 3840 kH. 100 ppm 120 130 140 ns
Tw. Output +100 ppm 120 130 140 ns
Table 20. Reset
Test Conditions Min. Unit
Tres Length of 8 : Power on/power down to Power Up (standby) 4 ms
high-state cyc During Power Up (standby) 2 « DCL clock
' Tres '
I: :J
] 1
Vo o e .
RES /7 /174 )
/ /! S '
L L L L/ '
1] 1
11136-041B
Figure 41. Reset Width
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PHYSICAL DIMENSIONS

Note: All dimensions in metric.

PD040
‘ ’-1S‘2k=0-2——1
E x ’
: € g 7
I[ I ur— —g ol
[¥a]
01 ‘
] LZ_S_I. 1.5max 0.45 ~_1£| L__*'“
40 il
W a—15.24°12
q p
= [
1 20
50.9.05
PLO44
]
b
b
p N m wn
p < < -
- o 2 -
b O wn
p < - <
: sl
||
0.5 mn.
o b
1.27  0.81max. 355 fa—
4L.38203
Am2085
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Am2085

ISAC-S A2 ISDN Subscriber Access Controller

¢\

Advanced
Micro
Devices

According to CCITT 1.430 the electrical characteristics
of the S/T interface transmitter are to fulfill the following
requirements:'

« The output impedance, when the transmitter is
inactive or transmitting a binary ‘1," should exceed
2500 ohms. Note that this also applies to TEs with
local power sources when the local power is
switched off, although the TE is connected to an
activated S-bus.

= The output impedance, when the transmitter is
transmitting a binary ‘0,’ should be > 20 ohms. Note
that this also applies in the case of a 400 ohm load
when the transmitter reaches a current- or voltage-
limiting state.

« Pulse shape and amplitude shall be in accordance
with the given pulse masks. Note that in TE
applications the effective test load for the transmit-
ter not only consists of twice the terminating
resistance (50 ohms) but also of the series resis-
tances of other external components such as the
transformer and the cord (maximum length 7 m).

'ISDN User-Network Interfaces: Layer 1 Recommendations.

The transmitter circuitry of the Am2085 ISAC-S A2
meets these requirements in full.

The transmitter essentially is a current-limited voltage
source, delivering nominally 1.5 V to the 2:1 trans-
former. The high output impedance when transmitting a
binary 1,” including when the power supply is switched
off, is guaranteed by the circuit design.

When transmitting a binary ‘0,” the output impedance
(Zoyy) has to be in the range 20-25 ohms in order that
the pulse mask be fulfilled. Since the internal output
impedance of the transmitter is negligible for a binary
‘0, the impedance is realized by the total sum of
external resistances (Figure 1); for example:

Resistance of cord (TE only) (R ,z0) 47Q
Copper resistance of transformer (Rypcs)  1-3Q
Resistances for overvoltage protection

of the transmitter, transformed to the

primary (line) side with 4:1 (Ryycavolt) 15Q

CCITT Recommendations of the Series —Volume Il Fascicle 111.5 Integrated Services Digital Network (ISDN). Vllith Plenary

Assembly Malaga - Torremolinos, 8—-10 October 1984.

This document contains information on a product under development at Advanced Micro Devices, Inc.
The information is intended to help you to evaluate this product. AMD reserves the right to change or

discontinue work on this proposed product without notice.
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RREF }— (Reserved) Do Not Connect.

2:1
SX1 1 1 a
I I R, 750 mV
sxe —T—1 —— °
R vervort Rcw, Reog Z

Figure 1. Transmitter Environment Model of the ISAC-S A2

DC CHARACTERISTICS

TA=01070°C; V=5V +5%; V=0V ;

Symbol Parameter

VX Absolute value of
it puise amplitude
] 1 s.~;\l§;¢2) 1
Transmitter output
current

* Due to the transformer, the load resistance seen by the Am2085 is four times R, .
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Am2110

ISDN Terminal Adapter Circuit (ITAC)

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Universal adapter for ISDN R reference point B Automatic calling/answering with on-chip
roll
m  Support of async and sync interfaces: X.21, controllers
X.21 bis, V.24, RS232C B In-band parameter exchange support
B Programmable speeds from 300 bps to B Parallel 8-bit microcontrolier interface
64 kbps ® DMA support
®  Bit rate adaptation according to X.30, V.110,
ECMA.102, V.120 and DMI m  Single +5 V supply, low power CMOS
’ technology
B Programmable time slots and subchannels for
Intermediate rates
BLOCK DIAGRAM
- Ve
gs$r Network Svnchronou
DCE/ ate Rate n ynchronous|
DTE Async Bit Rate 2 x BKOPS | " Network
Interface Conversion 4 Adaptation Interface
ﬁ : Programmable
l} Clock Generator
v

Serial Communication Logic

4

Parallel Microcontroller Interface
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GENERAL DESCRIPTION

The ISDN Terminal Adapter Circuit (ITAC) is a mono-
lithic, full custom circuit for interfacing standard termi-
nals and PCs to a circuit switched data network or an
ISDN. It may be programmed to perform bit rate adapta-
tion for 64 kbps clear channels according to the newest
rate adaptation protocols. The on-chip communication

controllers handle signaling between data equipment
and the network, effectively replacing the “smart mo-
dem” of the PSTN. The features of the ITAC make it suit-
able for use in advanced networking applications that
require flow control, in-band parameter exchange and
interworking.
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CONNECTION DIAGRAMS
Top View

40-Pin DIP

DACKO 1 ® U 2P
DACKT [} 2 30
EODRQ3 3sP
DMOR [ 4 a7P
DMIR O 5 3
AD7 O 6 asp
AD6 O 7 34P
ADs O 8 33

AD4O9 32
AD3 O 10 31
AD2 0 11 30P
AD1 012 201
ADo OO0 13 283
RSTO 14 27
) csQgis 261
RO 16 253
WRO17 241
ALE O 18 23

INTO 19 22

vss O 20 21

44-Pin PLCC

[a] o
EEEEEQ g
oM
E 2 €355k

6 56 4 3 21 444342 4140
.

AD7
AD6
ADS
AD4
AD3
AD2
AD1
ADO
RST
[
RSRVD

39
38
37
36
35
34
33
32
31
30
29

18 19 2021 22 23 24 2526 27 28

Yoo Xo
REZEZ335282

Note: Pin 1 is marked for orientation.

RS

VDD
Mi1
Mi2
MI3
RTS
RxD
Txd

S

CTS
DTR/C
MO2
MO1
XTAL1
XTAL2
DCD/
DSR
SDX
SDR
CLK
FSC

] RSRVD
[1 RxD
[] TxD
1S

[ CTS
[1DTRIC
] MO2
[1 MOt
[ XTAL1
(1 XTAL2
(1 DCDII
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LOGIC SYMBOL

R Interface
(X Series, V Series)

DTE

1T

| le—

—»
-—
-—

TxD VDD VSS XTAL1 XTAL2 RST
RxD

S SDX |
DTR/C

DCD/I SDR
RTS

| CTS CLK
DSR

Mi1-3 FSC
MO1-2

ADO...7 RD CS ALE DMOR DACKO pMIR DACKI EODR

uC System

Am2110
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number
(Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (if applicable)

c. Package Type

d. Temperature Range

©. Optional Processing

AM2110 J c B

-r—— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. TEMPERATURE RANGE
C = Commercial (0 to +70°C)

c. PACKAGE TYPE
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)
P = 40-Pin Plastic DIP (PD 040)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am2110
ISDN Terminal Adapter Circuit (ITAC)

Valid Combinations
AM2110 JC, JCB, PC, PCB

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this device. Consuit
the local AMD sales office to confirm availability of
specific valid combinations, to check on newly re-
leased combinations, and to obtain additional
data on AMD’s standard military grade products.
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PIN DESCRIPTION

DCE Mode

ADO-AD7

Address/Data Bus (Input/Output)

ALE
Address Latch Enable (Input)

CLK

Clock (Input)

Data clock for the synchronous network interface.
cs

Chip Select (Input)

CTS

Clear to Send (Output)

(106) V.24 interchange circuit.

DACKI

DMA input Acknowledge (Input)

DACKO
DMA Output Acknowledge (Input)

DCDI/I

Data Channel Received Line Signal Detector
(Output)

Carrier Detect (109) V.24/Indicate X.21 interchange
circuit.

DMIR

DMA Input Request (Output)

DMOR
DMA Output Request (Output)

DSR

Data Set Ready (Output)

(107) V.24 interchange circuit.

DTR/C

Data Terminal Ready (Input)

(108) V.24/control X.21 interchange circuit.
EODR

End of DMA Output Request (Output)
FSC

Frame Sync (Input)

8 kHz.

INT

Interrupt (Open Drain)
Open-drain interrupt request.

Mi1-3

Multifunctionai (input)
V.24 interchange circuit.
MO1-2

Multifunctional (Output)
V.24 interchange circuit.
RD

Read Enable (Input)
RST

Reset (Input)

RTS

Request to Send

RxD

Recelve Data to DTE (Output)

Data is clocked off by the ITAC on the falling edge of
“S” on synchronous DT interfaces.

S

(Output)

Bit element timing for synchronous DTE.
SDR

Synchronous Data Receive (Input)
Data are input on the falling edge of CLK.

SDX

Synchronous Data Transmit (Output)
Data are on the rising edge of CLK.

TxD

Transmit Data from DTE (Input)

Data is latched by the ITAC on the rising edge of “S”
on synchronous DTE interfaces.

WR

Write Enable (Input)

XTAL1

Connection for External Crystal (Input)
Input for external clock generator.
XTAL2

Connection for External Crystal (Output)
N.C. when clock generator is used.

VDD
(Input)
Power supply, 5 V £5%.
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VSS

(Input)

Power supply, ground.
DTE Mode

DCD

DSR

Data Set Ready (Input)

(107) V.24 interchange circuit.
DTR

Data Terminal Ready (Output)
(108) V.24 interchange circuit.

MO3

Multifunctional (Output)

V.24 interchange circuit.

RTS

Request to Send (Output)
(105) V.24 interchange circuit.
RxD

Receive Data from DCE (Input)
TxD

Transmit Data to DCE (Output)
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PIN NAMES

Note: Pin names refer to DCE mode.

ADO-7 o Address/Data bus

ALE | Address Latch Enable

CLK | Network Clock

Cs 1 Chip Select

CTS 0 Clear to Send

DACKI | DMA Input Acknowledge
DACKO [ DMA Output Acknowledge
DCD/I (o] Carrier Detect/Indicate
DMIR (o] DMA Input Request

DMOR (o] DMA Output Request

DSR [¢] Data Set Ready

DTR/C | Data Terminal Ready/Control
EODR 0 End of DMA Output Request
FSC | 8 kHz Frame Sync Clock
INT o Interrupt request

Mi1-3 | Multifunctional Inputs
MO1-2 (0] Multifunctional Outputs

RD 1 Read Enable

RST | Reset

RTS 1 Request to Send

RxD o Receive Data

S (0] Bit Clock

SDR I Synchronous Data Receive
SDX (o) Synchronous Data Transmit
TxD | Transmit Data

WR 1 Write Enable

XTAL1,2 1o

Connections for 10.752 MHz crystal or external oscillator

System Integration
Terminal Adapter for ISDN Basic Access

A typical implementation of an ISDN basic access for a
conventional X- or V-series terminal using the ITAC is
shown in Figure 1.

The ITAC can be connected via a serial synchronous in-
terface to an ISDN basic access transceiver/LAPD con-
troller (in this case, the ISDN Subscriber Access Con-
troller for the S interface, ISAC-S). These two devices,
together with the terminal controlier, convert V- and X-
series interface characteristics to the functional and pro-
cedural interface characteristics required by an ISDN at
reference point S.

The ITAC subchannel multiplexing feature allows shar-
ing a single 64 kbps bearer channel by up to eight inde-
pendent terminals. This is illustrated in Figure 2.

Figure 2 also illustrates how the ISDN Subscriber Ac-
cess Controller for the U interface (ISAC-P) can be
used, instead of the ISAC-S, in U interface applications.

Am2110
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Figure 1.

Terminal Adapter ISDN S-Interface

L ITAC ISAC-S
Am2110 Am2085

A

VA

csmccdecccaag

“(a)

SSI/OM

. ISAC-S

\ . Am2085 /— TN
B
DTE/DCE I S - tq{---- I ISDN D-Channel

signaling Q E& U signaling
UL
D

Terminal
Controller

(b)

(a) Universal TA for the ISDN basic access R reference point (bit stuffing or flag stuffing
bit rate adaptation)

(b) Data paths for bit rate adapation according to V.110/X.30
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R SSVIOM
. . ISDN S/U-Interface
! ' *ISAC-S '
' mac @ X or ISAC-P :
DTE ! Am2110 ' '
' . .
n=2, 4, 8for
19.2, 9.6, < 9.6 kbps
respectively
Tt *ISAC-S: Am2085
ISAC-P: Am20950
R
: mac (@ W0
DTE ; Am2110
Figure 2. Sharing of bearer channels among several independent DTEs
(up to 16 DTESs for two B channels).
PC Adapter Board Other Applications

The ITAC may be used to enable communication be-
tween a personal computer and conventional asynchro-
nous or synchronous terminals. In this case, the data is
sent and received over the parallel microcontrollerinter-
face, via the integrated communication FIFOs, or using
DMA. Depending on the bit rate adaptation scheme
used, the ITAC performs the appropriate formatting
functions (V.110, V.120 or DMI, or V.110 embedded
HDLC).

The synchronous network interface of the ITAC is com-
patible to most PCM systems using programmable time
slots. Consequently, the circuit in association with all
IOM-compatible circuits is ideally suited for applications
on PABX line cards and concentrators/multiplexers.

Other applications of the ITAC include: host computer
multiple line communication couplers, primary access/
DMI peripheral boards, and Interworking Units (IWUs)
between ISDN and analog PSTN.
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FUNCTIONAL DESCRIPTION
General Functions and Device Architecture

A simplified block diagram of the ITAC is on page 1.

Data conversion is implemented by two main blocks.
First, user data is transformed to a data rate synchro-
nous to the ISDN, called the Network rate, by an Async/
Sync converter.

The Bit Rate Adaption block converts the Network rate
into a rate which can be transmitted to the ISDN, 2"x 8
kbps, n=0,1,2,3.

For synchronous switched-through DTE data, the
Asynch/Synch Converter is not used, and the Network
rate is identical to the User rate. Otherwise the Network
rate is defined independent of the User rate.

Through the Serial Communication Logic, the microcon-
troller can access the receive and transmit data.

An architectural overview of the ITAC is shown in
Figure 3.

The Programmable Clock Generator provides timing
synchronized by the network master clock, to the differ-
ent functional blocks.

The Async/Sync Converter (ASC) block contains the
stop bit and break signal manipulations necessary for
asynchronous DCE/DTE interfaces according to V.22.
The Intermediate Rate Conversion (IRC) and the Bearer
Rate Conversion (BRC) blocks correspond to the RA1
and RA2 stages of X.30 (1.461) and V.110(1.463) CCITT
recommendations.

The Data Multiplexer switches the data between the
DCE/DTE interface, the Intermediate Rate Conversion
block and the Serial Communication Logic. The latter
consists of a Universal Synchronous/Asynchronous-
receiver and transmitter section and of an HDLC re-
ceiver and transmitter section, each with an integrated
FIFO. The flexible FIFOs with DMA capability are opti-
mized for fast parallel access to the control and user
data streams.

The ITAC performs recognition of local and remote
DTE/DCE states via the Status Detect Logic.

The microcontroller interface consists of registers nec-
essary to configure the circuit and to monitor state
changes.

Finally, testing capabilities are provided, including test
loops for data from local and from remote data
terminals.

Operating Modes

The operating mode of the ITAC depends on the userin-
terface type and on the bit rate adaptation protocol.

In the case of a synchronous DTE, either an X.21 or an
X.21 bis (synchronous V.24) may be selected. Inter-
working between X.21 and X.21 bis DTEs is also pro-
vided for.

Inthe case of an asynchronous DCE/DTE interface, the
ITAC may be used as a DCE or a DTE.

Transparent Mode

This mode is applied in the data transfer phase of a data
call where only layer 1 conversion is required.

In this mode, the microcontroller need only monitor the
changes of call status through the Status Detect Logic
and/or through generated interrupts. All conversion
functions are implemented by the ITAC and are trans-
parent to the microcontroller (Figure 4).

The selectable User rates are summarized in Table 1,
for both synchronous and asynchronous DCE/DTE
interfaces.

Foreach of the async rates, the user is able to select the
character length, the number of Stop elements, as well
as the tolerance range for the handling of DTE over-
speed.

Table 1. User Data Rates

User rate, bps  Async data Sync data

300
600
1200
2400
4800
9600
19200
38400
48000
56000
64000

XXX XXX XX
XXX X XXX XXX

As the name of this operation mode implies, the user
data is handled transparently; in particular, no parity
checking or generation is performed by the ITAC.

Non-transparent Mode

Inthe non-transparent mode, the Serial Communication
Logic is involved in the reception or the transmission of
data or control information. This mode of operation is
used in particular in the setup phase of a data call, inthe
simulation of a Hayes Smartmodem command state, for
In-band Parameter Exchange and in Host or Personal
Computer applications (Figure 5).

Itis realized in practice by switching the USART receiver
or the HDLC receiver and/or the USART transmitter or
the HDLC transmitter into the data path between the
DCE/DTE interface and the network interface.

In this mode, higher-level functions are optionally per-
formed by the ITAC on the user data, for example, parity
generation and checking.
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Figure 4. Transparent Mode

Interfaces

The ITAC supports interfaces:

e toamicrocontroller system
e to synchronous/asynchronous DTEs

¢ tothe network

Parallel Microcontroller interface

The ITAC is programmable over an 8-bit parallel
microcontroller interface. Easy and fast microprocessor
access is provided by 8-bit address decoding on chip.
The interface consists of 18 lines and is directly compat-
ible with processors of the multiplexed address/data bus
type (Table 2).

Table 2. Microcontrolier Interface Signals for ITA

Symbol Type Name and Function
ADO-AD7 [{e] Address-Data bus. The multiplexed address/data bus transfers data and
commands between the uC system and the ITAC.
[o | Chip Select. A low on this signal selects the ITAC for a read/write operation.
WR 1 Write. This signal indicates a write operation.
RD | Read. This signal indicates a read operation.
iNT oD Interrupt Request. The signal is activated when the ITAC requests an
interrupt. It is an open drain output.
ALE 1 Address Latch Enable. A high on this line indicates an address on the
external address/data bus.
DMOR (o] DMA Output Request. The signal is activated when the ITAC wishes to
output a byte of data via DMA.
DMIR [¢] DMA Input Request. The signal is activated when the ITAC wishes to receive
a byte of data via DMA.
DACKo | DMA Output Acknowledge. DMA Controller’s response to DMOR.
DACKY | DMA Input Acknowledge. DMA Controller's response to DMIR.
EODR o) End-of-DMA output request for HDLC receiver.
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Hayes Smartmodem command state
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(e) PC (Host) simulation
V.110 embedded HDLC

HDLCX | HDLCR

(b) Automatic calling/answering
(HDLC)
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(d) PC/Host applications
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" IRC
,IRC, . 1BRC,
B i <

) ]

USAX |USAR [HDLCX |HDLCR

(f) V.120 or DMI bit rate adaptation

Figure 5. Non-transparent Modes of the ITAC

DCE/DTE Interface

The DCE/DTE interface of the ITAC consists of six input
and seven output lines. In addition to common X.21 and
V.24 interface interchange circuits, the circuit supports
three programmable, multifunctional inputs and two pro-
grammable, multifunctional outputs.The assignment of
the DCE/DTE interchange circuits are as shown in
Table 3.

The bits received and transmitted on RxD and TxD are
such that logical “1” = high voltage and logical “0” = low
voltage.

The control signals are such that state OFF =high
voltage and state ON = low voltage.

For synchronous DTE interfaces, data on TxD are
latched by the ITAC on the rising edges of S, and dataon
RxD are clocked off by the ITAC on the falling edges
of S.
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Table 3. ITAC DCE/DTE Interface Signals

DCE mod: " DTE mode Mnemonic Description X.21 V.24 /X.21 bis
1 (¢] TxD Transmit Data T 103
(¢] I RxD Receive Data R 104
(o) S Signal Element Timing S 114/115 (sync only)
| (o] DTR/C  Data Terminal Ready/Control C 108
o I DCD/I Data Carrier Detect/Indicate | 109
| o RTS Request to Send - 105
(o] I CTS Clear to Send - 106
o I DSR Data Set Ready - 107
| | MI1-3  Multifunctional Inputs programmable
o (o) MO1-2  Multifunctional Outputs programmable

Synchronous Network Interface

The Synchronous Network Interface (SNI) consists of
four physical connections (Figure 7). Two lines are for
the transmission of data, one for each direction. The
other two lines are for the bit and frame clocks.

The bit rate on the Serial Data Receive SDR and Serial
Data Transmit SDX lines is equal to the bit clock fre-
quency (CLK). Data is output on SDX on the rising
edges of CLK and latched from SDR on the falling
edges. The particular channel where data is to be re-
ceived and transmitted by the ITAC is programmable.
The position of the time channel is relative to the Frame
Sync signal (FSC) which marks the beginning of the
frame. The repetition rate of FSC is 8 kHz. The maxi-
mum bit rate is 4.096 Mbps, corresponding to a maxi-
mum of 512 bits per frame.

Programmable Clock Generator

The Programmable Clock Generator (PCG) consists of
DPLL circuitry synchronized by the network reference
clock (FSC) and driven by an external crystal of fre-
quency 10.752 MHz +100 ppm or by an external oscilla-

tor. It delivers the clocks used by the different functional
blocks:

¢ Bit clock for the Intermediate Rate Converter:
8, 16, 32 or 64 kHz

o Frame clock for the Intermediate Rate Converter
o Network rate clock: 600 Hz to 64 kHz
o User rate clock: 600 Hz to 64 kHz

o Transmit async clock: 300 x 2",
(n=0,1,2,3,4,5,6,7) synchronized by the leading
edge of a start bit.

* Receive async clock: 300 x 2" Hz.

The clocks are synchronized upon the timing received
from the Synchronous Network Interface, when pro-
vided. When the SNI timing is not provided, the clocks
are running free if not disabled by the microcontroller.
Upon application of network clocking, synchronization
of the clocks is automatically performed in such a way
that any phase jump does not exceed 1 of the nominal
synchronous clock period.

FSC / \ o

CLK

le+—— Bearer Channel

I 64 Kbps
SOR K 2

y__Subchannel (1, 2, 4 or 8 bits) Tri-State
SDX | I

Figure 6. Timing of the Synchronous Network Interface
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Table 4. Network Rate-to-Intermediate Rate Conversion Summary

Network Intermediate Frame length User data bit

rate bps rate (kbps) (bit) repetition factor
600 8 4x 80 8
1200 8 2x 80 4
2400 8 80 2
4800 8 80 1
9600 16 80 1
19200 32 80 1
38400 64 80 1
48000 64 32 1
56000 64 8/64 1
64000 64 transparent 1

Async/Sync Converter

The ASC transforms the stream of Start/Stop formatted
characters into a synchronous bit stream defined by 2"
times 600 bps, and vice versa.

The possible asynchronous rates are: 300, 600, 1200,
2400, 4800, 9600, 19200 and 38400 bps.

Functions in the Transmit Direction

The async-to-sync converter transforms the asynchro-
nous characters (Userrate) into a selected synchronous
Network rate. The Network rate is equal to 2" x nominal
User rate (n =0 to 7).

o Framing upon the incoming characters from local
DTE/DCE. (Baud rate factor 16)

* Handling of underspeed and overspeed:
Transmitted characters are padded with Stop ele-
ments as often as necessary to match the Network
rate. In case of overspeed, Stop elements are de-
leted within the limits of the selected tolerance
range.

¢ Recognition and generation of break signals:

A break signal is generated in accordance with
V.110 when at least M-bits of Start polarity at User
rate are detected.

Note: M denotes the number of bits per characterinthe
selected format including Start and Stop bits.

Functions in the Receive Direction

The sync-to-async converter transforms the synchro-
nous bit stream (Network rate) into an asynchronous

User rate. The latter is equal to 2" x Network rate, (n=0
to 6) for Network rate greater than 600 bps. It is either
300 or 600 bps for Network rate equal to 600 bps.

o Framing upon the incoming characters from the In-
termediate Rate Converter

¢ Missing Stop elements:
Missing Stop elements are restored. If necessary,
the length of Stop elements are reduced according
to the selected tolerance range, to allow for over-
speed on the transmitting side.

o Break signal:
The 2M +3 or more bits of Start polarity received

from the transmitting side are output to the DCE/
DTE interface.

Intermediate Rate Converter
The IRC converts

« The synchronous net data originating from the
DCE/DTE interface, the Async-to-Sync Converter
or the Serial Communication Logic into an interme-
diate rate equal to 2"x 8 kbps.

« The intermediate rate into synchronous net data
sent to the DCE/DTE interface, the Sync-to-Async
Converter or the Serial Communication Logic.

The intermediate rate and the frame are implicitly
determined by the Network rate, as shown in
Table 4.

For rates up to 38400 bps, the frame is based on
the 80-bit frame structure shown in Table 5.
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Table 5. 80-bit Frame Structure (X.30/V.110)

Bit Bit position
number 1 2 3 4 5 6 7 8

0 0 0 0 0 0 0 0 0

1 1 D1 D2 D3 D4 D5 D6 Si
2 1 D7 D8 D9 D10 D11 D12 X
3 1 D13 D14 D15 D16 D17 D18 Sj
4 1 D19 D20 D21 D22 D23 D24 Sk
5 1 E1 E2 E3 E4 E5 E6 E7
6 1 D25 D26 D27 D28 D29 D30 Sl
7 1 D31 D32 D33 D34 D35 D36 X
8 1 D37 D38 D39 D40 D41 D42 Sm
9 1 D43 D44 D4s D46 D47 D48 Sn

The adaptation of 48 and 56 kbps rates is based on a
32- anda 64-bit frame, respectively, accordingto V.110.
Functions in the Receive Direction

o Frame recovery

The frame alignment pattern is composed of eight
zeros and nine ones. In addition, bit E7 is used for
superframe alignment in the 600 bps case.

The receiver indicates its state of synchronism to
the microcontroller via a maskable interrupt status.

o Extraction of D bits

o Extraction of status bits

These bits are accessible to the microcontroller.
Additionally, they can be directly mapped on to the
DCE/DTE interface in synchronism with the D-bits
according to X.30 or V.110. If an X.21 interface is
selected, the SP, SQ and SR are mapped on | in-
terchange circuit. Otherwise, SA (S1,S3, S6, S8)
and SB (S4, S9) are mapped as shown in Figure 7.

* Extraction of E and X bits

C/DTR (108) SP, 5Q, SR - Transmit
/DCD (109) SP, SQ, SR Receive
(a) DCE Mode, Remote DTE = X.21
SA
DTR (108
(108) SB % Transmit
RTS (105) =
<
DSR (107) SB < Receive
DCD (109) &
(b) DCE Mode, Remote DTE =
Non-X.21
SA
DSR (107) SB - Transmit
DCD (109) SA
DTR (108) SB < Receive
RTS (105) <
(c) DTE Mode

Figure 7. Status Bit Mapping Summary
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These bits are accessible to the microcontroller. A
change is reported via a maskable interrupt status.

Functions in the Transmit Direction
o Frame setup

* |nsertion of D-bits

* Insertion of status bits

These bits either originate from the microcontroller
or they convey the state of DTE interchange circuits
at specific sampling points according to recommen-
dation X.30 or V.110. In the latter case, if an X.21
interface is programmed, the SP, SQ and SR bits
reflect the state of C interchange circuit. Otherwise,
SA (S1, S3, S6, S8) and SB (S4, S9) are mapped
as shown in Figure NO TAG.

¢ Insertion of E and X bits.
These bits originate from the microcontroller.

Bearer Rate Converter

The BRC takes the intermediate rate data to groups of 1,
2 or 4 bits, to be sent as a subchannel in a 64 kbps
bearer channel, and vice versa. The BRC is not used in
the case of programmed network rate greater than or
equal to 38400 bps.

Status Detect Logic

The ITAC performs detection of local DCE/DTE inter-
change circuit states for V.24 interfaces. The local DCE/
DTE states monitored by the Status Detect Logic are
DTR (108), RTS (105) and MI1-3 (DSR, DCD and
MI1-3 in DTE mode). Changes of state are reported to
the Microcontroller Interface Logic by a maskable
interrupt status.

Inthe case of alocal X.21 DTE, combined local (TxD, C)
status recognition is performed by the Status Detect
Logic. Valid X.21 states are reported to the Micro-
controller Interface Logic after 16 bit times over a status
bit. The valid states are shown in Table 6.

When the local DTE is synchronous and the local DTE
or the remote DTE is of the X.21 type, combined remote
(TxD, C) status recognition is performed as also shown
in Table 6.

Table 6. Valid X.21 States

Local DTE status Remote DTE status
(TxD, C) local __(TxD, C) remote

(1, ON) (1, ON)
(0, ON)

(1, OFF) (1, OFF)

(0, OFF) (0, OFF)

(0011, OFF) (0011, OFF)
(01, OFF)

(00001111, OFF)

Hayes Protocol Support

The Hayes (Smartmodem) Protocol is supported by the
integrated USART plus additional hardware.

In the “on-line mode,” the ITAC behaves as a conven-
tional modem, treating the data transparently as ex-
plainedinthe Transparent Mode sectionon page 10. To
implement the Hayes modem command mode, the
USART with its associated FIFOs is switched into the
data path for the exchange of control character se-
quences with the local DTE.

In the Hayes Smartmodem protocol, the retum to the
command mode from the on-line mode is possible with-
out tearing down the data call. The return is effected af-
ter the reception of escape characters.

The ITAC implements this procedure by recognizing a
local character(s) from the local DTE. In addition, the
“guard time" specified in the Hayes protocol can be
supervised via a status bit.

Flow Control Support

A flow control option, for use with TAs supporting asyn-
chronous DTEs, is offered by the ITAC. Flow control
allows the connection of asynchronous DTEs operating
at different user data rates by reducing the character
output of the faster to that of the slower DTE.

The connection of two DTEs operating at unequal rates
requires that the selected Network rate is different from
the User rate for one of the ITACs.

If the Network rate is lower than the User rate, external
buffering of the characters received from the local DTE
is implemented by switching the USART in the transmit
data path. The receive data path requires no buffering,
and the speed conversion is automatically handled by
the ITAC (Figure 8a).

If, onthe other hand, the User rate is lower than the Net-
work rate, external buffering of the characters received
from the network is implemented by switching the
USART inthe receive data path. The transmit data path
is transparent (Figure 8b).

For use in a terminal adapter connected to the faster
DTE (Figure 9a and b), the ITAC supports in-band and
out-band local flow control procedures. In-band flow
control is implemented by outputting a special XON/
XOFF character to the local DTE. The character is in-
serted in the input data stream upon a microcontroller
command without loss of receive characters. Out-band
flow control is implemented by the microcontroller
directly controlling an output line, CTS.

Remote flow control is required in the case where the
Network rate of one of the terminal adapters is higher
than the selected User rate (Figure 9b). The X-bit is
used to carry flow control information. The micro-
controller is able to directly set the X-bit according to the
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Figure 8. Local and Remote Flow Control Situations. It is assumed that DTE1 Is always the faster DTE.

state of the character buffer on the transmitting side. On
the receiving side, the ITAC reports any changes in the
X-bit by a maskable interrupt.

For the case where a DTE itself transmits flow control
characters to slow down the remote DTE, the ITAC pro-
vides for recognition and inhibiting of two programmable
characters from the DCE/DTE interface. Finally, to sup-
port the connection of terminal adapters employing in-
band remote flow control, the ITAC is also able to recog-
nize two programmable characters from the
network.

Serial Communication Logic

The Serial Communication Logic consists of two inde-
pendent controllers, the USART and the HDLC control-
ler, with their associated FIFOs.

FIFO Operation

The length of each of the Receive FIFOs (RFIFO) and
Transmit FIFOs (XFIFO) is nine characters/bytes.

The firstbit of a character/byte received or transmitted is
the rightmost stored bit or LSB. Characters are right-
justified.

Interrupt status bits indicate the state of RFIFO and
XFIFO. Data can be loaded and fetched by the micro-

controller, or using DMA. However, even in the DMA
case the FIFOs are used. This gives a worst case reac-
tion time of 1 ms in both non-DMA and DMA operation
(worst case of 64 kbps), to maintain a constant data
throughput.

Inthe HDLC case several frames canbe simultaneously
stored in the RFIFO and the XFIFO.

USART

Inits asynchronous mode, the USART has the following
programmable settings (Table 7).

Table 7. Programmable Settings of the USART

Parameter Values
Character length excluding

possible parity bit 5,6,7,8
Parity check/generation yes, no
Parity type even, odd, 0,1
Number of stop bits 1,2

When enabled, the receiver searches for valid character
frames (Start + character + Stop) and stores the charac-
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ters in the RFIFO as they arrive, stripping off the start
and stop bit(s).

A possible parity bit is stored in the RFIFO as the bit im-
mediately onthe left of the MSB. Thus the parity is trans-
ferred to the microprocessor, an exception being: num-
ber of character data bits = 8 plus parity.

In the case where a parity error is detected (and parity
check/generation is programmed), this fact is indicated
with a status bit at the time the microcontroller reads the
corresponding character from the RFIFO. Similarly, a
framing error status is generated at the time when the il-
legal character is read from the RFIFC.

A break signal is received if a row of null bits of
length>M -1 is detected from the DCE/DTE interface,
or of length>2M -2 is detected from the network. A
break signal is reported by an interrupt status.

When the asynchronous transmitter is enabled, the
transmission of any characters entered in the XFIFO is
immediately started. Characters are separated by the
selected number of Stop bits. Characters may be en-
tered in the XFIFO even if the async transmitter is not
enabled. When the XFIFO runs empty, continuous “1” is
transmitted until a new character is available.

Break signals of any length may be transmitted.

Inthe synchronous mode of the USART, the characters
received and transmitted have a length of eight bits, in-
cluding possible parity.

The sync receiver has two modes of operation: Trans-
parent mode and Hunt mode. In the Transparent mode
the receiver, when enabled, immediately starts storing
received characters without regard for octet synchroni-
zation. In the Hunt mode, the receiver searches for one
(monosync) or two (bisync) programmable characters
before starting to store the received characters. The
Hunt mode and the Transparent mode may be entered
at any time by issuing the corresponding command.

If desired, a programmable parity check is performed on
the receive characters, as in the asynchronous case.

The operation of the transmitter is similar to the opera-
tioninthe async mode. However, no parity is generated.
Further, in the synchronous mode, the last character is
repeatedly transmitted when the XFIFO runs empty, as
opposed to constant “1” in the async mode.

HDLC Controller

The functions performed by the HDLC receiver are:

o flag detection
e zero deletion

o CRC checking (generator polynomial:
x16+x12+x5+1)

o check for abort
o check for idle

When enabled, the receiver enters a hunt phase and re-
mains in the hunt phase until it detects a valid opening
flag.

Once a flag is recognized by the receiver, not followed
by another flag or by an abort or idle sequence, all the
subsequent eight-bit bytes are stored in the RFIFO, up
to and excluding the Frame Check Sequence (FCS) that
immediately precedes the closing flag. When the clos-
ing flag is detected, a “receive status byte” is appended
to the stored frame. This status byte contains status in-
formation pertaining to the received frame: frame
aborted yes/no, CRC error yes/no data overflow yes/no,
and number of significant bits in the last receive byte.

As the receive status byte is read, an interrupt status is
generated to indicate the end of the receive frame.

When the beginning of a receive frame is detected and
the RFIFO is full, the frame will be completely lost and
an interrupt status is generated.

The functions performed by the HDLC transmitter are:

» flag generation

« zero insertion

¢ CRC generation

« abort sequence generation
¢ interframe time fill generation

Whenthe transmitter is enabled, the transmission of any
bytes entered in the XFIFO is immediately started, pre-
ceded by an opening flag.

To indicate the end of frame, the microcontroller sets a
control bit after having entered the last data byte of that
frame in the XFIFO. Every write operation of the bit
serves as a frame delimiter.

As long as frames are entered in the XFIFO, they are
transmitted in the order in which they were entered.

When no datais available inthe XFIFO and the transmit-
ter is enabled, interframe time fill (either non-shared
flags or continuous ones), is transmitted.

When the XFIFO becomes empty and a frame end indi-
cation has not been issued, an error interrupt status is
generated. An abort sequence (instead of FCS plus
flag) is automatically transmitted following the last byte
entered.

Maintenance Functions

Two test loops are provided in the ITAC. The “remote”
test loop is located close to the DCE/DTE interface. The
“local”test loop is located close to the Synchronous Net-
work Interface (Figure 9).

In the remote loop mode, communication between the
local DCE/DTE and Serial Communication Logic is
possible.

In the local loop mode “all ones” or tri-state is transmit-
ted to the Synchronous Network Interface.
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OPERATIONAL DESCRIPTION
Register Set
The communication between the microcontroller and

the ITAC is done via a set of directly accessible 8-bit
registers.

The register set can be divided into:

 interrupt status registers and status registers for su-
pervising the operation of the circuit, and
registers for data transfer to the microcontroller;

« control registers for configuring the ITAC according
to the different phases of a data call, registers for

parameter selection, command registers and
registers for data transfer from the microcontroller.

Interrupt Structure

Since the ITAC provides only one interrupt request out-
put, the cause of an interrupt is determined by the
microcontroller by reading the Interrupt Status Register
IST. The bits in IST point to status registers, as shown in
Figure 10.

Six Non-Acknowledgable

Status Registers

A

| Mask ” Maskl Mask | RW

[ Ackn || Ackn || Ackn | w

‘ Statusl I Statusl I Statusl R
L J L J L J

R| LDC ELDC RDC

SXEC RF XF SC

IST

T Ll L
w Al\cknowledqe

RW MASK

Figure 10. Interrupt/Status Register Structure

A“1”in any of the IST register bits causes the INT line to
be activated.

INT is deactivated when all the bits set in IST are ac-
knowledged by the microcontroller, or reset internally by
the ITAC.

The IST register bits can be selectively masked
(MASK). This has no effectonthe IST register bits, but a
masked interrupt status bit in IST does not cause the INT
line to be activated.

Status Registers
The status registers are listed in Table 8.

Six of the registers contain information concerning the
state of the communicating DTEs, the state of synchro-
nization of the ITAC, and S, X and E bit status. Achange
in any of the registers causes an interrupt status bit in
IST to be set.

The other three registers include the state of the Serial
Communication Logic and information about special
events. A “1”in one of the bits in these registers causes
the interrupt status bit in IST to be set. An active statusis
reset when the condition that caused it is no longer true,
or when acknowledged by the microcontroller. The reg-
isters have an individual mask register. An active mask
bit prevents the bit in IST from being set, but the status
can be polled in the originating register.

Acknowledgment is performed by writing a “1” in the po-
sition of the status bit.

In addition to the eight status registers which are part of
the interrupt logic, one register is provided which is
polled by the microcontroller but which may not cause
interrupts (STR).
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Table 8. Interrupts and Status Registers

Interrupt
status

Source of Interrupt Status Maskable
status

Interrupt/Status
acknowledged
through

LDC
ELDC
RDC
SYC
SXEC
RF

XF

SC

Change in Local DTE Status (LDS No
Change in Local DTE Status (ELDS) No
Change in Remote DTE Status (RDS) No
Change in Synchronization Status (SYS) No
Change in S, X, or E bits (SXS, ES) No
Beceiver and BFIFQ Status (RFS): Yes

HDLC Receive Data

USART Receive Data

HDLC Receive FIFO Full
USART Receive FIFO Full
Receive Message End Reception
Receive Message End

Framing Error

Parity Error

Transmitter and XFIFQ Status (XFS): Yes

HDLC Transmit FIFO Write Enable
USART Transmit FIFO Write Enable
HDLC Transmit FIFO Empty
USART Transmit FIFO Empty
HDLC Transmit Data Underrun

Special Condition Status (SCS): Yes

HDLC Receive FIFO Overflow
USART Receive FIFO Overflow
Break Begin

Break End

Local Character 1 Recognized
Local Character 2 Recognized
Remote Character 1 Recognized
Remote Character 2 Recognized

Additional infi L
Status Register (STR)

IST
IST
IST
IST
ST
RFS

XFS

SCS

STR
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Write Registers

Table 9. Write Registers

Mask Reglisters Write/Read
MASK Interrupt Status Mask Register WR
RFIM Receiver & RFIFO Interrupt Status Mask Register W/R
XFIM Transmitter & XFIFO Interrupt Status Mask Register WR
SCIM Special Condition Interrupt Status Mask Register WR
Configuration Registers
GCR General Configuration Register W/R
SCR Special Configuration Register W/R
AICR Asynchronous Interface Configuration Register W/R
DPCR Data Path Configuration Register W/R
HMR HDLC Mode Register W/R
UMR USART Mode Register WR
Operational Parameter Registers
BRS Bit Rate Select W/R
TSR Time Slot Register WR
NRF Number of Retry Frames W/R
Control Reglsters
LDR Local DTE Register W/R
RDR Remote DTE Register W/R
XER Transmitted E-bits WR
Command Registers
HCC HDLC Controller Commands w
ucc USART Controller Commands w
INSC Character Insert W/R
Constants & Speclal Character Registers
SYN Synchronization character W/R
LCAR1 Recognizable Character 1 from Local DTE/DCE W/R
LCAR2 Recognizable Character 2 from Local DTE/DCE W/R
RCAR1 Recognizable Character 1 from Remote TA/DTE WR
RCAR2 Recognizable Character 2 from Remote TA/DTE W/R
Other Registers
TEST Test Register w
Reset State ITAC between standby and operational states two

The ITAC is in the reset state after power-on or after the
application of a reset pulse on RST.

In the reset state, all control registers are zeroed and all
interrupts are masked. Synchronous Network Interface
and DCE/DTE interface outputs are tri-state.

Power-Down State

The ITAC may be set in a standby state to save unnec-
essary power consumption when idle. For switching the

cases are distinguished, according to whether the DCE/
DTE interface is an X.21 interface, or a V.24 interface.

The characteristics of the standby state are shown in
Table 10.

Am2110 1-235



Table 10. Characteristics of the Standby State

Output or function X.21 (V24=0) V.24 (V24=1)
Microcontroller Interface Operational Operational
Oscillator Disabled Enabled

Other logic Disabled DTR detection

RxD Previous state Previous state

S Logical 1 or tri-state Logical 1 or tri-state
Other DCE/DTE outputs Previous state Previous state

SDX Tri-state Tri-state

Foran X.21 interface, switching between “standby” and
“operational” is only subject to the state of the control bit
PU (Power Up). The oscillator reaches a steady state
within 10 ms after the PU bit is set to one.

Inthe V.24 case, standby is reached when PU is set to
zero and DTR(108) interchange circuit is OFF. When
DTR is switched ON, the standby state is left, an inter-
rupt is generated, and the PU bit is set to one by internal
logic. (Figure 11).

Operational

DTR(108) = OFF
and PU=0

PU =1 or DTR(108) = ON
/ action: PU = 1

Figure 11. Standby State Diagram (V24=1)

Initialization

After reset, the user has to write a minimum number of
registers to set the ITAC into an operational state. The
most important among these are:

General Configuration Register (GCR)

Bit Rate Select Register (BRS)

Data Path Configuration Register (DPCR)

Local DCE/DTE Interface Register (LDR).

Interrupts are enabled via the MASK register.

The microcontroller may switch the ITAC into opera-
tional state at any time, not necessarily at initialization—
unless a clock is required by the local DTE—but, say,
upon detecting an incoming data call. Also the auto-
matic wake-up feature can be used in the case of anout-
going call. Note that switching between “standby” and
“operational” does not affect the contents of the
registers.
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Processing

If the ITAC is run in transparent mode, the microcon-
troller has only a supervisory function. Special events,
such as loss of synchronization, or changes in the state
of the local or the remote DTE can be monitored via the
interrupt logic, or by polling.

Inthe non-transparent mode, the Serial Communication
Logic is activated. Data transfer itself can be interrupt,
polling or DMA-driven.

Interrupt Operations
If neither the USART nor the HDLC controller is used in

DMA, the non-DMA mode is selected (DMA = 0).
Reception

The reception of data is supervised via the Receiver and
RFIFO Status register (RFS).

USART

The USART Receive Data (URD) maskable interrupt
status indicates that at least one character is stored in
the Receive FIFO. The URD status is reset when the
RFIFO is empty.

The reaction time of the microcontroller to a URD inter-
rupt status is, in the worst case, 1 ms (64 kbps synchro-
nous data transfer).

The receive FIFO Full (URFF) interrupt status indicates
that the Receive FIFO contains nine characters. This
interrupt should be serviced with a high priority, other-
wise a Receive FIFO Overflow (URFO) interrupt status
might occur.

The Framing Error and Parity Error bits (FER, PER) may
also be enabled to generate an interrupt, or, else, canbe
polled in RFS. These bits are updated every time a
character is read from RFIFO.

wP Read uP Write - XFE
0 0
1 -RD 1
2 2
8 8
-RFF - XW
Shift Register| Shift Register
- RFO
a. Receive FIFO b. Transmit FIFO
Figure 12. FIFO Status Indications
HDLC abyte is read from RFIFO, and may also be enabled as

Data transfer over the HDLC receive FIFO is similar to
the USART case. The interrupt status HDLC Receive
Data (HRD) indicates that at least one byte of data is
stored in RFIFO. The HDLC Receive FIFO Full (HRFF)
interrupt status indicates that nine bytes are stored.
Loss of data is indicated by:

o HDLC Receive FIFO Overflow (HRFO) interrupt
status if the first byte of an HDLC frame could not
be stored because of a full RFIFO, and conse-
quently one or more HDLC frames are lost;

o Otherwise the loss of data is indicated by the RDO
(Receive Data Overtlow) bit in the status byte of the
corresponding frame.

The end of a frame is indicated by the Receive Message
End (RME) bitin RFS. This status is updated every time

an interrupt status.

Transmission

The transmission of data is supervised via the Transmit-
ter and XFIFO Status register (XFS).

USART

The USART Transmit FIFO Write enable (UXW) mask-
able interrupt status indicates that one or more charac-
ters may be written in the Transmit FIFO. The UXW
status is reset when the XFIFO is full.

When all characters in the XFIFO have been read, a
Transmit FIFO Empty (UXFE) interrupt status is gener-
ated. When the XFIFO becomes empty, “1” (async), or
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the last entered character (sync) is continuously
transmitted.

HDLC

Datatransmission overthe HDLC XFIFOis similarto the
USART case. In addition to HXW and HXFE a HDLC
Transmit Data Underrun (HXDU) interrupt status bit is
provided, which is activated when the last byte in XFIFO
has been transmitted and no XME command has been
issued. The frame is closed with an abort sequence. If
the frame is not yet complete, the HXFE interrupt should
be serviced with high priority to prevent HXDU from
occurring.

Polling Operations

For polling driven operations non-DMA mode is pro-
grammed in the General Configuration Register
(DMA=0). Interrupts are disabled by masking in the
MASK register. The Interrupt Status Register, however,
can be polled and the status bits may be acknowledged
as usual. Events can also be masked at the status regis-
terlevel, in which case they do not cause bits to be setin
the Interrupt Status Register.

DMA Operations
USART

DMA mode (DMA = 1) with USART (DMH=0) is pro-
grammed in the General Configuration Register.

Receiver

The USART Receive FIFO Full (URFF) interrupt status
indicates that a DMA output request (DMOR) is pending
and the RFIFO is full. It serves as a request for the
microcontroller to program the DMA controller. The
URFF status is withdrawn when less than nine charac-
ters are present in the ITAC.

Up to nine characters may be stored inside the ITAC be-
fore loss of data. The DMOR request is automatically
generated until all characters have been read.

Generation of DMOR request is blocked when a PER or
an FER interrupt status occurs (if enabled in RFIM).
Generation of DMOR can be resumed when the PER/
FER interrupt status is acknowledged by the micro-
controller.

Loss of data is indicated by the URFO interrupt.

Transmitter

The DMA input request (DMIR) is initially generated by
the ITAC when the DMA Start Command (UDMS) is is-
sued. A DMIR request is generated as long as space is
leftinthe XFIFO. Iif the DMA controller does not respond
to the request before the last character is read from the
XFIFO, a Transmit FIFO Empty (UXFE) interrupt is gen-
erated and DMIR is withdrawn. After a UXFE interrupt,
DMA transfer may be started anew by reissuing a
UDMS command.

HDLC

DMA mode (DMA=1) with HDLC (DMH=1) is
programmed in the General Configuration Register.
Receiver

The HDLC Receive FIFO Full (HRFF) interrupt status in-
dicates that a DMA output request (DMOR) is pending

and the RFIFO is full. it serves as a request for the
microcontroller to program the DMA controller. The
HRFF status is withdrawn when less than nine bytes are
present in the ITAC.

A Receive Message End Received (RMER) interrupt
can be also used as a request to program the DMA con-
troller. It indicates that the end of an HDLC frame has
been received.

Up to nine bytes may be stored inside the ITAC before
loss of data. The DMOR request is generated until all
bytes have been read.

When the status byte pertaining to a received HDLC
frame is read, a Receive Message End (RME) interrupt
status is generated. Simultaneously, EODR output is
activated. The status bit remains set until acknowledged
by the microcontroller. Generation of DMOR requests is
blocked untii RME has been acknowledged, and re-
started thereafter. If the microcontroller does not ac-
knowledge the RME status before a RFIFO overflow oc-
curs, then:

o |f the first byte of a receive frame could not be
stored, a HDLC Receive FIFO Overflow (HRFO) is
generated;

o Otherwise, the overflow is indicated in the status
byte of the corresponding frame.

The EODR output is deactivated when RME is acknowl-
edged.

Transmitter

The DMA input request (DMIR) is initially generated by
the ITAC when the DMA Start Command (HDMS) is
issued. When a byte has been fetched for transmission,
a new request is generated. If the DMA controller does
not respond to the request before the XFIFO is empty, a
Transmit FIFO Empty (HXFE) interrupt is generated,
DMIR is withdrawn and the frame is automatically
closed by appending a FCS and a closing flag. DMA
transfer may be started anew by reissuing a HDMS
command.
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Figure 13. DMA Operation
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DETAILED REGISTER DESCRIPTION
Register Space

In order to facilitate a direct connection to 16-bit proces-
sors, it is possible to access all ITAC registers using

Interrupt/Status Registers
Interrupt Status Register (IST)

either even microprocessor addresses only or odd
microprocessor addresses only.

The register address map is shown in Figure 14.

LDC | ELDC | RDC | SYC |SXEC RF XF SC
LDC Local DTE Status Change (status register SXEC S, Xor E bit Status Change (status register
LDS) SXS, ES)
ELDC Extended Local DTE Status Change (status RF Receiver and RFIFO Status (status register
register ELDS) RFS)
RDC Remote DTE Status Change (status register XF Transmitter and XFIFO Status (status register
RDS) XFS)
SYC  Synchronization Status Change (status regis- SC Special Condition Status (status register
ter SYS) SCS)
Local DTE Status (LDS)
Non-X.21 Mode (V24=1)
DTR RTS Mi Mi2 MI3 X X X
DTR  Data Terminal Ready interchange circuit RTS  Request To Send interchange circuit state
state Mi1-3 Multifunctional input states
X.21 Mode (V24=0)
LONO |LOFO1| LL3 X X X X X
LONO Local (0, ON) state LL3 Local Loop 3. Local (00001111..., OFF)
LOF01 Local (0101..., OFF) state state
Extended Local DTE Status (ELDS)
X.21 mode only (V24 = 0).
LONX | LOFX | LON1 | LOF1 | LOFO | LL2 X X
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Address

00-0F
10-1F
20,21
22,23
24,25
26,27
28,29
2A2B
2C,2D
2E2F
30,31
32,33
34,35
36,37
38,39
3A,3B
3C,3D
3E,3F
40,41
42,43
44,45
46,47
48,49
4A 4B
4C,4D
4E 4F
50,51
52,53
54,55
56,57
58,59
5A5B
5C,5D
5E,5F
60,61
62,63
64,65
66,67
68,69
6A.6B
6C,6D
6E,6F
70,71
72,73
74,75
76,77
78,79
7A.7B
7C,7D
7E,7F

Read Write
RFIFO (HDLC) XFIFO (HDLC)
RFIFO (USART) XFIFO (USART)
IST ISTA

TEST
LDS
ELDS
RDS
SYS
SXS
ES
RFS RFSA
XFS XFSA
SCSs SCSA
STR STRA
MASK MASK
RFIM RFIM
XFIM XFIM
SCIM SCIM
GCR GCR
SCR SCR
AICR AICR
DPCR DPCR
HMR HMR
UMR UMR
BRS BRS
TSR TSR
NRF NRF
LDR LDR
RDR RDR
XER XER

HCC

ucc
INSC INSC
SYN SYN
LCAR1 LCAR1
LCAR2 LCAR2
RCAR1 RCARt1
RCAR2 RCAR2

Interrupt Status Register

> Status Registers

Mask Registers

Configuration Registers

Operational Parameter Registers

Control Registers

Command Registers

Constants and
Special Character Registers

Figure 14. ITAC Register Map
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IST

LDS

ELDS

RDS

SYS

SXS

ES

RFS

XFS

SCS

STR

Rec. HDLC Frame
Status Byte

LDC | ELDC| RDC | SYC | SXEC| RF XF SC
DTR | RTS Mi Mi2 Mi3 X X X
LONO| LOFO1| LL3 X X X X X
LONX | LOFX | LON1 | LOF1 | LOFO | LL2 X X
RONX | ROFX | RON1 | ROF1 | ROFO | RL2 X X
FSL RsI RSS X X X X X
RS/RSA] RSB RX X X X X X
RE1 RE2 | RE3 | RE4 | RE5 | RE6 RE7 X

HRD | URD | HRFF | URFF | RMER| RME | FER | PER
HXW | UXW | HXFE | UXFE | HXDU X X X

HRFO | URFO | BRB | BRE LC1 LC2 RC1 | RC2
CAC Cis RLA | IDLE | RCHR| RDB | OVS X

RDO | CRC | RAB 0 0 VB2 VB1 VBO .

Figure 15. ITAC Status Register Summary
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Extended Local DTE Status (ELDS)
X.21 mode only (V24 = 0).

LONX | LOFX | LON1 { LOF1 | LOFO LL2 X X
LONX Local (X, ON) state LOF1 Local (1, OFF) state
LOFX Local (X, OFF) state LOF0 Local (0, OFF) state
LON1 Local (1, ON) state LL2 Local Loop 2. Local (0011. . ., OFF) state
Remote DTE Status (RDS)
RONX | ROFX | RON1 | ROF1 | ROFO | RL2 X X
RONX Remote (X, ON) state ROF0 Remote (0, OFF) state
ROFX Remote (X, OFF) state RL2 Remote Loop 2. Remote (0011..., OFF)
state
RON1 Remote (1, ON) state
ROF1 Remote (1, OFF) state
Synchronization Status (SYS)
FSL RSI RSS X X X X X
FSL Frame Sync Loss of the intermediate rate RSS  Resynchronization Successful. The interme-
receiver. At least three consecutive errone- diate rate receiver is synchronous.
ous frames have been received.
RSI Resynchronization Impossible. The interme-
diate rate receiver has not achieved synchro-
nization.
S- and X-Bit Status (SXS)
RS/RSA| RSB RX X X X X X
RS/RSA Received S (V110=0) or SA (V110=1) bit RX Received X bit
RSB Received SB bit (V110=1)
E-Bit Status (ES)
RE1 RE2 RE3 RE4 RES RE6 RE7 X

RE1-7 Received E-bits
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Receiver and RFIFO Status (RFS)

HRD | URD | HRFF | URFF | RMER | RME FER | PER
HRD HDLC Receive Data in RFIFO RMER Receive Message End Reception
URD USART Receive Data in RFIFO RME Receive Message End
HRFF HDLC Receive FIFO Full FER  Framing Error
URFF USART Receive FIFO Full PER  Parity Error
Transmitter and XFIFO Status (XFS)
HXW | UXW | HXFE | UXFE | HXDU X X X
HXW  HDLC Transmit FIFO Write enable UXFE USART Transmit FIFO Empty
UXW  USART Transmit FIFO Write enable HXDU HDLC Transmit Data Underrun
HXFE HDLC Transmit FIFO Empty
Speclal Condition Status (SCS)
HRFO | URFO | BRB BRE LC1 LC2 RC1 RC2
HRFO HDLC Receive FIFO Overflow LC2  LCAR2 Character recognized from local DTE
URFO USART Receive FIFO Overflow RC1 RCAR1 Character recognized from remote
BRB  Break Signal Begin DTETA
BRE  Break Signal End RC2 g?éﬁi Character recognized from remote
LC1 LCAR1 Character recognized from local DTE
Status Register (STR)
CAC CIS RLA | IDLE | RCHR | RDB ovs X
CAC  Command Accepted. Polling bit to monitor RCHR Receive Characters detected. Only stop bits
the execution of HRR, HXR, URR, UXR, have been received from the DCE/DTE inter-
SBK, HNT and TRA command face since the last acknowledgment (0)
Cis Character Insertion Status. A character can RDB  Receive Data Byte. Set after every eighth bit
be inserted in the receive character stream in X.30/V.110 frame (P8,Q8,R8 or
using INSC (1) D8,D16,D24. . .)
RLA  Receive Line Active. HDLC flags/messages OVS  Overspeed. The local DTE/DCE is transmit-
are being received (1) or not (0) ting characters at a rate exceeding the toler-
IDLE  Idle state on HDLC receive line. A row of at ance range
least fifteen ones has been detected since
the last acknowledgment (1)
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Receive HDLC Frame Status Byte

RDO

CRC

RAB

VB2

VB1

VB0

RDO  Receive Data Overflow
CRC CRC Check Correct (1)

RAB

Receive Abort
VB2-0 Valid bit count in the last byte received
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Write Register

Mask Registers:

MASK

RFIM

XFIM

SCIM

Configuration Registers:

GCR

SCR

AICR

DPCR

HMR

UMR

BRS

TSR

PU DOE V24 | Vi10 | ASY | ENFR | DMA | DMH

TS5 DLL LCS RCS F56 0 0 0
CHL1 | CHLO | STP TR 0 0 0 0
RDC1 | RDCO | XDC1 | XDCO | RSC | XSC TL2 TL3
HRLC | HXLC | HREN | HXEN | HINV ITF 0 0
ASYC | PTY | UREN [UXEN | SCM | PY1 PYoO 0

Operational Parameter Registers:

UR3 UR2 UR1 URO NR3 NR2 NR1 NRO
TS4 | TS3 | TS2 | TSt TS0 | ICS2 | ICS1 | ICSo

N7 N6 N5 N4 N3 N2 N1 NO

NRF

Figure 16. ITAC Control Register Summary
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Control Registers:

LDR

RDR

XER

Command Registers

HCC

ucc

INSC

DCD/| DSR | CTS RD MO1 | MO2 0

XS/XSA| XSB XX XD 0 0 0
XE1 XE2 XE3 XE4 | XE5 | XE6 XE7

HRR | HXR | XME | HDMS 0 0 0
URR | UXR 0 UDMS| SBI HNT | TRA

Constants and Special Character Registers

SUM

LCAR1

LCAR2

RCAR1

RCAR2

Other Registers

TEST

Figure 16. ITAC Control Register Summary (continued)
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Mask Registers
Interrupt Status Mask Register (MASK) R/'W

Azeroin abit of MASK inhibits the interrupt fromthe cor-
responding bit position of the IST register. However the
bit in IST will still indicate the status and thus masked in-
terrupts may be polled.

Recelver & RFIFO Interrupt Status Mask Register
(RFIM) RIW

Azeroin abit of RFIM inhibits the status in IST being ac-
tivated by the corresponding bit in RFS. However the bit
in RFS will still indicate the status and thus may be
polled.

Configuration Registers
General Configuration Register (GCR) R'W

Transmitter & XFIFO Interrupt Status Mask
Register (XFIM) R/W

A zero in abit of XFIM inhibits the status in IST being ac-
tivated by the corresponding bit in XFS. However the bit
in XFS will still indicate the status and thus may be
polled.

Speclal Condition Interrupt Status Mask Register
(spgch) R/W

Azeroin abit of SCIM inhibits the status in IST being ac-
tivated by the corresponding bitin SCS. However, the bit
in SCS will still indicate the status and thus may be
polied.

PU DOE | V24 | V110

ASY | ENFR | DMA | DMH

PU Power-up. Forces the ITAC into power-up
DOE DCE/DTE Interface Output Enable

V24 X.21 (0) or non-X.21 (1) interface

V110  Protocol according to X.30 (0) or V.110 (1)

ENFR Enable Frame. When 0, the Synchronous

Network Interface output is inactive and the
receiver is idle

DMA  DMA mode (1) or not (0)
DMH  DMA mode for HDLC controller (1) or for

ASY  Async (1) or Sync (0) DCE/DTE interface USART (0)
Special Configuration Register (SCR) R'W
Tss | DL | Lcs | Res | Fse 0 0 0

TS5  Time Slot Select MSB. Used only for Syn-
chronous Network Interface data rates
greater than 2.048 Mbps

DLL  Double Last Look On. Receive status bit
changes are mapped on DCE/DTE interface
using double last look logic (1)

LCS  Local Character Stop. Any character from
DCE/DTE interface that matches LCAR1 or

LCAR2 is stopped (1). Used for XON/XOFF
flow control and Hayes protocol

RCS  Remote Character Stop. Any character from
remote DTE/TA that matches RCAR1 or
RCAR2 is stopped (1).Used for XON/XOFF
flow control

F56 Frame for 56 kbps. Bit 8 of a 64 kbps channel
is filled with “1” (0), or with the pattern “0X
S3S41111"(1)
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Async Interface Configuration Register (AICR) R'W

CHL1 | CHLO | STP TR 0 0 o] 0
CHLO-1 Character Length, excluding possible parity STP  Stop bits. One (0) or two (1) stop bits per
bit: character.
TR Tolerance Range. Normal 12.5% (0) or ex-
CHL1 CHLO Length tended 25% (1) tolerance range for local DTE
overspeed.
0 0 eight
0 1 seven
1 0 six
1 1 five
Data Path Configuration Register (DPCR) R'W
RDC1 | RDCO | XDC1 | XDCO | RSC XSC T2 TL3

RDCO0-1 Receive Data Connect

XDCO-1 Transmit Data Connect

RDC1 RDCO
0 0 RxD is connected to
register bit RD
0 1 RxD is connected to Serial
Communication Logic
1 0  RxD is connected to D-bits

XDC1 XDCO
0 0 D-bits are equal to
register bit XD
0 1 D-bits originate from Serial
Communication Logic
1 0 D-bits originate from TxD

RSC  Receive S-bit Connect. Received S/SA, SB TL2 Test Loop 2 activation.
bits are mapped on to DCE/DTE interface A
interchange circuits (1). TL3 Test Loop 3 activation.
XSC  Transmit S-bit Connect. Transmitted S/SA,
SB bits originate from the microcontroller
interface (0) or are mapped from DCE/DTE
interface interchange circuits (1).
HDLC Mode Register (HMR) R/'W
HRLC | HXLC | HREN | HXEN | HINV ITF o] 0
HRLC HDLC Receiver to Local DTE Connection. DTE interface and the USART Transmitter to
The HDLC Receiver is connected to DCE/ network (1) or vice versa (0).
DTE interface and the USART Receiver to .
network (1) or vice versa (0). HREN HDLC Receiver Enable.
HXLC HDLC Transmitter to Local DTE Connection. HXEN  HDLC Transmitter Enable.
The HDLC Transmitter is connected to DCE/ HINV  HDLC normal (0) or inverted (1).
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XD

<D Async/Sync . IRC Xmit
XDC1-0
RD
RxD . Sync/Async 4 IRC Rev
RDC1-0 |
HXLC HRLC —
usAx | |HDLX USAR| |HDLR

Serial Communication Logic

Figure 17. Serlal Communication Logic

USART Mode Register (UMR) R/'W

ASYC

PTY | UREN

UXEN

SCM

PY1

PYO

ASYC Asynchronous (1) or Synchronous (0) mode.

PTY  Parity. Hardware parity check/generation (1)

or not (0).

UREN USART Receiver Enable.
UXEN USART Transmitter Enable.

SCM  Synchronous Communication Mode. Bisync
(0) or Monosync (1).

PY0-1 Parity type. Used when PTY = 1.

PY1 PYO Type
0 0 0
0 1 odd
1 0 even
1 1 1
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Operational Parameter Registers
Bit Rate Select (BRS) R'W

UR3 | UR2 | UR1 URO | NR3 | NR2 NR1 | NRo

UR0-3 User rate NRO0-3 Network rate
UR3 UR2 UR1 URO Rate, bps DTE TYPE
ASY=1 ASY=0
0 0 (o} (o] 300 X
0 0 0 1 600 X X
0 0 1 0 1200 X X
0 0 1 1 2400 X X
0 1 0 0 4800 X X
0 1 0 1 9600 X X
0 1 1 0 19200 X X
0 1 1 1 38400 X X
1 0 0 0 48000 X
1 0 0 1 56000 X
1 0 1 0 64000 X
1 0 1 1 reserved
1 1 X X reserved
NR3 NR2 NR1 NRO Rate, bps

0 0 0 X 600

0 0 1 0 1200

0 0 1 1 2400

0 1 0 0 4800

0 1 0 1 9600

0 1 1 0 19200

0 1 1 1 38400

1 0 0 0 48000

1 0 0 1 56000

1 0 1 0 64000

1 0 1 1 reserved

1 1 X X reserved

Time-Slot Register (TSR) R'W

TS4 TS3 TS2 TSH TSO | ICS2 | ICS1 | ICSO

TS0-4 Time Slot Select. Selects one 8-bit time slot ICS0-2 Intermediate Rate Channel Select. Position of
out of a maximum of 32 or 64 (if TS5 is used) the first bit of intermediate rate channel inside
on the Synchronous Network Interface. the 8-bit time slot.

Number of Retry Frames Register (NRF) R/'W

Determines the number of intermediate rate frames af- resynchronization is attempted. If synchronism is not

ter initial Frame Sync Loss (FSL) status, during which achieved within NRF frames, a RS status is generated.

Am2110 1-251



Control Registers
Local DTE Control Register (LDR) RW

DCD/ | DSR | CTS RD MOt | MO2 0 0
DCD/I State of DCD/I interchange circuit. RD Value of RxD.
DSR  State of DSR interchange circuit. MO1-2 State of Multifunctional Output 1-2.
CTS  State of CTS interchange circuit.
Remote DTE Control Register (RDR) R/'W
XS/XSA| XSB XX XD 0 0 0 0

XS/XSA Value of Transmitted S/SA bit. XX
XSB Value of Transmitted SB-bit. XD

Value of Transmitted X-bit.
Value of Transmitted D-bit.

Transmitted E-bit Register (XER) R/'W

XE1 XE2 | XE3 | XE4 | XES5

XE6 XE7 0

Value of transmitted E-bits in intermediate rate frame.

Command Registers
HDLC Controller Command Register (HCC) W

HRR | HXR | XME | HDMS 0

HRR HDLC Receiver Reset. XME

Transmit Message End.

HXR  HDLC Transmitter Reset. HDMS DMA Start for HDLC Transmitter.

USART Controller Command Register (UCC) W

URR | UXR 0 UDMS | SBK

HNT | TRA 0

URR USART Receiver Reset. HNT
UXR  USART Transmitter Reset.
UDMS DMA Start for USART Transmitter. TRA

SBK  Set Break. Forces the USART output to zero
(start polarity) regardless of any data being
transmitted at the time.

Character Insert Register (INSC) R/'W

Set Hunt Mode. Forces the USART to search
for sync character(s) before starting to store
data.

Set Transparent Mode. Enables the USART
to store receive data without regard for octet
synchronization.

The character written in this register is inserted in the Received characters are not disturbed. The register
received character stream at the next opportunity. may be written when CIS status bit is equal to “1.”
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Constants and Special Character Registers
Synchronization Character Register (SYN)

In the hunt phase, the receiver searches for one
(monosync) or two (bisync) characters before storing
data.

Local Characters 1 and 2 (LCAR1, LCAR2)

Characters from the DCE/DTE interface are compared
with LCAR1 and LCAR2. Upon a match, an interrupt
status may be generated, and the character is optionally
stopped. Used for Hayes protoco!l and for XON/XOFF
flow control.

Remote Characters 1 and 2 (RCAR1, RCAR2)

Characters from the remote DTE/TA are compared with
RCAR1 and RCAR2. Upon a match, an interrupt status
may be generated, and the character is optionally
stopped. Used for XON/XOFF flow control.

Other Registers
Test Register (TEST) W

Reserved

Am2110
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ABSOLUTE MAXIMUM RATINGS

Ambient temperature underbias . ... ... 0to +70°C
Storage temperature . ............ -65t0 +125°C
Voltage on any pin

with respecttoground ...... -0.4to Voo +0.4V

Stresses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device failure. Functionality
at or above these limits is not implied. Exposure to absolute
maximum ratings for extended periods may affect device
reliability.

OPERATING RANGES

Commercial (C) Devices
Ambient Temperature (Ta) .......... 0°to +70°C
OperatingVoo . ............... 475Vt05.25V

Operating ranges define those limits between which the
functionality of the device is guaranteed.

DC CHARACTERISTICS over operating range

Ta=010 +70°C; Voo =5V +5%, Vss =0 V.

Table 11. DC Characteristics

Symbol Parameter Min. Max. Unit Test Condition

Vi Input low voltage -0.4 0.8 \"

Vi Input high voltage " 2.0 Voo +0.4 Vv . i

VoL Output low voltage 045 _ N . . log=2mA o

Von 24 v low=—400 pA

Vou h Vop=5 N low=—200 pIA

lee Power operational mA Voo = =5.V, CLK = 4 MHz
supply Inputs at 0 V/Vpp
Current power down mA No output loads

lu Input leakage current OV<Vn<VptoOV

+10 HA
lo Output leakage current 0V <Vour < Vopto OV
Capacitances

Ta=25°C,Voo=5V £ 5%, Vss=0 V.

Table 12. DC Capacitances

Limit Values
Symbol Parameter Min. Max. Unit Test Condition

All CIN Input capacitance 7 pF

pins Clo /O capacitance 7 pF
except
SR1,2
XTAL1,2

XTAL1,2 CLD Load capacitance 50 pF
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External
il

Il XTAL1 Oscillator ———— xTAL1
Signal
CLD 1
1o7s2mHz CLD <50 pF

A XTAL2 NG — ] XTAL2

Crystal Oscillator Mode Driving from External Source

Figure 18. Recommended Oscillator Circuits
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SWITCHING CHARACTERISTICS over operating range
Ta=0t0o +70°C, Voo =5V 5%

Inputs are drivento 2.4 V for a logical “1” and to 0.4 V for 2.0 20
a logical “0”. Timing measurements are made at 2.0 V
forlogical “1”and at 0.8 Vfor a logical '0". The AC testing
input/output waveforms are shown in Figure 19. 0.8 . 0.8

Figure 19. Input/Output Waveform for AC Tests

Clock
y
40V N
iov
e bl > L >
te
»
Figure 20. Definition of XTAL1 Period with Width
XTAL1,2
Table 13. XTAL1,2 Characteristics
Symbol Description
te
twn
twe
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ALE y / \

t .
— ——y, —

CS+RD

ADO-AD7

Figure 22. Microcontroller Write Cycle
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Table 14. Microcontroller Interface Timing

Symbol Description Min. Max. ndition
taw ALE pulse width 50
ts Address setup time to ALE 20

tan Address hold time from ALE 10

taw RD pulse width

toon Data output delay from RD

tooz f?:i";‘)%iata high impedai ns
ta ns
tww ns
tos ns
tion ns
tw ns

Am2110
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DMR X
|
— \ j

ceecececcccccscccscsccocsccsssscsssncses ceeccocce

ADO-AD7

a. DMA Read

toun >

\
-\ -

3

ADO-AD7

b. DMA Write

Figure 23. DMA Cycle
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Table 15. DMA Characteristics

Symbol Description Min. Max. Unit Condition
ton DMDR hold time 60 ns
tan Address stable before RD (] ns
tro Data delay from RD 150 ns
tor Output floating delay 20 ns
tea Address hold after RD 0 ns
tan RD pulse width 150 ns

tw DMIR hold time 80 ns
taw Address stable before WR 0 ns
twa Address hold after WR ()
tow Data setup to WR 30
two Data hold after WR 25
tww WR pulse width 100

Serial Interface Timing

Table 16. CLK

Symbol Description Min. Unit Condition
te CLK period ns
tw CLK high ns

tw CLK low ns

L .

Figure 24. Definition of CLK Period and Width
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CLK

tes
FSC : S

< > oo or
loor |q- -
tozo tozo
High Impedance 7' ot
SDX \ BITo TSO BIT1
tIDH
SDR TSO BIT1
Figure 25. Synchronous Network Interface Timing
Table 17. Synchronous Network Interface Timing
Symbol Description Min. Max. Unit Condition

tes FSC setup time 40 ns
ten FSC hold time 40 ns
tewst FSC high width 40 ns
tozm SDX from high impedance

to active from CLK
tooo v LK
tooz

m ¢ nc !
toor SDX from high impedance 100 ns

to active from FSC (Note)
tios SDR setup time 20 ns
tion SDR hold time 40 ns

Note: This delay from FSC applies only when FSC repetition period is less than 512 bits, time slot 0 has been programmed, and
CLK precedes FSC.
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PHYSICAL DIMENSIONS
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Am2160

Audio Ringing Codec Filter (ARCOFI)

1

Advanced
Micro
Devices

DISTINCTIVE CHARACTERISTICS

B Applications in digital terminal equipment B Dual analog inputs for handset and “handsfree”
g quip
including a voice path microphones plus an auxiliary differential analog
input
Low power CMOS technology P
. . B Two sets of differential outputs for a handset
B Test and maintenance loopbacks in the analog earpiece and loudspeaker
front end and the digital processor
. . B Power dissipation:
B SLD or IOM™ Rev. 2 serial interface bus — active 150 mW
B Flexible Peripheral Control Interface (PCI) —standby 10 mW
[ ] . °
B CODEC filter Temperature range: —25 to +70°C
[ ] - 24-pi
B DTMF, tone and ringing generators Packages: 24-pin DIP
28-pin PLCC
W Separate output for a piezo ringer
BLOCK DIAGRAM
ARCOF]I Block Diagram ARCOF!
Analog Front End ARCOFI Signal Processor Digital Interface
AFE AsP ADI
XINP 13 .
XIN 14 AX 38P1
28P2
MIP 15 o
AHM Digital Signal Peripheral Control > 10 SA
MIN 16 IMUX ¥ AD Processor Interface 9SB
FHM 17 8SC
» 7 SD
. (T;imingl
<« ontrol 4 4—» 11 DD
<«AHO Unit
HOR 20 ¢ " <« 12 SIP/DU
Coefticient SLD <
O/MUX [ D/A RAM Intortace 6 CLK/DCL
5FCS
LSP 19
ALS
LSN 18 PLL (¢
I ] il l I
GND Ves GND Voo Reset

Publication # 11153  Rev. B Amendment /0

Issue Date: March 1989
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GENERAL DESCRIPTION

The Am2160 Audio Ringing Codec Filter (ARCOFI) pro-
vides the subscriber with an optimized audio, ringing,
codec filter processor solution for a digital telephone.
The ARCOFI fulfills all necessary requirements for the
completion of a low cost digital telephone. Full featured
applications including handsfree telephone are included
by the addition of a voice switched speakerphone cir-
cuit. The ARCOFI performs all coding, decoding, and
filtering functions according to CCITT and AT&T norms.

The ARCOFI integrates a DTMF generator in the trans-
mit direction and atone generator plus a ringing genera-
tor in the receive path. The interfacing to a handset
mouth and earpiece is facilitated by a flexible analog
front end. A loudspeaker output has also been inte-
grated on chip as well as a secondary input for a hands-
free microphone. The microphone analog gains is user
programmable under microprocessor control.

CONNECTION DIAGRAMS

Top View
24-Pin DIP 28-Pin PLCC
-
g
U 8 8 8 ¢ ¢
voo [} 1e 2477 GNDD M oMo
SP2 2 23 VSS 3 2 1 28 27
O ] se[J4 . 26| |Rs
SP1[] 3 22 [] GDNA
5
RS[] 4 21 [] HoP s el ]
rsod s 20 9 Hon S EE 24] | sP2
CKDCL[T 6 19 [ LsP siou[] 7 23| ] voo
so[] 7 18 7] LSN voo[_] 8 22| | GNDD
sc s 17 ] FHm xine[_] 9 21]_]vss
s8[] o 16 7] MIN xINN[ ] 10 20[ ] GNDA
ps[] 10 15 T mip MIPD 11 19[ ] voD
DD 11 14 ] XINN MIN[] 12 18] ] LsP
= R TR AT
zZ 3 & & 8
£ 2 &8 2 5

Note: Pin 1 is marked for orientation.
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The ordering number

(Valid Combination) is formed by a combination of:

AM2160 P c B

a. Device Number

b. Speed Option (if applicable)
c. Package Type

d. Temperature Range

e. Optional Processing

L—-—— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

d. TEMPERATURE RANGE

C = Commercial (0 to +70°C)
c. PACKAGE TYPE

a. DEVICE NUMBER/DESCRIPTION
Am2160
Audio Ringing Codec Filter (ARCOFI)

P =24-Pin DIP (PD 024)

J = 28-Pin Plastic Leaded Chip Carrier (PL 028)

b. SPEED OPTION
Not Applicable

Valid Combinations

AM2160 [ PC, PCB, JC, JCB

Valid Combinations

Valid Combinations list configurations planned to
be supported in volume for this dev