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DISTINCTIVE CHARACTERISTICS
®  Four independent HDLC channeis

B 64-byte FIFO storage per channel and
direction

B Handling of basic HOLC functions
- Flag detection/generation
- Zero deletion/insertion
— CRC checking/generation
— Check for abort

B Single connection and quad connection
modes

® jJOM™ interface or PCM interface

B Programmable time siots and channel data
rates (up to 4 Mb/s)

Ditferent methods of contention resoiution
Address recognition

B Standard microprocessor interface, multi-

plexed or non-multiplexed address and data
buses

B Vectored Interrupt
Advanced CMOS technology

B power consumption less than 50 mwW

GENERAL DESCRIPTION

The Am2075, ISDN Digital Exchange Controller
(IDEC™), is a serial HDLC data communication circuit
with four independent channels. lts telecommunication-
specific features make it especially suited for use in
variable data rate PCM systems. In addition, the device
contains sophisticated switching functions and
implements automatic contention resolution between
packet data from different sources.

Its applications include communication multiplexers,
peripheral ISDN line cards, packet handlers, and X.25
packet switching devices. The IDEC is a fundamental
building block for networks with either centralized,
decentralized, or mixed-signaling architectures for
packet data handling.
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CONNECTION DIAGRAMS
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LOGIC SYMBOL
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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

AM2075 J C B8

-r— e. OPTIONAL PROCESSING

Blank = Standard Processing
B = Burn-in

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

c. PACKAGE TYPE
P = 28-Pin Plastic DIP (PD 028)
J = 44-Pin Plastic Leaded Chip Carrier (PL 044)

b. SPEED OPTION
Not Applicable

a. DEVICE NUMBER/DESCRIPTION
Am2075
ISDN Digital Exchange Controlier (IDEC)

Valid Combinations

Valid Combinations list configurations planned to

: . be supported in volume for this device. Consult
Valid Combinations the local AMD sales office to confirm availability of
AM2075 specific valid combinations, to check on newly
PC. JC, PCB, JCB released combinations, and to obtain additional

data on AMD’s standard military grade products.
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PIN DESCRIPTION
A6-A0 RD
Address Bus (Inputs) Read (Input)

These inputs interface to the system’s address bus to
select an internal register for a read or write access.
Only provided in the PLCC package and only active if a
demultiplexed microprocessor interface is selected.

AD7-ADO
Address-Data Bus (Inputs/Outputs)

The multiplexed Address Data Bus transfers data and
commands between the microprocessor system and
the IDEC.

ALE
Address Latch Enable (Input)

A High on this line indicates an address on the ex-
ternal address-data bus, selecting one of the internal
registers.

CDR

Collision Data Receive (Input)
Cs

Chip Select (Input)

A Low on this line selects the IDEC for a read/write
operation.

DCL
Data Clock (Input)

Supplies a clock signal either equal to or twice the data
rate.

DS
Data Strobe (input)

The rising edge marks the end of a valid read or write
operation (Motorola® bus mode). Only provided in the
PLCC package.

FSC
Frame Synchronization (Input)

INT
Interrupt Request (Output)

This line is activated when the IDEC requests an
interrupt. It is an open-drain output.

A Low on this line indicates a read operation (Intel® bus
mode).

RES
Reset (Input)

A High on this input forces the IDEC into reset state.

R/W
Read/Write (Input)

A High on this line indicates a valid microprocessor
access as aread operation. A Low indicates a micropro-
cessor access as a write operation (Motorola bus
mode). Only provided in PLCC package.

SD3R-SDOR
Serial Data Receive (Inputs)

SD3X-SDOX
Serial Data Transmit (Outputs)

SD2X is a collision output in Master mode.
TSC

Time Slot Control {Output)

Supplies a control signal for an external driver.
WR

Write (Input) or Read/Wrlte (Input)

A Low on this line indicates a write operation (Intel bus
mode).

Voo
+5-V Supply Voltage (Input)

Vss
Ground (input)

Am2075 7
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FUNCTIONAL DESCRIPTION

General Functions and Device
Architecture

The IDEC is an HDLC controlier which handles four
HDLC communication channels, each channel fully
independent and programmable by its own register set.
The circuit performs the following functions:

— Extraction (reception) and insertion (transmission) of
the HDLC data packets in a time-division multiplex-bit
stream.

- Implementation of the basic HDLC functions of the
Layer 2 protocol.

- Interfacing of the data packets to the microprocessor
bus. For the temporary storage of data packets,
overlapping FIFO structures are used per channel and
direction.

~ Switching of data between serial interfaces.

—Implementation of different types of
resolution.

—Test functions.

Operating Modes

Each HDLC controlier of the IDEC is assigned to one
time channel governed either by time slot assignment or
by an external strobe signal. Two basic configurations
are distinguished (Figure 1).

—In the quad-connection configuration, the four HDLC
controllers (A-D) are connected to individual time-
multiplexed communication lines.

- In the single-connection configuration, the four HDLC
channels are ali connected to one time-multiplexed
communication line.

collision

In the quad-connection configuration, two modes are
distinguished as follows:

—Each connection is a time-siotted highway; the
lengths and positions of the time slots are
programmable (quad-connection time slot mode).

—Each connection is a communication line; the time
channels are marked by an external strobe signal
(quad-connection common control mode).

In the single-connection configuration, two modes are

distinguished as follows:

—The connection is a standard IOM interface with
predefined channel positions (single-connection IOM
mode).

—The connection is a time-siotted highway (single-
connection time slot mode).

A time-siotted highway will sometimes be referred to as
a PCM highway, or PCM.

Table 1. Four Basic Operating Modes of the IDEC

MDS1 MDSO Mode Description

o] 0 Single-connection time slot mode

o] 1 Quad-connection common control mode
1 0 Single-connection IOM mode

1 1 Quad-connection time slot mode

The four modes of operation are illustrated in Figure 2.
Using channel-by-channel programming, one of a
number of collision detection modes may be selected in
each of the basic modes of operation. For future
reference, they are also depicted in Figure 2.

P

< 18 Main
‘_p_ C Connection
—®1 b

<

Microcontroller

a. Quad Connection

<

_JAjL.... -
£ B Auxiliary
..... - Connections
(o}
_4, .....
| D

Microcontroller

b. Single Connection

11134C-003

Figure 1. Connection Configurations
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Interfaces
Microcontroller interface

The IDEC 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 13 (20) lines and is directly
compatible with processors of the multiplexed and
demultiplexed address/data bus types (intel or Motorola
processor families).

in addition to 8-bit processors, the IDEC supports a
direct connection to 16-bit processors. Thus, through an
internal address transformation, it is possibie to access
ali IDEC registers using either even microprocessor
addresses only or odd microprocessor addresses only.

Serial Interfaces

Depending on the selected mode, the IDEC supports
four physically separate, full-duplex serial interfaces, or
one full-duplex serial interface.

In addition to the data input and output lines, the serial
interface requires a common data clock (input DCL) and
aframe synchronization signal (input FSC). Input data is
latched on the talling edge of DCL and output data is
clocked on the rising edge of DCL. The IDEC may be
programmed so that the data clock rate is either equalto
the data rate, or twice the data rate.

Individual Functions
Channel Access

The four HDLC controllers of the IDEC are connected to
the serial interfaces as shown in Tabie 3. The table indi-
cates the selection of the data channel, the selectable
time-siot widths, the output driver type, and the function

of the active-Low Time-Slot Control (TSC) output in
each of the operating modes.

The data output is set in a high-impedance state outside
the time channel where data is transmitted.

Quad-Connection Time Siot Mode

Channel selection is performed via the Time Slot Select
registers (TSR). For each HDLC channel, the 8-bit TSR
register gives the position of a time siot with a 2-bit reso-
lution. The length of the time slot, either 1, 2, 7 or 8 bits,
can be selected using the MODE register (CCS1, 0).
These parameters are common to the receive and the
transmit channel. If the number of bits ina PCM frame is
256 or 512, the (FSC) need not be provided at every
PCM frame start because bit counters are automatically
reset at frame end. When the PCM frame length is not
equal to either 256 or 512 bits, the frame synchroniza-
tion signal has to be provided at the beginning of every
PCM frame.

Table 2. Microcontroller Interface Signals of the IDEC

Symbol Type Name and Function

ADO /0] Address-Data Bus. The multiplexed address/data microprocessor interface bus mode is

AD1 l{e] selected. These lines transfer data and commands between the microprocessor and the IDEC.

AD2 le}

AD3 le}

AD4 Yo f a demuitiplexed mode is used, these lines interface with the system data bus.

AD5 ¥o

ADS6 o]

AD7 1]

A6-A0 i Address Bus. These inputs interface to the system’s address bus to select an internal register
for a read or write access. Only provided in the PLCC package and only active if a demulti-
plexed microprocessor interface is selected.

CS i Chip Select. A Low on this signal seiects the IDEC for a read/write operation.

WR | Write. This signal indicates a write operation, active low Intel bus mode.

RW 1 Read/Write. At High, identifies a valid microprocessor access as a read operation. At Low,
identifies a microprocessor access as a write operation (Motorola bus mode). Only provided in
the PLCC package.

RD | Read. This signal indicates a read operation, active Low (Intel bus mode).

DS | Data Strobe. The rising edge marks the end of a valid read or write operation (Motorola bus
mode). Only provided in the PLCC package.

INT oD Interrupt Request. The signal is activated when the IDEC requests an interrupt. It is an open
drain output.

ALE I Address Latch Enable. In the Intel type multiplexed microprocessor interface mode a High on

this line indicates an address of an internal register on the external address/ data bus. In the
Inte! type demultiplexed microprocessor interface mode this line should be connected to Vee. in
the demultiplexed Motorola type microprocessor interface mode it should be connected to Vpp.

Am2075 11
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The TSC output line marks the timeslot when data is
transmitted/received by the HDLC Controller B.

The position of a time slot with respectto FSC, as afunc-
tion of the TSR register contents, is shown in Figure 3.

Quad-Connection Common Control Mode

Channel selection is performed by an active High strobe
signal provided through the Frame Synchronization
Signal (FSC) input. The strobe signal is common to all
four HDLC channels. The TSC output is active when the
FSC strobe is active.

Single-Connection TS Mode

The time slots selected by the TSR registers all pertain
to the same PCM highway. The programming of a
channel otherwise proceeds exactly as explained
above. The Time-Siot Control (TSC) output fine marks
the time slots when data is transmitted/received by any
of the four controllers.

Single-Connection IOM Mode

The IOM is an interface where a frame is composed of n
IOM channels {(n > 1; n = 8 in Figure 4a). Each IOM
channel has a unique structure. It consists of two 8-bit
bytes, corresponding to the ISDN B channels, a monitor
byte, and a control byte of which the first two bits

are allocated to the ISDN D channel. In the single
connection IOM mode, the serial interface has an IOM
frame structure and the four HDLC channels are
assignedto the D bits of four consecutive IOM channels.
The choice whether the four HDLC controllers are
assigned to IOM channels 0-3 or 4-7 is governed by
the microcontroller bit VIS (Common Configuration
Register). See Figure 4b.

To program the single-connection IOM mode (CCR:

MDS1, MDSO = 10)

—with the slave mode (MODE3-0:CMS1, CMSO0 = 01),
or;

—with the multi-master mode (MODE3-0:CMS1, CMS0
= 10), or;

—with the unconditional transfer mode (MODE3-0:
CMS1, CMS0 = 00)

this additional programming has to be made:

MODEO0:CCS1,CCS0 = 00 bin
MODE1:CCS1,CCSO0 = 00 bin
MODE2:CCS1,CCSO0 = 00 bin
MODE3:CCS1,CCS0 = 00 bin

TSRO = 0C hex
TSR1 = 1C hex
TSR2 = 2C hex
TSR3 = 3C hex

Table 3. HDLC Controlier Channel Selection and Characteristics

Channel
Mode Time-Siot
MDS1|MDS0 Channel Input Channel Output Output | Channel | Channel| Control
MDS1|MDSO | A B [ D A B D Driver Select Width (TST) | Description
0 0 SDOR SDOR SDOR SDOR | SDOX SDOX SDOX SDOX| PPorOD| TSRA-D | 1,2,7,8 | TSR A-D | Single-
registers connection
TS mode
0 1 SDOR SD1R SD2R SD3R | SDOX SDi1X SD2X SD3X| PPorOD | FSC Arbitrary| FSC Quad-
strobe inverted { connection
common
control
mode
1 (o] SDOR SDOR SDOR SDOR | SDOX SDOX SDOX SDoX| OD Fixed 2 Fixed Single-
2-bit 2-bit connection
ISs TSs A-D | IOM mode
1 1 SDOR SD1R SD2R SD3R | SDOX SD1X SD2X SD3X]| PPorOD| TSRA-D | 12,78 | TSRB Quad-
registers connection
TSmode

OD = Open-drain driver.
PP = Push-pull driver.

The output driver type refers to the SDOX (or SDOX, SD1X, SD2X, SD3X) outputs.

TSC is a push-pull signal.

12 Am2075
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Figure 3. Position of Time Siot for Different Channel Widths as a Function of TSR Register Contents
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Figure 4. IOM interface and HDLC Channels
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HDLC Communication Functions
Basic HDLC Functions

Each of the four controller channels handles the follow-
ing basic HDLC functions.
Receive direction:

—Flag detection.

A zero followed by six consecutive ones and
another zero is recognized as a flag.

—Zero delete.

A zero after five consecutive ones within an HDLC
frame is deleted.

—CRC checking.

The CRC field of an HDLC frame is checked accord-
ing to the generator polynomial X'® X'2+X%+1.

—Check for abont.

Seven or more consecutive ones are interpreted as
an abort sequence.

—Check foridle.

Fifteen or more consecutive ones are interpreted as
idle, and reported to the processor via a status bit.

—Minimum length checking.
Reception of frames with less than three bytes
between opening and closing flag is not reported to
the microcontroller.

Transmit direction:

- Flag generation.

A flag is generated at the beginning and at the end
of every frame.

—Zero insert.

A zero is inserted after five consecutive ones within
an HDLC frame.

The CRC field of the transmitted frame is generated
according to the generator polynomial X'64+X'2+X%+1.
— Abort sequence generation.
An HDLC frame may be terminated with an abort
sequence under software control or due to a FIFC
underrun condition.
~Interframe time fill.

As interframe time fill, either flags or idle (continuous
1s) may be transmitted.

Reception and Transmission Functions
FIFO Structure

Each HDLC controller uses a 64-byte FIFO per direction
for the intermediate storage of data packets. All data
bytes between the opening flag and the CRC field of an
HDLC frame are passed through the FIFO.

The Receive and Transmit FIFOs are both divided intwo
blocks of 32 bytes each: one accessible to the micro-
controller and one inaccessible to the microcontroller.
While the microcontroller is reading (Receive FIFO) or
writing (Transmit FIFO) data in one 32-byte block, the
other block is filled (Receive FIFQ) or emptied (Transmit
FIFQ) by the IDEC. Therefore, the length of the received
or transmitted frame is not limited by the FIFO size.

Reception of Frames
Before a receive frame is stored, its address (the first

byte foliowing the opening flag) may optionally be com-
pared against three fixed values.

SAPG Group SAPI 630
SAPS Signaling SAPI 0o
SAPP Packet SAPI 160

Each address compare may be individually enabled or

—CRC generation. disabled for each HDLC channel via bits ACO, 1, 2, 3
(ACR register).
Table 4. Address Compare Logic

SCM SCG SCS SGP Etfect
0 0 0 Accept all frames
0 0 1 Reject frames with | SAPP (16,)
o} 1 0 SAPS (0o)

0 0 1 1 SAPS (0p) and SAPP (16y)
1 0 0 SAPG (63p)
1 0 1 SAPG (63,) and SAPP (16yp)
1 1 0 SAPG (63p) and SAPS (0p)
1 1 1 SAPG (63;), SAPS (0,) and SAPP (16,)
o} 0 0 Reject all frames
0 0 1 Accept frames with] SAPP (16y)
1 0 1 0 SAPS (0p)

o] 1 1 SAPS (0o) and SAPP (16,)
1 0 0 SAPG (63o)
1 0 1 SAPG (635) and SAPP (16p)
1 1 0 SAPG (63,) and SAPS (0p)
1 1 1 SAPG (63;), SAPS (0p) and SAPP (160)

Am2075 15



u AMD

PRELIMINARY

The effect of a match is programmable as shown in
Table 4. In the table it is assumed that the address
compare enable bit (AC) is set for the channel in
question. If AC=0, all valid receive frames in that
channel are accepted.

Inthe case of a frame less than 64 bytes long, the whole
frame may be stored in the Receive FIFO. After the first
32 bytes have been received, the device prompts the
microcontroller to read data from the receive FIFO
(Receive Pool Full (RPF) interrupt). Having done this,
the microcontroller releases the FIFO. This is effected
by the Receive Message Complete (RMC) software
command, after which the rest of the frame, when ready,
is made available to the microcontroller (Figure 6).

When a whole frame shorter than 32 bytes, or the final
part of a frame longer than that becomes available, this
is indicated by a RME (Receive Message End) interrupt
status, instead of RPF (Receive Pool Ready).

In the case of frames at least 64 bytes long, the
microcontrolier will repeatedly be promoted by interrupt
to read out the FIFO by blocks of 32 bytes (except
possibly the final block). Again, after reading a block, the
microcontroller acknowledges the data by a software
command and thus releases the FIFO. If this is not done
before an additional 32 data bytes are received, the next
data byte will lead to a data overfiow condition.

Iin the case of several shorter frames up to seventeen
may be stored inside the HDLC controller. After an
interrupt (RME), one frame is available in the FIFO for
the microcontroller to read. Up to sixteen other frames
may be stored in the meanwhile in the upper half of
the FIFO (Figure 7a). When the microcontroller releases
the current data block from the FIFO by software
command, the next frame becomes avaitabie and the
corresponding space is freed in the upper half for a
subsequent frame(s) (Figure 7b).

L HDLC Frame

Fiag

CRC Flag

... Generated By HDLC Controller

..... Bytes Passed Through FIFO

11134C-007

Figure 5. HDLC Frame Structure

32 Bytes

inaccessible Block
to the Microcontroller B+ 1
32 Bytes

Accessible Block B
to the Microcontroller

a. Prior to Microcontroller Acknowledgment

Biock
B+1

b. After to Microcontroller Acknowledgment

11134C-008

Figure 6. Receive FIFO in the Case of a Frame no Longer than 64 Bytes
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Frame i+ n

32 Bytes
Inaccessible
to the Microcontroller

Frame i+ 1

32 Bytes

Accessut?le Last Part

to the Microcontroller of
Frame i

a. Prior to Microcontrolier Acknowledgment

Frame
0<n<i16 i+n-1

Frame i+ 2

Frame i+ 1

b. After Microcontroller Acknowledgment

11134C-009

Figure 7. Receive FIFO in the Case of Short Frames

The interrupts accumuiating in the process are incorpo-
rated into a queue and transferred one by one to the
microcontroller along with additional information about
the frame. In particular, the frame length is stored in a
register. Information such as frame aborted yes/no,
CRC error yes/no, data overflow yes/no, is inciuded in
an extra byte stored in the FIFO after the last byte of the
corresponding frame.

Every interrupt has to be acknowledged by the
microcontrolier. A full FIFO at the beginning of a frame
will lead to a frame overflow condition.

if the microcontroller does not wish to preserve an
incoming frame, the possibility exists to ignore it. When
the corresponding command (RMD) is issued, the pan
of the frame stored is deleted and the rest of the entire
frame will be ignored.

Transmission of Frames

2 x 32 bytes of intermediate storage are provided per
HDLC controlier in the transmit direction. After up to 32
bytes have been written to the FIFO, transmission is
started by a software command (XHF). If the previous
transmission is still underway when a new transmission
command is issued, microcontrolier access to the FIFO
will be blocked untif the first transmission is completed
(Figure 8). This means that at most one complete frame
may be written to the FIFO before a transmission has to
be initiated. if a transmission request does not include a

frame end indicator (XME), the HDLC controller will
request the next data block via an interrupt if the FIFO
contains not more than 32 bytes. This procedure will be
repeated until the microcontroller indicates that the
frame is to be closed.

In the case when this indication is not given and there is
no more data ready for transmission, the frame is
terminated with an abort sequence and the
microcontroller is notified via a Transmit Data Underrun
(XDU) interrupt. The frame may also be aborted per
software command. The completed transmission of an
HDLC frame is reported by a Transmit Pool Ready
(XPR) interrupt status.

Collision Control and Switching Functions

The IDEC possesses flexible collision control capabili-
ties which are totally transparent to the microcontroller.
The collision control modes allow using the circuit in
statistical multiplexing applications or in centralized or
decentralized packet switches. Each of the four HDLC
controllers is individually programmed in one of four
modes by its own register bits CMS1--0 (Collision Mode
Select).

Table 5 lists the four collision modes that can be
selected, along with the auxiliary /O lines used in each
case. The outputs SD1X and SD2X can be selected to
be of the open-drain or of the push-puli type.
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Microcontroller Microcontroller
Frame |

n Transmission

Microcontroller
B Frame ¥
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Accessible to
Microcontroller
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command for frame n+ 1

b. After transmission
command for frame n+ 1

c. After interrupt
“Transmit pool ready”

11134C010

Figure 8. Transmit FIFO

Table 5. Collision Modes of the IDEC

Auxiliary VO
Data Data Coll Coll
CMS1 CMS0 __ Description In Out In Out
0 0 Unconditional
transmission
0 1 Slave mode CDR
1 0 Multi-master mode CDR
1 1 Master mode CDR | SDiX SD2X

Unconditional Transmission Mode

The HDLC controller transmits frames without collision
detection on the transmit line (time channel).

Slave Mode

The input CDR (Collision Data Receive) is used to
control transmission of frames. This input is common to
all HDLC controllers which are programmed in the slave
mode.

Transmission is inhibited by a Low on the CDR input. If
CDR becomes Low during the transmission of a frame,
the frame is aborted by the HDLC controller, and
the data output is set to high impedance. (Refer to
Figure 9.)

The state of CDR is evaluated by the HDLC controlier
only in the time channel used for transmission by that
controller.

When CDR is switched High, interframe time fill is
marked in the transmit-time channel if no transmission
request is pending; otherwise, transmission starts at the
first available instant. Transmission of a previously
aborted frame is automatically restarted by the HDLC
controller if the beginning of the frame is still available in

the transmit FIFO. Otherwise, an interrupt to the
microcontroller indicates that the transmission has
failed.

The slave mode is applicable in all of the basic operation

modes, in both single-connection and in quad-

connection applications. However, there is only one

CDR line. This could be a restriction in the following

cases:

-The IDEC is configured in the quad-connection
common control mode and more than one HDLC
controller is operated in the slave mode;

—When a time slot is used by more than one HDLC
controller in the slave mode.

Inboth cases, more than one controller is evaluating the
CDR line during the same time interval, and when CDR
goes Low, they all stop transmitting.

Multi-Master Mode

In the multi-master mode the controllers perform a bus
access procedure and collision detection in their
assigned time channel(s). As a result, any number of
IDECs can be assigned to one physical channel, where
they perform statistical multiplexing.
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Collisions are detected by automatic comparison of
each transmitted bit with the bit received over the CDR
input. For this purpose, a logical and of the bits
transmitted by parallel controllers is formed and
connected to the input CDR. This may be implemented
most simply by defining the output line driverto be of the
open drain type (ODS = 1). Consequently, the logical
and of the outputs is formed by simply tying them
together (wired or). The result is retumed to the CDR
input of all parallel circuits.

The multi-master mode is applicable in all operating
modes, in both single-connection and quad-connection
applications. in the quad-connection mode, those
output lines (SD3X-SDO0X) for which this collision mode
is selected may be connected to CDR. The four HDLC
controllers may either be programmed to transmit in
separate time channels or in the same time channel. A
prerequisite for the multi-master mode is that the
inter-frame time fill used is idle.

During multi-master operation when a mismatch
between a transmitted bit and the bit on CDR is
detected, the HDLC controller stops sending further
data and its output is set to high impedance (Refer to
Figure 10). As soon as it detects the transmit bus to
be idle again, the controlier automatically attempts to
re-transmit its frame. By definition, the bus is assumed
idle when x consecutive ones are detected in the
transmit channel. Normally x is equal to 8.

An automatic priority adjustment is implemented in the
multi-master mode. Thus, when a complete frame is
successfully transmitted, x is increased to 10, and its

value is restored to 8 when a row of ten 1s is detected
on the bus. Furthermore, transmission of a new frame
may be started by the HDLC controller after the tenth 1.
This multi-master, deterministic-priority management
ensures an equal right of access of every HDLC
controlier to the transmission medium, thereby avoiding
blocking situations.

Master Mode

The master mode requires three auxiliary connections;
data input CDR, data output SD1X, and collision data
out SD2X. This mode is applicable only in single-
connection operation. In the master mode (refer to
Figure 11), the controller performs two functions:

—Switching of data packets between the main
connection SD0X, SDOR and the auxiliary input and
output (CDR, SD1X).

—Resolution of collisions between data from the
auxiliary connection and HDLC frames from the local
microcontrolier.

inthe TS mode, the time slot programmed via the Time-
Slot Select Register (TSR) applies simultaneously to
SDOX/SDOR and to the auxiliary lines CDR, SD1X,
SD2X. Inthe IOM mode, the TSR register selects atime
channel on the auxiliary connections CDR, SD1X and
SD2X only (however, the channel width selected should
be two bits, as on the IOM intertace, to ensure a correct
data throughput).

_ The switching of data from SDOR to SD1X is transpar-

ent. The switching of data from CDR to SDOX depends
on the state of the HDLC controller (transmit/no
transmit) and on selected priorities, as follows.

DCL

(1

AAARE ARARAARANRRRRNARANAR!
AARRRNARRRENAREN

Single-Connection Mode: SDOX
Quad-Connection Mode SDiX: i = 0-3 -
CDR me——|

I Opening Flag L—-k:)(:)(:
I/W_J

Note: The CDR input is evaluated:

—At the falling edge of DCL, for a DCL rate equal to the data rate.
—At the falling edge of DCL immediately preceding the rising edge,

used for transmission for a DCL rate twice the data rate.

11134C-011

Figure 9. Transmission Control in the Slave Mode (Example)
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Time Interval For Transmission |
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Single-Connection Mode: SDOX \

Quad-Connection: SDiX, i = 0-3

(See Note in Figure 9.)

11134C-012

Figure 10. Collision Detection in the Multi-Master Mode (Example)
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11134C-013

Figure 11. /O Connections in the Master Mode
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11134C-014

Figure 12. Collision Resolution In the Master Mode with Programmable Priority (FHF)

When no transmission command is issued to the HDLC
controller, data is transparently switched through from
CDR to SD0X. When a transmit request is issued, but
the Force HDLC Frame (FHF) bit is not setto 1, the data
currently being received (if any) on CDR is given priority.
The HDLC controller starts transmitting its frame on
SDOX only after CDR is detected to be idle; in other
words, when a row of eight 1s is observed on CDR.
Simultaneously, SD2Xis set Low to indicate that no data
will be accepted on CDR input data line.

Figure 12a shows the time relation between CDR (data
in) and SD2X (collision out) as well as the logical relation
between SD2X and SDOX (data out). The figures are
simplified in that the grouping of bits into time slots on
SD0X, and on SD2X/CDR is not depicted.

When a transmit command is issued and the Force
HDLC Frame (FHF) bit is set to 1, the frame currently
being received on CDR is aborted. Seven 1s are
appended to the last bit of the aborted frame on SDOX,
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after which the HDLC controller starts transmitting its
frame (Figure 12b).

in both cases, SD2X is set High again after a delay of
eight bit-times following the last 0 of the closing flag, to
indicate that data is accepted on the CDR input data
line. However, if a new transmit command is issued
before that time, SD2X remains Low and transmission
of the new frame starts immediately after the eighth 1.

Note on data delay in Master Mode

The data bits are switched from SDOR to SD1X and from
CDR to SDOX with a minimum delay as shown in
Figures 13 and 14.

Two cases are distinguished:

a. TS mode.
In this case the time slots on SDOR/SD0OX and on
CDR/SD1X are identical. The data delay from CDR
to SDOX is one bit, whereas the delay from SDOR to
SD1X is two bit-times.

b. IOM mode with identical channel (time slot) on
SDOR/SDO0OX and CDR/SD1X. This case is identical
to the previous one.

c. IOM mode with atime slot on CDR/SD1Xwhich does
not coincide with the IOM channel bits on SDOR/
SDOX. Inthis case, the data bits undergo (in addition
to the inherent delay due to the different bit positions)
a delay of one bit-time from CDR to SD0X, whereas
no additional bit delay is introduced when going from
SDOR to SD1X.

Test Functions

A test loop is provided in each of the four HDLC
controllers of the IDEC. When the test loop is activated,

the input and the output of the HDLC channel are
connected together. The test loop control is
independent for each HDLC channel (bit TLP).

The test loop is either transparent (forward data is
outputted on the line) or non-transparent (forward data
is not outputied on the line), depending on the selected
model . In the quad-connection common control mode
and in the single-connection IOM mode, the ioops are
transparent. in the other cases they are non-
transparent. During a non-transparent loop, the data
output is high impedance inside the assigned time
channel.

Applications
Communication Multipiexers

The four independent serial HDLC communication
channeis implemented in the IDEC make the circuit
suitable for use in communication multipiexers. The
collision detection/resolution capability of the circuit
allows statistical multiplexing of packets in one or
several physical data communication channels; for
example, in DMI (mode 3) applications.

Centralized Signaling/Data Packet Handlers

The IDEC can be used in central packet handlers of
ISDN networks to process signaling or packet data of
four ISDN subscribers. In this application, it may be
used with or without the Am2055 Extended PCM
Interface Controller (EPIC™).

The IDEC can be connected to the IOM interface of the
EPIC that is connected to the PCM system highway.
The EPIC implements concentration and time slot
assignment functions. As an alternative, the IDEC may
be directly connected to PCM highways (Figure 15).

Bit delay for coinciding channelttime slot position on SDOR/SD0OX and on CDR/SD1X.

11134C015

Figure 13. Bit Delay from SDOR/CDR to SD1X/SDOX (Minimum Delay)
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SDOR

SDOX

Bit delay for non-identical channeiftime slot position on SDOR/SDOX and
on CDR/SD1X (possible only when SDOR/SDOX is an IOM interface).

11134C-016

Figure 14. Bit Delay from SDOR/CDR to SD1X/SDOX

The size (from 1 to 8 bits) and the position of the time slot
associated with each HDLC controller are software
programmable. In addition to the receive and transmit
data highways, the IDEC accepts a third input
connection for collision detection purposes. The mode
of collision detection is programmable. A collision
highway (or time slot) can be used for remote collision
control, as a clear to send lead, or for local contention
resolution among several IDECs.

Line Cards in Decentralized or Mixed
Signaling/Data Packet Handling Architectures

The IDEC can be used on peripheral line cards to
process D-channe! packets for ISDN subscribers. An
Am2055 Extended PCM Interface Controller (EPIC)
has the Layer 1 controlling capacity and a B-channel
switching capacity for a total of 32 subscribers. The
B- and D-channels and the control information for eight
subscribers are carried over one IOM interface. Thus
a line card dimensioned for 32-ISDN subscribers
may employ up to eight IDECs, two for each IOM
connection (Figure 16). The Am82525 High Level Serial
Communication Controller (HSCX™) with two HDLC
channels, or another IDEC, may be used to transmit
and receive signaling via the system highway in a
common channel. Again, such a common channel may

be shared among several line cards, due to the
statistical multiplexing capability of these controllers.

in completely decentralized D-channel processing
architectures, the processing capacity of a line card is
usually dimensioned to avoid blocking situations even
under maximum conceivable D-channel traffic
conditions. it may sometimes be more advantageous to
perform p-packet handling in a centralized manner while
keeping s-packet handling on the line cards. A statistical
increase in p-packet traffic then has no effectonthe line
card and can be easily dealt with by one of the modular
architectures for a central packet handler shown in the
previous section. A more effective sharing of the total
p-packet handling capacity is the result, especially in a
situation where p-packet traffic pattemns vary widely
from one subscriber group to another.

The use of IDEC in the mixed D-channel processing
architecture is illustrated in Figure 17. The addi-
tiona! transparent data connections supported by the
IDEC enabie a merging of p- and s-packets into one
D-channel. Possible collision situations are deait with by
the IDEC which uses either the additional collision
detect line (Figure 17a), or a time slot on the system
highway (Figure 17b) from the line card to the central
packet handler.
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Figure 15. Use of IDEC in Central Signaling/Data Packet Handlers
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Figure 16. Line Card in a Decentralized D-Channel Handling Architecture
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Figure 17. IDEC on a Line Card in a Mixed D-Channel Processing Architecture
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OPERATIONAL DESCRIPTION
Microprocessor Interface Operation

There are three microcontroller interface types for
IDEC:

1. Motorola type with control signals CS, R/W, DS;
Address bus A6—A0; Data bus AD7-ADO.

2. Intel non-multiplexed bus type with control signals
CS, WR, RD; Address bus A6-A0; Data bus
AD7-ADO.

3. Orofthe intel multiplexed address/data bus type with
control signals CS, WR, RD, ALE; Address/Data bus
AD7-ADO.

For a non-multiplexed bus including the Motorola type
microprocessor interface the PLCC 44 package of
the IDEC needs to be used, since only this package
provides the additional pins for a separate 7-line
address bus.

The ALE input is used to control the interface type as
follows:

ALE tiedto Voo =
ALEtiedto Vss = type (2)

Edgeon ALE = type (3)

The occurrence of an edge on ALE, either positive or
negative, at any time during the operation immediately
selects interface type (3). A return to one of the other
interface types is possible only it a hardware reset is
issued.

Reset

After a hardware reset (pin RES), the configuration/
command register bits are zeroed. No interrupts are
active and all outputs are in a high impedance state.
Table 7 sums up the state of the IDEC immediately after
a hardware reset has been applied.

type (1)

Table 6. Microcontrolier interface Summary

Control Pins
Address DiP-28 PLCC-44
ALE Interface Bus Type Bus DataBus | 11 5 4 17 8 7
Tied to Voo | Motorola Non-multiplexed AB-A0 AD7-ADO | TS WR RD | €S RW DS
Tiedto Vss | Inte! Non-muttiplexed A6-A0 AD7-AD0 | CS WR RD | CS WR RD
Switching Intel Multiplexed AD7-ADO | AD7-ADO| TS WR RD | CS WR RD

Table 7. State of IDEC after a Hardware Reset

Register Register Value after
Name Hardware Reset (hex) Meaning

Common ACR 00 Address comparison disabled.

Registers CCR 00 Single connection TS mode interrupt vector may be read on
AD bus bits 3—0. Bits per frame: 257 to 512. Bit rate is equal
to clock rate. Output drivers are of the push-pull type.

VISR 00 No interrupt from any IDEC channel.

VISM 00 All channel interrupts are enabled.

Individual ISTA 00 No interrupts from channel i.

Registers ISM 00 All channel i interrupts enabled.

i=ABCD STAR 50 Transmit FIFO is ready to be written to. Receive line is idie.

CMDR 00 No commands.

MODE 00 Test loop not active. No collisions will be detected (uncondi-
tional transmission). interframe time fill = idle. Receiver de-
activated. Channel! i disabled (high impedance output).
Channel capacity is 2-bitstime slot.

RFBC 00 Zero bytes received.

TSR 00 Time slot 0 selected.
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Table 8. Initialization of IDEC (Common Bits)

Function Register Bits Effect
Configuration CCR MDS1-MDS0 Basic configuration and timing mode
Serial interface CCR oDS Output driver type is open-drain or push-pull
characteristics CRS Clock rate = 1 or 2x data rate
BNS Number of bits per PCM frame

Interrupt VISM MIC3-MICo Mask any HDLC channei(s)
configuration CCR VIS VISR may be read on AD bus bits 3-0 or 74
HDLC address ACR SCM Address compare mode: accept/reject
recognition features SCG, SCS, SCP Selection of compare addresses

AC3-ACO Address compare on/off for HDLC channel 0,1, 2, 3

Table 9. Initialization of HDLC Channels (Channel-per-Channel)

Function Register Bits Effect
Serial MODE CMS1-CMS0 Collision mode
interface CCS1-CCSo0 Channel capacity
TSR TSR7-TSR0O Time siot
HDLC MODE ITF Interframe time fill pattern
controller TLP Test loop
CAC Activate channel (enable receiver + transmitter,
enable data outputs)
RAC Activate HDLC receiver
INITIALIZATION interrupt line (INT) is activated. Simultaneously, a bit in

The purpose of the initialization is to set the IDEC into a
state where it is able to correctly transfer HDLC frames
and to manage collisions according to the requirements
of the application.

The initialization process is divided into two phases.
First, the common settings are determined via the
registers CCR and VISM. These registers determine the
number of HDLC channels used, the serial interface
configuration, and common characteristics of the serial
input/output connections (Table 8).

During the second phase, each of the HDLC channels is
initialized via its own register set as shown in Table 9.

The optional address comparison mode for each HDLC
channel is selected by programming the ACR register,
located in the common address space (Table 8).

INTERRUPT STRUCTURE

Special events are reported to the processor by an
interrupt logic in the IDEC. This logic allows the
connection of more than one IDEC to one interrupt input
of a microcontroller.

The interrupt structure of the IDEC is depicted in Figure
18. Each HDLC channel of the circuit has its own
Interrupt Status Register (ISTA) where up to five
possible interrupt causes may be read directly. When an
interrupt occurs in one of the HDLC channels, the
corresponding bit is set in the ISTA register and the

the Vectored Interrupt Status Register (VISR) is set that
indicates which of the four HDLC channels initiated the
interrupt. Thus, 1o determine the cause of an interrupt,
the microcontroller performs successively a read of the
VISR register (address 36/3F) and a read of the ISTA
register which was indicated by the contents of VISR.

A read of the ISTA clears the register and deactivates
the INT line.

The position that the four bits of the VISR occupy on
the AD7-ADO bus when the register is read, is program-
mable via the Vectored Interrupt Selection bit (VIS, CCR
register). Thus, when VIS = 0, the VISR bits are read on
AD bit positions 3—0, and when VIS = 1, VISR bits are
read on AD bit positions 7-4. Unoccupied bit positions
on the bus remain in a high impedance state.

The bits in VISR can be selectively masked by setting
the corresponding bits in the Vectored interrupt Status
Mask (VISM) register to prevent one or several
controllers from generating an interrupt. In that case,
interrupts remain intemally stored (pending) but are not
displayed in the VISR or ISTA registers. Further, ISTA
interrupts pertaining to a particular channel may be
selectively masked via the Interrupt Status Mask
register of that channel. Pending interrupts cause the
INT line to be activated, and they will be reported via
ISTA (and VISR) only when the mask bits in ISM (and
VISM) have been reset.
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PROCESSING

After being initialized via the configuration/mode
registers listed in Tables 8 and 9, the IDEC is opera-
tional.

The control of the data transfer is performed by
commands from the microcontrolier written in the
Command Register (CMDR). Events pertaining to the
data transfer are reported by the Interrupt Status
Register (ISTA) pointed to by the Vectored Interrupt
Status Register (VISR). Other events that do not lead to
interrupts may be monitored with the Status Register
{STAR), and information about the receive frames is
found in the RFIFO and in the Receive Frame Byte
Counter (RFBC) Register.

The powerful FIFO logic, which consists of a 2 x 32 byte
receive and a 2 x 32 byte transmit FIFO per channel, as
well as an intelligent FIFO controller, builds a fiexible
interface to the upper protocol layers implemented inthe
microcontroller.

AMD n
RECEIVE FRAME PROCESSING

Reception of HDLC frames with three or more bytes
between the opening and closing flags is always
reported to the microcontroller if address comparison is
not enabled (AC = 0). If address comparison is enabled,
the reception of the frame is dependent on the first byte
of the received HDLC frame address fiekd and the
selected features of the address compare function
(Table 4). All bytes between the opening flag and the
CRC field are stored in the RFIFO.

When the frame (excluding the CRC field) is not longer
than 31 bytes, the whole frame is transterred in one
block. The reception of the frame is reported by the
Receive Message End (RME) interrupt. The length of
the frame canbe read out from an 8-bit register (RFBC).
A status byte is appended to the data in the RFIFO after
an RME interrupt. it includes information about the
frame, such as frame aborted yes/no or CRC valid yes/
no. The frame and the status byte remain stored until the
microcontrolier issues an acknowledgment (Receive
Message Complete: RMC).

Mask VISM e VISR

3

Vector (4 Bits)

N

Mask ISM « ISTA INT. Status A

INT. Status B

INT. Status C INT. Status D

11134C-020

Figure 18. Interrupt Structure of the IDEC
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RPF

RMC

t (Receive 32 Bytes)
RPF

RMC

IDEC ¢

Y Receiver

HDLC (Receive 32 Bytes)

RPF

Microcontrolier
System

RMC

(Receive Remainder)

RME

B

.

RMC

>

Data Transfer
BEEEE Data And Status Information

(Status Byte, RFBC Transfer)

11134C-021

Figure 19. Reception of an HDLC Frame

A frame longer than 31 bytes is transferred to the
microcontroller in blocks of 32 bytes plus one remainder
block of length 0 to 31 bytes plus status byte. The
reception of a 32 byte block is reported by a Receive
Pool Full (RPF) interrupt and the data in RFIFO remains
valid until this interrupt is acknowledged {RMC). This
process is repeated until the reception of the remainder
block reported by RME (Figure 19). Bits 4-0 of the
RFBC register represent the number of bytes stored in
the RFIFO (including the status byte). Bits 7-5 indicate
the total number of 32 byte blocks that were stored until
the reception of the remainder block. Bits 7-5 do not
overflow when the counter status 7 has been reached
and indicate in this case a message iength greater than
223 bytes.

The contents of the RFBC register are valid only after
the occurrence of the RME interrupt, and remain valid
until the microprocessor issues an acknowledgment
(RMC). All receive interrupts accumulated in the
meantime are stored (along with the status bytes and
respective frame lengths) inside the controller and

transferred one by one to the microcontroller after each
RMC acknowledgment. If a frame could not be stored
due to a full FiFO, the microcontroller is informed of this
via the Receive Frame Overflow interrupt (RFO).

TRANSMIT FRAME PROCESSING

After checking the XFIFO status by polling the Transmit
FIFO Write Enable (XFW) bit or after a Transmit Pool
Ready (XPR) interrupt, up to 32 bytes may be entered
by the microcontroller in XFIFO. Transmission of an
HDLC frame is started when the Transmit HDLC Frame
(XHF) command is issued. The HDLC controller will
request another data block by an XPR interrupt if there
are no more than 32 bytes in XFIFO and the frame close
command bit (Transmit Message End XME) has not
been set. When XME is set, all remaining bytes in
XFIFO are transmitted, the CRC field and the closing
flag of the HDLC frame are appended, and the controlier
generates a new XPR interrupt (Figure 20).
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The microcontroller does not necessarily have to trans-
fer a frame in blocks of 32 bytes. As a matter of fact, the
sub-blocks issued by the microcontrolier and separated
by an XHF command can be between 1 and 32 bytes
long.

If the XFIFO runs out of data and the XME command bit
has not been set, the frame will be terminated with an
abort sequence (seven 1s) followed by interframe time
fill, and the microcontroller will be advised by a Transmit

Data Underrun (XDU) interrupt. An HDLC frame may
also be aborted by setting the Transmit Reset (XRES)
command bit.

Table 10 gives a summary of possible interrupts from
the HDLC controlier and the appropriate reaction to
these interrupts.

Table 11 lists the most important commands which are
issued by a microcontrolier by setting one or severalbits
in the Command Register (CMDR).

XPR >
t XHF
(Transmit Flag Plus 32 Bytes)
XPR >
IDEC < Microcontroller
HDLC < XHF System
Transmitter .
' L]
XPR >
XHFe XME (= XHFC command)
(Transmit Remainder Plus
CRC Plus Flag)
XPR
L

Data Transfer

11134C-022

Figure 20. Transmission of an HDLC Frame
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Table 10. Possibie interrupt Causes and Reactions

Mnemonic Meaning Reaction
RPF Receive Pool Full Read 32 bytes from RFIFO and acknowledge with RMC.
RME Receive Message End Read RFBC 4-0 bytes from RFIFO and acknowledge with RMC.
RFO Receive Frame Overfiow Error report for statistical purposes (loss of a complete frame). Probable
cause: deficiency in software.
XPR Transmit Pool Ready Write data bytes in the XFIFO if the frame currently being transmitted is not
finished or a new frame is to be transmitted, and issue an XHF (and possible
XME) command.
XDU Transmit Data Underrun Acknowledged by a read of the ISTA. Possible causes: excessive software
reaction times or transmit data collision.
Table 11. List of Commands
Mnemonic HEX Bit 7-0 Meaning
RMC 80 1000 0000 Receive Message Complete. Acknowledges a block (RPF) or a
frame (RME) stored in the RFIFO.
RRES 40 0100 0000 Reset HDLC Receiver. The RFIFO is cieared and the receiver enters
the hunt phase.
RMD 20 0010 0000 Recelve Message Delete. The part of the frame in the RFIFO is de-
leted and the rest of the frame will be ignored by the receiver.
XHF 08 0000 1000 Transmit HDLC Frame. Enables the transmission of the block en-
tered last in the XFIFO. The frame is not yet complete.
XHFC 0A 0000 1010 Transmit HDLC Frame and close it with CRC and flag.
F_XHF oC 0000 1100 Same as preceding, but used in Master mode to enforce a trans-
F_XHFC OE 0000 1110 mission even in the case of a collision.
XRES 01 0000 0001 Reset Transmitter. Clears the XFIFO; any frame currently being

transmitted is aborted.

DETAILED REGISTER DESCRIPTION
Register Address Layout

The register set consists of:
— One configuration register common to all four
channels{(CCR).

— Amaskable vectored interrupt status register (VISR,
VISM).

And, for each of the four channels, a set of individual
registers (Figure 21).

In order to support the use of a 16-bit microcontroller,
each register can be accessed with an even and an odd
address value.

The address map of the individual registers of each
channel is shown in Table 12. In order to obtain the

actual address of a register, a base has to be added to
the address given in the table, as follows:

base = 00 for channel A
40 for channel B
80 for channel C
CO for channel D

Table 12. Address Map of HDLC Channel

Registers
Address

Even Odd Read Write
00 to 1F RFIFO XFIFO
20 or 29 ISTA ISM
28 or 21 STAR CMDR
22 or 2B MODE MODE
2C or 25 RFBC TSR
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Read Write

00

Channel A Register
Locations

34,3D ACR ACR

37,3E CCR CCR

36,3F VISR VISM
40

Channel B Register
Locations

Channel C Register
Locations

Channel D Register
Locations

11134C-023

Figure 21. IDEC Register Map
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Register Description
Common Registers

Common Configuration Register (CCR) Address: 37/3Ex Read/Write. Value after reset: 00+
7 0

MDS1 MDSO VIS 0 0 BNS CRS oDs

MDS1, 0 Mode Select

MDSH1 MDS0 Description
o] o Single-connection TS mode
(¢] 1 Quad-connection common control mode
1 0 Single-connection IOM mode
1 1 Quad-connection TS mode

VIS Vectored Interrupt Selection

1 IOM channel 4 to 7 (IOM mode), microprocessor bus bits 4 to 7 for VISR
0 IOM channei 0 to 3 (IOM mode), microprocessor bus bits 0 to 3 for VISR

BNS Bit Number Select

1 PCM frame is between 257 to 512 bits long
0 PCM frame is at most 256 bits long

CRS Clock Rate Selection

1 DCL clock rate is equal to twice the data rate
0 DCL clock rate is equal to the data rate

OoDSs Output Driver Selection
1 Open drain
0 Three-state

The ODS bit selects the driver type simuttaneously on all data outputs (and control output SD2X in Master
mode). However, in the single-connection IOM mode, SDOX is open-drain, independent of the vaiue
of ODS.

Address Compare Register (ACR) Address: 34/3D+ Read/Write. Value after reset: 00x.
7 0

AC3 AC2 AC1 ACO SCM SCG SCs SCP

AC3-AC0O Address Compare for channel A~D on (1) or off (0). The first byte following the opening flag of a receive
trame will be compared against reference values if ACi = 1 and the frame is accepted or rejected on the
basis of the comparison. If ACi = 0, all valid HDLC frames in that channel are stored.

SCM SAPI Compare Mode

1 Accept HDLC frames for which the first address byte matches selected SAPI values.
0 Reject HDLC frames for which the first address byte matches selected SAPI| values.

SCG SAPI Compare Group

1 The first byte of a received HDLC frame is compared with Group SAP| SAPG (630).
0 The first byte of a received HDLC frame is not compared with SAPG.

SCS SAPI Compare Signaling

1 The first byte of a received HDLC frame is compared with Signaling SAP!I SAPS (0o).
0 The first byte of a received HDLC frame is not compared with SAPS.

SCP SAPI Compare Packet
1 The first byte of a received HDLC frame is compared with Packet SAPI SAPP (160).
0 The first byte of a received HDLC frame is not compared with SAPP.

The HDLC address compare logic is shown in Table 4.
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Vectored Interrupt Status Register (VISR) Address: 36/3Fx Read. Value after reset: 00u

7 0
X X X X IC3 IC2 IC1 ICO

P

or

IC3 IC2 ICt ICo X X X X

ICO~-IC3 Interrupt from Channel A-D

When VISR is read, these four bits are placed on the microprocessor data bus with an offset determined by bit VIS
(register CCR). Other bit positions on the bus remain in high impedance.

Mask for Vectored Interrupt Status Register (VISM) Address: 36/3Fx Write. Value after reset: 00n
7 0
X X X X MIC3 MIC2 | MIC1 MICO

MIC0-MIC3 Mask for Interrupt from Channel A-D.
The mask bits are active High.

A masked interrupt is not visible when VISR is read. Instead, it remains internally stored (pending). Any pending
interrupt is generated and the corresponding IC3-0 bit is set when the mask bit is reset to zero.

Individual Channel Registers

FIFOs

RFIFO (read), XFIFO (write) Address: Base + 00 to 1Fw.

The FIFOs have an identical address range. All the 32 addresses give access to the current FIFO location.

Note on RFIFQ: The RFBC (Receive Frame Byte Counter) register bits 0 to 4 indicate the number of bytes
currently accessible to the microcontroller in the visible 32-byte RFIFO pool. if more bytes are
read, the data read after RFBC accesses is the old data loaded in that part of the RFIFO previous
tothe currentdata. For more than 32 accesses, the RFIFO will be read cyclically (modulo 32). This
will not disturb the next received frame.

Note on XFIFO:  If more than 32 bytes are writtento the XFIFO (without a transmit command), an XDOV interrupt is
generated. The byte that was entered first (first byte to be sent) will be continuously overwritten by
the extra write operations.

When the closing flag of a receive frame is detected, a status byte is appended to the data in the RFIFO. The RFBC
includes the status byte. This status byte has the following format:

7 0
RBC RDO CRC RAB o o O O

RBC Receive Byte Count

The length of the received frame (excluding flags and Frame Check Sequent (FCS)) is nx 8 bits if
RSC = 1 (n={1,2,3,...}). The length is not a multiple of 8 bits if RBC = 0.

RDO Receive Data Overfliow

If RDO = 1, part of the frame has been lost because the receive FIFO was full.
CRC CRC Check

The received FCS bytes were correct if CRC = 1.
RAB Receive Abort

RAB = 1 implies that the received frame was aborted.
A status byte equal to A0 indicates a correctly received frame.
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Status/Command Registers

Interrupt Status Register (ISTA) Address: Base + 20/29+ Read. Value after reset: 00«
7 0

RME RPF RFO XPR XDU X X X

RME Receive Message End.

One complete frame of length less than 32 bytes, or the last part of a frame at least 32 bytes long is stored
in the RFIFO, including the status byte. The number of bytes stored is given by RFBC bits 4-0.

RPF Receive Pool Full

32 bytes of a frame have arrived in the RFIFO. The frame is not yet completely received.
RFO Receive Frame Overfiow

At least one complete frame was lost because no storage space was available in the RFIFO.

XPR Transmit Pool Ready
One data block may be entered into the XFIFO.
XDU Transmit Data Underrun

Transmitted frame was terminated with an abort sequence because either:;
1. No data was available for transmission in XFIFO and no XME command was issued or;

2. A collision has occurred after at least one block of data has been completely transmitted, and thus
an automatic retransmission cannot be attempted.

Note: It is not possible to transmit frames when an XDU interrupt remains unacknowledged.

Mask for Interrupt Status Register (ISM) Address: Base + 20/29+ Write. Value after reset: 00x.
Each interrupt source in the ISTA register can be selectively masked by setting to 1 the corresponding bit in ISM.
Masked interrupts are not indicated when ISTA is read. Instead, they remain internally stored and pending. An
interrupt is generated after the mask is reset to zero.
Status Register (STAR) Address: Base + 21/28+ Read. Value after reset: 50+.

7 0
XDOV XFW BSY RNA X X VN1 VNO

XDOV Transmit Data Overflow
More than 32 bytes have been written into the XFIFO.

XFW Transmit FIFO Write Enable
Data can be entered into the XFIFQ.
BSY Busy state on the receive line

A 0 in this bit position indicates an idle state on the input data line (15 or more consecutive 1s).
RNA Receive line Not Active

Indicates whether flags/frames are being received on the line (0) or not (1). RNA takes on the value 1
after seven consecutive ones are received on the line.

VN1-VNO Version Number of chip

0...A1 version
1...A2 version
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Command Register (CMDR) Address: Base + 21/28+ Write. Value after reset: 00n.

RMC

RRES

RMD

XHF

FHF

XME

XRES

7 0
RMC | RRES | RMD X XHF FHF XME XRES

Receive Message Complete

Reaction to RPF or RME interrupt. The RFIFO poot currently accessible by the microprocessor is
released for a subsequent frame (or 32-byte block of data).

Receiver Reset
HDLC receiver is reset, the receive FIFO is cleared of any data.
Receive Message Delete

Reaction to RPF or RME interrupt. The entire frame is to be ignored by the receiver. The part of frame
already stored is discarded.

Transmit HDLC Frame
Transmission of an HDLC frame is (or of a block thereof) initiated.
Force HDLC Frame

Used in the Master collision mode (CMS1,0 = 11). When this bit is set and a Transmit HDLC Frame (XHF)
command is issued, the controller aborts the frame from CDR (if any) by sending seven 1s on SD0X and
then starts transmission. SD2X is set low to indicate that no data will be accepted on CDR input data line.

Transmit Message End
Indicates that the current transmit frame is to be closed with CRC and flag.
Transmitter reset

HDLC transmitter is reset, XFIFO is cleared of any data, and the HDLC frame currently being trans-
mitted (if any) is aborted.

Mode Register (MODE) Address: Base + 22/2B+ Read/Write. Value after reset: 00x.

TLP

CMS1,0

ITF

RAC

CAC

CCS1,0

7 0
TLP CMS1 | CMSO ITF RAC CAC CCS1 | CCSO

Test Loop

input and output of HDLC channel are connected together (TLP = 1). The test loop is either trans-
parent (if MDS1,0 = 01, 10) or not (if MDS1,0 = 00, 11).

Collision Mode Select

CMSH1 CMSOo Descriptions
0 0 Unconditional transmission
0 1 Slave Mode
1 0 Multi-master mode
1 1 Master mode

interframe Time Fill
Idle (ITF = 0) or flags (ITF = 1) are used as interframe time fill.

Receiver Active

Receiver is activated (1) or deactivated (0).

Channel Active

A channel is completely disabled (receiver and transmitter are inactive, transmit line is high
impedance, no is output) as long as CAC is 0.

Channel Capacity Select

These bits select the number of bits in the time slot where data are received and transmitted. They
have a significance only when MDS1,0 = 00 or 11 (single-connection TS mode and quad-connection
TS mode).
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The bit rates given below assume a channel repetition rate of 8 kHz.

CCS1 CCSO0 Time Slot Width Channel Data Rate
0 0 2 bits 16 kb/s
0 1 1 bit 8 kb/s
1 0 8 bits 64 kb/s
1 1 7 bits 56 kb/s

Receive Frame Byte Counter (RFBC) Address: Base + 25/2Cn Read. Value after reset: 00x.

7

0

RDC7 | RDC6 | RDC5

RDC4 | RDC3

RDC2

RDC1

RDCO

RDC7-RDCO Receive Data Count

Total number of bytes of received frame, including the status byte. The contents of the register are
valid after an RME interrupt. RDC4~-0 indicate the length of the data biock currently available in the
receive FIFO. RDC7-5 count the number of full 32-byte blocks of a frame which have already been
received. If the frame length exceeds 223 bytes, RDC7-5 hold the value 111; only RDC4-0 continue

to count moduio 32.
Time Slot Register (TSR) Address: Base + 25/2Cx Write. Value after reset: 00u.

7

TS7 TS6

TS5

TS4 TS3

TS2

TS1

TSO

TS7-TSO Time Slot Select

Determine the particular time slot where the HDLC controller is to receive and transmit. This register
has a significance only when MDS1,0 = 00, 10 or 11 (single-connection modes and quad- connection
TS mode). The register gives the position of a time slot (either 1, 2, 7 or 8 bits wide, cf., CCS1,0) in
2-bit increments (2-bit resolution). The position of the time slot is relative to a Frame Sync signal that

marks the beginning of a PCM frame.
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OPERATING RANGES

ABSOLUTE MAXIMUM RATINGS

Ambient temperature underbias ... ... .. 0to +70°C Commercial (C) Devices

StOrage temperat.ure AR R 65°to +125°C Ambient Temperature (TA) ______ 0 to +70°C

Voltage on any pin with Supply Voltage (Voo) ........... 5V 5%
respecttoground ............ —0.4t0 Voo +0.4V

Operating ranges define those limits between which

Stresses above those listed under ABSOLUTE the functionality of the device is guaranteed.

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.

DC CHARACTERISTICS over operating ranges

Ta=01t0 +70°C; Voo =5V 5%, Vss =0 V.

Parameter Parameter Limit Values
Symbol Descriptions Test Conditions Min Max Unit
Vi input low voltage -0.4 0.8 \'/
ViH Input high voltage 2.0 Vee + 0.4 \'J
Vou Output low voltage lo.= 7 mA (SD3X-SD0X) 0.45 \"
lo. = 2 mA (all other pins)
Von Output high voltage low = —400 pA 24 \")
Output high voltage lon = =100 pA Voo 0.5
fcc Power ; Voo=5V, 10 mA
operational DCL = 4096 kHz
Supply | ts at 0 V/V 1 A
. nputs a o) m,
Current | Ppower-down | (o output loads
lu Input leakage current O0V<Vn<VootoOV +10 HA
o Output leakage current 0V <Vour<Vooto OV +10 MA
CAPACITANCES
Ta=25°C, Voo =5V 5%, Vss=0 V.
Parameter Parameter | Limit Values
Symbol Descriptions Test Conditions Min Max Unit
Cn input Capacitance 5 10 pF
Cour Output Capacitance 10 20 pF

SWITCHING CHARACTERISTICS

Ta=01t0 +70°C, Voo = 5V 5%

Inputs are drivento 2.4 V fora logical 1 and to 0.4 V for alogical 0. Timing measurements are made at 2.0 V for a logical
1 and at 0.8 V for a logical 0. The AC testing input/output waveforms are shown below.

2.4
2.0 2.0 Device
Test Points UTnder
est
0.4 08 o8 —— Cuox = 150pF
11134C-024
Figure 22. Input/Output Waveform for AC Tests
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MICROCONTROLLER INTERFACE TIMING
Timing Characteristics

Parameter
Symbol Parameter Descriptions Test Conditions | Min Max Unit
taa ALE pulse width 50 — ns
tan ALE guard time 15 — ns
taH Address hold time 25 — ns
ta Address setup time to ALE 20 — ns
tas Address latch setup time to WR, RD 35 — ns
tas Address setup time 10 — ns
tor Data float from RD — 25 ns
tosp RD delay after WR setup 0 — ns
tow Data setup time to WR + C3 30 — ns
ta Address hold time from ALE 35 — ns
tRo Data output delay from RD — 120 ns
tai RD control interval 75 — ns
trr RD pulse width 120 — ns
twp Data hold time from WR + CS 10 — ns
twi WR control interval 70 — ns
tww WR Pulse width 60 — ns
RD + CS |
\__1"
_’
AD7-ADO
11134C-025

Figure 23. Microprocessor Read Cycle (Intel Bus Mode)
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WR+CS

AD7-ADO

11134C-026

AD7-ADO

11134C-027

WR+CS

or
RD +CS M

A6-A0 Address

11134C-028

Figure 26. Non-Multiplexed Address Timing (intel Bus Mode)
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RW
CS+ DS
AD7-ADO
11134C—029
RW
CS+DS
AD7-ADO
11134C-030
CS+ DS
A6—-A0
11134C—031

Figure 29. Address Timing (Motorola Bus Mode)
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20v_l
| |
0.8V |

twe

—g—————-

|
| |
| |
| tww |
| i
| |
|

|

Jz___v____w

11134C-032
Figure 30. Definition of DCL Period and Width
SERIAL INTERFACE TIMING
DCL Characteristics
Parameter
Symbol Parameter Descriptions Test Conditions Min Typ Unit
t DCL period Single clock rate 230 — ns
Double clock rate 160 — ns
twh DCL High Single clock rate 90 — ns
Double clock rate 50 — ns
twi DCL Low 70 — ns
INPUT/OUTPUT CHARACTERISTICS
FSC in Single Connection Modes and Quad Connection TS Mode
FSC Characteristics
Parameter
Symbol Parameter Descriptions Test Conditions Min Typ Unit
tFH FSC hold time 30 — ns
trs FSC setup time (See Note) 105 — ns
tion Input data hold 20 — ns
tios Input data setup 25 — ns
toop Output data delay from DCL -— 60 ns
toor Output data delay from FSC See Note — 160 ns
Notes: This delay is applicable in two cases only:
1. When FSC appears for the first time (e.g., at system power-up).
2. When the number of bits in the PCM frame is not equal to either 256 or 512.
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Figure 31. FSC-Timing Characteristics
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FSC in Quad Connection Common Control Mode

Parameter
Symbol Parameter Descriptions Test Conditions Min Typ Unit
trH FSC hold time 30 — ns
trs1 FSC setup time 60 — ns
tion Input data hold 20 — ns
tios Input data setup 25 — ns
tooo Qutput data delay from DCL — 60 ns
topz Output data from active to high impedance — 40 ns
tozn Output data from high impedance to active — 80 ns
DCL [ il L
\! -,Pf .8
| : I '
| | | tem N ten =
I | r* >| ¢ *
| tews | | 1 |
je—>i | | N i
| : | | N |
' | | 11 ]
I L] |
FSC -;Fr | 1 \-
| tom | | il |
— |
| f | N : tooz |
= 1 —
| I |
Data Out _High Impedance ! ! l | : High Impedance
- i
il
n
A
]
tos |1 tow
Data In

Figure 32. FSC (Strobe) Characteristics

11134C-034
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Parameter
Symbol Parameter Descriptions Test Conditions Min Max Unit
tion input data hold 20 — ns
tios Input data setup 25 — ns
toop Qutput data delay from DCL — 60 ns
trco TSC delay from DCL — 60 ns
DCL l I

i tooo |
! I
1
Data Out I X:
H |
|
|
|
|
Data In
TSC
Data out: SDOX in single-connection modes Data in. SDOR in single-connection mode
SDOX, SD1X, SD2X, SD3X in quad-connection modes SDOR, SD1X, SD2R, SD3R in quad-connection modes
SD1X, SD2X in Master mode CDR in Slave, Multi-master and Master modes
11134C-035
Figure 33. Data I/O Characteristics
RES Characteristics
Parameter
Symbol Parameter Descriptions Test Conditions Min Typ Unit
tRwH RES High 16xTr — ns
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PHYSICAL DIMENSIONS

For reterence only. All dimensions measured in millimeters. BSC is an ANSI standard for Basic Space Centering.

Preliminary; package in development.

PD 028
o
€ [——15.21.2024—‘
r.l" H [ .
i
S
—— j-— 3 f— A
256  15max  0.45° =1 ™
28 15
=l =it 75037
p
1 1%
0.tma
359.04 b
PL 044
[(Ya)
; I —
528, —={ 20,1 _—’
‘3:0,1
4+ — SIEMENS ANTISTATIC A _
a—50205 - 467,

Note: Physical Dimensions are in mm.

AMD is a registered trademark of Advanced Micro Devices, Inc.
Intel is a registered trademark of Intel Corporation.

Motorola is a registered trademark of Motorola, Inc.

EPIC, HSCX, IDEC and IOM are trademarks of Siemens AG.
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Austin 512) 346-7830

Dallas 214) 934-9099

Houston 713) 785-9001
UTAH (801) 264-2900
International
BELGIUM, Bruxelles ........ TEL e, (02) 771-91-42

FAX ... ...(02) 762-37-12
TLX e 846-61028
FRANCE, Paris ................ TEL ... ..(1) 49-75-10-10
FAX... ..(1) 49-75-10-13
TLX e 263282F

WEST GERMANY,
Hannover area ............ TEL oo (0511) 736085
FAX .. ....(0511) 721254
TLX s 922850
Minchen ........ccocceenne. TEL ... ....(089) 4114-0
FAX .(089) 405490

TLX .. AN 52: 883

Stuttgart ..o TEL ... .{0711) 62 33 77
FAX ....(0711) 625187
TEX oo 721882
HONG KONG, ........cocc... TEL ... ...852-5-8654525
Wanchai FAX .. ...852-5-8654335
TLX... 67955AMDAPHX
ITALY, Milan ... TEL oo (02) 3390541
...(02) 3533241
FAX... ...(02) 3498000
TLX e 843-315286

JAPAN,
AtSUGH ...eoirree TEL 462-29-8460
FAX.. ....462-29-8458
Kanagawa .........cc......... TEL ....462-47-2911
FAX. ....462-47-1729
TOKYO ..o TEL ... ..{03) 346-7550
FAX i 03) 342-5196

TEX i J24064AMDTKOJ

International (continued)

Osaka .......cceoveeeeniren. TEL (oo 06-243-3250
ettt b et 06-243-3253
KOREA, Seoul.................. ...822-784-0030
822-784-8014

LATIN AMERICA,
Ft. Lauderdale ............. TEL (oo (305) 484-8600
FAX oo (305) 485-9736
) TLX ... ...5109554261 AMDFTL
NORWAY, Hovik ............. TEL ... ...(03) 010156
FAX.... 02) 591959
TLX.. 79079HBCN
SINGAPORE .......cccocveeuneee TEL . 65-3481188
FAX . ...65-3480161
TLX 650 AMDMMI

SWEDEN,

Stockholm .........ccceeeee TEL e 08) 733 03 50
(Sundbyberg) FAX . ..{08) 733 22 85
TLX e e 1602
TAIWAN ... TEL .. ....886-2-7213393
FAX .886-2-7723422

TLX ' BB6-2-7122066
UNITED KINGDOM,

Manchester area 0925) 828008
(Warrington) . 0925} 827693
....... 851-628524
London area ................ ..{0483) 740440
(Woking) . 0483} 756196
................................... 851-859103

North American Representatives

CANADA

Burnab
\/VETEK MARKETING

Calgar
ETEK MARKETING
Kanata, Ontario

....(604) 430-3680
...(403) 291-4984

VITEL ELECTRONICS ... (613) 592-0060
Mississauga, Ontario

VITEL ELECTRONICS ...t (416) 676-9720
Lachine, Quebec
IDR/I:EEL ELECTRONICS ... (514) 636-5951
lLLIlNTEgiMOUNTAIN TECH MKTG, INC .......... (208) 888-6071

HEARTLAND TECH MKTG, INC .................. (312) 5§77-9222
INDIANA

Huntington - ELECTRONIC MARKETING
CONSULTANTS, |
Indianapolis - ELECTRO

(317) 921-3450

oxﬁ)NS LTANTS, INC.. et (317) 921-3450
LORENZ SALES ... (319) 377-4666
KANSAS
Merriam — LORENZ SALES ... 913) 469-1312
Wichita - LORENZ SALES............ccccooiiiis 316) 721-0500
KENTUCKY
ELECTRONIC MARKETING
MlcmgSULTANTS INC e, (317) 921-3452

Birmingham - MIKE RAICK ASSOCIATES .(313) 644-5040
Holiand — COM-TEK SALES, INC .......... 616) 392-7100

Novi — COM-TEK SALES, INC .............. (313) 344-1409
MINNESOTA
Mel Foster Tech. Sales, Inc. ... (612) 941-9790
MISSOURI
LORENZ SALES ...t (314) 997-4558
NEBRASKA
LORENZ SALES .............................................. (402) 475-4660
NEW MEXIC
NE’I‘;VHQSSON DESERT STATES .......cooeciiees (505) 293-8555
East Syracuse ~ NYCOM INC .................. (315) 437-8343
Woodbury — COMPONENT
CONSUL ANTS INC ....................................... (516) 364-8020
Centervulle - DOLFUSS ROOT & CO ............ 513) 433-6776
Columbus — DOLFUSS ROOT & CO..... 614) 885-4844
Strongsville - DOLFUSS ROOT & CO (216) 238-0300
PENNSYLVANIA
DOLFUS% ROOT & CO ..o (412) 221-4420
809) 746-6550
R? MAR ..(801) 595-0631
WASHINGTON
ELECTRA TECHNICAL SALES ...................... (206) 821-7442
WISCONSIN
HEARTLAND TECH MKTG, INC .................... (414) 792-0920
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