
































































































































face running a single integrated protocol (e.g., running
X.25 or SNA/SDLC, but not both). At present, some com-
puters have more than one communications protocol avail-
able, but each protocol has its own dedicated interface
software and hardware.

This potential for different protocols running on the same
hardware on a phone call by call basis has implications
such as the need for disciplined layering and sufficient
processing horsepower and memory in ISDN terminals.

ISDN Software Glossary

B-CHANNEL—ISDN “Bearer” channel on which digitized
voice or user data is transported. The B-channel data rate
is 64 kbps.

BRI—Basic Rate Interface. ISDN terminal interface con-
sisting of two B-channels and one D-channel (2B+D).
Either voice or data may be transported on either B-chan-
nel.

CCITT—International Telegraph and Telephone Consulta-
tive Committee developing ISDN protocol standards.

COORDINATING ENTITY—ISDN software layer which
coordinates the activities of the D-channel and B-chan-
nel(s).

D-CHANNEL—ISDN channel on which messages are
exchanged between terminal and network to establish
voice and data calls on the B-channel(s). Optionally, the
D-channel may be used to transport user data. The D-
channel data rate is 64 kbps.

DMI—Digital Multiplexed Interface. A set of D-channel
and B-channel protocols for the PBX-to-ISDN primary rate
interface. Of interest to the BRI terminal world are the DMI
B-channel protocols referred to as “Mode 2” and "Mode 3”
which BRI terminals may use to communicate with BRI
host computers via ISDN and/or PBXs.

HDLC—High-Level Data Link Control. Prototype bit-
oriented layer 2 protocol.

ISO—International Standards Organization.

LAPB—Link Access Protocol Balanced. Layer 2 of X.25.
Derived from HDLC.

LAPD—Link Access Protocol on the D-Channel. LAPD is
also used as the V120 layer 2 protocol, and is defined by
CCITT Q.921 specification. Derived from HDLC.

MANAGEMENT ENTITY—ISDN software entity that pro-
vides operating system services and overall coordination
to all software layers.

OSI MODEL—Seven-layered Open Systems Interconnec-
tion model developed by the 1ISO describing hierarchy for
organizing communications software.

Q.921—CCITT protocol standard describing LAPD. Pri-
mary application is as D-channel layer 2 but may also be
used on the B-channel. Also referred to as CCITT Recom-
mendation 1.441.
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Q.931—CCITT protocol standard describing D-channel
layer 3 signalling. Also referred to as CCITT Recommen-
dation 1.451.

Signalling—D-Channel layer 3 message exchange
between terminal and network to set up and tear down
voice and data calls. Signalling messages convey such
information as RINGING or BUSY and ANSWERED. See
Q.931.

V.120—A statistical multiplexing protocol based on LAPD,
for terminal adaptation. V.120 also specifies the terminal
interface and the layer 3 and 4 protocols.

X.25 PLP—X.25 Packet Layer Protocol. Layer 3 of X.25
(also used as layer 3 of the DMI protocol).

SOFTWARE AVAILABLE FROM AMD

In order to reduce the development cost and time to mar-
ket of products using the IDPC, Advanced Micro Devices
has designed a series of software packages. These pack-
ages are available from AMD for a one time license fee,
and include source code, documentation, and unlimited
binary distribution rights. The packages are:

Am79LLD401 Low Level Device Driver—The Low-
Level Driver provides initialization and full control of the
IDPC DLC, creating a clean hardware independent inter-
face to the higher layer software.

AmLink LAPD/LAPB—The AmLink LAPD/LAPB
software package works with the IDPC and the
Am79LLD401 Low-Level Driver to provide a complete
LAPD and LAPB solution. AmLink supports the concurrent
operation of multiple channels, using multiple data link
controllers.

AmLink3™ Layer 3—The AmLink3 package network
layer support for both the ISDN D-channel and the X.25
Packet Layer Protocol (PLP).

Am79LLD401 Low-Level Device Driver

The Low-Level Driver isolates higher layer software from
the hardware details of the IDPC. The code is written
primarily in ‘C’ (Microsoft ‘C’ Compiler version 4.0 or
higher), with approximately 5% written in 8088 assembly
language (Microsoft Macro Assembler version 5.0 or
higher). The LLD is primitive driven, interfacing to the
layer 2 software (L2) and the operating system (Manage-
ment Entity - ME) via mailbox structures. These primitives
and mailboxes are described in detail in Chapter 5.

The LLD provides Command primitives that:

Transmit a Buffer

Initialize the DLC

DLC Control

Update Address Recognition
Abort the Current Transmit
Load a New Event Enables
Begin Remote Loopback
End Remote Loopback
Begin Local Loopback

End Local Loopback



In response to hardware conditions, the LLD generates
the following Event primitives:

® Transmission Complete
e Packet Received

e Error Status

o Buffer Allocation Request

AmLink LAPD/LAPB

The AmLink LAPD/LAPB software package combines with
the IDPC and the Am79LLD401 Low-Level Driver (LLD) to
provide a complete solution for layer 2 of the 1ISO-OSI
seven layer communications model (data link layer). The
software is written in ‘C’ (Microsoft ‘C’ Compiler version
4.0 or higher) and provides complete operating system
independence.

Interfaces—As can be seen in Figure 3-10, the AmLink
LAPD/LAPB software interfaces to the LLD, the Manage-
ment Entity (ME), and the layer 3 software via a set of
mailboxes. Command and event primitives are passed
between software entities via these mailboxes. The mail-
box structure and primitives are described in detail in the
AmLink Reference Guide (PID #09529).

Flexibility—One of the key features of the AmLink LAPD/
LAPB package is the flexibility to handle multiple logical
connections over multiple physical channels, with unli-
mited window sizes. The re-entrant nature of the software
and the configurable nature of the link parameters allows
a single body of code to simultaneously support multiple
physical devices, as well as multiple logical channels over
a single physical channel. This allows the statistical multi-
plexing of multiple separate conversations over a single
physical channel.

v

E = Event Mailbox
C = Command Mailbox

D-Channel B-Channel Layer 3
«—»
4
A A
3
M A
2 e E Je
n o |le———»
a Lofc |
9 - AmLink Layer 2
o LAPD/LAPB
m L E e
e —————————P
n c
g I e
A
; |
t c
L e
t [P LLD Driver —> LLD Driver
y e E Je—q Am7sLLD30A Am79LLD401
ry
—{ ¢ |
E
v
Am79C30A Am79C401
DSC IDPC

Figure 3-10. AmLink Software Layer Diagram
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Layer 3

Drivers

Management Entity (ME)

Input Routine

State Machine

Handler
CCITT Q.921
Table Output
Processor
Layer 3 Drivers ME
Figure 3-11. AmLink Code Structure

Code Structure—AmLink LAPD/LAPB software uses a
state table structure (see Figure 3-11), providing flexibility
and maintainability. Inputs can be received from the LLD,
ME, or layer 3 entities (via mailboxes). These are proces-
sed and fed to the state machine handler. The state
machine handler uses these inputs along with the LAPD/
LAPB state tables to generate outputs to the output pro-
cessor. The output processor connects to the LLD, ME,
and layer 3 entities via mailboxes.

AmLink3™ Layer 3

The AmLink3 package supports two layer 3 standards,
X.25 and Q.931. X.25 is used in both X.25 networks and
ISDN (both B- and D-channels). Q.931 is the ISDN call
control standard. While the X.25 standard is fairly stable,
Q.931 is not. There are significant variations depending on
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the ISDN switch (PABX or Central Office) in use. For this
reason, several versions of the AmLink3 package are
available for specific switches.

The software is designed to interface directly to the
AmLink LAPD/LAPB primitives using the mailbox structure
mentioned above. A similar set of mailboxes and primi-
tives is provided for interfacing to layer 4 software. The
mailbox structure and primitives are described in detail in
the AmLink3 Reference Guide (PID #10812).






Chapter 4
PROGRAMMING THE IDPC

The IDPC is comprised of three basic modules: the DLC,
USART, and DPMC. Each module operates independently
of the other modules, and is programmed independently.
The following sections cover each module in turn. Each
section contains three parts: a discussion of the module’s
programmable features, a programmable options section
discussing their use, and finally, a set of operational
sequences providing programming details, including
initialization, normal operation, and exception handling.

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

The internal registers occupy a 64-byte block located in
the local processor’'s memory address space. The starting
address of the memory block is determined by address
decode logic (external to the IDPC) that is used to gener-
ate the IDPC Chip Select signal (CS/). The registers and
their respective memory offset values are listed in Tables
4-1, 4-2, 4-4, and 4-5.

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

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

Table 4-1. IDPC Address Map

Offset (Hex) Block
00-1F DLC
20-3E USART

3F DPMC
DATA LINK CONTROLLER
PROGRAMMING

DLC PROGRAMMABLE FEATURES

The DLC is comprised of two sub-blocks: the transmitter
and the receiver.

Transmitter Programmable Features

The DLC programmable features include:

« Transmit Enable—the transmitter may be discon-
nected from the output pin, leaving other transmit func-

tions intact (DLC Command/Control Register).

« Abort—interrupts a frame by sending at least one Abort
character and places the transmitter in the abort condi-

tion (DLC Command/Control Register).

 Flag Idle/Mark Idle—may be selected as an idle condi-
tion between frames (DLC Command/Control Register).

» CRC Generation—may be enabled or disabled inde-
pendent of CRC checking being enabled (DLC Com-
mand/Control Register).

» FIFO Threshold—user can select threshold of 0 to 15
bytes. When the level of the transmit FIFO falls to this
level or below, status is set and a DMA request is gener-
ated, unless the last byte of the packet is still in the FIFO
(FIFO Threshold Register).

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

« Valid packet sent

» FIFO buffer available

« Transmit threshold reached
« Transmit underrun

Receiver Programmable Features

The DLC receiver programmable features include:

Receiver Enable—when disabled, the receiver is dis-
connected from the receive data input pin, leaving other
receiver functions intact (DLC Command/Control Regis-
ter).

CRC Check—selectively enables or disables the inter-
nal CRC compare operation, independent of CRC gener-
ation being enabled (DLC Command/Control Register).

CRC Pass Through—the FCS Field can optionally be
placed into the FIFO with the data (DLC Command/Con-
trol Register).

Address Recognition—program any combination of
four programmable one- or two-byte addresses plus the
broadcast address. In the 1-byte mode, either the first or
second byte can be selected. The command/response
bit (bit 1 of the first byte) can be ignored (optional) (Ad-
dress Control Register).

Minimum Packet Size—defines the minimum packet
size in use. A short frame error is indicated if a packet is
received containing fewer than the programmed number
of bytes (1-15) (Minimum Receive Packet Size Regis-
ter).

Maximum Packet Size—defines the maximum packet
size in use. This prevents buffer overruns in the event of
lost flags or protocol violations (3-65,538) (Maximum
Receive Packet Size Register).

FIFO Threshold—select threshold of 2 to 32 bytes.
When the level of the Receive FIFO reaches this level or
above, status is set and a DMA request is generated (un-
less 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 — this forms an interlock that maintains
synchronization between packet status and data) (FIFO
Threshold Register).

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

« Valid packet received

* Abort received

» Non-integer number of bytes received

* CRCerror

« Short frame error

* Long Frame Error

« FIFO buffer overrun error

 Receive threshold reached

« Receive data available

« Change in mark idle

« Change inflagidle

« Change inin-frame

« End-of-packet in receive FIFO

Transmit/Receive Programmable Features

The following programmable features affect both the DLC
transmitter and receiver:

« Inversion—the output of the transmitter and the input
of the receiver will be inverted if this option is selected
(Serial Bus Port Control Register).

« Channel Selection—up to thirty-one 8-bit time slots for
multiplexing transmitted serial data and demultiplexing
received serial data may be chosen. In the non-multip-
lexed mode, received serial data are continuous, not
gated, and the SFS/XMITCLK pin is used as a transmit
clock input separate from the receive clock input (Serial
Bus Port Control Register).

* Local Loopback—the DLC can be programmed to
route transmitted data to the receiver for diagnostic pur-
poses (Serial Bus Port Control Register).

* Remote Loopback—The DLC can be programmed to
route received data to the transmit data output for
remote testing capabilities (Serial Bus Port Control
Register).

» Reset—a software reset can be generated to stop all
functions, clear the FIFOs, and set all registers to their
default values (Command/Control Register).

DLC Register Map

The DLC contains 23 registers, as shown in Table 4-2.

DLC Programmable Operations

The following section provides an introduction to program-
ming the DLC to perform basic operations, including:

» Address recognition

» DMA operation

* Non-DMA operation

* Receive packet status stacking mechanism
* Receive packet status processing

Address Recognition

The DLC receiver can be programmed to inspect the addres-
ses of incoming packets. If an address match occurs, the
DLC will receive the packet, if no match occurs, the packet is
ignored. The following programmable options are available:

First Byte Address Detection—The first byte after the
opening flag is inspected.

Table 4-2. 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
OE 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
1 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
1D Residual Bit Control Status Register 1 Read/Write

1E-1F Reserved 2 —
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Second Byte Address Detection—The second byte after
the opening flag is inspected.

First Two Byte Address Detection—Both the first and
second bytes after the opening flag is inspected.

Ignore Command/Response Bit—In some protocols, the
second bit in the first address byte (Bit 1) is used to indicate
both whether the packet is a command or a response. The
command/response bit is not considered as part of the
address field. The DLC can be programmed to optionally
ignore the command/response bit when making address
comparisons.

The DLC has five address detectors. Four of these are user
programmable, the fifth is hard-wired to an all ones value
(broadcast). The command/response bit (Bit 1) of the broad-
cast address detector can optionally be ignored. Addition-
ally, in two byte mode, Bit 0 of the first broadcast address
byte (extended address bit) is expected to be zero. Each
address detector can be enabled or disabled. Additionally, if
address recognition is disabled, all packets are received
regardless of their address.

Programming—Table 4-3 lists the various addressing
options, and the registers/bits that are used to program
them.

Table 4-3. Addressing Options

One/two byte addressing Bit 5, DLC Address Control
Register

First/Second byte Bit 7, DLC Address Control

(one byte mode) Register

Command/Response bit Bit 6, DLC Address Control

checking Register

Address detector #0 Bit 0, DLC Address Control

enable Register

Address detector #1 Bit 1, DLC Address Control

enable Register

Address detector #2 Bit 2, DLC Address Control

enable Register

Address detector #3 Bit 3, DLC Address Control

enable Register

Broadcast address Bit 4, DLC Address Control

detector enable Register

Addresses are programmed into the four address detectors
via the four Link Address Registers (two bytes each).

Address Reporting—When a packet is received, the iden-
tification of the address detector that matched the packets
address is reported via a three-bit field in the Interrupt
Source Register.

000 Address Detector 0

001 Address Detector 1

010 Address Detector 2

011 Address Detector 3

100 Broadcast Detector

101 Not Used

110 No Packet Received

111 Packet Received, All Address Detectors Disabled

DMA Operation

DMA can be used to move data in and out of the DLC

FIFOs. Each FIFO generates an output signal that indi-
cates to a DMA controller that data need to be moved. The
receive FIFO generates DRQy, the transmit FIFO gener-
ates DRQ,.

Receiver DMA Operation—The DRQ, signal is acti-
vated by two conditions, the level in the Receive FIFO ris-
ing to the programmed threshold, or the last byte of a
packet being placed in the FIFO. In the case where the
FIFO threshold caused the activation, DRQ, will remain
active until the FIFO is empty. In the case of an end of
packet (EOP), DRQ, will be active only until the last byte
of the packet has been read from the FIFO— regardiess of
the level of data in the FIFO, or of the presence of addi-
tional EOP indicators in the FIFO. In the case where DRQ,
was activated by an EOP condition, it will remain inactive
until the least significant byte of the Receive Byte Count
Register is read, preventing data from the next packet
from being read out of the FIFO until the status of the cur-
rent packet is read from the stacked status registers (refer
to the description of delayed-stacked status reporting).
This insures that the status information for a given packet
stays in synchronization with that packet's data.

The DLC receiver does not require an acknowledge signal
from the DMA. This is because the DMA reads the
Receive FIFO at the beginning of the DMA cycle, and then
writes the data to memory in the second half of the DMA
cycle. This gives the FIFO sufficient time to deactivate
DRQg when the last byte of data (or EOP byte) is read
from the FIFO, preventing the DMA from attempting a fol-
low-on read of the now empty FIFO.

Transmitter DMA Operation—Unlike the receive FIFO,
the transmit FIFO is set up to allow data from only one
packet to be in the FIFO at one time. This greatly simplifies
operation in the event of an abort or underrun condition.
This does not prevent the DMA controller from being set
up to transfer several packets at a time. The DRQ, signal
will automatically control the loading of the FIFO such that
data from only one packet at a time will be moved into the
FIFO.

The DRQ, signal is activated when the transmit byte
counter is not zero, and the level in the FIFO is at or below
the programmed threshold value. DRQ, is de-activated
when-either the TBC reaches zero (the last byte of the
packet is placed into the FIFO), or the FIFO becomes full.
If DRQ, was de-activated by the loading of the last byte of
a packet (TBC = 0), it will be reactivated as soon as this
last byte is moved out of the FIFO into the parallel-to-
serial shift register. Assuming CRC operation, this gives
four character times to load the first byte of a new packet
into the FIFO to insure the transmission of back-to-back
packets.

Unlike the receive FIFO, an acknowledge signal may be
required from the transmit DMA Controller. This is because
the transmit FIFO is loaded at the end of a DMA cycle (the
receive FIFO is serviced at the start of a DMA cycle).
Insufficient time is available, once the last Write operation
to the FIFO is started, to deactivate DRQ, before an addi-
tional (unwanted) DMA cycle is started. If the DMA Con-
troller provides an acknowledge signal, this can be con-
nected to the IDPC’s DACK/ pin. (DMA acknowledge sig-
nals are generated at the beginning of the DMA cycle, pro-
viding time to deactivate DRQ,.) If an acknowledge signal
is not available, or cannot be constructed, a wait-state can



be added to the DMA cycie. This will provide sufficient
time for the FIFO to detect that a byte is being written into
the FIFO Data Register, and deactivate DRQ;.

Non-DMA Operation

In systems where DMA is not used to move data in and out
of the DLC FIFOs, the microprocessor must transfer the
data.

Receive FIFO—Data is moved out of the receive FIFO in
response to two interrupts: FIFO threshold reached, and
end-of-packet in receive FIFO. Both of these interrupts are
reported via the FIFO Status Register. In response to a
FIFO threshold reached interrupt, the number of bytes to
be read is known, the value programmed into the receive
FIFO threshold field in the FIFO Threshold Register. In this
case, the microprocessor can execute a string move
instruction, moving that number of bytes. In the case of an
end-of-packet in receive FIFO interrupt, the number of
bytes to be moved is not known (it will always be less than
or equal to the threshold value). The procedure for unload-
ing the receive FIFO is as follows: the microprocessor
reads the Receive FIFO Data Register and stores the byte
in memory. Then the data available bit in the FIFO Status
Register is tested. Data is moved from the receive FIFO as
long as the data available bit is set. The receive FIFO is
designed to de-activate the data available bit when the
last byte of the packet is read from the receive FIFO, even
if there are additional data in the FIFO (these data would
belong to a new packet.) The de-activation of the data
available bit identifies the packet boundary, indicating that
it is time to service the packet status information. When
the packet status is serviced, the receive byte counter is
always read last. (Reading the least significant byte of the
receive byte counter clears the status registers of the data
for the packet). When the least significant byte of the
receive byte counter is read, the data available bit will
return active if there are data from a new packet in the
receive FIFO. This mechanism insures that packet data
and status are synchronized. A description of the delayed-
stacked status mechanism is provided below.

Transmit FIFO—The transmit FIFO is serviced in
response to a transmit FIFO threshold reached interrupt. If
the number of bytes yet to be loaded into the transmit
FIFO exceeds the programmed threshold level (FIFO
Threshold Register), a string move can be used to move
the data. For example, if the threshold is programmed at
2, a threshold reached interrupt indicates that 14 bytes
can be loaded into the transmit FIFO. If the number of
bytes remaining to be loaded is fewer than 16 minus the
programmed threshold value, or if the number of bytes to
be loaded is unknown, a polled procedure is required. In
this case, a byte is loaded into the transmit FIFO and then
the buffer available bit in the FIFO Status Register is
tested. If it is active, another byte can be loaded into the
transmit FIFO. The buffer available bit will remain active
as long as the transmit FIFO is not full -AND- the transmit
byte counter is not zero. (The TBC counts down to zero
when all of the data for a given packet have been loaded.)
The buffer available bit becoming inactive indicates that
the transmit FIFO is full, or that the last byte of the packet
has been loaded into the transmit FIFO. If the buffer avail-
able bit became inactive because of the TBC reaching
zero, it will remain inactive until the last byte of the packet
has moved from the transmit FIFO into the serial-to-paral-
lel shift register. This prevents data from more than one
packet at a time from being placed into the transmit FIFO.

Receive Packet Status Stacking Mechanism

The DLC receiver contains a mechanism that allows multi-
ple packets to be received without losing the unprocessed
status information for previously received packets. Up to
four packets can be received before the status of the first
packet must be processed. If the status for the first packet
has not been processed by the time the closing flag of the
fourth packet is detected, the receiver will be prevented
from receiving additional packets. The receiver will be re-
enabled when the status for the first packet is processed.
This status log is referred to as the status stack. All regis-
ters or portions of registers that report status information
on received packets are stacked registers; these include:
The Receive Byte Count Register, the Receive Frame
Status Register, the link address and valid packet received
bit fields of the Interrupt Source Register, and the received
bit residue count field of the Residual Bit Status Control
Register.

These registers and bit fields are cleared when they are
read. Additionally, they are cleared when the least signifi-
cant byte of the Receive Byte Count Register is read. In
most cases, the receive packet processing software will
need to read only the Interrupt Source Register and the
Receive Byte Count Register—the Receive Frame Status
Register contains error conditions, and needs only to be
read if the receive frame status bit (and, therefore, not the
valid packet received bit) is set in the Interrupt Source
Register, and the received bit residue count field needs
only to be read if the protocol in use allows packets to con-
tain a non-integer number of bytes. By clearing out any
unread status for the packet when the least significant
byte of the Receive Byte Count Register is read, syn-
chronization is maintained between the various status
registers.

Receive Packet Status Processing

The receiver presents the status of a received packet to
the microprocessor after the packet has been completely
received and all of the packet data have been stored in
memory. The movement of the last byte of packet data out
of the FIFO is the trigger that allows the packet status to
be presented to the microprocessor. Interrupts, if enabled,
are generated at this time.

Sequence Of Events—In response to a DLC interrupt,
the microprocessor will read the Interrupt Source Register.
The ISR contains the following packet status information:

» The identification of the address detector that matched
the address of the received packet.

« Two bits indicating whether the packet is valid or not.

If the valid packet received bit is set, all that remains for
the user to do is to read the Receive Byte Count Register
pair. Even in cases where the size of the received packet
is known, the least significant byte of the RBCR must be
read—reading the LSB of the RBCR clears any unread
receive packet status registers.

If the received packet contains an exception condition
(CRC error, short frame error, long frame error, abort, non-
interger number of bytes [not always an error] or receive
FIFO overrun error [causes the packet to be terminated)),
the valid packet received bit will not be set; instead, the



receive frame status bit will beset—The Receive Frame
Status Register contains only exception conditions.

If the software, upon reading the Interrupt Source Regis-
ter, finds the receive frame status bit set, the Receive
Frame Status Register should be read to determine the
exception condition.

After determining the status of the packet, the Receive
Byte Count Register is read to determine the size of the
received packet. Even if the size is known, the least signifi-
cant byte of the Receive Byte Count Register must be
read in order to clear-out unread status from any of the
registers.

Packet Transmission Sequence

The DLC transmitter is designed to work both with and
without DMA support. When DMA is used, there are two
possible modes of operation: 1) transmitting one packet at
a time, 2) transmitting a queue of packets. From the trans-
mitter's point of view, there is no difference between the
two modes, the only difference is in how the DMA control-
ler is programmed.

Transmitter Operation—Independent of how data are
loaded into the transmit FIFO (DMA or processor control-
led I/0) a series of basic operations takes place within the
transmitter. The first step in transmission of a packet is to
program the length of the packet into the Transmit Byte
Count Register—TBCR (the length includes the address,
control, and information fields, but not flags or the FCS
field). Writing to the TBCR causes the contents of the
TBCR to be loaded into a counter, the Transmit Byte
Counter - TBC. As soon as the TBC becomes non-zero,
the DMA Request 1 (DRQ,) pin is activated, indicating that
the transmit FIFO is ready to receive data. When the first
byte of data (typically the first address byte) is loaded into
the transmit FIFO, the transmitter starts sending the open-
ing flag. As soon as the opening flag leaves the parallel-to-
serial shift register, the first byte of data loaded into the
FIFO is moved into the shift register. The TBC is
decremented each time a byte is loaded into the transmit
FIFO. The DRQ; signal will remain active until the transmit
FIFO becomes full, or the TBC counts down to zero.
Assuming that the length of the packet exceeds the 16
byte depth of the transmit FIFO, DRQ, will be reactivated
when the level in the transmit FIFO falls to the program-
med threshold level, programmed in the FIFO Threshold
Register. Once the last byte of the packet is loaded into
the transmit FIFO, causing the TBC to be zero, DRQ, is
de-activated, preventing the DMA from loading additional
data into the FIFO. DRQ, will remain inactive until the last
byte of the packet is loaded into the serial-to-parallel shift
register - this prevents data from more than one packet
from being in the transmit FIFO at any one time. When the
last byte is moved into the shift register, the TBCR
automatically reloads the TBC, allowing DRQ, to return
active since the TBC will no longer contain a zero value. If
the user loads a new value into TBCR while the transmitter
is transmitting a packet, the TBCR will hold off loading this
value into the TBC until the last byte of the packet leaves
the transmit FIFO. If the transmit FIFO is empty, the TBCR
will automatically load the TBC any time the TBCR is writ-
ten to by the user.

Transmitting One Packet At A Time Using DMA—To
transmit packets one at a time, the DMA controller is pro-
grammed to move only the number of bytes in the packet.
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The TBCR is programmed with this same value; the trans-
mitter needs to know when to end the packet. If the user
desires, the DMA controller can be programmed to gener-
ate an interrupt when the last byte of the packet is moved
into the transmit FIFO. The DMA controller can then be set
up to send a new packet, and the TBCR can be reloaded
with the length of the new packet. When the last byte of
the packet leaves the transmit FIFO, DRQ, will be reacti-
vated, and the DMA controller will start loading the trans-
mit FIFO with the new packet.

Transmitting A Queue Of Packets—This can be done
only if all of the individual packets in the queue are the
same length. The DMA controller is programmed with the
total number of bytes in the queue. The TBCR is then pro-
grammed with the length of a packet. The transmit FIFO
will control the movement of data via DRQ,. When the last
byte of the last packet is loaded into the transmit FIFO, the
DMA controlier will have counted to the total number of
bytes it had been programmed with, and will stop the
movement of data. In this way, a queue of packets can be
constructed in memory (complete with address and con-
trol fields). These packets can then be transmitted without
intervention by the microprocessor.

NOTE: The number of packets in the queue is limited by
the window size of the protocol in use. Window size refers
to the maximum number of packets that can be transmit-
ted before the first packet is acknowledged.

DLC Operational Sequences

The IDPC operational sequences in the sections that fol-
low provide detailed examples of programming the major
functional components of the IDPC.

All of the operational sequences except the host part of
the interprocessor interrupts sequences are assumed to
be executed on an 80188 processor (local processor). The
local processor software consists of a set of Interrupt Ser-
vice Routines (ISVRs) and main loop code that executes
when the ISVRs are not.

The operational sequences described below illustrate in
detail the programming of the IDPC Data Link Controller
(DLC) hardware by an 80188 local processor in a typical
application scenario. This scenario assumes:

A) The DLC is used to perform bit-oriented protocol pro-
cessing.

B

-~

DMA used for both DLC frame reception and transmis-
sion. 80188 DMA Channel 0 is used for DLC reception;
80188 DMA Channel 1 is used for DLC transmission.

C

-~

The IDPC DLCINT output pin is connected to one of
the local 80188 INTX (INTO-INT3) maskable interrupt
input pins to form the DLC interrupt.

D

-~

The local processor has initialized its interrupt control-
ler hardware and interrupt vectors during reset,
enabling the external DLC interrupt and internal 80188
DMA Channel 1 interrupts in the process.

E

~

80188 DMA Channel 0 interrupt NOT used to indicate
packet received; DLC interrupt (valid or receive frame
status exception packet received) used for this pur-
pose. This is because only the DLC interrupt can indi-



cate reception of variable length packets and/or pack-
ets received with errors.

F

~

Either the DLC interrupt (valid packet sent), or 80188
DMA Channel 1 interrupt may be used to notify the pro-
cessor of successful packet transmission. The DMA.
interrupt is more general in that it allows more than one
packet to be transmitted per interrupt. For this reason,
the DMA interrupt is used for DLC transmission in this
scenario. (If multiple packets are to be transmitted per
interrupt, all packets must be the same length and con-
tiguous in memory.)

NOTE: For scenarios in which the DLC interrupt is used
for BOTH packet reception and transmission, the DLC
interrupt service routine must check both receive and
transmit status in the same read of the DLC Interrupt
Source Register since one read of that register clears it.

G) Several interrupts that are useful for non-DMA pro-
grammed /O or diagnostic testing are not enabled for
regular operation in this scenario.

Refer to the iAPX 86/88,186/188 User Manual Volume
1: Programmer’s Reference for descriptions of 80188
DMA and interrupt controller operation.

The DLC operational sequences for this scenario are:

Operational Sequences

DLC Link Initialization (after call setup)
DLC Transmit Packet(s)

DLC Receive Packet—Normal

DLC Receive Packet—Exception

These operational sequences are interdependent. For
example, the DLC link initialization sequence must be exe-
cuted before the DLC transmit packet(s) or receive packet
sequences can be executed.

Protocol processing performed by software (e.g., packet
sequence number checking, acknowledge (ack) packet
transmission) is not described in the DLC operational
sequences. Only hardware level processing is described.

Link Initialization

DLC register bits that are flagged in the steps below with
an asterisk (*) are configuration dependent. In this opera-
tional sequence, these bits are set to values that are arbi-
trary for this example. Setting such bits to value's other
than those indicated does not change the validity of this
operational sequence.

1. Write the DLC Command/Control Register with the fol-
lowing contents to reset the DLC:

@
=

Value

Don'’t care
Don't care
Don't care
Don'’t care
Don't care
Don'’t care

1 Enable DLC Reset
Don'’t care

Function

NOOHAWN=O
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2. Write DLC Link Address Recognition Register 0 with
the 16-bit B-Channel Layer 2 link address negotiated
during call setup.

3. Write the DLC Address Control Register with the follow-

ing contents:

Bit| Value Function

0 1 Enable Logical Link 0 Address
Recognition

1 0 Disable Logical Link 1 Address
Recognition

2 0 Disable Logical Link 2 Address
Recognition

3 0 Disable Logical Link 3 Address
Recognition

4 o] Disable Broadcast Address Recognition

5 o* Enable Two-Byte Address Recognition

6 0" Ignore Command/Response bit

7 0 First/second byte selection—ignored
for two byte address

4. Write the DLC Serial Bus Port Control Register with the
following contents:

Bit| Value Function

0 0*

1 1" Select channel 2

2 0"

3 0*

4 [0

5 1* Invert data

6 0 Disable Local Loop back

7 0 Disable Remote Loop back

5. Write hex E2 (*) (receive FIFO threshold=28 and
transmit FIFO threshold=2) to the DLC FIFO
Threshold Register.

6. Write six (*) to the DLC Minimum Receive Packet Size

Register. This value was negotiated during call setup or
by local administration.

7. Write 135 (*) to the DLC Maximum Receive Packet Size

Register. (Four bytes L2 header, four bytes L3 header,
128 bytes L3 I-field,and two bytes CRC, minus 3 bytes
[the DLC Maximum Receive Packet Size Register is
always programmed with a value that is 3 less than the
desired maximum packet size].) This value was negoti-
ated during call setup or by local administration.

8. Write the DLC Interrupt Source Interrupt Enable Regis-

ter with the following contents:

Bit] Value Function
0-2| Don't Care | Spare
3 1 Enable interrupt on Valid Packet
Received
4 0 Disable interrupt on Valid Packet Send
5 1 Enable interrupt on Receive Frame
Status Error
6 1 Enable interrupt on FIFO Status
Register bit set
7 0 Disable interrupt on Receive Link
Status bit set




9. ‘Write the DLC Receive Frame Interrupt Enable Regis-
ter with the following contents:
Bit| Value Function
0 1 Enable interrupt on Abort Received
1 1 Enable interrupt on Non-Integer
Number of Bytes Received error
2 1 Enable interrupt on Received CRC error
3 1 Enable interrupt on received byte count
less than DLC Minimum Receive Packet
Size Register error (Short Frame error)
4 1 Enable interrupt on received byte count
greater than DLC Maximum Receive
Packet Size Register error (Long Frame
error)
5 1 Enable interrupt on receive Overrun
error
6-7| Don’'t Care | Spare
10. Write the DLC Receive Link Status Interrupt Enable
Register with the following contents:
Bit| Value Function
0 0 Disable interrupt on Mark Idle detection
1 0 Disable interrupt on Flag Idle detection
2 0 Disable interrupt on In-frame detection
3-7| Don't care | Spare
11. Write the DLC FIFO Status Interrupt Enable Register
with the following contents:
Bit| Value Function
0 0 Disable Interrupt on Receive FIFO
Threshold Reached
1 0 Disable Interrupt on Receive FIFO Data
Available
2 0 Disable Interrupt on Transmit FIFO
Threshold Reached
3 0 Disable Interrupt on Transmit FIFO
Buffer Available
4 1 Enable Interrupt on Transmitter
Underrun
5 0 Disable Interrupt on EOP in Receive
FIFO
6-7| Don't care | Spare

47

12.

Set up the 80188 DMA channel (channel 0) dedicated
to receiving frames by initializing the DMA Channel 0
Control Word with the following:

Value Function

o HWN 2O

o ~NOO

10
1
12
13

14

15

0 Byte Transfer

1 Start DMA

1 Change bit

1 Don't care

0 Disable DMA requests from 80188
timer 2

1 Receive DMA has higher priority than
transmit DMA

Source Synchronized

o O =

Don'tinterrupt CPU on Transfer Count
termination

1 Terminate DMA if Transfer Count
reaches zero

1 Don’t change source pointer after each
transfer

1 Source pointer is in memory space

1 Increment destination pointer after
each transfer

Do not decrement destination pointer

1 Destination pointer is in memory space

13.

14.

15.

16.

17.

Allocate from a queue of empty buffers in RAM (or a
stack, etc.) a B-Channel receive buffer big enough to
hold at least one maximum length packet for the
protocol in use, 138 bytes in this example.

Load the 80188 DMA Channel 0 Transfer Count Regis-
ter with the size of the allocated receive buffer.
Although the DMA Channel 0 interrupt is not used, the
Channel 0 DMA operation is halted in the exceptional
event that the Transfer Count reaches zero. This pro-
vides a fail-safe mechanism to prevent received frame
bytes from overwriting memory past the allocated
receive buffer boundary.

Load the 80188 DMA Channel 0 Destination Pointer
Register with the starting RAM address of the allo-
cated receive buffer.

Write the IDPC DLC Receive FIFO Data Register
address to the 80188 DMA Channel 0 Source Pointer
Register. This address never changes during IDPC
operation. This step is thus an example of a DLC
initialization step that can be performed once at 80188
reset instead of during every call as in this scenario.

Write the IDPC DLC Transmit FIFO Data Register
address to the 80188 DMA Channel 1 Destination
Pointer Register.



18. Write the DLC Command/Control Register with the fol-

lowing contents:

5. Start 80188 DMA channel 1 by writing the DMA 1 con-
trol word with the following:

NOTE: Multiple packets may be transmitted in one execu-
tion of the following steps with the restrictions that the
packets must be contiguous in memory and each packet
must be of identical length. If successive packets are
either not contiguous or are of different lengths, then the
following processing steps must be repeated for each
packet.

1. Format packet(s), including headers, somewhere in the
local processor’s addressable memory.

2. Write the first packet’s starting memory address in the
80188 DMA Channel 1 Source Pointer Register.

3. Write the SUM of the lengths of the packets to be trans-
mitted (not including FCS bytes or flags) into the 80188
DMA Channel 1 Transmit Count Register.

4. If the size of each packet to be transmitted is different
from the last packet transmitted, write the packet size
(not including FCS bytes or flags) to the DLC Transmit
Byte Count Register. Note that this size is not the sum
of all packets to be transmitted as in step 3, above, but
rather the individual packet size.

Bit] Value Function Bit| Value Function
0 0 Do not Send Abort 0 0 Byte Transfer
1 1 Transmitter Enable 1 1 Start DMA
2 1 Receiver Enabled 2 1 Change bit
3 1 Flag Idle 3 1 Don't care
4 1* Enable CRC Check 4 0 Disable DMA requests from 80188
5 1* Enable CRC Generate timer 2
6 0 Disable DLC Reset 5 0 Transmit DMA has lower priority than
7 0" Do not pass FCS through to the receive DMA
Receive FIFO 6 0 Destination Synchronized
7 1
At this point, packets may be transmitted and received. 8 1 Interrupt CPU on Transfer Count
termination
19. Continuously poll the DLC Receive Link Status Regis- 9 1 Terminate DMA when Transfer Count
ter detected by the DLC receiver. Do this as a precon- reaches zero
dition for transmitting since the destination end point 10 1 Increment source pointer after each
probably is not yet ready to receive if it is not yet trans- transfer
mitting the proper Idle pattern. The destination end 1 0
point may be slightly slower than the originating call 12 1 Source pointer is in memory space
end point, or vice versa, in starting up the channel. 13 1 Don’t change destination pointer after
each transfer
14 1
Transmit Packet(s) 15 1 Destination pointer is in memory space

6. The DLC transmits the packets without further local
processor intervention. When all packets have been
moved via DMA to the DLC, the 80188 DMA Channel 1
interrupt occurs. The interrupt service routine pointed
to by the 80188 DMA Channel 1 interrupt vector is
invoked.

7. The 80188 DMA Channel 1 interrupt service routine
writes a non-specific end-of-interrupt command (hex
8000) to the 80188 interrupt controller EOI Register.

8. (Optional) If additional data are available for transmis-

sion, repeat steps 1-5. These steps may be performed
immediately at this point in the 80188 DMA Channel 1
interrupt service routine if the DLC is running at a low
data rate (e.g., 64 Kbps), or if relatively little processing
is required. For example, only steps 2-5 need to be
executed if additional packets have already been for-
matted (packet headers set up) during main loop
execution.

For an alternative to this, the interrupt service routine
may not perform any of steps 1-5 at this point. Rather,
the interrupt service routine may simply set a global
flag in RAM indicating that the 80188 DMA Channel 1 is
idle. The local processor main loop, during a periodic
poll of this global flag, detects that the flag is set and
initiates the next DLC transmission.

9. The interrupt service routine executes an Interrupt
Return (IRET) 80188 instruction to exit.



Receive Packet—Normal

1. When the DLC receive logic detects that a packet has
been received (closing flag detected), with no errors,
the valid packet received bit is set in the DLC Interrupt
Source Register. Since this interrupt was enabled in the
DLC Interrupt Source Interrupt Enable Register during
DLC initialization, the 80188 is interrupted and vectors
to the DLC interrupt service routine (DLC ISVR).

2. The DLC ISVR reads the DLC Interrupt Source Regis-
ter to determine the specific reason for the interrupt.
Since this read clears the receive status in the Interrupt
Source Register, the ISVR saves this value temporarily
in scratchpad RAM so that the receive link address
field in the register can be used during packet header
processing later.

3. The DLC ISVR determines that the valid packet
received bit is set in the DLC Interrupt Source Register.
DLC design insures that if this bit is set, no DLC receive
exception status bits are set. Thus, no further DLC
receive status checking is required.

4. The DLC ISVR immediately stops 80188 DMA Channel
0 by writing the DMA Channel 0 control word with the
following:

Bit Value Function
0 Don't care
1 0 Stop DMA
2 1 Change bit 1
3-15| Don't care

This stops DMA Channel 0 from activating its data
request signal and thus forces the DLC receive FIFO to
buffer the next incoming packet until the DMA channel
is reinitialized in steps 7-10 below.

5. The ISVR reads the DLC Receive Byte Count Register
and temporarily saves in RAM this count of bytes
received in the current packet.

6. At this point, some implementations will process the
received packet in its entirety before continuing with
step 7. This processing includes making sure frame
headers and lengths are valid, formatting and transmit-
ting any ack packet, and moving any user data out of
the receive frame buffer.

Other implementations (e.g., at high DLC bit rates)
would not perform Layer 2 and above processing dur-
ing interrupt service routine execution. Rather, these
implementations would place the received packet in a
queue of unprocessed packets. This queue would be
unloaded by receive packet processing software that is
not part of the ISVR. This receive packet processing
software would be called periodically from the local
processor main software loop.

7. The DLC ISVR allocates from a queue of empty buffers
in RAM (or a stack, etc.) a B-Channel receive buffer big
enough to hold at least one maximum length packet for
the protocol in use.

8. The DLC ISVR loads the 80188 DMA Channel 0 Trans-
fer Count Register with the size of the allocated receive
buffer. Although the DMA Channel 0 interrupt is not
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used, the Channel 0 DMA operation will be halted in
the exceptional event that the transfer count reaches
zero. This provides a fail-safe mechanism to prevent
received frame bytes from overwriting memory past the
allocated receive buffer boundary.

9. The DLC ISVR loads the 80188 DMA Channel 0 Desti-
nation Pointer Register with the starting RAM address
of the allocated receive buffer.

10.The DLC ISVR restarts 80188 DMA Channel 0 by writ-
ing the DMA Channel 0 Control Word with the following:

Bit| Value Function

0 0 Byte Transfer

1 1 Start DMA

2 1 Change bit

3 1 Don'’t care

4 0 Disable DMA requests from 80188
timer 2

5 1 Receive DMA has higher priority than
transmit DMA

6 1 Source Synchronized

7 0

8 0 Don'tinterrupt CPU on Transfer Count
termination

9 1 Terminate DMA if Transfer Count
reaches zero

10 1 Don’t change source pointer after each
transfer

1 1

12 1 Source pointer is in memory space

13 1 Increment destination pointer after
each transfer

14 0 Do not decrement destination pointer

15 1 Destination pointer is in memory space

11. The DLC ISVR writes a non-specific end-of-interrupt
command (hex 8000) to the 80188 interrupt controller
EOI Register and executes an 80188 IRET instruction
to exit.

Receive Packet—Exception

The operational sequence described in this section may
be used to handle each of the following DLC receiver
exceptional conditions:

« Abort Received (DLC Receive Frame Status
Register bit 0)

* Non-Integer Number  (DLC Receive Frame Status
of Bytes Received Register bit 1)

» CRC Error (DLC Receive Frame Status
Register bit 2)

* Short Frame Error (DLC Receive Frame Status
Register bit 3)

* Long Frame Error (DLC Receive Frame Status
Register bit 4)

+ Overrun Error (DLC Receive Frame Status
Register bit 5)



The only difference in how these exceptions are handled
is that IDPC software may wish to increment a separate
counter in RAM for each exception type for maintenance/
diagnostic purposes (see step 10 below).

1. When the DLC receive logic detects that one of the
exception conditions has occurred, the corresponding
bit is set in the DLC Receive Frame Status Register
and the receive frame status bit is set in the DLC Inter-
rupt Source Register. Since DLC interrupt generation
on occurrence of each of these exception conditions
was enabled during DLC initialization, the 80188 is
interrupted and vectors to the DLC interrupt service
routine (DLC ISVR).

2. The DLC ISVR reads the DLC Interrupt Source Regis-
ter to determine the specific reason for the interrupt.

3. The DLC ISVR determines that the receive frame
status bit is set in the DLC Interrupt Source Register.
This causes the ISVR to read the Receive Frame
Status Register.

4. The DLC ISVR immediately stops 80188 DMA Channel
0 by writing the DMA Channel 0 control word with the

following:
Bit Value Function
0 | Don'tcare
1 0 Stop DMA
2 1 Change bit 1
3-15| Don'’tcare

This stops DMA Channel 0 from activating its data
request signal and thus forces the DLC receive FIFO to
buffer the next incoming packet until the DMA channel
is reinitialized in steps 6-9 below. Some data may
already have been moved via DMA from the DLC to
memory when the exceptional condition occurs. In this
scenario, the DLC ISVR assumes that the current
receive buffer pointed to by the 80188 DMA Channel 0
Destination Pointer Register has been corrupted when
a receive frame status exception occurs. For this
reason, the DLC ISVR reinitializes the 80188 DMA
Channel 0.

Since there is nothing meaningful that can be done
with the corrupted buffer, the buffer is returned to
empty status by the DLC ISVR (i.e., the buffer is placed
on a free list of available buffers). This effectively dis-
cards the partially received packet it contains.

5. The ISVR reads the DLC Receive Byte Count Register
to clear it.

6. The DLC ISVR allocates from a queue of empty buffers
in RAM (or a stack, etc.) a receive buffer big enough to
hold at least one maximum length packet for the proto-
col in use.

7. The DLC ISVR loads the 80188 DMA Channel 0 Trans-
fer Count Register with the size of the allocated receive
buffer. Although the DMA Channel 0 interrupt is not
used, the Channel 0 DMA operation will be halted in
the unlikely event that the count decrements to zero to
prevent received frame bytes from overwriting memory
past the allocated receive buffer boundary.
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8. The DLC ISVR loads the 80188 DMA Channel 0 Desti-
nation Pointer Register with the starting RAM address
of the allocated receive buffer.

9. The DLC ISVR restarts 80188 DMA Channel 0 by writ-
ing the DMA Channel 0 control word with the following:

Bit] Value Function

0 0 Byte Transfer

1 1 Start DMA

2 1 Change bit

3 1 Don't care

4 0 Disable DMA requests from 80188
timer 2

5 1 Receive DMA has higher priority than
transmit DMA

6 1 Source Synchronized

7 0

8 0 Don'’tinterrupt CPU on Transfer Count
termination

9 1 Terminate DMA if Transfer Count
reaches zero

10 1 Don't change source pointer after
each transfer

1 1

12 1 Source pointer is in memory space

13 1 Increment destination pointer after
each transfer

14 0 Do not decrement destination pointer

15 1 Destination pointer is in memory space

10. (Optional) The DLC ISVR increments a counter in
RAM for the exception that occurred. If this counter
reaches a certain threshold, the IDPC software may
notify a higher level of software that a certain excep-
tion is occurring too frequently.

11. The DLC ISVR writes a non-specific end-of-interrupt
command (hex 8000) to the 80188 interrupt controller
EOI Register and executes an 80188 IRET instruction
to exit.

USART PROGRAMMING

USART Programmable Features
General USART Features

The programmable features of the USART include:

« Character Length—S5-, 6-, 7-, or 8-bit character sizes
may be selected.

« Parity—even, odd, and no parity modes may be
selected. Additionally, a “stick” parity test mode is avail-
able (Line Control Register).

« Stop Bits—1 or 2 stop bits may be selected for 6-, 7-, or
8-bit characters; 1 or 1-1/2 stop bits may be selected for
use with 5-bit characters (Line Control Register).

« Handshake Lines—the USART provides RTS and
DTR assertion through software control and allows for
status checking of CTS and DSR. The signal names
have been assigned the Data Terminal Equipment (DTE)
designations in order to be compatible with the 8250
UART. This is simply a naming convention, and does not



.

.
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prevent the USART from functioning as Data Communi-
cation Equipment (DCE).

Operational Modes—the USART may be programmed
for asynchronous or synchronous/transparent operation
(USART Control Register). The asynchronous mode is
similar to that of any UART. The synchronous/transpa-
rent mode allows data to be transmitted and received
without respect to framing or protocol. In this mode, the
USART appears as a simple shift register that transmits
eight-bit characters back-to-back from the transmit
FIFO, without start or stop bits. Similarly, the data are
received eight bits at a time and placed into the receive
FIFO. Any framing bits present in the data stream are
treated as data and placed into the receive FIFO.

Baud Rate Generator—a programmable internal baud
rate generator is provided. The output of the baud rate
generator can be used by either the transmitter or
receiver, or both (Divisor Latch Register pair). In asyn-
chronous mode, the baud rate generator is programmed
to provide a clock that is 16 times the data rate. The
receiver uses this 16X clock directly. The transmitter
divides this clock by 16 internally. If the baud rate
generator is programmed to divide by one, the input
clock (USARTCLK) is passed to the output of the baud
rate generator unaffected. This allows USARTCLK to be
used as second external clock input.

Clock Selection—both the receiver and the transmitter
can be clocked from either the output of the baud rate
generator or directly from the RxCLK input (USART Con-
trol Register).

Break Generation—a register selection is available to
permit interruption of data transmission in the asyn-
chronous mode with the break character (Line Control
Register).

FIFO Thresholds—each 4-byte transmit and receive
FIFO has a selectable threshold value up to 4 bytes
(USART Control Register). Upon reaching the threshold
value, the USART may be programmed to interrupt the
external processor or signify this by setting a status
register bit.

Break Generation—a register selection is available to
permit interruption of data transmission in the asyn-
chronous mode with the break character (Line Control
Register).

FIFO Thesholds—each 4-byte transmit and receive
FIFO has a selectable threshold value up to 4 bytes
(USART Control Register). Upon reaching the threshold
value, the USART may be programmed to interrupt the
external processor or signify this by setting a status
register bit.

Speclal Character Recognition—the user may select
a set of one or more characters and define them as spe-
cial characters. The USART can be programmed to inter-
rupt the local processor when a special charcter is
detected or to set a status register bit. Up to 128 charac-
ters can be selected as special. If 5-, 6-, or 7-bit charac-
ter lengths are selected, any combination of characters
may be selected as special. If an 8-bit character length
is used, characters with bit patterns of 0-127 may be
selected as special. Special characters are designated
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by setting bits in a 128-bit map via the Special Character
Bit-Map Address Pointer Register, and the Special
Character Bit-Map Command Register.

* Interrupts—any of the following interrupts may be
selectively enabled or disabled:

« Change in CTS

» Change in DSR

* Parity error

* Receive FIFO threshold reached
* Receive FIFO time-out

« Transmit FIFO threshold reached
« Transmit shift register empty

« Break detect

* Special character detected

» Framing error

« Buffer overrun

USART Register Map
Table 4-4. USART register map.
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/Write
29 Special Character Bit-
Map ADDR Pointer
Register 1 Read/Write
2A | Special Character Bit
Map Command Register 1 Read/Write
2B-3E | Reserved 6 _—

*Divisor Latch Access Bit (DLAB) in the Line Control
Register.

USART Programmable Operations

The following section provides an introduction to program-
ming the USART basic operations/functions, including:

< Baud rate generation

« Clocking options

« Special character recognition
* Modem handshake signals
 Receive FIFO operation

Baud Rate Generation
The baud rate generator divides the USARTCLK input fre-

quency (user defined) by a programmable value. For asyn-
chronous operation, the result of this division must be 16



times the data rate. For example, if the frequency of the
USARTCLK input is 12.288 MHz, and the data rate is
19200 bps, the baud rate generator would be programmed
to divide by 40. The output of the baud rate generator
would be 307,200 Hz, or 16 times 19200 bps. In synchron-
ous/transparent mode, the output of the baud rate
generator is programmed to be equal to the data rate. In
the example above, the 12.288 MHz input would need to
be divided by 640 to produce the desired 19200 Hz clock.

Programming The Baud Rate Generator—The divisor
is programmed into the baud rate generator by loading
two eight-bit registers, the Baud Rate Divisor LSB and
MSB Registers. These registers can be accessed only by
first setting the divisor Latch Access Bit (DLAB) in the Line
Control Register (Bit 7).

Divide By One Option—It is sometimes desirable to
supply both the transmitter and the receiver clocks from
separate external sources. The RxCLK input provides one
of these clock inputs. The other is provided by program-
ming the baud rate generator to divide by one. In this
case, the input to the baud rate generator (USARTCLK) is
fed directly to the output of the generator, providing a sec-
ond clock input.

Clocking Options

The USART transmitter and receiver can be clocked from
the RxCLK pin, the USARTCLK pin divided by the baud
rate generator, or the non-divided output of the baud rate
generator (USARTCLK pin direct). The selection of the
clock source is made independently for the transmitter
and the receiver. Two bits in the USART Control Register
are used to select between the output of the baud rate
generator and the RxCLK pin.

Special Character Recognition

As characters are received they are checked against a
user programmed list of up to 128 “Special Characters.” If
a designated character is received, an interrupt is gener-
ated (maskable). Characters are designated as special by
first loading the character into the Special Character Bit-
Map Command Register (for eight-bit characters, the least
significant seven bits are used). Once a character has
been designated, it can be returned to non-designated
status by loading the character into the Special Character
Bit-Map Command Register. When a special character is
detected, a flag is set in the FIFO. This flag travels with the
character as the character moves through the FIFO and is
used to identify the character as it is read from the FIFO.
(Refer to the discussion of FIFO programming below.)

Modem Handshake Signals

The USART has four general purpose handshake lines.
RTS/ and DTR/ are outputs while CTS/ and DSR/ are
inputs. Those familiar with UART conventions will recog-
nize that these are Data Terminal Equipment (DTE) desig-
nations as opposed to Data Communication Equipment
(DCE) designations. This is because the 8250 UART, of
which the IDPC USART is a functional super-set, uses
these naming designations. In practice, the USART can
be either a DTE or DCE since the handshake lines do not
directly control the operation of the USART—the lines are
used only as input and ouputs under software control. The
RTS/ and DTR/ outputs are controlled by setting and clear-
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ing the corresponding bits in the Modem Control register.
The CTS/ and DSR/ inputs are monitored via four bits in
the Modem Status Register. The change in CTS/ and
change in DSRY/ bits indicate whether the respective input
has changed state, in either direction, since the register
was last read. A maskable interrupt is generated when
either of the bits is set. The actual state of the CTS/ and
DSR!/ bits can be read via the CTS/ and DSR/ status bits in
the Modem Status Register.’

Receive FIFO Operation

Special Character and Parity Error Handling—The
receive FIFO is 10 bits wide, with eight bits for the
received character, and the remaining two bits containing
special character and parity error Flags. Only the eight
received data bits are directly accessible to the user. The
two flag bits are indirectly accessed via bits in the USART
Status Register. When a character with a special charac-
ter or a parity error is detected, it is placed into the FIFO
and one, or both, of the flags is set. At this time an inter-
rupt is generated, if enabled. When the interrupt is
detected, the user becomes aware that a parity error, for
example, has been detected. What the user does not
know is which character in the FIFO has the error. To iden-
tify the character, the user polls the character with the par-
ity error available bit in the Modem Status Register, as fol-
lows: prior to reading a byte of data from the Receive FIFO
Data Register, the character with parity error available Bit
is polled. If it is not set, the Receive FIFO Data Register is
read to remove an error-free character. Again the charac-
ter with parity error available bit is polled. This cycle is
repeated until the character with parity error available bit
is set. The bit being set indicates that the character in the
Receive FIFO Data Register contains the parity error.
Note that the data available bit (Line Status Register) was
not polled in this operation. This is possible since we know
that there is still data in the receive FIFO until the charac-
ter with the parity error is read.

Using The Data Available Bit—In normal operation, the
data available bit is used only when the number of charac-
ters in the receive FIFO is not known, and a special
character or parity error interrupt has not been detected.
The number of characters available in the receive FIFO is
known if a threshold reached interrupt is received. In
cases where the data available bit is required, it is polled
prior to each read from the Receive FIFO Data Register.
When it is no longer polled active, the receive FIFO is
empty.

Receive FIFO Time-out—Since, in asynchronous com-
munication, there is no explicit indication of the end of a
transmission, one or more of the last characters in a mes-
sage can be received into the receive FIFO without the
user being aware of their existence. This happens only
when the level in the receive FIFO remains below the pro-
grammed threshold level when the last character is
received. For this reason, a time-out interrupt is provided.
This maskable interrupt is generated any time a character
remains in the receive FIFO for more than 2048 receive
clock cycles. Note that the receive clock is 16 times the
data rate.

USART Operational Sequences

The operational sequences described below illustrate in
detail the programming of the IDPC Universal Synchron-



ous/Asynchronous Receiver Transmitter (IDPC USART)
hardware by an 80188 local processor in a typical applica-
tion scenario.

An asterisk (*) beside various parameters indicates that
these are options, chosen arbitrarily for the sake of exam-
ple.

This scenario assumes:

A) Asynchronous operation with the following parameters:

* 9600 baud, 7-bit character, even parity, one stop bit,
USARTCLK = 12.288MHz.

B

-~

IDPC USART serial interface is attached to a “dumb”
ASCII terminal. Since no modem is involved, IDPC
USART modem input signals are ignored. IDPC
USART modem output signals DTR and RTS are per-
manently set active.

c

<

The IDPC USARTINT output pin is connected to one
of the local 80188 INTX (INTO-INT3) maskable inter-
rupt input pins to form the “USART interrupt.” Both
USART receive and transmit operations will be inter-
rupt driven in this example scenario.

D

~

The local processor has initialized its 80188 interrupt
controller hardware and interrupt vectors during reset,
enabling the USART interrupt in the process.

E

-~

Several interrupts that are useful for diagnostic testing
are not enabled for regular operation in this scenario.

F) When a USART receiver interrupt occurs (e.g., receive
FIFO threshold reached or parity error), the local pro-
cessor USART interrupt service routine (USART
ISVR) will unload the USART receive FIFO before
another character can be received, e.g., within 520
microseconds at 19.2 Kbps.

If this interrupt processing performance can be
guaranteed, then USART ISVR processing time is sig-
nificantly reduced, since the USART ISVR does not
have to check the parity error and special character
received bits in the UART Status Register as each
character is read from the receive FIFO (unless the
interrupt cause was parity error or special character
received).

If this interrupt processing performance cannot be
guaranteed, then the USART receive character(s)
operational sequences in this section could miss a
parity error or special character received indication.
This would occur if a character with a parity error or a
special character is received after a USART receiver
interrupt is generated but before the FIFO can be
unloaded. These operational sequences would fail to
check the parity error or special character status bits
for the character received after the interrupt was gen-
erated. The solution to this problem would be to check
the USART Status Register for parity error and special
character status for every character that is ever
unloaded from the Receive FIFO Data Register.

Refer to the iAPX 86/88,186/188 User Manual Volume
1: Programmer’s Reference for a description of 80188
interrupt controller operation.
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The USART operational sequences for this scenario are
listed below:

Operational Sequences

Initialization
Transmit Character(s)—Initiate USART Transmission

Transmit Character(s)—Transmit FIFO Threshold
Reached Interrupt Service
Routine

Receive Character(s)—Receive FIFO Threshold
Reached

Receive Character(s)—Receive FIFO Time-out
Receive Character(s)—Special Character Received
Receive Character(s)— Parity Error

Receive Character(s)—Break Received

Receive Character(s)—Framing Error

Receive Character(s)—Overrun Error

These operational sequences are interdependent. For
example, the USART initialization sequence must be exe-
cuted before the USART transmit character(s) or receive
character(s) sequences.

The two USART transmit operational sequences—Initiate
USART transmission and transmit FIFO threshold
reached interrupt service routine (ISVR)—are intended to
work together. (The transmit FIFO threshold reached
ISVR is a particular execution path through the more gen-
eral USART ISVR.) The initiate USART transmission
sequence would be executed when the USART transmit-
ter is idle to begin transmission (prime the pump). Once
transmission starts, the transmit FIFO threshold reached
ISVR would continue placing characters in the transmit
FIFO as long as there are characters to transmit (keep the
pump going). At the point that there are no characters left
to transmit, the transmit FIFO threshold reached ISVR
would exit without writing any characters to the FIFO (no
more to pump). When more characters become available
for transmission, the initiate USART transmission
sequence would be invoked, starting the USART transmit
cycle again.

The seven USART receive operational sequences also
work together. Each of the seven sequences would be
executed as a different path through the USART interrupt
service routine. It is likely that these sequences would
share much of the same code, arriving at a common code
section by different control paths. The receive FIFO
threshold reached and receive FIFQ time-out operational
sequences would be the most frequently executed paths
in most applications.



Initialization

1. Write the USART Interrupt Enable Register with the fol-

lowing contents:

Bit| Value Function

0 1 Enable interrupt on Receive FIFO
Threshold Reached

1 1 Enable interrupt on Transmit FIFO
Threshold Reached

2 1 Enable Receive Line Status interrupt

3 0 Disable Modem Status interrupt

4 1 Enable interrupt on Receive FIFO
Time-out

5 1 Enable interrupt on Special Character
Received

6 0 Disable interrupt on Transmit Shift
Register Empty

7 0 Not used

2. Write the USART Line Control Register with the follow-
ing contents to prepare to load the USART divisor
latches:

Bit| Value Function
0-6| Don't care | N.A.
7 1 Access Divisor Latches

To determine the value X to load into the divisor latches
for 9600 baud operation, the following equation is
used:

X = 12,288,000/ (9600 x 16) = 80 decimal = 50 hex

12,288,000 is the local processor clock rate per second
and 16 is a constant independent of the clock rate.

Write the derived value of 50 hex to the USART Divisor
Latch Least Significant Byte Register and 0 hex to the
USART Divisor Latch Most Significant Byte Register.

3. Write the USART Line Control Register with the follow-

ing contents:

Bit| Value Function

0 0 7-bit character

1 1

2 0 One Stop Bit

3 1 Enable parity

4 1 Even parity

5 0 No Stick Parity

6 0 Do not send Break (during initialization)
7 0 Do not access Divisor Latches

4. Write the USART Modem Control Register with the fol-

lowing contents:

Bit| Value Function

1 DTR active
RTS active
Not used

Not used

No loop back
Not used

Not used
Not used

NO A WN—=O
[ NeNe NN

4-14

5. Write the USART Control Register with the following

contents:

Bit| Value Function

0 1 Use internal Baud Rate Generator for
Receive Clock

1 1 Use internal Baud Rate Generator for
Transmit Clock

2 0 Asynchronous operation

3 1 Receive FIFO Threshold = 3

4 1

5 1 Transmit FIFO Threshold = 1

6 0

7 0 Do not reset USART

FIFO threshold settings are arbitrary for this scenario.
6. Initialize the 128-bit USART special character bit map.

Write the character into the Special Character Bit-Map
Address Pointer Register, using only the seven least
significant bits, then write a “1” to bit 0 of the Special
Character Bit-Map Command Register. Repeat for all
characters to be designated as special.

7. Enable the USART receiver by writing the USART
Status Register with the following contents:

Bit| Value

0-6| Don't care
7 1

Function

Enable Receiver

Transmit Character(s)—
Initiate USART Transmission

This operational sequence is executed by the local pro-
cessor main software loop when a request (transmit

request) for USART transmission of an arbitrary number

of characters is received from higher level software.

1. When the request to transmit characters is received by
the main loop, it checks a temporary temp queue of
characters (in RAM) waiting to be transmitted. If there
are any characters in this (temp) queue, then the last
time the transmit FIFO was filled, there were additional
characters available for transmission that could not fit
into the full FIFO. This implies that a transmit FIFO
threshold reached interrupt is going to occur eventually,
at which time characters from the temp queue will be
loaded into the FIFO. In this situation (characters
already in temp queue when a request for transmission
of additional characters is received), the main loop
places the additional characters at the end of the temp
queue of characters awaiting transmission and exits
this operational sequence, moving on to other main
loop duties.

If, on the other hand, there are no characters in the
temp queue when the transmit request is received, pro-
ceed with step 2.

2. The main loop polls the transmit buffer available bit (bit

4) in the USART Status Register. If this bit is zero, the
FIFO is full so the main loop places the characters of
this transmit request in the temp queue (of characters
awaiting transmission) and exits this operational
sequence. Otherwise, continue with step 3.



3. The main loop writes the next character to be transmit-
ted to the USART Transmit FIFO Data Register.

4. If there are additional characters to transmit, go to step
2. Otherwise, exit this operational sequence.

Transmit Character(s)—Transmit Threshold
Reached Interrupt Service Routine

This operational sequence is executed by the local pro-
cessor USART interrupt service routine when a USART
transmit threshold reached interrupt occurs.

1. When the number of characters in the USART transmit
FIFO decrements to equal the transmit FIFO threshold
programmed in the USART Control Register, the trans-
mit threshold reached bit is set in the USART Line
Status Register. Since this interrupt was enabled dur-
ing USART initialization, the 80188 is interrupted and
vectors to the USART Interrupt Service Routine
(USART ISVR).

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is transmit FIFO
threshold reached.

3. If there are no characters awaiting transmission on the
USART (i.e., no characters in the temp queue), the
USART ISVR goes to step 7. Otherwise the ISVR con-
tinues with step 4.

4. The main loop polls the transmit buffer available bit (bit
4) in the USART Status Register. If this bit is zero, the
FIFQ is full so the USART ISVR goes to step 7. Other-
wise, continue with step 5.

5. The USART ISVR writes the next character from the
temp queue of characters awaiting transmission to the
USART Transmit FIFO Data Register.

6. If there are additional characters in the temp queue, go
to step 4. Otherwise, continue with step 7.

7. The USART ISVR writes a non-specific end-of-inter-
rupt command (hex 8000) to the 80188 interrupt con-
troller EOI Register and executes an 80188 IRET
instruction to exit.

Receive Character(s)—Receive FIFO
Threshold Reached

1. When the USART receive logic detects that the USART
receive FIFO threshold has been reached (i.e., the
number of characters in the FIFO equals or exceeds
the threshold programmed in the USART Control
Register), the receive FIFO threshold reached bit is set
in the USART Status Register. Since this interrupt was
enabled during USART initialization, the 80188 is inter-
rupted and vectors to the USART interrupt service
routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive FIFO
threshold reached. :
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3. The USART ISVR reads the USART Line Status Regis-
ter. If the receive data available bit (bit 0) is set, con-
tinue with step 4. Otherwise go to step 6.

4. The USART ISVR reads a received character from the
USART receive FIFO data register and processes the
character as appropriate for the application. For a ter-
minal adaptor, this usually means placing the character
in a RAM buffer that will eventually be transmitted over
the network via the Data Link Controller (DLC). This
character does not require special character proces-
sing or error processing (e.g., parity error) since these
exception conditions generate a different interrupt
IDcode from receive FIFO threshold reached.

5. Gotostep 3.

6. The USART ISVR writes a non-specific end-of-interrupt
command (hex 8000) to the 80188 interrupt controller
EOI Register and executes an 80188 IRET instruction
to exit.

Receive Character(s)—Receive FIFO Time-out

1. When the USART receive logic detects that a USART
receive FIFO time-out has occurred (i.e., about ten
character times have elapsed with at least one charac-
ter in the receive FIFO), the receive FIFO time-out bit is
set in the USART Status Register. Since this interrupt
was enabled during USART Initialization, the 80188 is
interrupted and vectors to the USART interrupt service
routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive FIFO
time-out.

3. Execute steps 3 through 6 of the USART Receive
Character(s) Operational Sequence 1—receive FIFO
threshold reached (above) to finish processing this
operational sequence.

Receive Character(s)—Special
Character Received

1. When the USART receive logic detects that a special
character has been received (i.e., character received
with corresponding bit set in the USART special charac-
ter recognition bit map), the special character received
bit is set in the USART Line Status Register. Since this
interrupt was enabled during USART initialization, the
80188 is interrupted and vectors to the USART interrupt
service routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive line
status.

3. The USART ISVR reads the USART Line Status Regis-
ter. The USART ISVR determines that the special
character received bit is set in the Line Status Register.

4. The USART ISVR checks the receive data available bit
(bit 0) in the USART Line Status Register. If this bit is



set, continue with step 5. Otherwise go to step 9.

. The USART ISVR reads the USART Status Register. If

the special character available bit (bit 2) is set, go to
step 8. Otherwise continue with step 6.

. The USART ISVR reads a received non-special

character from the USART Receive FIFO Data Regis-
ter and processes the character as appropriate for the
application. For a terminal adaptor, this usually means
placing the character in a RAM buffer that will eventu-
ally be transmitted on the B-Channel via the IDPC
DLC. This character does not require special character
processing since the special character available bit
was not set in the USART Status Register.

. Gotostep 4.

. The USART ISVR reads the received special character

from the USART Receive FIFO Data Register. The
ISVR performs the application-dependent “special”
processing for the character. For example, in a terminal
adaptor application, receipt of the special character
line feed may cause the terminal adaptor software to
packetize a buffer of characters previously received
from the USART and transmit the packet(s) using the
DLC.

. The USART ISVR writes a non-specific end-of-interrupt

command (hex 8000) to the 80188 interrupt controller
EOI Register and executes an 80188 IRET instruction
to exit.

Receive Character(s)—Parity Error

1.

When the USART receive logic detects that a character
has been received with a parity error, the parity error bit
is set in the USART Line Status Register. Since this
interrupt was enabled during USART initialization, the
80188 is interrupted and vectors to the USART interrupt
service routine.

. The USART ISVR reads the USART Interrupt Identifi-

cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive line
status.

. The USART ISVR reads the USART Line Status Regis-

ter. The USART ISVR determines that the parity error
bitis set in the Line Status Register.

. The USART ISVR checks the receive data available bit

(bit 0) in the USART Line Status Register. If this bit is
set, continue with step 5. Otherwise go to step 10.

. The USART ISVR reads the USART Status Register. If

the character with parity error available bit (bit 1) is set,
go to step 8. Otherwise continue with step 6.

. The USART ISVR reads a received character with no

parity error from the USART Receive FIFO Data Regis-
ter and processes the character as appropriate for the
application. For a terminal adaptor, this usually means
placing the character in a RAM buffer that will eventu-
ally be transmitted via the DLC.

. Gotostep 4.
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8. The USART ISVR reads the received character with
parity error from the USART Receive FIFO Data Regis-
ter. The ISVR performs the application-dependent par-
ity error processing for the character. For example,
receipt of a character with parity error may result in the
character being thrown away.

9. (Optional) The USART ISVR increments a parity error
counter in RAM. If this counter reaches a certain
threshold, the IDPC software may notify a higher level of
software that parity errors are occurring too frequently.

10.The USART ISVR writes a non-specific end-of-interrupt
command (hex 8000) to the 80188 interrupt controller
EOI Register and executes an 80188 IRET instruction
to exit.

Receive Character(s)—Break Received

1. When the USART receive logic detects that a receive
break condition has occurred, the Break Interrupt bit is
set in the USART Line Status Register. Since this inter-
rupt was enabled during USART Initialization, the
80188 is interrupted and vectors to the USART interrupt
service routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive line
status.

3. The USART ISVR reads the USART Line Status Regis-
ter. The USART ISVR determines that the break inter-
rupt bit is set in the Line Status Register.

4. The USART ISVR performs application-dependent
break processing. For example, in a terminal adaptor
application, receipt of break may cause the terminal
adaptor software to transmit a Layer 3 interrupt-type
packet over the network via the DLC. Depending on the
application, the USART ISVR may also unload the
receive FIFO, packetize and transmit all received
USART characters over the network before sending
the interrupt-type packet.

5. The USART ISVR writes a non-specific end-of-inter-
rupt command (hex 8000) to the 80188 interrupt con-
troller EOI Register and executes an 80188 IRET
instruction to exit.

Receive Character(s)—Framing Error

1. When the USART receive logic detects that a framing
error (i.e., no stop bit) has occurred, the framing error
bit is set in the USART Line Status Register. Since this
interrupt was enabled during USART initialization, the
80188 is interrupted and vectors to the USART interrupt
service routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive line
status.

3. The USART ISVR reads the USART Line Status Regis-
ter. The USART ISVR determines that the framing error
bitis set in the Line Status Register.




4. Since the IDPC USART (unlike the 8250 UART) dis-
cards a character with a framing error, no further
USART processing is necessary, although some imple-
mentations may take this opportunity to unload the
receive FIFO.

5. (Optional) The USART ISVR increments a framing
error counter in RAM. If this counter reaches a certain
threshold, the IDPC software may notify a higher level
of software that framing errors are occurring too
frequently.

6. The USART ISVR writes a non-specific end-of-inter-
rupt command (hex 8000) to the 80188 interrupt con-
troller EOI Register and executes an 80188 IRET
instruction to exit.

Receive Character(s)—Overrun Error

1. When the USART receive logic detects that a character
has been received with the receive FIFO full, the over-
run error bit is set in the USART Line Status Register.
Since this interrupt was enabled during USART initiali-
zation, the 80188 is interrupted and vectors to the
USART interrupt service routine.

2. The USART ISVR reads the USART Interrupt Identifi-
cation Register to determine the cause of the interrupt.
The interrupt IDcode (bits 1-3) indicates that the high-
est priority USART interrupt pending is receive line
status.

3. The USART ISVR reads the USART Line Status Regis-
ter. The USART ISVR determines that the overrun error
bit is set in the Line Status Register. Since no excep-
tion (e.g., special character or parity error) has
occurred up until the time of overrun (exception status
would still be pending in the Line Status Register, pre-
venting the overrun error bit from being set), all charac-
ters in the receive FIFO are error free. Therefore, the
receive FIFO is unloaded in steps 4-6 below without
checking for exception status.

4. The USART ISVR reads the USART Line Status Regis-
ter. If the receive Data available bit (bit 0) is set, con-
tinue with step 5. Otherwise go to step 7.

5. The USART ISVR reads a received character from the
USART Receive FIFO Data Register and processes
the character as appropriate for the application. For a
terminal adaptor, this usually means placing the
character in a RAM buffer that will eventually be trans-
mitted via the IDPC DLC.

6. Gotostep 4.

7. (Optional) The USART ISVR increments an overrun
error counter in RAM. If this counter reaches a certain
threshold, the IDPC software may notify a higher level
of software that overrun errors are occurring too fre-
quently.

8. The USART ISVR writes a non-specific end-of-inter-
rupt command (hex 8000) to the 80188 interrupt con-
troller EOI Register and executes an 80188 IRET
instruction to exit.

DPMC/INTERPROCESSOR INTERRUPT
PROGRAMMING

For a multi-processor application, a common message
area in RAM (mailbox) is often used for inter-processor
communications. Since this mailbox must be accessed by
both processors, dual-port RAM is normally used. The
IDPC provides a hardware mechanism, the DPMC, that
allows standard single port static RAM to be used as dual-
port RAM. When mailbox structures are used, a means is
also required for each processor to indicate to its counter-
part that there is a message to be read from the mailbox.
The DPMC contains hardware for implementing such an
interprocessor interrupt structure. The hardware for creat-
ing the dual-port RAM function does not have any associ-
ated programmable options. The interprocessor interrupt
mechanism is programmable. This programming is
described below.

DPMC/Interprocessor Interrupt
Programmable Features

The DPMC's interprocessor interrupt mechanism contains
one programmable register, the Semaphore Register,
which is used by the local processor to generate interrupt
requests to the host processor, and to clear interrupt
requests from the host processor. Additionally, the local
processor can poll the Semaphore Register to see
whether the host has responded to an interrupt request
from the local processor.

DPMC Register Map

Table 4-5 shows the DPMC register map.

Table 4-5
DPMC Register Map
Offset Size
(Hex) Register Name (Bytes) Type
3F | Semaphore Register 2 Read/Write

DPMC/Interprocessor Interrupt
Programmable Operations

When Bit 0 of the Semaphore Register is set by the local
processor, an interrupt request is generated to the host
processor (HINTOUT) indicating it has a message in the
mailbox area of RAM. Bit 0 of the Semaphore Register is
cleared when the host processor acknowledges the inter-
rupt (HINTACK line is pulsed).

When the local processor has a message from the host
processor to read, the host processor generates Host-
Interrupt-In (HINTIN), which sets bit 1 in the Semaphore
Register and activates the LINTOUT pin. LINTOUT is
deactivated when the local processor clears bit 1 of the
Semaphore Register.



DPMC/Interprocessor Interrupt
Programmable Sequences

The following IDPC interprocessor interrupt operational
sequences are described below:

Operational Sequences

Host CPU Interrupts Local 80188
Local 80188 Interrupts Host CPU

These operational sequences are interdependent. The fol-
lowing assumptions apply to these sequences:

A) The host CPU can perform a write (memory-mapped
or I/O), that is decoded by hardware external to the
IDPC such that a strobe is generated on the IDPC
HINTIN pin.

B) The IDPC HINTOUT output pin is connected to a host
CPU chip interrupt input pin or to a host system inter-
rupt controller.

C

<>

The host CPU can perform a write (memory-mapped
or I/0) that is decoded by hardware external to the
IDPC such that a strobe is generated on the IDPC
HINTACK pin.

D

=

The IDPC LINTOUT output pin is connected to one of
the local 80188 INTX (INTO-INT3) maskable interrupt
input pins.

E) Both host CPU and local processor have initialized
their respective interrupt controller hardware and inter-
rupt vectors during reset, enabling Interprocessor
Interrupts in the process.

Refer to the iAPX 86/88, 186/188 User Manual Volume 1:
Programmer’s Reference for a description of 80188 inter-
rupt controller operation.

Host CPU Interrupts Local 80188
HOST:

1. The host writes a command and associated paramet-
ers to an interprocessor mailbox in RAM on the IDPC
external bus. The host also clears an interrupt ack mail-
box in RAM on the IDPC external bus that the local pro-
cessor will write in step 4 below to ackowledge being
interrupted.

2. In order to notify the local 80188 processor of the com-
mand, the host CPU performs a write that is decoded
to strobe the IDPC HINTIN pin. This causes the IDPC
to set bit 1 in the IDPC Semaphore Register and acti-
vates the IDPC LINTOUT pin.

LOCAL 80188:

3. The 80188 is interrupted since the local 80188 INTX
used for incoming interprocessor interrupt was ena-
bled during initialization of the 80188 interrupt control-
ler (see assumptions above). The 80188 vectors to its
IDPC Interprocessor interrupt service routine (local
interprocessor ISVR).

. In order to deactivate the IDPC LINTOUT pin, the local

interprocessor ISVR clears bit 1 in the IDPC
Semaphore Register. The Local Interprocessor ISVR
then writes an ack code to the IDPC external bus RAM
interrupt ack mailbox. The local 80188 then proceeds to
process the command from the host.

HOST:

5.

The host CPU polls this ack mailbox until it sees the
ack code.

Local 80188 Interrupts Host CPU

LOCAL 80188:

1.

The local 80188 writes a command and associated
parameters to an interprocessor mailbox in RAM on the
IDPC external bus.

. In order to notify the host CPU of the command, the

local 80188 sets bit 0 in the IDPC Semaphore Register.
This causes the IDPC to strobe its HINTOUT output
pin.

HOST:

3.

The host CPU is interrupted since the host interrupt
input used for incoming interprocessor interrupt was
enabled during initialization of the host interrupt con-
troller (see assumptions above). The host CPU vectors
to its IDPC Interprocessor interrupt service routine
(host interprocessor ISVR).

. Through either hardware or software means, the host

activates the IDPC HINTACK input pin to acknowledge
the interrupt. This causes the IDPC to clear bit 0 in the
IDPC Semaphore Register. The host then proceeds to
process the command from the local 80188.

LOCAL 80188:

5.

To detect that the host CPU has acknowledged the
interrupt, the local 80188 polls bit 0 of the IDPC
Semaphore Register until it is zero.



Chapter 5
Am79LLD401 LOW-LEVEL DEVICE DRIVER

DISTINCTIVE CHARACTERISTICS

This document describes the user interface to the Low-
Level Device Driver (LLD) for the Am79C401 Integrated
Data Protocol Controller (IDPC) Data Link Controller
(DLC). The IDPC DLC LLD has been implemented using
the ‘C’' programming language to maximize portability and
readability with a minimum effect upon performance.

Table 5-1. Summary of IDPC DLC LLD Features

Written primarily in ANSI ‘'C’.

Less than 5% written in Microsoft 8088 Macro
Assembler.

Minimum operating system and processor
dependencies.

Uses 80188/80186 DMA.

Supports optional logging to a file.
Interrupt-driven mailbox interface to/from Layer 2 (L2)
and Management Entity (ME) routines.
Compatible with AmLink™ (LAPD/LAPB) Layer 2
software.

GENERAL DESCRIPTION

This document describes the user interface to the Low-
Level Device Driver (LLD) for the Am79C401 Integrated
Data Protocol Controller (IDPC) Data Link Controller
(DLC).

PURPOSE

The IDPC DLC LLD is intended to be used as a general
purpose example of IDPC DLC programming. The IDPC

DLC LLD source code contains examples illustrating how
to use and access the many features of the Am79C401
IDPC DLC hardware.

The IDPC DLC LLD can be used with any Bit-Oriented
Protocol (BOP) including AmLink™, LAPD/LAPB imple-
mentation from Advanced Micro Devices. In Integrated
Services Digital Network (ISDN) applications, the IDPC
DLC LLD is used to support the packet protocol for the B-
Channel. (The Am79C30A Digital Subscriber Controller
(DSC) LLD provides the same services for the D-Channel.)
The interfaces provided by the DSC and IDPC DLC LLDs
use the same primitives so that both D-Channel and B-
Channel can use the same Layer 2 software. The DSC
and IDPC DLC LLDs provide a hardware independent
interface to upper layer protocols such as LAPD.

SYSTEM REQUIREMENTS

The IDPC DLC LLD places relatively few requirements on
the target system. The IDPC DLC LLD requires that the
Operating System (OS) provide a method for requesting
and returning memory buffers. No other OS services are
required. The system requirements are summarized below:

» 4 kBytes of RAM/ROM for object code.

* 64 bytes of shared RAM for the configuration table.

+ 256 bytes of shared RAM for mailboxes and initialization
parameter blocks.

» One or more shared memory buffers of MAXPACKSZ
(Maximum Packet Size) for data transfers.

« 128 bytes of stack RAM.

« Memory allocation service from the OS.

« Event interrupt generation routines. 80188/80186 DMA
hardware (both channels).

Figure 5-1. Inter-Layer Mailbox Interface
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ARCHITECTURE

Communications with the IDPC DLC LLD by Layer 2 (L2) or
Management Entity (ME) routines are performed via mail-
boxes and interrupts. As shown in Figure 5-1, the IDPC DLC
LLD includes four mailboxes. One pair of mailboxes is
required for the L2 interface and a second pair is required
for the ME interface. Each interface pair includes a com-
mand and an event mailbox. The mailbox structure is
described in a later section.

The ME is a set of routines which are provided by the user
to perform connection and layer management functions.
These are generally system-dependent functions that are
used to tie the various D-Channel and B-Channel protocol
layers together in the user’s system drivers.

Command mailboxes are used to allow commands to be
sent from the L2 or ME routines to the IDPC DLC LLD.
Commands are loaded into the mailbox by the calling
routine. An interrupt is then generated to inform the IDPC
DLC LLD that a command is available for processing. The
IDPC DLC LLD acknowledges the receipt of the command
through the same mailbox.

Event mailboxes are used to send status information from
the IDPC DLC LLD to the L2 or ME routines. The IDPC DLC
LLD loads the event information into the proper mailbox
then generates an interrupt which alerts the L2 or ME layer
that an event has occurred and is available. The receiving
routine, L2 or ME, acknowledges the event in the same
mailbox.

The L2-DLC LLD interface (mailbox pair) is used primarily
for data transfer primitives. The ME-DLC LLD interface is
used to pass control and status information.

TARGET ENVIRONMENT

The IDPC DLC LLD can be used in either a single proces-
sor environment or a multi-processor system. In the single
processor system, inter-layer communications are signaled
using software interrupts. In a multi-processing system,
hardware interrupts are used. In either case, the operation
of the IDPC DLC LLD is the same. The interrupt handler
used to process the mailbox message (command or event)
is the same for both software- and hardware-based sys-
tems.

The IDPC LLD is initially implemented on an 80188/86 pro-
cessor, using the ‘C’ programming language to enhance
portability. The two primary processor dependencies are:

» Word (16-bits) and long word (32-bits) byte order
» Address segmentation

DEVELOPMENT ENVIRONMENT

The IDPC DLC LLD is implemented using Microsoft ‘C’
Compiler Version 4.0 and the Microsoft Macro Assembler
Version 5.0. Note that the byte order for all addresses
specified in this document are in Microsoft ‘C’ “FAR” format:

Lowest Address Byte: Low-Order Byte OFFSET
High-Order Byte OFFSET
Low-Order Byte - SEGMENT

Highest Address Byte: High-Order Byte SEGMENT
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FUNCTIONAL DESCRIPTION

This section shows the IDPC DLC LLD interfaces and ser-
vices accessible to the user and describes how to use the
IDPC DLC LLD.

POR CONFIGURATION
AND INITIALIZATION

Prior to using the IDPC DLC LLD, several initialization
tasks must be performed. These are generally executed
during the system Power-On Reset (POR) initialization
sequence. In order to perform these tasks, the user must
know the following information about the IDPC DLC LLD:

« Address of IDPC DLC LLD code.

« Offset of POR initialization routine.

« Offset of IDPC DLC hardware interrupt handler.

« Offset of 80188 DMA hardware interrupt handler.

« Offset of Layer 2 command input handler.

- Offset of Management Entity command input handler.
« Structure of RAM Interface Block (RIB).

The IDPC DLC LLD code base address depends upon the
user’s system design. It may be located in firmware or in
RAM. The IDPC DLC LLD is position independent.

The IDP POR initialization routine, referred to as illdinit()
is located at offset TBD from the base address of the IDPC
DLC LLD code. This routine must be called to initialize the
IDPC DLC LLD.

The IDPC DLC hardware interrupt handler is located at
offset TBD from the IDPC DLC LLD code base address.
This address must be installed in the processor vector
table prior to calling the IDPC POR initialization routine.

The 80188 DMA hardware interrupt handler is located at
offset TBD from the IDPC DLC LLD code base address.
This address of this routine must be installed in the
processor vector table prior to calling the IDPC POR
initialization routine.

The Layer 2 command input handler is located at offset
TBD from the IDPC DLC LLD code base address. This
address of this routine must be installed in the processor
vector table prior to calling the IDPC POR initialization
routine.

The Management Entity input command handler is
located at offset TBD from the IDPC DLC LLD code base
address. This address of this routine must be installed in
the processor vector table prior to calling the IDPC POR
initialization routine.

The RAM Interface Block (RIB) is the structure through
which the IDPC DLC LLD js accessed by either Layer 2 or
the Management Entity. The IDPC POR initialization
routine installs default values into the RIB when it is
called.

Using the above information, the user must perform or

provide the following functions:

« Install the interrupt vectors for the IDPC DLC LLD.

« Provide routines to generate L2 and ME event
interrupts.

+ Build or provide the IDPC DLC LLD configuration table.

« Execute the illdinit() routine.



The user must install interrupt vectors for the IDPC DLC
hardware interrupt handler, the 80188/86 DMA hardware
interrupt handler, L2 & ME command input handiers, and
L2 and ME event handlers. The L2/ME event handlers
reside in the L2 (AmLink or other user-written Layer 2)
code and the user-written ME code.

The user is required to provide routines which will be
called by the DLC LLD to generate the interrupts (software
or hardware) for L2 or ME events. Each routine should be
in the form of a subroutine which passes no parameters.
This allows the IDPC DLC LLD to be independent of the
type of interrupt used to generate the event interrupt.

The user is also required to service requests for memory
allocation by the IDPC DLC LLD. The IDPC DLC LLD
requests memory of size specified by the Maximum
Packet Size field (in the DLC Initialization Parameter
Block (IPB)) to support data reception. When a packet is
received without an error, the IDPC DLC LLD passes the
buffer to Layer 2; if a packet is received with error, the LLD
reuses the buffer for the next packet reception.

The IDPC DLC LLD accesses the configuration table (see
Table 5-2) via a pointer to the configuration table located
at the known address TBD. The configuration table itself
can be located in RAM or in firmware.

The ‘ilidinit()’ routine uses information from the 64 byte
user-supplied configuration table (see Table 5-2) to
initialize the IDPC hardware, install default values into the
IDPC DLC Initialization Parameter Block, and initialize the
IDPC DLC LLD Private RAM area.

After the ‘illdinit()’ routine is executed, the IDPC DLC LLD
is in an idle state. Before transmitting or receiving any
packets, the user must execute the DLC Init and DLC Con-
trol ME Command primitives.

Table 5-2. IDPC DLC LLD Configuration Table For-
mat

Size
Offset Description (bytes)
00 Addrof IDPC DLC LLD Private RAM 4
04  Addrof DLC LLD RAM Interface Block 4
08 Addrof L2 Event Generator 4
0C Addr of ME Event Generator 4
10  Addrof IDPC DLC Hardware Registers 4
14 Addrof 80188/86 DMA 4
Hardware Registers
18 Reserved 40

Address of the IDPC DLC Private Data RAM

This RAM is 64 bytes in length. This area is not required to
reside in shared memory.

Address of IDPC DLC LLD RAM
Interface Block

This field contains the address of the shared RAM where
the mailboxes and DLC Initialization Parameter Block are
located. This area must be at least 256 bytes in length.
The structure of the RAM Interface Block (RIB) is
described in Table 5-3.

Address of the LAYER 2
Interrupt Generator Routine

This field contains a pointer to a user-supplied routine
which is called by the IDPC DLC LLD to generate an L2
event interrupt. No parameters are passed; the routine
should return via a return from subroutine instruction. It is
required that this routine return with all processor registers
in the same state as when the routine was called.

Address of the MANAGEMENT ENTITY
Interrupt Generator Routine

This field contains a pointer to a user-supplied routine
which is called by the IDPC DLC LLD to generate an ME
event interrupt. No parameters are passed; the routine
should return via a return from subroutine instruction. It is
required that this routine return with all processor registers
in the same state as when the routine was called.

Address of IDPC DLC Device Hardware

This field contains the base address of the Am79C401
IDPC DLC hardware registers . The IDPC DLC LLD uses
this pointer to access the Am79C401 device.

Address of 80188/86 DMA Device Hardware
This field contains the base address of the 80188/86 DMA

hardware registers . The IDPC DLC LLD uses this pointer
to access the DMA device.

Table 5-3. RAM Interface Block Structure

Size
Offset Description (Bytes)

00 L2-DLC LLD Command Mailbox 18
12 DLCLLD -L2 Event Mailbox 18
24 ME-DLC LLD Command Mailbox 18
36 DLCLLD -ME Event Mailbox 18
48 Reserved 8
50 DLC Initialization Parameter Block 14
5E Reserved 162

LAYER 2 to LLD Command Mailbox

This block of RAM is used as the L2-DLC LLD mailbox to
pass commands from the Layer 2 protocol to the IDPC
DLC LLD. This mailbox is primarily used for B-Channel
data transmissions. The IDPC DLC LLD L2 command input
handler services the commands passed in this mailbox.

LLD to LAYER 2 Event Mailbox

This block of RAM is used as the DLC LLD L2 event mail-
box to pass event information from the IDPC DLC LLD to
Layer 2. Mailbox structures are described in Table 5-5. This
mailbox is used primarily for receiving B-Channel data.

:\,Ilanagement Entity to LLD Command Mail-
0oX

This block of RAM is used as the ME-DLC LLD mailbox to
pass commands from the Management Entity to the IDPC
DLC LLD. Commands are passed for IDPC DLC LLD setup
and initialization. The IDPC DLC LLD ME command input
handler services the commands passed in this mailbox.



LLD to Management Entity Event Mailbox

This block of RAM is used as the DLC LLD-ME mailbox
which is used to pass event information from the IDPC DLC
LLD to the management entity. This mailbox is used primar-
ily to pass IDPC DLC LLD status information back to the
management routines.

DLC Initialization Parameter Block

The data in this block (see Table 5-4) provide control infor-
mation for the IDPC DLC module. Default values are loaded
and installed by the ‘illdinit()’ routine. The user may modify
the values in the IPB; however, these are not installed until
the user executes the DLC Init Command.

The L2 Address Length, L2 Address Select and C/R
Address Bit Ignore Enable fields are also used by the LLD
during execution of the Update Address Recognition Com-
mand.

Table 5-4. DLC Initialization Parameter Block
Structure
Size
Offset Description (Bytes)
00 Maximum Packet Size 2
02 L2Address Length
03 L2 Address Select
04 CRC Check Enable
05 CRC Pass-Through Enable
06 CRC Generator Enable
07 Markor Flag Idle Select
08 C/R Address Bit Ignore Enable
09 B-Channel Select
OA InvertEnable
0B  Minimum Packet Size
0C  Transmit FIFO Threshold
0D Receive FIFO Threshold

Bk ek ed ek ek A

MAXIMUM PACKET SIZE - Maximum length packet,
(including CRC bytes, if any), that is legal for the Layer 2+
protocol in use.

LAYER 2 ADDRESS LENGTH - Number of bytes in the
packet address field for the Layer 2+ protocol in use.

SINGLE ADDRESS BYTE SELECT - Selects which packet
address byte to compare during address recognition when
the Layer 2 Address Length is equal to one. Set this
parameter to 1 for first packet address byte select, 2 for
second byte select.

CRC CHECK ENABLE - Set to 1 to enable CRC checking
during packet reception, 0 for CRC Check Disable.

CRC PASS-THROUGH ENABLE - Set to 1 for pass CRC
bytes to Layer 2+ as last two bytes of each received pack-
et. Setto 0 to disable passing any CRC bytes.

CRC GENERATOR ENABLE - Set to 1 to enable CRC
Generation during packet transmission, 0 for CRC Gener-
ate Disable.

MARK IDLE/FLAG IDLE SELECT - Set to 1 to generate
mark idle pattern (all 1 bits) when not transmitting a pack-
et, 0 to generate flag idle pattern.
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IGNORE C/R ADDRESS BIT ENABLE - Set to 1 to ignore
the C/R bit in the Layer 2 packet address during address
recognition. Set to 0 to also compare the C/R bit during
address recognition.

B-CHANNEL SELECT - Set to a value from 0 to 30 (decimal)
to select multiplexed B-Channel 0 through 30 respectively.
Set to 31 (decimal) to select non-multiplexed operation
(e.g., SNA).

INVERT ENABLE - Set to 1 to enable inversion of the
transmitted and received serial bit streams. Set to 0 to dis-
able inversion.

MINIMUM PACKET SIZE - Minimum length packet (includ-
ing CRC bytes, if any) that is legal for the Layer 2 + proto-
colinuse.

TRANSMIT FIFO THRESHOLD - Set to a value from 0 to
15 (decimal) to set the fullness threshold (0 to 15 bytes) at
which the DLC Transmitter requests service from the LLD
software or DMA for additional bytes to be loaded into the
transmit FIFO.

RECEIVE FIFO THRESHOLD - Setto avalue 0, 1,2 ...
15 (decimal) to set the fullness threshold (32,2,4 ... 30
bytes) at which the DLC Receiver requests service from
the LLD software or DMA for bytes to be unloaded from
the receive FIFO.

MAILBOXINTERFACES

As described earlier, the primary interface to the IDPC
DLC LLD services is implemented using mailboxes. This
section describes the procedure for using the mailboxes
which consist of an 18-byte structure containing the format
shown in Table 5-5.

A mailbox is used to transfer commands and event infor-
mation between the IDPC DLC LLD and either the L2
protocols or the ME routines. These routines may be in
separate tasks or processes when using a multi-tasking
operating system. This means that the mailboxes must be
accessible to both the IDPC DLC LLD and L2/ME. This is
generally no problem in a single processor implementa-
tion; however, in a multi-processing system or a system
with memory-management, the mailboxes must be placed
in shared-memory.

Table 5-5. Mailbox Structure

Size
Offset Component (Bytes)
0 Command/Event Code 1
1 Receipt Code 1
2  Parameters 16

Command/Event Code

The first byte in a mailbox is the Command/Event Code.
This byte determines what command is to be performed or
what event has occurred. Each IDPC DLC LLD primitive is
assigned a unique Command/Event Code. Table 5-7 lists
the IDPC DLC LLD command codes and Table 5-8 pro-
vides a summary of the IDPC DLC LLD event codes.



Receipt Code

The second byte in a mailbox is the receipt code. This byte
indicates to the routine issuing the command that com-
mand has been received and validated.

Upon issuing a command/event, the routine places the
value OxFF into the Receipt Code. The issuing routine
then monitors the Receipt Code to determine if the com-
mand/event has been received. A value of ‘00’ indicates
that the command/event has been received or, for some
commands, executed. Any other value indicates an error
condition.

Table 5-6. Valid Mailbox Receipt Codes

Code Description
00 Command/event received or complete.
01  lllegal command/event.
02 lllegal parameter(s).
03-FE Reserved.
FF  Command/event not received or complete.

Parameters

The last 16 bytes of a mailbox are reserved for param-
eters. The contents of these bytes are dependent upon the
actual command or event issued.

COMMAND SEQUENCES

Commands are passed from either the Management
Entity (ME) or the Layer 2 (L2) protocol to the IDPC DLC
LLD. Figure 5-2 shows a typical command sequence.
Note that the Receipt Code returned by the IDPC DLC
LLD may indicate that the command has simply been
received or that execution is complete. This depends upon
the particular command issued.

Table 5-7 lists the valid command codes to which the IDPC
DLC LLD will respond. Each command is described in
detail in a later section.

Figure 5-2. Typical Command Sequence

L2 or ME

Write an OxFF to the Receipt Code in the command
mailbox.

Write the Command Code to the command mailbox.

Write any command parameters to the command
mailbox.

.

Generate a command interrupt to the IDPC DLC LLD.

——— INTERRUPT - -

* When the Receipt Code in the command mailbox is not
OxFF, the sequence is complete.

LD

Read the Command Code from the command mailbox.

Process the command using the Parameters from the
command mailbox.

Write the appropriate Receipt Code to the command
mailbox.

Execute a return from interrupt instruction.




Table 5-7. IDPC DLC LLD Command Codes Summary

Code (Hex) Description MBI/F Module
00 Transmit a Buffer L2 DLC
01 Initialize the DLC ME DLC
02 DLC Control ME DLC
03 Update Address Recognition - ME DLC
04 Abort the Current Transmit ME DLC
05 Load a New Event Enables ME DLC
06 Begin Remote Loopback ME DLC
07 End Remote Loopback ME DLC
08 Begin Local Loopback ME DLC
09 End Local Loopback ME DLC
EVENT SEQUENCES

Events are messages passed from the IDPC DLC LLD back to either the L2 protocol or the ME. Figure 5-3 shows a
typical event sequence. Note that the Receipt Code returned by the L2 or ME may indicate that the command has
simply been received or that some data are available. This depends upon the particular event issued.

Table 5-8 lists the valid event codes which the IDPC DLC LLD will generate. Each event is described in detail in a later
section.

Figure 5-3. Typical Event Sequence

L2or ME LLD
. Write an OxFF to the Receipt Code in the event mailbox.
. Write the Event Code to the event mailbox.
. Write any event parameters to the event mailbox.
. Call the Event Generator routine for the target mailbox.
«———INTERRUPT ¢~ ——

« Read the Event Code from the event mailbox.

» Process the event using the Parameters from the event
mailbox.

« Write the appropriate Receipt Code to the event
mailbox.

» Execute a return from interrupt instruction.

. When the Receipt Code in the event mailbox is not OxFF,
the sequence is complete.

Table 5-8. IDPC DLCLLD Event Codes Summary

Code (Hex) Description MB I'F Module
.0 Transmission Complete L2 DLC
1 Packet Received L2 DLC
B Error Status ME DLC
(¢} Buffer Allocation Request ME DLC
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PROGRAMMING

This section describes the command and event primitives used with the IDPC DLC LLD. These primitives are compatible

with those used by AmLink LAPD/LAPB and those provided by the DSC LLD.

Each primitive description contains the following information:

PRIMITIVE CODE: Command or event code for the primitive.

MAILBOX: Mailbox to be used with this primitive.

INPUTS: Input parameters for this primitive. These are identified as mailbox parameter bytes 0 to 15.
OUTPUTS: Output parameters for this primitive. These are identified as mailbox parameter bytes 0 to 15.
RECEIPT CODES: Possible Receive Codes for this primitive.

DESCRIPTION: Describes the functions and services provided by this primitive.

NOTES: Describes any special considerations related to this primitive.

The command primitives are:

Commands

XMITBUF

DLC_INIT
DLC_CONTROL

UPDATE ADDR_RECOG()
XMIT_ABORT

LOAD EVENT ENABLES
BEGIN-REMOTE_LOOP
END_REMOTE_LOOP
BEGIN_LOCAL_LOOP

END_LOCAL_LOOP

The event primitives are:
Events

PACKET_RCVD
XMIT_DONE

ERROR STATUS

BUFFER SERVICE

Description

Transmit a buffer.

Initialize the DLC.

Enable/disable DLC transmitter and/or receiver.
Update address recognition parameters.

Abort the current buffer transmission.

Load event reporting enable/disable bit array.
Begin remote Loop back.

End remote Loop back.

Begin local Loop back.

End local Loop back.

Description

Packet received without error.
Buffer transmitted without error.
Avalid address or an end-of address has been received.

Buffer allocation/deallocation service.



PRIMITIVE:

COMMAND CODE:

MAILBOX:

INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

XMITBUF

0

L2

Buffer Address (parameter bytes 0-3)

Packet Length (parameter bytes 4-5)

Buffer Length (parameter bytes 6-7)

Buffer Reference Number (parameter bytes 8-9)

None

00 = Command was received.

01 = lllegal command.

02 = lllegal parameter.

03 = Transmitter busy.

FF = Command not yet received.

This primitive initiates a buffer transmission via the IDPC DLC. If the buffer size is larger than the
packet size, the IDPC DLC LLD will automatically send multiple packets until the entire buffer is
sent. The buffer size MUST be an integral muitiple of the packet size or an illegal parameter receipt
code will be returned.

This primitive is equivalent to the PH-DATA request primitive.

If this primitive is issued while the transmitter is busy from a previously issued, but unfinished,

XMITBUF, a Transmitter Busy receipt code is returned. The user may re-issue the primitive after
the current transmission is complete as indicated by an XMITDONE event.

DLC_INIT

4

ME

None, uses the DLC Initialization Parameter Block (IPB) in the LLD RAM Interface Block.
None.

00 = Initialization is complete.

01 = lilegal command.

FF = Command not yet complete.

This primitive places the IDPC DLC into a known state. The primitive installs the DLC IPB

parameters, disables address recognition, gets a buffer for the DLC receiver, enables 80188/86
receive DMA Channel 0, and enables all DLC interrupts.



PRIMITIVE:

COMMAND CODE:

MAILBOX:

INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:

INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

DLC Control

0x02

ME

DLC Transmitter Enable/Disable (parameter byte 0) Enable = 1; Disable = 0
DLC Receiver Enable/Disable (parameter byte 1) Enable = 1; Disable = 0
None

00 = Command is complete.

01 = lllegal command.

02 = lllegal parameter.

FF = Command not yet complete.

This primitive allows the user to enable or disable the DLC transmitter and/or receiver.

UP_ADDR_RECOGNITION
0x03
ME

Parameter byte 0 - Enable (= 1)/Disable (= 0) address recognition for the specified Address
Register Number (parameter byte 1).

Parameter byte 1 - Address Register Number. Parameter byte 1 = 0, 1, 2, 3 for Address
Recognition Register 0, 1, 2, or 3. Parameter byte 1 = 4 for Broadcast Address Recognition.
Parameter bytes 2-3 - Address. Contents to be loaded into the specified address recognition
register. If single byte addresses are enabled in the DLC IPB, parameter byte 2 contains that
address regardless of which address byte (1st or 2nd) is enabled. Parameter bytes 2-3 are ignored
if parameter byte 1 = 4 (Broadcast Address Recognition).

None

00 = Command is complete.

01 = lllegal command.

02 = lllegal parameter.

FF = Command not yet complete.

This primitive allows the DLC address recognition services to be used. Address recognition can be
used as a bandpass filter, allowing only. packets with the specified addresses to be received.

The IDPC DLC supports up to four programmable addresses plus a fixed Broadcast Address (all
1's address).

The DLC IPB contains the following fields which condition address recognition:
Address length (single byte or two bytes)
Single byte address select (1st or 2nd)
Ignore C/R address bit

See section on DLC IPB for further information.
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PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:

INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

TRANSMIT ABORT

4

ME

None

None

00 = Command is complete.

01 = lllegal command.

FF = Command not yet complete.

This primitive causes any buffer transmission that was previously issued to be aborted.

Execution of this primitive causes the IDPC DLC LLD to issue an XMITDONE event primitive to the
Layer 2.

LOAD_EVENT_ENABLES

5

ME

Event Enables. This is an eight byte array. Each bit in the array represents one of 64 events. The
bit position for a particular event mask corresponds to the event code for the event. A ONE in a bit
position enables the corresponding event to be reported via interrupt to the layer (L2 or ME)
appropriate for the particular event. AZERO in a bit position disables that event from being
reported. For instance, the event mask bit for the “Error Status” event (Event Code 0x0B) is

byte #1, bit #3.

None.

00 = Update is complete.

01 = lllegal command.

02 = lllegal parameter.

FF = Command not yet complete.

This primitive causes a new event mask to be used by the IDPC DLC LLD. The event mask allows
event reporting to be individually enabled or disabled.

Events may still occur even though they are not reported if event reporting is disabled.
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PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:

INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

BEGIN_REMOTE_LOOP

6

ME

None

None

00 = Command is complete.

01 = lllegal command.

FF = Command not yet complete.

This primitive places the IDPC DLC in Remote Loopback. While Remote Loopback is enabled, all
received packets will be looped back to the far end transmitter. Received packets will also be

received by the local DLC if the DLC Receiver is enabled. Any packets transmitted by the local DLC
Transmitter will not be transmitted but will be thrown in the bit bucket.

END_REMOTE_LOOP

7

ME

None

None

00 = Command is complete.

01 = lllegal command.

FF = Command not yet complete.

This primitive disables IDPC DLC Remote Loopback. If the Remote Loopback is not enabled, the
command does nothing.

BEGIN_LOCAL_LOOP

8

ME

None

None

00 = Command is complete.

01 = lllegal command.

FF = Command not yet complete.

This primitive places the IDPC DLC into a Local Loopback mode. In this mode, data transmitted by
the IDPC DLC is looped back to the IDPC DLC receiver.
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PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:
NOTES:

PRIMITIVE:
EVENT CODE:
MAILBOX:
INPUTS:
OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:
EVENT CODE:

MAILBOX:

INPUTS:

OUTPUTS:
RECEIPT CODES:

DESCRIPTION:

NOTES:

END_LOCAL_LOOP
9

ME

None

None

00 = Command is complete.

01 = lllegal command.

FF = Command not yet complete.

This primitive disables IDPC DLC Local Loopback, if enabled.

XMITDONE
0

L2

None

None

00 = Event has been received.
01 = lllegal event.

FF = Event not yet recognized.

This primitive is used to notify the L2 code that the last Transmit Buffer LLD Command issued has
been completed and the IDPC DLC transmitter is ready to transmit another buffer.

This event is issued when normal buffer transmission is finished, when the Transmit Underrun
event occurs or when the Transmit Abort command is executed.

PACKET_RCVD
]

L2

Buffer Address (parameter bytes 0-3)

Packet Length (parameter bytes 4-5)

Buffer Reference Number (parameter bytes 6-7)
None

00 = Event has been received.
01 = lllegal command.

02 = lllegal parameter.

FF = Event not yet received.

This primitive is used to notify the L2 code that a packet has been successfully received.

The user should acknowledge this primitive with as little delay as possible. This routine will request
anew receiver buffer immediately after the event is acknowledged. If acknowledgment is delayed
too long, a receiver overrun error may occur.
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PRIMITIVE:
EVENT CODE:
MAILBOX:
INPUTS:

OUTPUTS:

RECEIPT CODES:

DESCRIPTION:

NOTES:

PRIMITIVE:

COMMAND CODE:

MAILBOX:
INPUTS:
OUTPUTS:
RECEIPT CODES:

DESCRIPTION:

NOTES:

ERROR STATUS
0x0B
ME
None
Parameter byte O -
Bit 0 - Receiver abort condition.
1 - Receiver non-integer # of bytes.
2 - Reserved.
3 - Receiver CRC error.
4 - Receiver Long Packet error.
5 - Receiver Short Packet error.
6 - Receiver overrun error.
7 - Transmitter Underrun error.
00 = Event has been received.
01 = lllegal event.

FF = Event not yet received.

This primitive is used to notify the ME that one or more DLC error or exceptional conditions has
occurred.

All of the receiver error/exceptions are mutually exclusive for the IDPC DLC receiver. In other
words, only one of bits 0-6 of parameter byte 0 may be set in any single occurrence of this event.
However, the Transmitter Underrun error bit may be set simultaneously with one of the receive
error/exception bits.

When one of the received error/exception conditions occurs, Layer 2 is not notified. If the
Transmitter Underrun condition occurs, a Transmit Done event to Layer 2 is executed in addition to
the Error Status event.

The Non-Integer Number of Bytes condition indicates that the last byte of a received packet
contains less than 8 bits.

The Long Packet error occurs when the number of bytes in a received packet exceeds the
Maximum Packet Size field of the DLC IPB.

The Short Packet error occurs when the number of bytes in a received packet is less than the
Minimum Packet Size field of the DLC IPB.

IDPC DLC LLD Initialization

Not Applicable

Not Applicabie

None, uses Configuration Table information.

None

00 = Initialization is complete.

This routine ‘illdinit()’ is used to initialize the IDPC DLC Initialization Parameter Block (IPB) and
IDPC DLC LLD Private RAM area. This routine must be called prior to using any IDPC DLC LLD
mailbox services. Normally, the routine should be part of the system POR initialization sequence.
The user should issue the DLC INIT command primitive to install the DLC IPB into the IDPC DLC
hardware. The user may modify the IPB fields prior to issuing the DLC Init command. Once the
DLC Init command has been executed, the DLC CONTROL command must be executed to enable

the IDPC transmitter and receiver.
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PRIMITIVE: BUFF_SERVICE

EVENT CODE: 0x0C
MAILBOX: ME
INPUTS: MODE (parameter byte 0) - AZERO indicates that an allocation is requested.

SIZE (parameter byte 1 and 2) - The size in bytes of the buffer requested.
OUTPUTS: ADDR (parameter bytes 3-6) - Contains the base address of the buffer requested.
REFNO (parameter byte 7-8) - Contains the reference number of the buffer provided.
RECEIPTCODES: 00 = Initialization is complete.
01 = lllegal command.
02 = lllegal parameter.
FF = Command not yet complete.
DESCRIPTION: This primitive is used to request that a buffer be allocated to the IDPC DLC LLD. This primitive is
used to obtain a buffer for the DLC receiver. The deallocate option is not used by the IDPC DLC
LLD. The REFNO is an arbitrary integer associated with the buffer by the ME when the buffer is

allocated.

NOTES: The ME must be able to supply a buffer of at least the size programmed in the Maximum Packet
Size field in the IDPC DLC Initialization Parameter Block.

5-14



APPENDIX

CONNECTION DIAGRAM
X
°
E
« £ w E o « 5 5
I§<°{<N<"::g>8§§§§§g§g
minEninininininEninisEsininininis!
9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 )
[ ] =
Do [ 10 o[ ] oTR
oy ] 1 so [ ] (REQ
02 [ 12 s8 [ ] (DB
D3] 13 57| ] iDLOE
D[] 14 s6[] oLE
D[] 15 55 [ ] LABE
Dg[] 16 54 :j LINTOUT
L dm Rt 53 :] Vss
Vec [] 18 52 Vec
Vs [] 19 51 ] RAMCS
CLK [ 20 50 [ ] RAMWE
RST [] 21 4[] RAWOE
WA [] 22 48] HOLE
RD = 47| ] HDBE
cs [ 24 46 [ ] FABE
P[] 25 M
Vss [] 26 44 [] HINTOUT
(27 28 20 30 31 32 33 34 35 36 37 38 30 40 41 42 43
ooy uguooadg
o [ = 1z Q X = x >
PEE=BESE 33 IEEEEGE
c 5 & 5 ¢z £ 2 £F
r I z I
g g 3 E: e
=3 8 >
LOGIC SYMBOL
|l &
| PO CS  CLK DACK Ag-As
—1 RD DLCINT |—
— o ReT DRQ, DRQ, |54+
——» WR USARTINT [—
—f CTS BOCLKOUT —
——{ DSA DTR f—
——{ RxCLK RTS —
——= RxD SBOUT |—»
<+«—] ™0 'HDBE —
— USARTCLK HDLE [—
—— SBIN HDLOE —
— SCLK HINTOUT |—
——»{ SFS/XMITCLK TABE —
—— HOT-R DBE |—>
—=1 HINTACK LDLE [—*
——1 HINTIN LDLOE |——
<+— HRDY LINTOUT |—
—1 HREQ LRDY [—
— TR RAMCS |[—>
—{ (REQ HABE |—»
Do-D; RAMOE RAMWE
g | |
oo




PIN DESCRIPTION

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

® Processor Bus Interface (25 pins)

USART Interface (9 pins)

Serial Bus Port Interface (4 pins)

Bus Arbitration Control (21 pins)

Power/Ground (7 pins)

Processor Bus Interface

Ao-As5 Address Lines (Input)

These six address lines are generated by the external pro-
cessor to select internal registers of the IDPC. The
address lines are valid only when CS is active (LOW).

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)

CS is an externally developed signal used to indicate that
the IDPC has been selected for a read or write cycle
(viewed as memory by the external processor).

Do-D7 DataLines (Input/Output; Three State)

Do-D7 are bidirectional data lines used to transfer data
between the locally attached processor and the IDPC. The
direction of the data transfer is controlled by the read (RD)
and write (WR) control lines. When CS is invalid (HIGH),
the data lines remain in a high-impedance state.

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 de-activate the DRQ4 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.

DLCINT DLC Interrupt (Output; Active HIGH)
DLCINT goes active (HIGH) any time the Data Link Con-
troller (DLC) portion of the IDPC sets a status bit and the
associated interrupt enable bit is active.

DRQg Receive DMA Request (Output; Active HIGH)
DRQg is an active-HIGH output used by the receive FIFO
portion of the DLC to begin a DMA cycle for the receive
data. DRQg goes active (HIGH) when the receiver portion
of the DLC loads the number of data bytes into the receive
FIFO specified by the receive FIFO threshold in the FIFO
Threshold Register, or an “end of packet” is loaded into
the FIFO.

DRQg is de-activated at reset, when the receive FIFO is
emptied, or when the last byte of a packet is transferred
from the receive FIFO to external memory.

DRQq Transmit DMA Request (Output;

Active HIGH)

DRQj is an active-HIGH signal used by the transmit FIFO
of the DLC to request the start of a DMA cycle for the
Transmit Data.

DRQq goes HIGH when ALL of the following conditions

are met:

1) Transmit byte count is not equal to zero,

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

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

DRQ; is de-activated (LOW) at reset when the FIFO buffer
is full, or when the last byte of the packet is loaded into the
FIFO.

PD Power Down (Input; Active LOW)

When active, this signal disables all internal clocks and
places all three-state signals in high-impedance state.
HRDY and LRDY are driven active (HIGH) and all interrupt
outputs are de-activated. Status and data may be lost but
programming is retained.

RD Read (Input; Active LOW)

This input is used internally by the IDPC to indicate when
read data (output data from the IDPC) is to be latched by
the external host (negative to positive transition of RD).
RD is qualified internally with an active CS input (LOW).

RST Reset (Input; Active HIGH)

When active (HIGH), the reset line forces all functions to
terminate and places the IDPC in a default state (described
later in this data sheet). HRDY and LRDY are driven active
(HIGH) and all three-state outputs are placed in high-
impedance state.

USARTINT USART Interrupt (Output; Active HIGH)
USARTINT goes active (HIGH) any time the USART sec-
tion of the IDPC sets a status bit and the associated inter-
rupt enable bit is active.

WR Write (Input; Active LOW)

WR is used internally by the IDPC to latch incoming data
(D0-D7) during a write cycle. WR is qualified internally
with an active CS input (LOW).

USART Interface

BDCLKOUT Baud Rate Generator Clock Out (Output)
This signal is the output of the final stage of the IDPC’s
internal baud rate generator. This signal is used as a
common clocking source for a modem or other similar
application.

CTS Clear To Send (Input; Active LOW)

This signal is a TTL-level input to the IDPC. Activity on
CTS generates a maskable interrupt but does not directly
control the USART.

DSR Data Set Ready (Input; Active LOW)

DSR is a TTL-level input to the IDPC. Activity on DSR
generates a maskable interrupt but does not directly con-
trol the USART.

DTR Data Terminal Ready (Output; Active LOW)
DTR is a TTL-level output from the the IDPC. This signal
is user-controlled and does not directly affect USART
operation.

RTS Request To Send (Output; Active LOW)

RTS is a TTL-level status output from the IDPC. This sig-
nal is user-controlled and does not directly affect USART
operation.

RxCLK Receive Clock (Input)

RxCLK is an input to the USART portion of the IDPC used
in synchronous and asynchronous operation. In asyn-
chronous mode, the RxCLK is 16 times the data rate. In
synchronous mode, the RxCLK is synchronized to the
incoming data, and the positive-going edge is used to
latch the incoming Receive Data (RxD).

RxD Receive Data (Input; Active HIGH)

RxD is the TTL-level serial data input to the IDPC’s internal
USART. The data are clocked into the IDPC on the posi-
tive-going edge of the selected clock source.

TxD Transmit Data (Output; Active HIGH)

TxD is the TTL-level serial data output of the IDPC's inter-



nal USART. The data are clocked out of the IDPC on the
negative edge of the selected clock source.

USARTCLK USART Clock (Input)

This pin is the input for the internal baud rate generator.
The frequency of this clock source must be integer multi-
ples 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 direct input to
the USART. When the IDPC is used in conjunction with the
Am79C30 (DSC), the 12.288 MHz clock output can be
used as the USART clock source.

Serial Bus Port Interface

SBIN Serial Data In (Input; Active HIGH)

SBIN is the serial data input to the DLC portion of the
IDPC and is clocked into the DLC LSB (bit 0) first on the
positive edge of the Serial Clock In (SCLK).

Serial data may be input as free-running data or gated
data using the SFS/XMITCLK pin (described in greater
detail later in this document). The data will range in speed
from O to 2.048 Mbps. In applications where an
Am79C30A (DSC) is used, SBIN of the IDPC is tied to
SBOUT of the DSC.

SBOUT Serial Data Out (Output; Active HIGH,

Open Drain)

SBOUT is the serial data output of the DLC portion of the
IDPC. The serial data is clocked out, LSB (bit 0) first, on
the negative edge of either SCLK or SFS/XMITCLK.
SBOUT data will range in speed from 0 to 2.048 Mbps. In
applications where an Am79C30A (DSC) is used, SBOUT
of the IPDC is tied to SBIN of the DSC.

SCLK Serial Clock In (Input)
SCLK is an input to the IDPC that is used as the clocking
source for the DLC.

In one mode of operation, SCLK acts as both the transmit
and receive clock synchronized to SFS/XMITCLK. In a
second mode of operation, SCLK is used only as the
receive clock and is not synchronized to SFS/XMITCLK.
The positive edge of SCLK is used to latch receive data on
SBIN and the negative edge is used to shift transmit data
outon SBOUT.

SFS/XMITCLK Serial Frame Sync/Transmit

Clock (Input)

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

In the second 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 on SBOUT
(Serial Bus Out), LSB (bit 0) first, on the negative edge.
This clock operates from 0 to 2.048 Mbps.

Bus Arbitration Control

HDBE Host Data Bus Enable (Output; Active LOW)
HDBE is an active-LOW output used to enable the data
lines from the host processor to the shared RAM data bus.
HDBE is driven active as a result of HDT-R being driven
HIGH (write cycle). It remains HIGH until the end of the
memory cycle.
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HABE Host Address Bus Enable (Output;

Active LOW)

HABE is driven active LOW by the IDPC as a result of
receiving an HREQ from the host processor and is used to
enable the address lines from the host processor. HABE
remains 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 the
RAM to the host processor. HDLE is driven HIGH (the
latch is made transparent) as a result of HDT-R going LOW
(read cycle). It returns LOW at the end of the memory
cycle.

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

HDLOE is an active-LOW output from the IDPC used by
the host processor to enable the output of the data bus
latches back to the host processor. HDLOE is driven active
(LOW) when HDT-R is driven LOW (read cycle). It is
cleared (HIGH) when HREQ goes inactive (LOW).

HDT-R Host Data Transmit-Receive (Input)

HDT-R indicates the direction of host processor accesses
to shared memory. When the signal goes HIGH, it indi-
cates that a RAM write cycle is in progress. As a result,
RAMWE and HDBE are driven active (LOW).

When HDT-R goes LOW, it indicates that a RAM read cycle
is in progress. At this time RAMOE and HDLOE are driven
active (LOW), and HDLE is driven active (HIGH).

HINTACK Host
Active HIGH)
HINTACK is generated by the host processor in response
to a Host Interrupt Out (HINTOUT) signal from the IDPC.
HINTACK is used in the IDPC to clear bit 0 of the
Semaphore Register, dropping HINTOUT.

HINTIN Host Interrupt In (Input; Active HIGH)

This signal is used by the host processor to generate an
interrupt to the local processor (LINTOUT). When HINTIN
is pulsed active (HIGH), it causes bit 1 of the Semaphore
Register to be set to a ‘1’ which generates LINTOUT.

HINTOUT Host Interrupt Out (Output; Active HIGH)

When activated, HINTOUT generates an interrupt to the
host processor. This signal goes active (HIGH) when the
local processor writes a ‘1’ to bit O of the Semaphore
Register. HINTOUT is de-activated by a pulse on the
HINTACK pin. HINTOUT is intended to be connected to an
interrupt input on the host processor. HINTOUT is de-acti-
vated by reset.

HRDY Host Ready (Output; Active HIGH)

Open Drain

HRDY is an active-HIGH output from the IDPC used by the
host processor to complete a shared RAM memory cycle.
HRDY is normally HIGH. It is driven LOW when a request
for the RAM is received from the host processor (HREQ).
HRDY is returned HIGH at the end of the memory cycle, or
by reset.

HREQ Host Prc
Active HIGH)
The HREQ is an active-HIGH input to the IDPC from the
host processor requesting access to the shared RAM.
HREQ is sampled on the negative edge of every IDPC
clock cycle. When sampled active, HREQ drives RAMCS
and TABE active (LOW), and HRDY inactive (HIGH).
HREQ is an asynchronous input with respect to the master
clock and is synchronized internally.

Interrupt Acknowledge (Input;

or Bus Request (Input;



CABE Local Address Bus Enable (Output;

Active LOW)

This signal is driven LOW by the IDPC to enable the
address lines from the local processor bus onto the mem-
ory bus when a Local Processor Bus Request ((REQ ) 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 proces-
sor onto the shared RAM data bus. LDBE is driven active
as a result of LDT-R being driven HIGH (write cycle). The
local data bus enable remains HIGH until the end of a
memory cycle.

LDLE Local Data Latch Enable (Output; Active HIGH)
This signal goes HIGH to latch data from the RAM onto the
local processor data bus. LDLE is driven HIGH (latch
made transparent) as a result of LDT-R going LOW (read
cycle). LDLE returns LOW at the end of a memory cycle.

LDLOE [Local Data Latch Output Enable (Output;
Active LOW)

This signal is an active-LOW output from the IDPC that
enables the output of the data bus latch onto the local pro-
cessor. LDLOE is driven active (LOW) when LDT-R is dri-
ven LOW (read cycle) and is cleared when LREQ goes
inactive (HIGH).

LDT-R Local Data Transmit-Receive (Input)

LDT-R indicates the direction of local processor accesses
to shared memory. When the signal goes HIGH itindicates
that a RAM write cycle is in progress. As a result, RAMWE
and LDBE are driven active (LOW).

When LDT-R goes LOW it indicates that a RAM read cycle
is in progress. At this time RAMOE and LDLOE are driven
active (LOW), and LDLE is driven active (HIGH).

LINTOUT Local interrupt Out (Output; Active HIGH)
When activated, LINTOUT generates an interrupt to the
local processor. This signal goes active (HIGH) when bit 1
in the Semaphore Register is set to a logic ‘1’ when a
pulse from the host is applied to the HINTIN pin. LINTOUT

goes LOW when the register bit is cleared to ‘0’ by
software (writing a ‘0’ to bit 1 of the Semaphore Register),
or after a reset.

LRDY Local Ready (Output; Active HIGH)

Open Drain

LRDY is an active-HIGH output from the IDPC used by the
local processor to complete a shared RAM memory cycle.
LRDY is normally HIGH, and is driven LOW when a
request for RAM is received from the local processor
(LREQ) and the host processor is currently accessing
shared RAM.

LREQ TLocal Processor Bus Request (Input;

Active LOW)

This active-LOW signal is generated as an input to the
IDPC by the local processor when it requests access to
the shared RAM. LREQ is sampled on the negative edge
of every IDPC master clock cycle. LCREQ must be syn-
chronous 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 is 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 driven LOW (read cycle). RAMOE is cleared (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 goes HIGH (write cycle).
RAMWE remains active until the end of a memory cycle.

Power/Ground
Vec +5-V Power Supply
Vgs Ground

Register Description

'i’he IDPC is controlled via internal registers that are written and read by software running on the external “local” processor
connected to the IDPC external bus. These internal registers may be mapped into either memory or I/O space, but typically are

memory mapped.

The internal registers occupy a 64-byte block located in the local processor’s memory address space. The starting address of the
memory block is determined by address 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 microprocessor (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 control IDPC operations indirectly by
issuing requests to the local processor via shared memory supported by the Dual-Port Memory Controller.

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

Table 1. IDPC Address Map

Offset (Hex)

Block

00-1F
20-3E
3F

DLC
USART
DPMC

Detailed Description of User-Visible DLC Registers

The DLC contains 23 registers, as shown in Table 2.



Table 2. DLC Registers

Offset (Hex) Register Name Size (Bytes) Type
00 Command/Control Register 1 Read/Write
o1 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
OE 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
1 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
1D Residual Bit Control Status Register 1 Read/Write
1E-1F Reserved 2 0
DLC Command/Control Register (00 Hex)
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- GENERATE CHECK IDLE
THRU SELECT

This register is used to set up and control basic transmitter and receiver functions.

Bit 0: Send Abort (Defauit=0)—When set to a ‘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 one abort character. The transmitter
continues to send aborts as long as this bit is set. Aborts are always sent in whole bytes. Setting and clearing this bit on
successive CPU writes will cause one complete abort to be sent.

When this bit is set the DLC transmit FIFO, DLC byte counter, and the DLC Transmit Byte Count Register are cleared.

Bit 1: Transmitter Enable (Default=0)—When setto a ‘1", this bit allows data from the DLC to be shifted out to the SBOUT pin
under control of SCLK or SFS/XMITCLK.

When this bit is cleared, the SBOUT pin is placed in an open-drain condition. If this bit is cleared and the DLC is transmitting data,
the DLC waits until the current frame is complete before disabling the SBOUT pin.

Bit 2: Receiver Enable (Default=0)—This bit is set to a ‘1’ to allow data from the SBIN pin to be clocked onto the Serial Bus
Port.

When cleared to a ‘0’, the DLC receiver is disabled. If the bit is cleared while the DLC receiver is in the middle of a receive frame,
the receiver will finish processing the frame before shutting down.

Bit 3: Flag/Mark Idle (Default=0)—When set to a ‘1, the DLC transmitter continuously transmits the flag idle pattern when not
in frame. :

When this bit is cleared to a ‘0’, the DLC transmitter continuously transmits the mark idle pattern when not in frame.

Bit 4: CRC Check Enable (Default=1)—When this bit is set to a ‘1’, the result of the CRC check is transferred to the CRC error
bit (bit 2) in the Receive Frame Status Register.

When this bit is cleared, the CRC error bit in the Receive Frame Status Register is never set.

Bit 5: CRC Generate Enable (Default=1)—When set, this bit causes the transmit CRC (which is always being calculated) to
be transmitted following the byte tagged as EOP in the transmit FIFO.

If this bit is cleared, a closing flag is transmitted immediately following the EOP-tagged byte.
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Bit 6: DLC Reset (Default=0)—When this bit is set to a ‘1’, all DLC FIFOs, latches and status/control bits are forced to their
default values. A delay of eleven master clock (CLK) cycles is required before the DLC registers can be accessed.

Bit 7: FCS Pass-Thru Enable (Default=0)—When set to a ‘1", this bit allows the frame check sequence (CRC) bytes to be

loaded into the FIFO as data (receive side).
When cleared, the frame check sequence is discarded.

DLC Address Control Register (01 Hex)

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

All bits in the DLC Address Control Register are set and cleared by software except when initialized to default values as the result
of areset.

The DLC Address Control Register can be written and read by the local processor. When all link address enable bits (bits 0-3) and
the broadcast enable bit (bit 4) are cleared to ‘0’, the DLC does not perform address detection, and passes all received frame
bytes to the DLC receive FIFO. In this case, bits 5-7 are ignored.

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

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

Bit 1: Address Register 1 Enable (Default=)—Link address 1 enable.

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

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

NOTE: When set to a ‘1’, bits 0-3 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 5-7 of this register.

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

Bit 5: Address Size 1-2 (Default=0)—At least one of the enable bits (0-4) must be set for this bit to have any effect 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.
If bit5is setto a‘1’, only one byte is compared (bit 7 specifies whether the first or second byte is compared).

Bit 6: C/R Address Enable (Default=0)—At least one of the enable bits (0-4) must be set for this bit to have any effect on DLC
operation.

If any of the enable bits are set, and the C/R address enable 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 address byte must compare successfully along with the other address bits for
address recognition to occur.

Bit 7: First/Second Byte Selection (Default=0)—This bit is effective only when one-byte addressing is selected. 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,
the first byte only is examined.

DLC LINK Address Recognition Registers

The four registers are each two bytes long with the LSB having the lower address. The LSB of each pair corresponds 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 Registers are set and cleared by software except when initialized 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 0-3). If the corresponding
enable bit is set, then the value in the Link Address Recognition Register is conditioned by bits 5-7 of the DLC Address Control
Register. Default = Hex 0000.



DLC Serial Bus Port Control Register (0A Hex)

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

All bits in the 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.

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

Bits
4 3 2 1 0 Selection
0 0 0 0 0 Channel 0
0 0 0 0 1 Channel 1
0 0 0 1 0 Channel 2
1 1 1 1 0 Channel 30
1 1 1 1 1 Non-Multiplex

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

In multiplexed mode with channel 0 programmed, data from channel 0 and 1 can be concatenated, transmitted, and received 16
bits at a time. This is done automatically by holding SFS/XMIT active during the first bit time of time siot 1.

Bit 5: Data Invert (Default=0)—When this bit is set to a ‘1’, the transmitted serial bit stream is inverted.
When this bit is set, the receive data stream is inverted. If this bit is cleared to ‘0", no inversion takes place in either direction.

Bit 6: Local Loop back Enable (Default=0)—This bit is set to enable loop back 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. Clearing this bit restores the system to normal
operation.

Bit 7: Remote Loop back Enable (Default=0)—This bit is set to enable loop back for diagnostic purposes. When set, the
SBIN pin is connected directly to SBOUT. In this manner, receive data is presented to SBOUT as transmitted data. In this mode,
the appropriate receive clock is SCLK. Receive data may be presented to the DLC receiver depending on the setting of the
receive enable bit. However, data from the transmit section is prevented from entering SBOUT in this mode.

DLC Minimum Receive Packet Size Register (0B Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT NOT MIN PKT MIN PKT MIN PKT MIN PKT
USED USED USED USED SIZE SIZE SIZE SIZE
MSB - - LSB

This register specifies the Minimum Receive Packet Size Register.

Bits 0-3: Minimum Receive Packet Size (Default=Hex 5)—Bits 0-3 of this register are set and cleared by software except
when initialized to a 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
Register.

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

Bits
3 2 1 0 Selection
0 0 0 1 1 Byte
o] 0 1 0 2 Bytes
0 0 1 1 3 Bytes
1 1 1 1 15 Bytes
0 0 0 0 Not Used

NOTE: Although reception of packets containing only 1, 2, or 3 bytes can be programmed, a minimum of 3 bytes must be
received before data are moved into the FIFO and the packet is reported.
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DLC Maximum Receive Packet Size Register

LSB 7 6 5 4 3 2
MSB 15 14 13 12 " 10 9

This register specifies the Maximum Receive Packet Size Register.

Bits 0-15: Maximum Receive Packet Size Register (Default=Hex 0000)—Bits 0-15 of this register are set and cleared by
software except when initialized to a default value by a DLC reset or IDPC hardware reset. This register indicates the maximum
packet length (exclusive of opening and closing flags) that can be received without generating a long frame error in the Receive
Frame Status Register. The value programmed into the register is equal to the desired packet size minus three.

As each packet byte is received, the contents of the Maximum Receive Packet Size Register are compared with the receive byte
counter. A long frame error is generated in the Receive Frame Status Register if the value is exceeded. The received byte that
caused the receive byte counter to exceed the maximum length is tagged as the End-of-Packet (EOP) byte, and the DLC receiver
looks for the next opening flag. The LSB has the lower order address.

DLC Interrupt Source Interrupt Enable Register (OE Hex)

7 6 5 4 3 2 1 0
ENABLE ENABLE ENABLE ENABLE ENABLE NOT NOT NOT
RECVR FIFO RECV VALID VALID USED USED USED
LINK STATUS FRAME PACKET PACKET
STATUS STATUS SENT RECVD

Bits 3 and 4 provide single-level interrupt enable/disable control for valid packet received and valid packet sent status conditions.
For bits 5-7, the Interrupt Source Interrupt Enable Register contains the first-level enable of a two-level interrupt enable structure.
Bits 5-7 enable three corresponding Interrupt Enable Registers:

® Receive Frame Interrupt Enable Register

® Receive Link Interrupt Enable Register

® FIFO Status Interrupt Enable Register

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

When an event occurs that causes a bit to be set in one of the three status registers (Receive Frame, Receive Link, and FIFO
Status Registers), and both levels of status interrupt enable are set to a ‘1", the DLC interrupt is generated and the bit corres-
ponding to that register is set in the DLC Interrupt Source Register. Unless both levels of interrupt enable are set, no interrupt is
generated.

Bits 0-2—Unassigned

Bit 3: Enable Valid Packet Received Interrupt (Default=0)—If this bit is set and the valid packet received bit is set in the
Interrupt Source Register, a DLC interrupt is generated. If this bit is cleared, setting of the valid packet received bit in the Interrupt
Source Register does not result in the generation of an interrupt.

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 interrupt is generated. If this bit is cleared, setting of the valid packet sent bit in the Interrupt Source
Register does not result in the generation of an interrupt.

Bit 5: Enable Receive Frame Status Interrupt (Default=0)—This bit is set as the first level of enable for the Receive Frame
Interrupt Enable Register. 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, an interrupt is generated and bit 5 of the Interrupt Source
Register is set to indicate the interrupt originated in the Receive Frame Status Register.

Bit 6: 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 set in the FIFO Status Register, and the corresponding 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 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.

DLC Receive Frame Interrupt Enable Register (OF Hex)

7 6 5 4 3 2 1 0
NOT NOT ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
USED USED OVERRUN LONG SHORT CRC NON-INT ABORT
ERROR FRAME FRAME ERROR # BYTES RECVD
ERROR ERROR ERROR
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The Receive Frame Interrupt Enable Register contains a bit-for-bit image of the Receive Frame Status Register. If a status bit is
set in the Receive Frame Status Register corresponding to a set bit in the Receive Frame Interrupt Enable Register, and bit 5 of
the first-level enable register (Interrupt Source Interrupt Enable Register) is set, a DLC interrupt is generated and bit 5 of the
Interrupt Source Register is set indicating the interrupt originated in the Receive Frame Status Register.

Bit 0: Enable Abort Received 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 abort received bit (bit 0) is set in the Receive Frame Status Register.

Bit 1: Enable Non-Integer Number Bytes Received 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 non-integer number bytes received bit (bit 1) is
set in the Receive Frame Status Register.

Bit 2: Enable CRC 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 CRC error bit (bit 2) is set in the Receive Frame Status Register.

Bit 3: 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
Register.

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 set in the Receive Frame Status
Register.

Bit 5: Enable Overrun 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 overrun error bit (bit 5) is set in the Receive Frame Status Register.

Bits 6-7—Not Used

DLC Receive Link Interrupt Enable Register (10 Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT NOT NOT ENABLE ENABLE ENABLE
USED USED USED USED USED IN-FRAME FLAG MARK
ERROR IDLE IDLE
RECVD RECVD

This register is used to enable/disable interrupts from the Receive Link Status Register (Default=0).

Bit 0: Enable Change In Mark Idle Received 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 in mark idle received bit (bit 0) is set in the
Receive Link Status Register.

Bit 1: Enable Change In Flag Idle Received 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 in flag idle received bit (bit 1) is set in the
Receive Link Status Register.

Bit 2: 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 in in-frame bit (bit 2) is set in the Receive Link Status
Register.

Bits 3-7—Not Used

DLC FIFO Status Interrupt Enable Register (11 Hex)

7 6 5 4 3 2 1 0
NOT NOT ENABLE ENABLE ENABLE ENABLE ENABLE ENABLE
USED USED EOP XMIT XMIT XMIT RECV RECV
RECV UNDRUN BUFFER TRSHLD DATA TRSHLD
FIFO REACHD AVAIL REACHD AVAIL REACHD

This register is used to enable/disable interrupts from the FIFO Status Register (Default=0).

Bit 0: Enable Receive Threshold Reached 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 receive threshold reached bit (bit 0) is set in the FIFO
Status Register.

Bit 1: Enable Receive FIFO Data Available 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 receive FIFO data available bit (bit 1) is set in the FIFO
Status Register.

Bit 2: Enable Transmit Threshold Reached 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 threshold reached bit (bit 2) is set in the FIFO
Status Register.

Bit 3: Enable Transmit Buffer Available 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 buffer available bit (bit 3) is set in the FIFO
Status Register.
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Bit 4: 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.

Bit 5: Enable EOP in Receive FIFO 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 EOP in receive FIFO bit (bit 5) is set in the FIFO Status
Register.

Bits 6-7—Not Used

DLC Transmit Byte Count Register

LsB 7 6 5 4 3 2 1
MSB 15 14 13 12 1 10 9

This register is used to specify the length of the packet to be transmitted.

Bits 0-15: Transmit Packet Size (Default=0)—Bits 0-15 of this register are set and cleared by software except when initialized
to a default value by a DLC reset or IDPC hardware reset. 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 contents of this register 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 an end-of-packet-tagged byte is loaded from the transmit FIFO into the
Parallel-to-Serial Shift Register. If software is writing to this register when the EOP-tagged byte is loaded, the transfer to the
transmit byte counter is delayed until the software write is complete. The loading of the transmit byte counter takes place when
the LSB is written; i.e., write the MSB first. The LSB has the lower address. A transmit FIFO underrun error clears this register.

Transmit Byte Count Decode:

Bits
5 14 13 12 N 10 9 8 7 6 5 4 3 2 1 0 |Value Selected

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1Byte

1 1 1 1 1 1 1 1 1 1 1 65.535K Bytes
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Not Assigned

-
-
-
-
-

DLC FIFO Threshold Register (14 Hex)

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

‘This register is used to specify the transmit and receive FIFO threshold levels.

Bits 0-3: Transmit Threshold Value (Default=Hex 8)—The contents of this register are set and reset under software control
except when initialized by DLC reset or IDPC reset or when an abort is issued.

Bits
3 2 1 0 Value Selected
0 0 0 1 1 Byte
0 0 1 0 2 Bytes
0 0 1 1 3 Bytes
1 1 1 1 15 Bytes
4] 0 0 0 16 Bytes

Bits 4-7: Receive FIFO Threshold (Default= Hex 8)—The receive FIFO threshold counts by two since the receive FIFO buffer
is 32 bytes deep.

Bits
7 6 5 4 Value Selected
0 [¢] 0 1 2 Bytes
0 0 1 0 4 Bytes
0 0 1 1 6 Bytes
1 1 1 1 30 Bytes
0 0 0 32 Bytes
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DLC Interrupt Source Register (15 Hex)

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

This register is used to identify the source of interrupting conditions and to report valid-packet-transmitted, valid-packet-received,
and valid-packet address conditions.

Bits 0-2: Receive Link Address Field (Default=110 (0=LSB))—The receive link address field is written by hardware
whenever a packet is received (with or without errors). This field is a delayed-stacked field.

The link address for up to four received packets can be stored at any given time. The link address field for any packet is not
presented to the user until the last byte of that packet is read from the FIFO.

Bits

1 Definition

Contents of Link Address 0 Recognized

Contents of Link Address 1 Recognized

Contents of Link Address 2 Recognized

Contents of Link Address 3 Recognized

Broadcast Link Address (All ‘1’s) Recognized

Not Used

Default Value—No Packet Received

Packet Received with no Address Recognized enabled (Bits 0-4 of DLC Address Control Register
cleared to “0s”)

- = - 2 0000} N
- O0oO-0~—==0-=-0]0

_- a2 00+ 200

Bit 3: Valid Packet Received (Default = 0)—This bit is reset to its default value when DLC reset is executed or an IDPC reset is
received. This bit is set to a ‘1’ when the End-of-Packet-tagged byte is read from the receive FIFO buffer and no receive error has
been detected for that packet. This bit is cleared when software reads this register, or a DLC reset or IDPC reset occurs.

Bit 4: Valid Packet Sent (Default=0)—This bit is set to a ‘1’ when the last bit before the closing flag has been transmitted by
the DLC transmitter (transmit byte counter=0 and no underrun and transmitter out of frame). This bit is cleared when the trans-
mitter goes in-frame, this register is read, a DLC reset is executed, or an IDPC reset occurs.

Bit 5: Receive Frame Status (Default=0)—This bit is set to a ‘1’ when any bit in the Receive Frame Status Register and both
of the corresponding bits in the Receive Frame Interrupt Enable Register and enable receiver frame interrupt bit (bit 5) are set in
the Interrupt Source Interrupt Enable Register.

This bit is gated when stage 3 status is actually transferred to stage 4. (See description of delayed status reporting.)

Bit 5 is cleared to 0 when the Receive Frame Status Register is read by software, a DLC reset is executed, or an IDPC reset is
received from the processor.

Bit 6: FIFO Status (Default=0)—This bit is set to a ‘1’ when any bit in the FIFO Status Register is set and both of the corres-
ponding bits in the Receive Frame Interrupt Enable Register and enable FIFO status interrupt (bit 6) are setto a ‘1’ in the Interrupt
Source Interrupt Enable Register.

This bit is cleared to ‘0’ when the FIFO Status Register is read by software, a DLC reset is executed, or an IDPC reset is received
from the processor.

Bit 7: Receive Link Status (Default=0)—This bit is set to a ‘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.

This bit is cleared to ‘0’ when the Receive Link Status Register is read by software, a DLC reset is executed, or an IDPC reset is
received from the processor.

DLC Receive Byte Count Register

LSB 7 6 5 4 3 2 1
MSB 15 14 13 12 1

This register reports the length of the received packet.

Bits 0-15: Receive Byte Count Register (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 register is a “read-only” register in respect to the local processor. This register is cleared to ‘0’ when a DLC reset is executed
or an IDPC reset is received from the processor.
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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 up behind the previous packet. Status for-up to four packets can be stacked up 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 previous packet is read; and 2) when the least-significant byte of the Receive Byte Count
Register is read, all of the delayed stacked registers for that packet are cleared (Receive Byte Count Register, Receive Frame
Status Register, 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 always be read last. The LSB has the lower address.

Bit Definitions

Bits
15 14 13 12 1N 10 9 8 7 6 5 4 3 2 1 0 Value Selected

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 Byte

-
-
-
-
-
-
-
-
-
-
-
-
-

1 1 1 65.535K Bytes
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Not Assigned

DLC Receive Frame Status Register (18 Hex)

7 6 5 4 3 2 1 0
NOT NOT OVERUN LONG SHORT CRC NON-INT ABORT
USED USED ERROR FRAME FRAME ERROR # BYTES RECVD
ERROR ERROR RECVD

This is a “read-only” register with the bits being set by hardware. 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 Receive Frame Interrupt Enable Register and the receive
frame status bit is set in the Interrupt Source Interrupt Enable 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 activated, or when
the 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 a ‘1’ at any time. The following table indicates the precedence of the various errors and exception condi-
tions flagged by this register (listed in descending order of precedence):

Bit Name

Abort Received

Overrun

Short Frame

Long Frame

CRC Error

Non-integer Number of Bytes

NP WOWGOO

If the Receive Frame Status Register is not read (not normally read for a valid packet) before the LSB of the Receive Byte Count
Register, reading the Receive Byte Count Register will clear the Receive Frame Status Register to keep the register in sync (i.e.,
read Receive Byte Count Register LSB last).

Bit 0: Abort Received (Default=0)—This bit is set to a ‘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.

Bit 1: Non-Integer Number Bytes Received (Default=0)—This bit is set to a ‘1’ as a result of the DLC receiver flag detector
recognizing a closing flag character with at least three bytes received when a non-integer number of bytes has been received in a
non-short frame (i.e., at least one but less than eight bits were received after zero bit deletion in the byte immediately preceding
the closing flag).

Bit 2: CRC Error (Default=0)—This bit is set to a ‘1’ as a result of the DLC CRC checker detecting an error when CRC check is
enabled in the DLC Command/Control Register.

Bit 3: Short Frame Error (Default = 0)—This bit is set to a ‘1’ as a result of the DLC receiver detecting a short frame error.

Bit 4: Long Frame Error (Default=0)—This bitis set to a ‘1’ as a result of the DLC receiver detecting a long frame error.

Bit 5: Overrun Error (Default=0)—This bit is set to a ‘1’ as a result of the DLC receive FIFO detecting an overrun condition
(i.e., the receive FIFO contains 32 bytes when receive data needs to be moved into the FIFO from the Parallel-to-Serial Shift
Register). :

Bits 6-7—Unused
A-12



DLC Receive Link Status Register (19 Hex)

7 6 5 4 3 2 1 0
NOT NOT INFRAME FLAG MARK CHANGE CHANGE CHANGE
USED USED RECVD IDLE IDLE IN IN IN

RECVD RECVD INFRAME FLAG MARK
IDLE IDLE

The Receive Link Status Register reflects the status of the link at the receiver input. Three conditions are monitored: 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 directly and
bits 5-3 are cleared defacto by the hardware that sets them.

Bit 0: Change in Mark Idie (Default=0)—This bit, when set, indicates that the mark idle bit (bit 3) has changed (either set or
cleared) since the last time that the register was read. This bit is cleared by reading the register, a DLC reset, or an IDPC reset.

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 that the register was read. This bit is cleared by reading the register, a DLC reset, or an IDPC reset.

Bit 2: 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 that the register was read. This bit is cleared by reading the register, a DLC reset, or an IDPC reset.

Bit 3: Mark Idle Received (Default=0)—This bit, when set, indicates that mark idle is currently being received. When cleared,
mark idle is not being received. '

Bit 4: Flag Idle Received (Default=0)—This bit, when set, indicates that flag idle is currently being received. When cleared,
flag idle is not being received.

Bit 5: In-Frame Received (Default=0)—This bit, when set, indicates that in-frame is currently being received. When cleared,
the receiver is not in-frame.

Bits 6-7—Unused

DLC FIFO Status Register (1A Hex)

7 6 5 4 3 2 1 0
NOT NOT EOP XMIT XMIT XMIT RECV RECV
USED USED IN UNDRUN BUFFER TRSHLD DATA TRSHLD
RECV AVAIL REACHD AVAIL REACHD

FIFO

Each of the bits of the FIFO Status Register is set and cleared by DLC hardware to indicate the real-time state of the various
status conditions that it represents. Bits 6-7 are not assigned.

Upon completion of DLC reset or IDPC reset external input, the bits of this register will be set/cleared to their default values.

There is a FIFO Status Interrupt Enable Register that is a bit-for-bit image of this register. Setting any bit in this register will set bit
6 of the Interrupt Source Register if 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 Interrupt Source Interrupt Enable Register.

Bit 0: Receive Threshold Reached (Default=0)—This bit is set to a ‘1’ when the number of bytes in the DLC receive FIFO
increments to a value equal to or greater than the value in the receive FIFO threshold bit field of the DLC FIFO Threshold Register.
This bit is cleared to ‘0’ when the count of bytes in the receive FIFO byte counter decrements to a value less than the receive
threshold value stored in the DLC FIFO Threshold Register.

This status bit is used to condition the DLC receive DMA data request signal.

Bit 1: Receive FIFO Data Available (Default=1)—This bit is set to a ‘1" whenever there is a byte available to be read for the
DLC Receive FIFO Data Register.

This bit is cleared to a ‘0’ when a byte is read and the receive FIFO is empty. Receive FIFO data available is disabled (cleared)
when the last byte of a packet is read from the FIFO. It is not re-enabled until the user reads the LSB of the Receive Byte Count
Register. This, in conjunction with the packet received interrupt, provides the non-DMA user with an indication of when the last
byte of the packet has been read.

Bit 2: Transmit Threshold Reached (Default=0)—This bit is set to a ‘1’ when the number of bytes in the DLC transmit FIFO is
less than or equal to the count in the transmit FIFO threshold bit field (bits 0-3 of the FIFO Threshold Register).

This bit is cleared to a ‘0’ when the count of bytes in the transmit FIFO increments to a value greater than the transmit FIFO
threshold bit field value. This status bit is used to condition the DLC transmit DMA data request signal.

Bit 3: Transmit FIFO Buffer Available (Default=0)—This bit is set to a ‘1’ whenever the DLC FIFO Data Register is empty,
and the transmit byte counter is not equal to zero (i.e., available to be written into). On a write, this bit remains active if the FIFO
buffer is not full. This bit is cleared when the last byte of a packet is in the FIFO. This prevents multiple packets from existing in the
FIFO at the same time (non-DMA users).



Bit 4: Transmit Underrun (Default=0)—This bit is set to a ‘1’ if the output location of the transmit FIFO buffer (opposite end of
the FIFO from the FIFO Data Register) is empty when a transmitter serial-to-parallel load is attempted. The transmit byte counter
is implicitly non-zero for this load to be attempted. This bit is cleared when the FIFO Status Register is read.

An abort is automatically transmitted in response to an underrun.

Bit 5: EOP in Receive FIFO (Default=0)—This bit, when set to a ‘1’, indicates that the last byte of a packet has been loaded
into the receive FIFO. The bit remains set until no EOP tags remain in the FIFO. This is the packet received indication, and is
normally used only for non-DMA applications to indicate that the FIFO should be serviced.

Bits 6-7—Not Used

DLC FIFO Data Registers
The Receive FIFO and Transmit FIFO Data Registers are each eight bits in length.

The Receive FIFO Data Register is read by DMA or software to remove one byte at a time from the receive FIFO. If read by
software, the user should first poll the receive FIFO data available status bit (bit 1 in the FIFO Status Register), unless data is
being read in response to a threshold reached indication in which the number of bytes to be read is known.

The Transmit FIFO Data Register is written by DMA or software to load one byte to the transmit FIFO. 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 slot is
available in the FIFO (unless the field is being loaded in response to a threshold reached indication, in which case the number of
bytes that can be loaded is known).

DLC Residual Bit Status/Control Register (1D Hex)

7 6 5 4 3 2 1 0
NOT NOT XMIT XMIT RECVD RECVD RECVD RECVD
USED USED RESIDUE RESIDUE RESIDUE RESIDUE RESIDUE RESIDUE
COUNT COUNT COUNT COUNT COUNT COUNT
MSB — LSB MSB — LSB

Bit residue is the number of bits remaining after the information field is divided into 8-bit bytes. Since microprocessors handle
data on 8-bit boundaries, data is moved to and from the IDPC FIFOs and external RAM in 8-bit quantities. Most data communi-
cation protocols, however, contain characters 5 to 8 bits in length (extra bit positions contain garbage). In order to use the
bandwidth of the data communication network, protocols such as X.25 allow the characters to be stripped of unnecessary bits
and concatenated into a “packed” bit stream for transmission.

At the receiving end, the bit stream is unpacked and the characters are once more stored as portions of bytes. The packed infor-
mation field is no longer aligned on 8-bit boundaries. Since the transmitted and received data are no longer stored in 8-bit chunks,
the end of the information field may not end in 8 bits. The leftover bits are referred to as residue bits; however, they represent valid
data. The Residual Bit Status/Control Register contains two count fields (receive and transmit) which are used to report the
number of residue bits prior to the sending/receiving of the closing flag.

Bits 0-2: Received Bit Residue Count (Default=000)—These three bits form a “read-only” field displaying the number of

residue bits received. This field is cleared to ‘0’s upon reset or by a read of the register or-a read of the LSB of the receive byte
counter. This field is a delayed-stacked field. Up to four packets may be stacked at any one time.

Bits
2 1 V] Indicated Value
0 0 0 8 Bits
0 0 1 1 Bit
0 1 0 2 Bits
1 1 1 7 Bits

Bits 3-5: Transmitter Bit Residue Count (Default=000)—These three bits allow the user to specify the number of residue
bits to be transmitted in the last byte of the packet (data is loaded into the transmit FIFO in byte quantities). This is a read/write
field that is cleared under software control.

Bits 6-7 not used.

Bits
5 4 3 Indicated Value
0 0 0 8 Bits
0 0 1 1 Bit
0 1 0 2 Bits
1 1 1 7 Bits




Detailed Description of User-Visible USART Registers
The USART contains 14 registers, as shown in Table 3.

Table 3. USART Registers

Offset (Hex) Register Name Size (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/Write
29 Special Character Bit-Map Address Pointer Register 1 Read/Write
2A Special Character Bit Map Command Register 1 Read/Write

2B-3E Reserved 6 _

*Divisor Latch Access Bit (DLAB) in the Line Control Register.

USART Receive FIFO Data Register (Default=0)

| msB 7 | e | 5 | a | 3 2 1 | o LsB |

The Receive FIFO Data Register is a “read-only” register output side of the receive FIFO. Data received by the USART are read
from the FIFO by the CPU at this address.

USART Transmit FIFO Data Register (Default =0)

| wmsB 7 | e [ s | a4 | 3 | 2 | 1 o | ss

The Transmit FIFO Register is a “write-only” input to the transmit FIFO. Data placed in this 8-bit register are transmitted out of the
FIFO LSB first.

USART Baud Rate Divisor LSB Register (Default=0)

[ ms8 | 7 | e | 5 | a4 | 3 2 1 | o LsB

The Baud Rate Divisor LSB Register is an 8-bit register used to hold the low-order bits of the number by which the USART clock
input (USARTCLK) is to be divided. Bit 0 is the LSB and bit 7 is the MSB.

USART Baud Rate Divisor MSB Register (Default=0)

[ ms8 | 7 | & | 5 | 4 | 3 2 1. | o | is8 |

The Baud Rate Divisor MSB Register is an 8-bit register used to hold the high-order bits of the number by which the USART clock
input (USARTCLK) is to be divided. Bit 0 is the LSB and bit 7 is the MSB.

NOTE: When reset, the register pair is cleared to all zeros, but the baud rate generator will actually divide by 64 until
programmed.

Bit Definitions
15 14 13 12 1 10 8 7 6 0 Divide By:

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 One

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 65,535
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |Reserved

NOTE: Divide-by-one passes through the USARTCLK unaffected. This allows the receiver and transmitter to operate from
separate clocks in synchronous mode. A write to either the MSB or LSB divisor causes the baud rate generator to be
loaded with a 16-bit value.
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USART Interrupt Enable Register (21 Hex, DLAB=0)

7 6 5 4 3 2 1 0
NOT XMIT USART USART MODEM RECV XMIT RECV
USED LINE STATUS: STATUS: STATUS: LINE FIFO FIFO
STATUS: SPCL RECV CTS,DSR STATUS TRSHLD TRSHLD
SHFTREG CHAR FIFO
EMPTY TIMEOUT

The Interrupt Enable Register is an 8-bit read/write register used to enable specific interrupt sources (Default=0). Setting a
specific bit enables its corresponding interrupt. Clearing a bit disables the interrupt and resets the interrupt pin if the corres-
ponding condition is present.

USART Interrupt Identification Register (22 Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT NOT INTER INTER INTER INTER
USED USED USED USED SOURCE SOURCE SOURCE PEND
MSB — LSB

The Interrupt Identification Register is an 8-bit read-only register used to identify which status register contains an interrupt condi-
tion. Unused bit positions (bits 4-7) return ‘0’s when this register is read.

Bit 0: Interrupt Pending (Default=1)—This bit is cleared to a ‘0’ if any interrupt is pending.
Bits 1-3: Interrupt Source (Default=000)—This 3-bit field identifies the highest priority source of all existing interrupts.

Interrupt Source Decode
Bits
3 2 1| Priority | Source Reset By*
0|0]|0 4th CTSor DSR Reading the Modem Status Register
001 3rd Transmit FIFO Threshold Reached Reading this Register and Interrupt Source =001
ol110 2nd Receive FIFO Threshold Reached Reading this Register and Interrupt Source =010
011 1st** Overrun, Parity, Special Character Received, Reading Line Status Register

Framing, or Break

1]j01}0 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, causes the
interrupt request to be generated for the special character or parity error prior to the generation of the threshold reached interrupt.

Bits 4-7—Not Used (cleared to ‘0’s)

USART Line Control Register (23 Hex)

7 6 5 4 3 2 1 0
DIv BREAK STICK EVEN/ ENABLE NUMBER CHAR CHAR
LATCH PARITY obD PARITY STOP LENGTH LENGTH
ACCESS PARITY BITS mMsB LSB
BIT

Bit 0-1: Character Length—Bits 0 and 1 define the character length:

Bits
1 0 Length
0 0 5 Bits
0 1 6 Bits
1 0 7 Bits
1 1 8 Bits

Bit 2: Number of Stop Bits—This bit selects the number of stop bits used in serial data transfers:
0= 1 Stop Bit
1= 1.5 Stop Bits (5-bit characters) OR 2 Stop Bits (6-, 7-, or 8-bit characters)
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Bit 3: Parity Enable—When this bit is set to a ‘1’, parity generation and checking is enabled. When the bit is cleared, parity
generation and checking is disabled.

Bit 4: Even Parity Set—This bit is set to select even parity. The bit is cleared to select odd parity.

Bit 5: Stick Parity—If parity is enabled (bit 3 set) and this bit is set, parity is expected to be received opposite to that indicated
by bit 4. Parity is transmitted with a value opposite that of bit 4.

Bit 6: Break—This bit is set to request that a break condition be transmitted. The USART will transmit the break pattern immedi-
ately after completing any character transmission in progress when this bit is set. The Shift Register and transmit FIFO contents
are discarded. The line returns to normal operation when the bit is cleared. Breaks are transmitted only in asynchronous mode.

Bit 7: Divisor Latch Access Bit—This bit is set to access the Baud Rate Divisor Registers and is cleared to access the
Receive and Transmit FIFO Data Registers and the Interrupt Enable Register.

USART Modem Control Register (24 Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT LOCAL RESRVD RESRVD RTS DTR
USED USED USED LOOPBK

This register specifies modem control parameters (Default=0).

Bit 0: DTR—When this bit is set, DTR goes active-LOW.

Bit 1: RTS—When this bit is setto a ‘1’, RTS goes active-LOW.

Bits 2-3—Reserved

Bit 4: Local Loop back—Setting this bit to a ‘1’ places the USART in a local loop back condition for diagnostic purposes.
Bits 5-7—Not Used

USART Line Status Register (25 Hex)

7 6 5 4 3 2 1 0
SPCHL XMIT XMIT BREAK FRAMNG PARITY RECV RECV
CHAR SHIFT TRSHLD DETECT ERROR ERROR BUFFER DATA

IN REG REACHD IN OVERUN AVAIL

FIFO EMPTY FIFO

The Line Status Register contains flag bits that are set to indicate the presence of a condition that can generate 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 the Line
Status Register. Bit 5 is cleared when the condition goes away, but the interrupt is cleared by reading the Interrupt Identification
Register (when the Interrupt Identification Register is reporting this interrupt). Bits 0 and 6 are cleared when the associated condi-
tions are no longer present.

Bit 0: Receive Data Available (Default=0)—This bit is set to a ‘1’ when receive data is available in the Receive FIFO Data
Register.

Bit 1: Receive Buffer Overrun Error (Default=0)—This bit is set to a ‘1’ when an overrun error results in lost receive data.

Bit 2: Character With Parity Error Loaded Into FIFO (Default=0)—This bit is set when a parity error is detected and the
character is loaded into the FIFO.

Bit 3: Framing Error (Default=0)—This bit is set to a ‘1’ when an invalid stop bit is detected. A character with a framing error is
not loaded into the FIFO.

Bit 4: Break Condition Detected (Default =0)—This bit is setto a ‘1’ when a break condition is detected.

Bit 5: Transmit FIFO Threshold Reached (Default=1)—This bit is cleared when the number of bytes in the transmit FIFO
rises above the programmed threshold. The bit is reset to a ‘1’ when the FIFO level falls to the threshold.

Bit 6: Transmit FIFO Shift Register Empty (Default=1)—This bit is set to a ‘1’ when the Transmit Shift Register is empty (last
character transmitted) and cleared when the Transmit Shift Register and FIFO are no longer empty.

Bit 7: Special Character Loaded Into Receive FIFO (Default=0)—This bit is set when a special character is loaded into the
receive FIFO and cleared when the Line Status Register is read.

USART Modem Status Register (26 Hex)

7 6 5 4 3 2 1 0
RESRVD RESRVD DSR CTS RESRVD RESRVD CHANGE CHANGE
STATUS STATUS INDSR INCTS

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 0 and 1 default to '0' on reset; bits 4 and 5 reflect the input status.
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Bit 0: Change in CTS (Default = 0)—This bit is set if the CTS line has changed since this register was last read.

Bit 1: Change in DSR (Default = 0)—This bit is set to a ‘1’ when a change in DSR has occurred since this register was last read.
Bits 2-3—Reserved

Bit 4: CTS Line Status—This bitis setto a ‘1’ if CTS is active-LOW and cleared to a ‘0’ if CTS is inactive.

Bit 5: DSR Line Status—This bitis setto a ‘1’ if DSR is active-LOW and cleared to a ‘0’ if DSR is inactive.

Bits 6-7—Reserved

USART Control Register (27 Hex)

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 SELECT SOURCE SOURCE
MSB LSB MSB LSB

The 8-bit USART Control Register is used to control all non-8250-UART functions. Additionally, this register contains the USART
software reset bit.

Bit 0: Receive Clock Source (Default=0)—This bit is setto a ‘1’ to select the internal baud rate generator. The bit is cleared to
‘0’ to select the external clock (RXCLK).

Bit 1: Transmit Clock Source (Default=0)—This bit is set to a ‘1’ to select the internal baud rate generator. The bit is cleared
to ‘0’ to select the external clock (RxCLK).

Bit 2: Sync Select (Default=0)—This bit is set to a ‘1’ to select synchronous mode and cleared to a ‘0’ to select asynchronous
mode.

Bits 3-4: Receive FIFO Threshoid (Default=11)—These two bits are used to select the receive FIFO threshold. When the
number of bytes in the FIFO is greater than or equal to this value, receive FIFO threshold reached status is generated.

Bit
4 3 Value
0 1 1 Byte
1 0 2 Bytes
1 1 3 Bytes
[0] 0 4 Bytes

Bits 5-6: 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 reported.

Bit
6 5 Value
0 0 0 Bytes
0 1 1 Byte
1 0 2 Bytes
1 1 3 Bytes

Bit 7: Reset (Default=0)—This bit is set by software to initiate a USART reset operation (identical to a reset initiated by
hardware via the RST pin, except only the USART is affected).

USART Status Register (28 Hex)

7 6 5 4 3 2 1 0
RECVR NOT NOT XMIT RECV SPCHL CHARW/ RECV
ENABLE USED USED BUFFER FIFO CHAR PARITY FIFO

AVAIL TRSHLD AVAIL ERROR TIME-
REACHD AVAIL ouT

The USART Status Register reports status conditions that do not occur in an 8250 UART. This register also contains the
“character with parity error available” status bit. The default=00010000. Bits 1-4 are cleared when the corresponding condition
no longer exists.

Bit 0: Receive FIFO Timeout Has Occurred (Default=0)—This bit is set to a ‘1’ when a receive FIFO timeout has occurred.
The bit is cleared when this register is read. The timeout occurs when the level in the receive FIFO is below the threshold and no
characters are received in at least 2048 receiver clocks.
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Bit 1: Character with Parity Error Available (Default=0)—This bit is set when a character with a parity error reaches the
output of the receive FIFO. This bit is cleared when the character is read from the FIFO.

Bit 2: Special Character Available (Default=0)—This bit is set when a special character reaches the output of the receive
FIFO. This bit is cleared when the character is read from the FIFO.

Bit 3: Receive FIFO Threshold (Default=0)—This bit is set to a ‘1’ when the level of the receive FIFO reaches the selected
receive FIFO threshold. The bit is cleared when the number of bytes in the receive FIFO falls below the threshold value.

Bit 4: Transmit Buffer Available (Default=1)—This bit is set whenever the FIFO Data Register is empty, and is cleared when
the FIFQ is full.

Bits 5-6—Not Used

Bit 7: Receiver Enable/Disable (Default=0)—This bit is set to enable the USART receiver, and is cleared to disable the
receiver.

USART Special Character Bit-Map Address Pointer Register (29 Hex)

7 6 5 4 3 2 1 0
NOT SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL SPCHL
USED CHAR CHAR CHAR CHAR CHAR CHAR CHAR
BIT6 BITS BIT4 BIT3 BIT2 BIT1 BITO

This register is used to set a pointer into the 128-bit special character bit map (Default=0).

The character field is the address pointer into the bit map. A character is designated as a special character by first writing the
address (which is the character itself) into bits 0-7 of the Special Character Bit-Map Address Pointer Register, and then by setting
bit 0 of the Special Character Bit-Map Command Register. Once designated, a special character can be returned to normal status
by clearing bit 0 of the Special Character Bit-Map Command Register (after the pointer is set).

NOTE: When the receiver enable bit is set (bit 7 of USART Status Register), reading the Special Character Command Register
returns all ‘1’s regardless of the actual state of the special character addressed. This is done to prevent simuitaneous
read/writes between the MPI and the internal logic.

A special character can be read or written to only when the receiver enable bit (USART Status Register bit 7) is cleared.

USART Special Character Bit-Map Command Register (2A Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT NOT NOT NOT NOT SET/
USED USED USED USED USED USED USED CLEAR
BIT MAP

This register sets and clears the bit pointed to by the Special Character Bit-Map Address Pointer Register (Default=0).
The register that designates a special character is set using the special characer bit-map pointer. When this register is read by the
user, the state of the bit in the bit map (pointed to by the Special Character Bit-Map Pointer Register) is returned in bit location 0.

NOTE: All special characters are cleared on reset.
Detailed Description of User-Visible DPMC Register
The DPMC contains one user-visible register (the Semaphore Register) used to control inter-processor communications.

Table 4. DPMC Registers
Offset (Hex) Register Name Size (Bytes) Type

3F Semaphore Register 1 Read/Write
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DPMC Semaphore Register (3F Hex)

7 6 5 4 3 2 1 0
NOT NOT NOT NOT NOT NOT INTRPT INTRPT
USED USED USED USED USED USED TO TO
LOCAL HOST
PROC PROC

The Semaphore Register controls interrupt requests between the host processor and the local 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.

Bit 0: Interrupt to Host Processor (Default=0)—This bit is set to a ‘1’ by the local processor to initiate communications with
the host processor. When set, the HINTOUT pin goes active-HIGH. The bit is cleared by the HINTACK pin (from the host) going
HIGH (pulse). This bit can be read by the local processor.

Bit 1: Interrupt to Local Processor (Default=0)—This bit is set to a ‘1’ when the HINTIN pin from the host processor goes
active (pulse). When this bit is set, the LINTOUT pin goes active-HIGH. This bit is cleared by the local processor by writing a ‘0’ to
it. LINTOUT goes inactive when this bit is cleared. )

Bits 2-7—Not Used
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8250 UART, 2-13

Abort, 2-2, 2-5, 2-10, 4-1
Address, 2-2
Command/response, 2-12, 4-3
Command/response bit, 2-2
Detection unit, 2-12
Extended address, 2-2
Address detection, 4-2
First byte only, 4-2
Reporting, 4-3
Second byte only, 4-3
Two byte mode, 4-3
Address detection unit, 4-1
Address map, 4-1

Baud Rate Generator, USART, 2-17, 4-11
Divide by one option, 4-12

Bit oriented protocols, 2-1

Break detection, 2-16

Clock selection, USART, 2-18
Control field, 2-2

CRC checker, 2-12, 4-1
CRCerror, 2-10

CRC generator, 2-7, 4-1

CRC pass through, 4-1

Data Link Controller, 1-2, 2-1
DLC initialization, 4-6
DLC receiver

Initialization, 2-9

Operational sequence, 2-9
DLC transmitter

Initialization, 2-3

Operational sequence, 2-5, 4-5
DMA acknowledge, 3-4
DMA operation, 4-3

Receiver, 4-3

Transmitter, 4-3
DMA request

DLC receiver, 2-13

DLC transmitter, 2-6
DMA/80188 interface, 3-2
DPMC bus interfaces, 2-18, 3-5
DPMC conflict resolution, 2-19
DPMC memory cycle generation, 2-18
DPMC memory cycle timing, 2-19

Read cycle, 2-19

Write Cycle, 2-19

DPMC operation, 2-18
Dual-Port Memory Controller, 1-3, 2-18

FIFO
Buffer, DLC receiver, 2-12
Buffer, DLC transmit, 2-6
Data available bit, DLC receiver, 2-12
DLC receiver, 2-12
DLC tramsmit, 2-6
End of Packet tag, DLC receiver, 2-13
Overrun, DLC receive FIFO, 2-10, 2-13
Threshold, DLC receiver, 2-13, 4-1
Threshold, DLC transmit, 2-6, 4-1
Underrun, DLC transmit, 2-6
USART, 2-14

Fill bits, USART Receiver, 2-14

Flag, 2-1
Closing flag, 2-2
Opening flag, 2-2

Flagidle, 2-2, 4-1

Flag/abort detection, 2-11

Frame, 2-1

Frame check sequence, 2-2

Framing error checking, USART, 2-16

Framing error, USART, 2-14

In-frame, 2-2
Information field, 2-2
Interprocessor interrupt, 2-20
Host to local interrupt, 2-20, 4-18
Local to host interrupt, 2-20, 4-18
Programming, 4-17
Interrupt priority, USART, 2-17
Interrupts
DLC receiver, 4-2
DLC transmitter, 4-1
USART, 4-11
ISDN software, 3-8

Local loop back, 2-5, 2-8, 2-10, 4-2
Long frame, 2-3
Long frame error, 2-10, 2-13

Markidle, 2-2, 4-1
Maximum packet size, 4-1
Microprocessor interface

68000, 3-2

80188, 3-1
Minimum packet size, 4-1
Non-integer number of bytes, 2-3

Non-integer number of bytes error, 2-10
Out-of-frame, 2-2



Packet, 2-2
Packet status reporting, 4-4
Parity checking, 2-16

Stick parity, 2-16

Receive byte count register, DLC, 2-13
Receive byte counter, 2-13
Receiver enable, DLC, 4-1
Receiver enable, USART, 2-14
Receiving packets,

Exceptions, 4-9

Normal, 4-9
Register map, 4-1

DLC, 4-2

DPMC, 4-17

USART, 4-11
Remote loop back, 2-5, 2-8, 2-11, 4-2
Reset, DLC software, 4-2
Residual bits, transmission, 2-5

Serial Bus Port
Datainversion, 2-8, 2-11,4-2
Mark idle detection, 2-11
Mark idle insertion, 2-8
Time slot demultiplexor, 2-11
Time slot multiplexor, 2-7, 4-2
Transmitter Enable, 2-8
Shift register
DLC receiver, 2-12
DLC transmit, 2-7
USART receiver, 2-14
USART transmitter, 2-17
Short frame, 2-3
Short frame byte counter, 2-12
Short frame error, 2-10

Special character recognition, 1-3, 2-14, 2-15, 4-11

Synchronous/transparent mode, 1-3, 2-14

Transmit Byte Count Register, 2-6
Transmit byte counter, 2-6
Transmiting packets

One ata time, with DMA, 4-5
Transmitter enable, DLC, 2-8, 4-1
Transmitting packets, 4-5, 4-8

Queue of packets, with DMA, 4-5
Transparency, 2-3

Underrun, DLC FIFO, 2-5,2-6
USART, 1-3, 2-13
USART asynchronous operation, 2-14
USART break generation, 2-17
USART clocking options, 4-12
USART data clocks, 2-18
USART features, 2-13
Baud rate generator, 4-11
Break generation, 4-11
Character length, 4-10
Clock selection, 4-11
FIFO thresholds, 4-11
Modem controls, 4-10
Operational modes, 4-11
Parity, 4-10
Special character recognition, 4-11
Stop bits, 4-10
USARTFIFOs, 1-3
Polling the data available bit, 4-12
Receive FIFO time-out, 4-12
Special character/parity error
handling, 4-12
USART Initialization, 4-14
USART interrupts, 2-14
USART modem control signals, 2-17, 4-12
USART receive FIFO, 2-15
Dataregister, 2-15
Overrun, 2-15
Parity error flag, 2-15
Special character flag, 2-15
Threshold interrupt, 2-15
Time-out, 2-15
USART reception
Break reception, 4-16
FIFO overrun, 4-17
FIFO threshold reached, 4-15
FIFOtime-out, 4-15
Framing errors, 4-16
Parity error reception, 4-16
Special character reception, 4-15
USART transmission
FIFO threshold reached, 4-15
Initiate transmission, 4-14
USART transmit FIFO, 2-17
Threshold, 2-17
USART transmitter, 2-17

Zero-bit deletion unit, 2-12
Zero-bitinsertion unit, 2-7
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FAX. ...852-5-8654335
TLX. 67955AMDAPHX
ITALY, Milan TEL 02) 3390541
..(02) 3533241
FAX. ..(02) 3498000
TLX 315286

JAPAN,

Kanagawa TEL 462-47-2911
FAX. ...462-47-1729

International (Continued)

Tokyo TEL (03) 345-8241
(03) 342-5196
TLX ..J24064AMDTKOJ
Osaka TEL 06-243-3250
FAX e eeeeeeeenne 06-243-3253
KOREA, Seoul TEL 82-2-784-7598
FAX oo 82-2-784-8014

LATIN AMERICA,
Ft. Lauderdale TEL (305) 484-8600

..(305) 485-9736
..5109554261 AMDFTL

(02) 537810

65-2257544

- .65-2246113
'RS55650 MMI RS

(08) 733 03 50

886-2-7122066

........................... 886-2-7122017

(0925) 828008
(0925) 827693
628524

(04862) 22121
............................ (0483) 756196
859103

TEL
NORWAY, Hovik TEL
FAX coevereereeesrsnssessassnsns (02) 591959
TLX 79079
SINGAPORE TEL
FAX
TLX
SWEDEN,
Stockholm TEL
FAX courveeeereesrerrereensens (08) 733 22 85
TLX 11602
TAIWAN TLX
FAX..
UNITED KINGDOM,
Manchester area........ TEL ..
FAX.
TLX
London area TEL
FAX..
TLX
North American Representatives_______
CANADA
Burnaby, B.C.

DAVETEK MARKETING

et |

ITEL ELECTRONICS.....

Kanata, Ontario
VITEL ELECTRONICS .........

Mississauga, Ontario

...(604) 430-3680
...(403) 278-5833

........................... (613) 592-0090

VITEL ELECTRONICS ...(416) 676-9720
Quebec

VITEL ELECTRONICS (514) 636-5951
DAHO

INTERMOUNTAIN TECH MKGT ...t (208) 888-6071
INDIANA

ELECTRONIC MARKETING
CONSULTANTS, INC

OWA
LORENZ SALES

........................... (317) 253-1668

(319) 377-4666

KANSAS
Merriam

LORENZ SALES ...ttt

Wichita
LORENZ SALES

(913) 384-6556
(316) 721-0500

KENTUCKY
ELECTRONIC MARKETING
CONSULTANTS INC

MICHIG
MIKE RAICK ASSOCIATES

MISSOURI
LORENZ SALES

........................... (317) 253-1668
........................... (313) 644-5040

..... (314) 997-4558

NEBRASK
LORENZ SALES ..
NEW MEXIC

...(402) 475-4660

CO
THORSON DESERT STATES ... (505) 293-8555

NEW YORK
NYCOM, INC

(315) 437-8343

OHIO
Centerville

DOLFUSS ROOT & CO........

Colum

DOLFUSS ROOT & CO........

Strongsville

DOLFUSS ROOT & CO........

PENNSYLVANIA

DOLFUSS ROOT & CO... ...
UTAP
R MARKETING ..ot

........................... (513) 433-6776
........................... (614) 885-4844
........................... (216) 238-0300
........................... (412) 221-4420

(801) 595-0631

Advanced Micro Devices reserves the right to make changes in its product without notice in order to improve design or performance characteristics. The performance
characteristics listed in this document are guaranteed by specific tests, guard banding, design and other practices common to the industry. For specific testing details,
contact your local AMD sales representative. The company assumes no responsibility for the use of any circuits described herein.
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