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PREFACE

The purpose of this Technical Manual is to explain and  (ISCC). The documentis organized into six chapters and
illustrate the hardware and software technical detailsof the ~ one appendix as follows:
Z16C35, Integrated Serial Communications Controller

1. General Description

Chapter 1 is an introductory section covering the key features,
overview block diagrams, pin-out, and pin definitions.

2. Interfacing the ISCC

Chapter 2 provides the technical information to describe the bus interfaces,
1/O interfaces, and register accesses.

3. Detailed Functional Descriptions
Chapter 3 covers the ISCC's functional details in the areas of receiver
and transmitter DMA operations, baud rate generator,
data encoding/decoding, digital phase locked loop,
clock selection, and crystal oscillators.
4. Modes of Operation

Chapter 4 explains the serial data transmission and reception in asynchronous,
bit- and byte-oriented synchronous modes.

5. Register Descriptions

Chapter 5 illustrates and explains the bit combinations
and definitions for all ISCC registers.

6. Appendix A

Appendix A illustrates and explains the interfacing of the ISCC
to Intel and Motorola microprocessors.
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TECHNICAL MANUAL

CHAPTER 1

GENERAL DESCRIPTION

1.1 INTRODUCTION

The Z16C35, ISCCis aCMOS superintegration device with
a flexible Bus Interface Unit (BIU) connecting a built-in
Direct Memory Access (DMA) cell to the CMOS Serial
Communications Control (SCC) cell.

The ISCC is a dual-channel, multi-protocol data communi-
cations peripheral which easily interfaces to CPU's with
either multiplexed or non-multiplexed address and data
buses. The advanced CMOS process offers lower power
consumption, higher performance, and superior noise
immunity. The programming flexibility of the internal regis-
ters allow the ISCC to be configured for a wide variety of
serial communications applications. The many on-chip
features such as streamlined bus interface, four channel
DMA, baud rate generators, digital phase-locked loops,
and crystal oscillators dramatically reduce the need for
external logic. Additional features, including a 10x19 bit
status FIFO, are added to support high speed SDLC
transfers using on-chip DMA controllers.

The ISCC can address up to 4 gigabytes per DMA channel
by using the /UAS and /AS signals to strobe out 32-bit
multiplexed addresses.

The ISCC handles asynchronous formats, synchronous
byte-oriented protocols such as IBM Bisync, and synchro-
nous bit-oriented protocols such as HDL.C and IBM SDLC.
This versatile device supports virtually any serial data
transfer application (terminals, printers, diskette, tape
drives, etc.).

The device can generate and check CRC codes in any
synchrenous mode and can be programmed to check
dataintegrityin various modes. The ISCC also has facilities
for modem controls in both channels. In applications
where these controls are not needed, the modem controls
can be used for general-purpose 1/O.

The standard Zilog interrupt daisy chain is supported for
interrupt hierarchy control. Internally, the SCC cell has
higher interrupt priority than the DMA cell.

The DMA cell consists of four DMA channels; one for
transmit and one for receive to and from each SCC chan-
nel, respectively.

The DMA cell adopts a simple fly-by mode DMA transfer,
providing a powerful and efficient DMA access. The cell
does not support memory-to-memory transfer.

Priorities between the four DMA channels are program-
mable to custom-fit user applications. Arbitration of Bus
priority control signals between the ISCC DMA and other
system DMA's should be handled outside the ISCC.

The BIU has a universal interface to most system/CPU bus
structures and timing. The first write to the ISCC after a
hardware reset will configure the bus interface type being
implemented.

1-1
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Figure 1-1. Block Diagram

1.2 FEATURES

B Low power CMOS technology

B Two general-purpose SCC channels, four DMA
channels; and Universal Bus Interface Unit

Software compatible to the Zilog CMOS SCC

B Four DMA channels; two transmit and two receive
channels to and from the SCC

B Four gigabyte address range per DMA channel

B Flyby DMA transfer mode

B Programmable DMA channel priorities

B Independent DMA register set

B A Universal Bus Interface Unit providing simple
interface tomost CPUs multiplexed or non-multiplexed
bus; compatible with 680x0 and 8x86 CPUs

B 32-bit addresses multiplexed to 16-pin address/data
lines

B 8-bit data supporting high/low byte swapping

B 10 MHz timing

B 125 & 16 MHz timing planned

MW 68-pin PLCC

W Supports all Zilog CMOS SCC features:

Two.independent, 0 to 4.0 M bit/second, full-duplex
channels, each with a separate crystal oscillator, baud
rate generator, and digital phase-locked loop circuit
for clock recovery.

Multi-protocol operation under program control;
programmable for NRZ, NRZi, or FM data encoding.

Asynchronous mode with five to eight bits and one,
one and one-half, or two stop bits per character;
programmable clock factor; break detection and
generation; parity, overrun, and framing error detection.

Synchronous mode with internal or external character
synchronization on one or two synchronous characters
and CRC generation and checking with CRC-16 or
CRC-CCITT preset to either 1's or O's.

SDLC/HDLC mode with comprehensive frame-level
control, automatic zero insertion and deletion, I-field
residue handling, abort generation and detection, CRC
generation and checking, and SDLC Loop mode
operation.

Local Loopback and Auto Echo modes

Supports T1 digital trunk

Enhanced SDLC 10x19 Status FIFO for DMA support

Full CMOS SCC register set
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1.3 PIN DESCRIPTION

The following section describes the Z16C35 pin functions.
Figures 1-2 and 1-3 detail the respective pin functions and
pin assignments. All references to DMA are internal.

ICTSA, /ICTSB. Clear To Send (inputs, active Low). These
pins function as transmitter enablesif they are programmed
for Auto Enables (WR3, D5). If these pins are programmed
as Auto Enables, a Low on the inputs enables the respec-
tive transmitters. If not programmed as Auto Enables, they
may be used as general-purpose inputs. Both inputs.are
Schmitt-trigger buffered to accommodate slow rise-time
inputs. The SCC cell detects transitions on these inputs
and can interrupt the CPU on both low to high and high to
low transitions.

/DCDA, /DCDB. Data Carrier Detect (inputs, active Low).
These pins function as receiver enables if they are pro-
grammed for Auto Enables (WR3 D5), otherwise they are
used as general-purpose input pins. Both pins are Schmitt-
trigger buffered to accommodate slow rise time signals.

The SCC cell detects transitions on these ihputs and can
interrupt the CPU on both low to high and high to low
transitions.

/DTR//REQA, /DTR//REQB. Data Terminal Ready / Re-
quest(outputs, active Low). These pins are programmable
(WR14, D2) to serve as either general purpose outputs or
as DMA request lines. When programmed for the DTR
function These outputs follow the state programmed into
the DTR bit of Write Register 5 (WR5, D7). When pro-
grammed for the Ready mode, these pins serve as DMA
requests for the transmitter. Note that this DMA request is
not associated with the on-chip DMA and is intended for
use in requesting DMA service from an external DMA.

IEL. Interrupt Enable In (input, active High). IEl is used with
IEO to form an interrupt daisy chain when there is more
than one interrupt driven device. A high IE| indicates that
no other higher priority device has an interrupt under
service or is requesting an interrupt.




IEO. Interrupt Enable Out(outpul, active High). IEO is High
only if IEI is High and the CPU is not servicing the ISCC
(SCC or DMA) interrupt or the ISCC is not requesting an
interrupt (Interrupt Acknowledge cycle only). IEO is con-
nected to the next lower priority device's IEl input and thus
inhibits interrupts from lower priority devices.

/INT. Interrupt(output, active Low). This signal is activated
when the SCC or DMA requests aninterrupt. Note that/INT
is pulled high and is not an open-drain output.

/INTACK. Interrupt Acknowledge (input, active Low). This
is a strobe which indicates that an interrupt acknowledge
cycle is in progress. During this cycle, the SCC and DMA
interrupt daisy chain is resolved. The device is capable of
returning an interrupt vector that may be encoded with the
type of interrupt pending during this acknowledge cycle
when /RD or /DS become high. /INTACK may be pro-
grammed to accept a status acknowledge, a single pulse
acknowledge, or a double pulse acknowledge. This is
programmed in the Bus Configuration Register (BCR). The
double pulse acknowledge is compatible with 8x86 family
MICroprocessors.

PCLK. Clock (input). This is the master SCC cell and DMA
cell clock used to synchronize internal signals. PCLK is a
TTL level signal. PCLK is not required to have any phase
relationship with the master system clock.

RxDA, RxDB. Receive Data (inputs, active High). These
input signals receive serial data at standard TTL levels.

/RTxCA, /RTxCB. Receive/Transmit Clocks (inputs, active
Low). These pins can be programmed to several modes of
operation. In each channel, /RTxC may supply the receive
clock, the transmit clock, the clock for the baud rate
generator, or the clock for the Digital Phase-Locked Loop.
These pins can also be programmed for use with the
respective /SYNC pins as a crystal oscillator. The receive
clock may be 1, 16, 32, or 64 times the data rate in
asynchronous modes.

/RTSA, /RTSB. Request To Send (outputs, active Low).
When the Request To Send (RTS) bitin Write Register 5 is
set, the /RTS signal goes Low. When the RTS bitis resetin
the Asynchronous mode and Auto Enable is on, the signal
goes High after the transmitter is empty. In Synchronous
mode or in Asynchronous mode with Auto Enable off, the
/RTS pin strictly follows the state of the RTS bit. Both pins
can be used as general-purpose outputs.

/SYNCA, /SYNCB. Synchronization (inputs or outputs, ac-
tive Low). These pins can act either as inputs, outputs, or
part of the crystal oscillator circuit. In the Asynchronous

Receive mode (crystal oscillator option not selected),
these pins are inputs similar to /CTS and /DCD. In this
mode, transitions on these lines affect the state of the Sync/
Hunt status bits in Read Register O but have no other
function.

In External Synchronization mode with the crystal oscillator
not selected, these lines also act as inputs. In this mode,
/SYNC must be driven Low two receive clock cycles after
the last bit in the synchronous character is received.
Character assembly begins on the rising edge of the
receive clock immediately preceding the activation
of /SYNC.

In the Internal Synchronization mode (Monosync and
Bisync) with the crystal oscillator not selected, these pins
act as outputs and are active only during the part of the
receive clock cycle in which sync condition is not latched.
These outputs are active each time a sync pattern is
recognized (regardless of character boundaries). InSDLC
mode, the pins act as outputs and are valid on receipt of
a flag. The output is active for one receive clock period
(refer to Chapter 4).

TxDA, TxDB. Transmit Data (outputs, active high). These
output signals transmit serial data at standard TTL levels.

/TRxCA, /TRxCB. Transmit/Receive Clocks (inputs or
outputs, active Low). These pins can be programmed in
several different modes of operation. /TRxC may supply
the receive clock or the transmit clock in the inputmode or
supply the output of the Digital Phase-Locked Loop, the
crystal oscillator, the baud rate generator, or the transmit
clock in the output mode.

/CE. Chip Enable (input, active Low). This signal selects
the ISCC for a peripheral read or write operation. This
signal is ignored when the ISCC is bus master.

AD15-ADO0. Data bus (bidirectional, 3-state). These lines
carry data and commands to and from the ISCC.

/RD. Read (bidirectional, active Low). When the ISCC is a
peripheral (i.e. bus slave), this signal indicates a read
operation and when the ISCC is selected, enables the
ISCC's bus drivers. As aninput, /RD indicates that the CPU
wants to read from the ISCC read registers. During the
Interrupt Acknowledge cycle, /RD gates the interrupt vec-
tor onto the bus if the ISCC is the highest priority device
requesting an interrupt. When the ISCC is the bus master,
this signalis used toread data. As an output, after the ISCC
has taken control of the system buses, /RD indicates a
DMA-controlled read from a memory or 1/O port address.




"/WR. Write (bidirectional, active Low). When the ISCC is
selected, this signal indicates a write operation. As an
input, this indicates that the CPU wants to write control or
command bytes to the ISCC write registers. As an output,
after the ISCC has taken control of the system buses /WR
indicates a DMA-controlled write to a memory or 1/O port
address.

/DS. Data Strobe (bidirectional, active Low). A Low on this
signal indicates that the AD15-ADO0 bus is used for data
transfer. When the ISCC is not in control of the system bus
and the external system is transferring information to or
from the ISCC, /DS is a timing input used by the ISCC to
move datatoor from the AD15-ADO0 bus. Datais written into
the ISCC by the external system on the High to Low /DS
transition. Data is read from the ISCC by the external
system while /DS is Low. There are no timing requirements
between /DS as an input and ISCC clock; this allows use
of the ISCC with a system bus which does not have a
bussed clock.

During a DMA operation when the ISCC is in control of the
system, /DS is an output generated by the ISCC and used
by the system to move data to or from the AD15-ADO bus.
When the ISCC has bus control, it writes to the external
system by placing data on the AD15-ADO bus before the
High-to-Low /DS transition and holds the data stable until
after the Low-to-High /DS transition; while reading from the
external system, the Low-to-High transition of /DS inputs
data from the AD15-ADO bus into the ISCC.

R//W. Read/Write (bidirectional). Read polarity is High and
write polarity is Low. When the ISCC is not in control of the
system bus and the external system is transferring infor-
mation to or from the ISCC, R//W is a status input used by
the ISCC to determine if data is entering or leaving on the
AD15-ADO bus during /DS time. In such a case, Read
(High)indicates thatthe systemisrequesting data from the
ISCC and Write (Low)indicates thatthe systemis presenting
data to the ISCC. The only timing requirements for R//W as
an input are defined relative to /DS. When the ISCC is in
control of the system bus, R//W is an output generated by
the ISCC, with Read (high) indicating that data is being
requested from the addressed location or device, and
Write (low) indicating that data is being presented to the
addressed location or device.

/UAS. Upper Address Strobe (Qutput, active Low). This
signalis used if the output address is more than 16-bit. The
upper address, A31-A16, can be latched externally by the
. rising edge of this signal. /JUAS is active first before /AS
becomes active. This signal and /AS are used by the
DMA cell.

/AS. Lower Address Strobe (Bidirectional, active Low).
When the ISCC is bus master, this signalis anoulput, and
is used as a lower address strobe for AD15-ADO. Itis used
in conjunction with /UAS since the address is 32-bits. This
signal and /UAS are used by the DMA cell when itis bus
master. When ISCC is not bus master, this signal is used
in the muiltiplexed bus modes to latch the address on the
AD lines. The /AS signal is not used in the non-multiplexed
bus modes and should be tied to Vcc through a resistor in
these cases.

/WAIT//RDY. Wait/Ready (bidirectional, active Low). This
signal may be programmed to function either as a Wait
signal or Ready signal during the BCR write. When the BCR
is written to Channel A (A 1/A//B High during the BCR write),
this signal functions as a /WAIT and thus supports the
READY function of 8X86 microprocessors family. When
the BCR writes to Channel B (A1/A//B Low), this signal
functions as a /READY and supports the /[DTACK function
of the 680X0 microprocessor family.

This signal is an output when the ISCC in not bus master.
In this case, the /Wail//RDY signalindicates when lhe data
is available during a read cycle; when the device is ready
to receive data during a write cycle; and when a vald -
vector is available during an interrupt acknowledge cycle.

When the ISCC is the bus master (the DMA cell has taken
control of the bus), the /Wait//RDY signal functions as a
/WAIT or /READY input. Slow memories and peripheral
devices can assert /WAIT to extend /DS during bus trans-
fers. Similarly, memories and peripherals use /READY to
indicate that its output is valid or that it is ready to latch
input data. '

/BUSACK. Bus Acknowledge (input, active Low). Signals
the bus has been released to the DMA. Il the /BUSACK
goes inactive before the DMA transfer is completed, the
current DMA transfer is aborted.

/BUSREQ. Bus Request{output, aclive Low). This signalis
used by the DMA to obtain the bus from the CPU.

AQ/SCC//IDMA. DMA Channel/SCC Select/DMA Select
(bidirectional). When this pin is used as input, a high
selects the SCC cell and a low selects the DMA cell. When
this pin is used as output, the signal on this pin is used in
conjunction with A1/A//B pin output to identify which DMA
channel is active. This information can be used by the user
to determine whether to issue a DMA abort command. A0/
SCC//DMA and A1/AJ/B output encoding is shown on the
following page.
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A1/A//B AO/SCC//DMA DMA channel
1 1 RxA
1 0 TxA
0 1 RxB
0 0 TxB

A1/A//B. DMA Channel/Channel A/Channel B (bidirec-
tional). This signal, when used as input, selects the SCC
channelin which the read and write operation occurs. Note

that AO/SCC//DMA pin must be held high to select this
feature. When this pin is used as an output, it is used in
conjunction with the AO/SCC//DMA pin output to identify
which DMA channel is active. During a DMA peripheral
access, the A1/A//B pin is ignored.

/RESET. (input, active Low). This signal resets the device
to a known state. The first write to the ISCC after a reset
accesses the BCR to select additional bus options for
the device.
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TECHNICAL MANUAL

CHAPTER 2

INTERFACING THE ISCC

2.1 INTRODUCTION

This chapier deiaiis ihe interfacing of ihe iISCT i a sysiern.
The Product Specification must be referenced for specific
timing details.

2.2 BUS INTERFACE UNIT (BIU)
DESCRIPTION

The ISCC contains a flexible bus interface that is compat-
ible with a variety of microprocessors and microcontrollers.
The device is designed to work with 8- or 16-bit bus
systems and may be used with address/data multiplexed
busses or non-multiplexed busses. The bus interface slyle
is selected by certain actions which take place after a
hardware reset.

The ISCC contains a Bus Configuration Register, the BCR.
This register has no address and is only accessible in the
firsttransaction to the ISCC after a hardware reset; this first
transaction must be a write with A@/sec//[DMA Low and is
automatically directed to the Bus Configuration Register
by the ISCC. The Bus Configuration Register contains bits
which program the byte swapping feature, the interrupt
acknowledge type and other aspects of the bus interface
configuration. Refer to Chapter 5 for BCR details.

The multiplexed bus is selected for the ISCC if there is an
Address Strobe prior to or during the transaction which
writes the BCR. If no Address Strobe is present prior to or
during the transaction which writes the BCR, a non-mulli-
plexed bus is selected. The address strobe is recognized
whether or not the ISCC Chip Enable is active.

2.2.1 Non-multiplexed Bus Operation

When the ISCC is initialized for non-multiplexed operation,
register addressing for the ISCC cell is (with the exception
of WRO and RRO), accomplished using an internal pointer
accessed via WRO0. Accessing internal registers by this
means is a two step operation requiring a write to the
pointer followed by access of the desired register. This is
described in detail in later sections. Note that when the
DMA is not used to address the data, the data registers

must be accessed by poinling to Register 8. (This is in
contrastio the Z8530which allows direct addressing of the
daid reyisiers tinouyir the C/D pin.)

When the ISCC is initialized for non-multiplexed operation,
register addressing for the DMA cell (with the exceplion of
CSAR)is accomplished in a manner similar to that used in
the SCC cell. In this case the pointer is accessed in the
Command Status Address Register (CSAR bits 4 - 0). The
SCC celland DMA cell pointers are independent. Detailed
operation is described in a later section.

2.2.2 Multiplexed Bus Operation

When the ISCC is initialized for multiplexed bus operation,
all registers in the SCC cell are direclly addressable with
the register address occupying ADS through AD 1, or AD4
through ADO (Shift Left/Shilt Right modes). The AQ/SCC//
DMA pin controls the SCC cell /DMA selection. The SCC
cell channel A/B selection may be controlled either by the
AQ/A//B pin or by the A/B selection in the address on
AD7-0 that is strobed into the ISCC with /AS. Use of this
requires that the unused SCC channel select option to be
setto Channel A. Thatis, if the AO/A//B pinis used to select
the channel, then the AD bit for channel selection must
select channel A (the actual bit is determined by the Shift
Left/Shift Right mode employed) and conversly, it the AD
bus bilis used to select the channel, then the A)/A//B pin
must select channel A . Relfer to the AQ/SCC//DMA and
A1/A/B pin descriplions for the encoding of these signals.

In the multipiexed bus mode of operation, the register
pointer in WRO0 of the SCC cellis ignored and has no effect
on the accessing of the internal registers. Regisler access
is made solely through the laiched address. However, the
pointer in the DMA Channel Command/Address Register
functions in the multiplexed bus mode and may be used to
access DMA registers in a manner identical to that in the
non-multiplexed bus mode. To use the DMA pointer in the
multiplexed bus mode, the multiplexed address must
always address the CCAR of the DMA even though the
actual register access will be made according to the
pointer. This requires that in the normal multiplexed mode
of operation with register access through the latched
address, writes to the DMA CCAR must always write zeros
to the pointer field.




In the multiplexed bus mode in some host configuralions,
address AQO may be used for byte transfer control in 16 bit
systems. Therefore, itmay be necessary toignore AOin the
register decode. This is accomodated in lhe ISCC by
providing an option to decode the multiplexed address
from A1 upwards rather than from AQ upwards. This option
is the Shift Left/Shift Right mode. The Shift Left/Shift Right
modes for the address decoding for the internal registers
(multiplexed bus) are separately programmable for the
SCC cell and for the DMA cell. For the SCC cell the
programming and operation is identical to that in the SCC;
programming is accomplished through Write Register O
(WRO0), bits 1 and 0O (Figure 5-2). The programming of the
Shift Left/Shift Right modes for the DMA cell is accom-
plished in the BCR, bit 0. In this case, the shift function is
similar to that for the SCC cell; with Shift left, the internal
register addresses are decoded from bits AD5 through
AD1 and with Shift Right, the internal register addresses
are decoded from bits AD4 through ADO.

When the multiplexed bus mode is selected, Write Register O
(WRO) takes on the form of WRO in the Z8030 (Figure 5-2).

2.2.3 Data Transfers

All data transfers to and from the ISCC are done in bytes
even though the data may at special times occupy the
lower or upper byte of the 16 bit bus. Bus transfers as a
slave peripheral are done differently than bus transfers
when the ISCC is the bus master during DMA transactions.
The ISCC is fundamentally an 8 bit peripheral but supports
16 bitbussesin the DMAmode. Slave peripheral and DMA
transactions are described in the next paragraphs.

Data Bus Transfers as aSlave Peripheral: When accessed
as a peripheral device (when the ISCC is not a bus master
performing DMA transfers), only 8 bits are transferred.
When the ISCC registers areread, the byte data presenton
the lower 8 bits of the bus is replicated on the upper 8 bits
of the bus. Data is accepted by the ISCC only on the lower
8 bits of the bus.

ISCC DMA Bus Transfers: During DMA transfers, when the
ISCCis bus master, only byte datais transferred. However,
data may be transferred from the ISCC on the upper 8 bits
of the bus or on the lower 8 bits of the bus. Moreover, odd
or even byte transfers may be done on the lower or upper
8 bits of the bus. This is programmable and is described
below.

During DMA transfers to memory from the ISCC, byte data
only is transfered and the data appears on the lower 8 bits
and is replicated on the upper 8 bits of the bus. Thus the

data may be written to an odd or even byte of the system
memory by address decoding and strobe generation.

During DMA transfers to the ISCC from memory, byte data
only is transfered and normally data is accepted only on
the lower 8 bits of the bus. However, the byte swapping
feature may be used to enable data to be accepted on
either the lower or upper 8 bits of the bus. The byte
swapping feature is enabled by programming the Byte
Swap Enable bit to a 1 in the BCR. The odd / even byte
transfer selection is made by programming the Byte Swap
Select bitin the BCR. If Byte Swap Selectis a 1, then even
address bytes (transfers where the DMA address has A0
equal 0) are accepted on the lower 8 bits of the bus and
odd address bytes(transfers where the DMA address has
A0 equal 1) are accepted on the upper 8 bits of the bus. If
Byte Swap Selectis a0, then even address bytes (transfers
where the DMA address has AQ equal O) are accepted on
the upper 8 bits of the bus and odd address bytes(transfers
where the DMA address has A0 equal 1) are accepted on
the lower 8 bits of the bus.

Table 2-1. ISCC Bus Access Summary

Action on Bus

Process Byte Swap -Lower Upper
Enable Select 8 Bits 8 Bits

Read X X data same dala
Write X X data read data ignored
DMA Write O X data same data
DMA Read O X data read data ignored
DMA Write 1 X data same data
DMA Read 1 0 depends

upon A0

(see below)

In the DMA Read with Byte Swap enabled:

ByteSwapSelect AO ISCC Accepts Data
0 0 Upper 8 Bits of Bus

0 1 Lower 8 Bits of Bus

1 0 Lower 8 Bits of Bus

1 1 Upper 8 Bits of Bus

In this table DMA read refers to a DMA controlled transfer
from memory to the ISCC and DMA write refers to a DMA
controllled transfer from the ISCC to memory. Read refers
to a normal peripheral transaction where the CPU reads
data from the ISCC and Write refers to a normal peripheral
transaction where the CPU writes data to the ISCC.

2-2



2.3 /O INTERFACE CAPABILITIES

The ISCC offers the choice of Polling, Interrupt (vectored
or non-veclored), and DMA Transfer modes to transier
data, status, and control information to and from the CPU.

2.3.1 Polling

In this mode all interrupts and the DMA's are disabled.
Three status registers in the SCC are automatically up-
daied whenever any function is performed. For example,
end-of-framein SDI. Cmode sels abitinone of these status
registers. With polling, the CPU must periodically read a
status register until the register contents indicate the need
for some CPU action 1o be taken. Only one register in the
SCC cell needs to be read; depending on the contents of
the register, the CPU either reads data, wriles data, or
salisfies an error condition. Two bits in the register indicate
the need for data transfer. An allernative is to poll the
Interrupt Pending register to determine the source of an
interrupt. The status for both SCC channels resides in one
register.

2.3.2 Interrupts

When the ISCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt vector is
placedonthe databus. Both the SCC and the DMA contain
vectorregisters. Depending on the source of interrupt, one
of these vectors is returned, either unmodified or modified
by the interrupt status to indicate the exact cause of the
interrupt.

tach of the six sources of interrupt in the SCC (Transmit,
Receive, and External/Status interrupts in both channels)
and each DMA channel has three bits associated with the
interrupt source: Interrupt Pending (IP), Interrupt Under
Service (IUS), and Interrupt Enable (IE). If the IE bitis set
for any given source of interrupt, then that source can
request interrupts. The only exception fo this rule is when
the associate Master Interrupt Enable (MIE) bit is reset,
then nointerrupts are requested. Both the SCC cell and the
DMA have an associated MIE bit. The IE bitsinthe SCC cell
are write only, bul the IE bits in the DMA are read/write.

The ISCC provides for nesting of interrupt sources with an
interrupt daisy chain using the IEI, IEO, and /INTACK pirs.
As amicroprocessor peripheral, the ISCC may request an
interrupt only when no higher priority device is requesting
one, e.g., when IEl is High. If the device in question
requests an interrupt, it enables the /INT signal. The CPU
then responds with /INTACK, and the interrupting cell
places the vector on the data bus.

fnthe ISCC, the IP bit signals a need for interrupt servicing.
When an IP bit is 1 and the IEl input pin is High, the /INT

signalis activaled, requesting an interrupt. Inthe SCC cell,
if the 1= bit is not set, then the P for that source can never
be sct. The IP bits in the DMA cell are sct independent of
the 1L bit.

The 1US bits signal that an inlerrupt request is being
serviced. If an 1US is sel. all interrupt sources of lower
priority in the ISCC and external to the ISCC are prevented
from requesting interrupts. The internal interrupt sources
are inhibited by the state of the internal daisy chain, while
lower priority devices are inhibited by the 1O output of the
ISCC being pulled | ow and propagated to subsequent
peripherals. Internally, the SCC cell is higher priority than
the DMA cell. An IUS bitis set during an Interrupt Acknowl-
edge cycle if there are no higher priority devices request-
inginterruplts. The lUS bitmustbe cleared by the CPU. This
is usually done at the end of the corresponding interrupt
service routine.

Within the SCC portion of the ISCC there are three types of
interrupts: Transmit, Receive, and Exlernal/Status. Each
interrupt type is enabled under program control with
Channel A having higher priority than Channel 3, and with
Receive, Transmit, and £ xternal/Status interrupts prioritized
in thal order within each channel. When the Transmit
interrupt is enabled, the CPU is interrupted when the
transmit buffer becomes empty. This implies that data has
shifted from the transmit buffer to the transmitter, thus
emplying the transmit bulffer. When enabled, the receiver
interrupts the CPU in one of three ways:

1. Interrupl on First Receive Character or Special
Receive Condition

2. interrupt on All Receive Characters or Special
Receive Condition

3. Interrupt on Special Condition Only

Interrupt on First Character or Special Condition, and
Interrupt o Special Condition Only, are typically used
when doing block translers with the DMA. A Special
Receive Conditionis one of the following: receiver overrun,
framing error in Asynchronous mode, end-of-frame in
SDEC mode and, optionally, a parity error. The Special
Receive Condition interrupt is diflerent from an Ordinary
Receive Character Available interrupt only by the status
placed in the vector during the Interrupt Acknowledge
cycle. In interrupt on First Receive Character, an interrupt
occurs from Special Receive Conditions any time after the
First Receive Character interrupt.

The main function of the External/Status interrupl is to
monitor the signal transitions of the /CTS, /DCD. and
/SYNC pins; however, an Exlernal/Status interrupt is also
caused by a Transmit Underrun condition, or a zero count




in the baud rate generator, or by the detection of a Break
(Asynchronous mode), Abort (SDLC mode) or EOP (SDLC
Loop mode) sequence in the data stream. The interrupt
caused by the Abort or EOP has a special feature allowing
the ISCC to interrupt when the Abort or EOP sequence is
detected or terminated. This feature facilitates the proper
termination of the current message, correctinitialization of
the next message, and the accurate timing of the Abort
condition in external logic.

2.3.3 DMA Interrupts

Each DMA in the ISCC has two sources of interrupt, which
share an IP bit and an IUS bit, but have independent
enables: Terminal Count and Abort. The Abort interrupt is
generated when an active DMA channel is forced to
terminate its transfers because /BUSACK is de-asserted

during a transfer. The Terminal Count interrupt is gener-

ated when the DMA transfer count reaches zero. The DMA
channels themselves are prioritized in a fixed order: Re-
ceive A, Transmit A, Receive B, and Transmit B.

When DMA transfers are used, the on-chip DMA channels
transfer data directly to the transmit buffers or directly from
the receive buffers. No other transfers are possible (for
initialization, for example). The request signals from the
receivers and transmitters are hard-wired to the request
inputs of the DMA channels internally. Each DMA channel
provides a 32-bit address which is either incremented or
decremented with a 16-bit transfer length. Whenever a
DMA channel receives a request from its associated
receiver or transmitter and the DMA channel is enabled,
the ISCC activates the /BUSREQ signal. Upon receiptofan
active /BUSACK, the DMA channel transfers data between
memory and the SCC cell. This transfer continues until the
receiver or transmitter stops requesting a transfer or until
the terminal count is reached, or /BUSACK is deactivated.
The four DMA channels operale independently when the
Request Per Channel option is selected; otherwise, all
requests pending at the time of bus acquisition will be
serviced before the bus is released. Each DMA channelis
independently enabled and disabled.

2.4 REGISTER ACCESS

ISCC registers may be accessed ‘explicitly, directly or
indirectly. Explicit addressing occurs only for three regis-
tersin the ISCC: these are the Bus Configuration Register
(for the first write after a hardware reset), the RDR (Receive
Data Register) by a fly-by DMA read, and the TDR (Trans-
mit Data Register) by a fly-by DMA write. In the non-
multiplexed bus case, only WR0/ RRO of the SCC cell and
only the Channel Command / Address Register of the DMA
cell are accessed directly. Other registers are accessed
using the pointers in these directly accessed registers. In
the multiplexed bus case, all registers (except the WRO,
RR0 and CCAR) are accessed through a two step address
/ read - write bus transaction. In this case there are two
options available for address decoding: shift rightand shift
left. These options are independently selectable for both
the SCC cell and the DMA cell.

2.4.1 SCC Cell Register Access,
Multiplexed Bus

The registers in the ISCC in the multiplexed bus mode are
addressed via the address on AD7-ADO which is latched
by the rising edge of /AS. As discussed in the paragraphs

below, the address contains a bit to select the SCC cell
channel (A or B). Although this selection is in the address,
the AO/A//B input remains active and must be set to select
Channel A for the selection bit in the AD7-0 address to
function correctly. Conversely, the AO/A//B pin may alsobe
used to select the channel instead of the bit in the AD7-0
address. In this case, the bitin the AD7-0 address must be
set to select Channel A for the AO/A//B input to function
correctly.

There are two address decoding modes: shift left and shift
right. In shift left mode, the register address is decoded
from AD5-AD1. This mode is set by a hardware reset.

In the shift left mode, the register address itself is placed
on AD4-AD1 and the Channel Select bit, A/B, is decoded
from ADS5. The register map for this case is. shown in
Table 2-2.
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Table 2-2. SCC Cell Address Map,
Multiplexed Bus Mode, Shift Left

Address Write Read
AD5-AD1

10000 WROA RROA
10001 WR1A RR1A
10010 WR2 RR2A
10011 WR3A RR3A
10100 WR4A (RROA)
10101 WR5A (RR1A)
10110 WRGA (RR2A)
10111 WR7A (RR3A)
11000 WR8A RR8A
11001 WR9 (RR13A)
11010 WR10A RR10A
11011 WR11A (RR15A)
11100 WR12A RR12A
11101 WR13A RR13A
11110 WR14A (RR10A)
11111 WR15A RR15A

Note:
The above table applies to Channel 'B' also.

In Shift Right Mode, bits 0-1 in WROA controls which bits
will be decoded to form the register address. It is placed
in this register to simplify programming when the current
state of the Shift Right/Shift Left bit is not known.

The register address is decoded from AD4-ADO. The Shift
Right/Shift Left bit is written via command to make the
software writing to WRO independent of the state of the
Shift Right/Shift Left bit.

AD4-ADO is the actual register address and ADO deter-
mines the channel selection (A//B). The register map is
shown in Table 2-3.

Because the ISCC SCC Cell does not contain 16 read
registers, the decoding of the read registers is not com-
plete; this is indicated in Table 2-2 and Table 2-3 by
parentheses around the register name. These addresses
may also be used to access the read registers.

Note also that in the multiplexed bus mode, only one WR2
and WR are shown in the address map; these registers
may be written from either SCC cell channel.

Table 2-3. SCC Cell Address Map,
Multiplexed Bus Mode, Shift Right

Address Write Read
AD4-ADO

00000 WROB RROB
00001 WROA RROA
00010 WRI1R RR1B
00011 WR1A RR1A
00100 WR2 RR2B
00101 WR2 RR2A
00110 WR3B RR3B
00111 WR3A RR3A
01000 WR4B RROB
01001 WR4A RROA
01010 WR5B (RR1B)
01011 WR5A (RR1A)
01100 WR6B RR2B
01101 WR6A RR2A
01110 WR7B (RR3B)
01111 WR7A (RR3A)
10000 WR8B RR8B
10001 WR8A RR8A
10010 WR9 (RR13B)
10011 WR9 (RR13A)
10100 WR10B RR10B
10101 WR10A RR10A
10110 WR11B (RR15B)
10111 WR11A (RR15A)
11000 WR12B RR12B
11001 WR12A RR12A
11010 WR13B RR13B
11011 WR13A RR13A
11100 WR14B (RR10B)
11101 WR14A (RR10A)
11110 WR15B RR15B
11111 WR15A RR15A
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2.4.2 SCC Cell Register Access,
Non - Multiplexed Bus

The registers in the SCC cell in the non-multiplexed bus
mode are accessed in a two-step process, using a Regis-
ter Pointer to perform the addressing. Toaccess a particu-
lar register, the pointer bits'must be set by writing to WR0
bits 2, 1, and O and, if required, using the Point High
command to extend the three bit pointer to registers
8 through 15. This write to WRO to set the pointer bits may
be doneineither channel. There isonly one pointer register
and it is used for both A and B channels. After the pointer
bits are set, the next read or write cycle to the SCC cell will
access the desired register in the channel selected during
this read or write cycle. At the conclusion of this read or
write cycle, the pointer bits are reset to “0s,” so that the next
access will be to WRO. '

The fact that the pointer bits are reset to “0," unless
explicitly setotherwise, means that WR0 and RROmay also
be accessed in a single cycle. That s, it is not necessary

to write the pointer bits with "0” before accessing WRO or
RRO. There are three pointer bits in WR0, and these allow
access to the registers with addresses O through 7. Note
that a command may be written to WRO at the same time
that the pointer bits are written.

To access the registers with addresses 8 through 15, a
special command must accompany the pointer bits;
WRO0(4-3)=001. This precludes concurrently issuing a
command when pointing to these registers. The register
map for the ISCC in the non-multiplexed bus mode is
shown in Table 2-4 below. If, for some reason, the state of
the pointer bits is unknown, they may be reset to “0" by
performing a read cycle of the SCC cell. Once the pointer
bits have been set, the desired channel is selected by the
state of the A1/A//B pin during the actual read or write of the
desired SCC cell register.

Table 2-4. SCC Cell Register Address Map Using Pointer
(Non-multiplexed Bus Mode)

Using Null Command

Using Point High Command

AO/A//B  Address  Write Register = Read Register

AO/A//B  Address  Wirite Register Read Register

D2 D1 DO D2 D1 DO
0 000 WROB RROB 0 000 WRSB RRSB
0 001 WR1B RR1B 0 001 WR9 RR13B
0 010 WR2 RR2B 0 010 WR10B RR10B
0 011 WR3B RR3B 0 011 WR11B (RR15B)
0 100 WR4B (RROB) 0 100 WR12B RR12B
0 101 WRSB (RR1B) 0 101 WR13B RR13B
0 110 WREB (RR213) 0 110 WR14B (RR10B)
0 111 WR7B (RR3B) 0 111 WR15B RR15B
1 000 WROA RROA 1 000 WRSA RR8A
1 001 WR1A RR1A 1 001 WRIA (RR13A)
1 010 WR2 RR2A 1 010 WR10A RR10A
1 011 WR3A RR3A 1 011 WR11A (RR15A)
1 100 ~ WR4A (RROA) 1 100 WR12A RR12A
1 101 WR5A (RR1A) 1 101 WR13A RR13A
1 110 WR6A (RR2A) 1 110 WR14A (RR10A)
1 111 WR7A (RR3A) 1 111 WR15A RR15A
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2.4.3 SCC Cell Register Reset

Table 2-5 lists the contents of the SCC cell registers after
a hardware reset and after a channel reset.

Table 2-5. SCC Cell Reset Values

Register Hardware Reset Channel Reset
WRO 00000000 00000000
WR1 00x00x00 00x00x00
WR2 XXXXXXXX XXXXXXXX
WR3 XXXXXXX0 XXXXXXX0
WR4 XXXXX 1XX XXXXX1XX
WR5 0xx0000x 0xx0000x
WR6 XXXXXXXX XXXXXXXX
WR7 XXXXXXXX XXXXXXXX
WR9 110000xx XXOXXXXX
WR10 00000000 0xx00000
WR11 00001000 XXXXXXXX
WR12 XXXXXXXX XXXXXXXX
WR13 XXXXXXXX XXXXXXXX
WR14 xx 100000 xx 1000xx
WR15 11111000 11111000
RRO 01xxx100 01xxx100
RR1 00000110 00000110
RR3 00000000 00000000
RR10 00000000 00000000

2.4.4 DMA Cell Registers

The DMA cell contains seventeen registers counting the
Bus Configuration Register. All of these registers are
read/write except the Bus Configuration Register (write
only), the Channel Command Address Register (write
only), the DMA Status Regisler (read only), the Interrupt
Command Register (write only), and the Interrupt Status
Register (read only).

The reset content of all of the DMA registers identified in the
address map is all zeros.

2.4.5 DMA Register Access, Multiplexed Bus

The registers in the ISCC in the multiplexed bus mode are
addressed via the address on AD7-ADO which is latched
by the rising edge of /AS.

There are two address decoding modes: shift left and shift
right. In shift left mode, the register address is decoded
from AD5-AD1. This mode is set by a hardware reset. In
shift right mode, the register address is decoded from
AD4-ADO. The shift right/ shift left selection for the DMA is
located in the Bus Configuration Register, bit DO. When
set, this bit programs the Shift Right mode for the DMA and
when reset, this bit programs the Shift | eft mode

The address map for the DMA registers is shown in Table
2-6. This Table is also applicable to the non multiplexed
bus mode.
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Table 2-6. DMA Address Map

Address* Name Description

XXXXX BCR Bus Configuration Register

00000 CCAR Channel Command / Address Register (Write)

00000 DSR DMA Status (Read) .

00001 ICR Interrupt Control Register

00010 IVR Interrupt Vector Register

00011 ICSR Interrupt Command Register (Write)

00011 ISR Interrupt Status Register (Read)

00100 DER DMA Enable / Disable Register

00101 DCR DMA Control Register

00110 Reserved Address

00111 Reserved Address

01000 RDCRA Receive DMA Count Register, Channel A (Low Byte)

01001 RDCRA Receive DMA Count Register, Channel A (High Byte)

01010 TDCRA Transmit DMA Count Register, Channel A (Low Byte)

01011 TDCRA Transmit DMA Count Register, Channel A (High Byte)

01100 RDCRB Receive DMA Count Register, Channel B (Low Byte)

01101 RDCRB Receive DMA Count Register, Channel B (High Byte)

01110 TDCRB Transmit DMA Count Register, Channel B (LLow Byte)

OARREI TDCRB Transmit DMA Count Register, Channel B (High Byte)

10000 RDARA Receive DMA Address Register, Channel A (Bits 0-7)

10001 RDARA Receive DMA Address Register, Channel A (Bits 8-15)

10010 RDARA Receive DMA Address Register, Channel A (Bits 16-23)

10011 RDARA Receive DMA Address Register, Channel A (Bits 24-31)

10100 TDARA Transmit DMA Address Register, Channel A (Bits 0-7)

10101 TDARA Transmit DMA Address Register, Channel A (Bits 8-15)

10110 TDARA Transmit DMA Address Register, Channel A (Bits 16-23)

10111 TDARA Transmit DMA Address Register, Channel A (Bits 24-31)

11000 RDARB Receive DMA Address Register, Channel B (Bits 0-7)

11001 RDARB Receive DMA Address Register, Channel B (Bits 8-15)

11010 RDARB Receive DMA Address Register, Channel B (Bits 16-23)

11011 RDARB Receive DMA Address Register, Channel B (Bits 24-31)
- 11100 TDARB Transmit DMA Address Register, Channel B (Bits 0-7)

11101 TDARB Transmit DMA Address Register, Channel B (Bits 8-15)

11110 TDARB Transmit DMA Address Register, Channel B (Bits 16-23)

11111 TDARB Transmit DMA Address Register, Channel B (Bits 24-31)

Note:

* Address in this Table is AD5-1in the Multiplexed Bus with the Shift Left mode selected, AD4-Oin the Multiplexed Bus with the Shift Right mode selected,
and D4 - DO of the Channel Command / Address Register in the Non-multiplexed Bus mode.
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2.4.6 DMA Register Access, Non-multiplexed
Bus Mode

The registers in the DMA cell in the non-multiplexed bus
mode are accessed in a two-step process, using a Regis-
ter Pointer to perform the addressing. To access a particu-
lar register, the pointer bits must be set by writing to the
Channel Command / Address Register bits 4 through 0.
After the pointer bits are set, the next read or write cycle to
the DMA cell will access the desired register. At the
conclusion of this read or write cycle, the pointer bits are
resetto “0s,” so that the next access will be to the Channel

ArdArans Na~icto
Command // MAUUITOD l\cylblcl.

The fact that the pointer bits are reset 1o “0," unless
explicitly setotherwise, means thatthe Channel Command
/Address Registermay be accessedin asingle cycle. That
is, itis not necessary to write the pointer bits with “0” before
accessing the Channel Command / Address Register.
This permits single access DMA enabling and resetting
the highest IUS through the encoded DMA Commands.

2.4.7 Notes on Pointer Accesses

The non-multiplexed bus accesses are accomplished as
described in the preceeding paragraphs using the DMA
pointer for the DMA cell and the SCC cell pointer for
channels A and B. These two pointers are completely
independent. If one of these pointers is written to with a

pointer value in preparation for a read or write to the
selected register, the pointer will hold its value until the
corresponding cell is accessed. For example, suppose
the SCC cell poinler is written to in preparation 1o read an
SCC cellregisterin the next (or even subsequent) software
program steps. Before this SCC cell read takes place, a
DMA interrupt occurs and the program enters the interrupt
service routine prior to the SCC register read. in the
interrupt service routine, several DMA register acceses
are made. When the program exits the interrupt service
routine and returns to the interrupted process, the register
access to the SCC cell register proceeds correctly; the
pointer was left unaltered. A converse situation is true for
the DMA cell.

It should be clear, however, that if an interrupt routine is
envoked between the pointer write and the register ac-
cess, there can be conflict if the same cell is accessed in
theinterruptservice routine. Assume in the above example
that the interrupt service routine accesses the SCC cell
also. Since the pointer has already been writlen, a second
write (the one in the interrupt service routine) will not write
to the pointer in WRO but will write to the pointed to register.
Subsequent register access will also be incorrect. This
suggests that the pointer write and subsequent register
access be an uninterruptable pair and that the SCC Cell
and DMA cell or the processor inlenupts be disabled
during the register access scqucnce
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TECHNICAL MANUAL

CHAPTER 3

ISCC DMA AND ANCILLARY SUPPORT
CIRCUITRY

3.1 INTRODUCTION

The mostimportant fealure of the ISCC other than SCC celi
is the integrated, four channel DMA controller. As in the
original SCC, the serial channels of the ISCC are sup-

puried by anciilary circuitry for generating clocks and
performing data encoding and decoding. This chapter
presents a description of these functional blocks.

3.2 DMA

The ISCC contains four independent DMA Channels, one
for each receiver and transmitter. The DMA channels
operate in fly-by mode; a 32 bit transfer address is gener-
ated along with the bus acquisition signals for execuling
the DMA transfer. Each DMA consists of a 32 bit address
counter, a 16 bit (transfer) counter, and the required
sequencing and control circuitry.

The DMA is set up by initializing the address resisters with
the starting address of the DMA transfer and the count
registers for the length of the block. Following this, the
option to increment or decrement the address after a
transfer is selected. Other DMA selections that must be
programmed include the DMA priority, if separale bus
requests are to be made for each DMA channel, the
programming of the interrupt vector and the option to
include interrupt status in the vector. Note that a no vector
interrupt option is also possible. Following this, the Inter-
rupt On Abort is programmed as desired, the individual
channel interrupt enables are programmed, the Master
InterruptEnable is set (ifinterrupts are used), and lastly the
appropriate DMA channels are enabled.

3.2.1 Receiver DMA Operation

Assuming the receiver has been appropriately set up, the
DMA request will be made when the receive FIFO contains
a byte and will continue to hold the bus and transfer bytes
until the FIFO is empty. Once started, the DMA for the
channel continues until the FIFO is empty even though a
request from a higher priority DMA channel arises. Upon
completion of the current DMA channel service, the next
highest priority DMA channel commences its operation.
The ISCC continues to hold the bus until all pending DMA
requests have been served. Note that if the Bus Request
Per Channel option has been selected, then the bus will be
released and subsequently re-requested for each

channel. At the completion of the block transfer (terminal
countreached), an interrupt will be generated, if enabled.
If selected, the interrupt vector will indicate the interrupt
source according to Table 3-1.

Table 3-1. DMA Interrupt Vector Modification

v3 v2 Vi Interrupt Source

0 0 0 No Interrupt Pendimg
0 0 1 Not Possible

0 1 0 Not Possible

0 1 1 Not Possible

1 0 0 Rx A Interrupt Pending
1 0 1 Rx B Interrupt Pending
1 1 0 Tx A Interrupt Pending
1 1 1 Tx B Interrupt Pending

An Interrupt Pending only modifies the interrupt vector if
the corresponding Interrupt Enable bit is set. Note that
software may have 1o test status bits to determine if the
channel interrupt is due to terminal count or an abort.

When the receive DMA enable bit is set, a DMA request is
made if the receive FIFO contains a character at the time,
or no request will be made until a character enters the
receive FIFFO. Note that DMA requests will follow the state
of the receive FIFO even though the receiver is disabled.
Thus, if the receiver is disabled and the DMA is still
enabled, the DMA will transfer the previously received
data correctly. In this mode the DMA requests direcily
follow the state of the receive FIFO. This operation is
essentially eguivalent lo the DMA requests following the
state of the Receive Character Available bitin the SCC cell
in Read Register 0.
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The SCC cell will not generate a DMA request in the case
of a special receive condition in the Receive Interrupt on
First Character or Special Condition mode, or the Receive
Interrupt on Special Condition Only mode.

In these two interrupt modes any receive character with a
special receive condition is locked at the top of the FIFO
until an Error Reset command is issued. This character in
the receive FIFO would ordinarily cause additional DMA
Requests after the firsttime itis read. However, the logicin
the SCC cell guarantees no extra DMA transfers by termi-
nating DMA requests after the time the character with the
special receive condition is read, and the FIFO locked.
DMA requests are held off until after the Error Reset
command has been issued.

Once the FIFO is locked, it allows the checking of the
Receive Error FIFO (RR1) to find the cause of the error.
Locking the data FIFO therefore, will stop the error status
from popping out of the Receive Error FIFO. Also, since
DMA request will become inactive, the interrupt (Special
Condition) can be serviced. Once the FIFO is unlocked by
the Error Reset command, DMA requests again follow the
state of the receive FIFO.

3.2.2 Transmitter DMA Operation

With the DMA enabled, the status of an empty transmitter
FIFO triggers the DMA to request the bus and begin DMA
transfer to the transmit FIFO. Once this DMA channel is
selected for service, DMA transfers continue until the
transmit FIFO is full (or until terminal count is reached if

there are notenough bytes remaining to fillthe FIFO). Once
started, the DMA for the channel continues until the FIFO
is full even though a request from a higher priority DMA -
channel arises. Upon completion of the current DMA
channel service, the next highest priority DMA channel
commences its operation. The ISCC continues o hold-the
bus until all pending DMA requests have been served.
Note that if the Bus Request Per Channel option has been
selected, then the bus will be released and subsequently
re-requested for each channel. At the completion of the
block transfer (terminal countreached), aninterrupt will be
generated, if enabled. If selected, the interrupt vector will
indicate the interrupt source according to Table 3-1.

An Interrupt Pending only modifies the interrupt vector if
the corresponding Interrupt Enable bit is set. Note that
software may have to test status bits to determine if the
channel interrupt is due to terminal count or an abort.

Note that the DMA request will follow the slate of the
transmit FIFO even though the transmitter is disabled.
Thus, if the DMA is enabled, the DMA may write data to the
SCC cell before the transmitter is enabled. This will not
cause a problem in Asynchronous mode but may cause
problems in Synchronous mode because the ISCC will
send data in preference to flags or sync characters. Thus
a data character in the transmit FIFO may get transmitted
prior to the frame sync character or opening flag. It may
also complicate the CRC initialization, which cannot be
done until after the transmitter is enabled. DMA requests
essentially follow the Tx Buffer Empty bit in the SCC cell
Read Register 0.

3.3 BAUD RATE GENERATOR

The Baud Rate Generator (BRG) is essential for asynchro-
nous communications. Each channelin the ISCC contains
a programmable baud rate generator. Each generator
consists of two 8-bit, time-constant registers forming a
16-bit time constant, a 16-bit down counter, and a flip-flop
on the output that makes the output a square wave. On
start-up, the flip-flop on the output is set High, so that it
starts in a known state, the value in the time-constant
register is loaded into the counter, and the counter begins
counting down. When a count of zero is reached, the
output of the baud rate generator toggles, the value in the
time-constant register is loaded into the counter, and the
process starts over. A block diagram of the baud rate
generator is shown in Figure 3-1.

Thetime-constant can be changed atany time, but the new
value does not take effect until the next load of the counter
(i.e., after zero count is reached).

No attempt is made to synchronize the loading of a new
time-constant with the clock used to drive the generator.
When the time-constant is to be changed, the generator
should be stopped first by writing to an enable bitin WR14.
After loading the time constant, the BRG can be started
again. This ensures the loading of a correct time constant,
but loading will not be taking place until zero count or a
reset occurs.

If neither the transmit clock nor the receive clock are
programmed to come from the /TRxC pin, the output of the
baud rate generator may be made available for external
use on the /TRxC pin.

The clock source for the baud rate generator is selected by
bit D1 of WR14. When this bit is set to “0," the baud rate
generator uses the signal on the /RTxC pin as its clock,
independent of whether the /RTxC pin is a simple input or




- part of the crystal oscillator circuit. When this bit is set to
“1," the baud rate generator is clocked by PCLK. Tc avoid
metastable problems in the counter, this bit should be
changed only while the baud rate generator is disabled,
since arbilrarily narrow pulses can be generated at the
output of the multiplexer when it changes state.

The BRG is enabled while bit DO of WR14 is setto 1 and
disabled while this bit is set 10 0 and it is disabled alter a
hardwareresel. To preventmetastable problems when the

baud rate generalor is first enabled, the enable bit is
synchronized to the baud rate generator clock. This intro-
duces an additional delay when the baud rate generalor is
first enabled. This is shown in Figure 3-2. The baud r~te
generator is disabled immediately when bit DO of WR14 is
setto “0,” because the delayis only necessary on start-up.
The baud rate generator may be enabled and disabled on
the fly, but this delay on start-up must be taken into
consideration.

WR13

WR12

\\\\\\\\ ////////

Zero

Count (Gives 1 h
transition eac
16-Bit Down Counter D—-—-> time the counter
counts to zero)
Oul (May provide
D-———‘P;m—* higher resolution
Baud Rate to sample data)
g'enirator Desired
i oc Clock }— Desir
BDCPn_ | (Takes 1 more +Mode Baud
PCLK Pin clock to load
time constant
value to
counter)

Select

Figure 3-1. Baud Rate Generator

Write to WR14 —/

Clock Source ==

Counter Clock

\ /=

l Counter First Decremented
(after hardware reset)

Counter First Decremented
(after previous disable)

— End of Write to WR14 with Enable

Figure 3-2. Baud Rate Generator Start Up




The formulas relating the baud rate to the time-constant
and vice versa are shown below. The clock mode in the
formulais the ratio of the receive clock applied 1o the ISCC
relative to the datarate. The ISCC may be programmed to
accept a receive clock that is one, sixieen, thirty-two, or
sixty-four times the data rale (refer to the description of
WR4 and the descriptions in Chapter 4).

Clock Frequency
Time Constant = -2
2*(Clock Mode)*(Baud Rate)

Clock Frequency
Baud Rate =

2*(Clock Mode)*(Time Constant +2)

Inthese formulas, the baud rate generator clock frequency
{PCLK or /RTxC) is in Hertz, the desired baud rale in bits/
second and the time constant is dimensioniess. The ex-
ample in Table 3-1 assumes a 2.4576 MHz clock (from
/RTxC) clock factor of 16 and shows the time constant tor
a number of popular baud rates.

I or example:

24576 X 10
—— =510

1C=-
2X16 X 150

Table 3-2. Baud Rates for 2.4576 MHz Clock
and 16x Clock Factor

Time Constant Baud Rate
Decimal Hex

0 0000 38400

2 0002 19200

6 0006 9600

14 000E 4800
30 001E 2400
62 003E 1200
126 007E 600
254 O0FE 300
510 O1FE 150

Initializing the baud rate generator is done in three steps.
First, the time-constant is determined and loaded into
WR12 and WR13. Next, the processor must select the
clock source for the baud rate generator by setting bit D1
of WR14. Finally, the baud rate generator is enabled by
setting bit DO of WR14 10 "1."

Note that the first write to WR14 is not necessary after a
hardware reset if the clock source is the /RTxC pin. This is
because a hardware reset automatically selects the /RTxC
pin as the baud rate generator clock source.




3.4 DATA ENCODING/DECODING

The ISCC provides four ditlerent dala encoding methods,  asynchronous or synchronous. The data encoding se-
selected by bits D6 and D5 in WR10. An example of these  lected is active even though the transmitier or receiver
four encoding methods is shown in Figure 3-3. Any encod- ~ may beidling or disabled. The dataencoding methods are
ing method may be used in any X1 mode in the ISCC,  shown in Figure 3-3.

DATA l 1 I 1 | 0 0 | 1 | 0 Bit Cell Level:
NRZ High = 1
low =0
I | I l
NRZI No Change = 1

| Change=0

FM1
(Biphase Mark)

FMO
(Biphase Space)

MANCHESTER

Figure 3-3. Data Encoding Methods
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INNRZ, encoding a “1"isrepresented by a HIGH level and
a "0" is represented by a 1. OW level. In this encoding
method, only a minimal amount of clocking information is
available in the data stream in the form of transitions on bit-
cell boundaries. In an arbitrary data pattern, this may not
be sulfficient to generate a clock for the data from the
data itself.

InNRZI, encoding a “1"is represented by no changein the
level and a “0"is represented by a change in the level. As
in NRZ, only a minimal amount of clocking information is
available in the data stream, in the form of transitions on bit
cellboundaries. In an arbitrary data pattern thismay notbe
sufficient to generate a clock for the data from the data
itself. In the case of SDLC, where the number of consecu-
tive “1s" in the data stream is limited, a minimum number
of transitions to generate a clock are guaranteed.

InFM1 encoding, also known as biphase mark, a transition
is present on every bit cell boundary, and an addition
transition may be present in the middle of the bit cell. In
FM1 a"0"is sent as no transition in the center of the bit cell
and a "1"is sent as a transition in the center of the bit cell.
I M1 encoded data contains sufficient information to re-
cover a clock from the data.

In FMO encoding, also known as biphase space, a transi-
tion is present on every bit cell boundary and an additional
transition may be present in the middle of the bit cell. In
FMO, a“1" is sent as no transition in the center of the bit cell
and a “0" is sent as a transition in the center of the bit cell.
FMO encoded dala contains sulficient information to re-
cover a clock from the data.

Manchester encoding, which is not directly supported,
always produces a transition at the center of the bit cell. If
the transition is Low to High, the bitis “0.” If the transition
is High to Low, the bitis “1.” ISCC can be used to decode
Manchester (biphase level) data by using the DPLL in the
FM mode and programming the receiver for NRZ data.
(See section 3.5.3)

The data encoding method should be selected in the
initialization procedure before the transmitter and receiver
are enabled, but noother restrictions apply. Note, in Figure
3-3, that in NRZ and NRZI the receiver samples the dala
only on one edge. However, in FM1 and FMO the receiver
samples the data on both edges. Also, as shown in Figure
6-4, the transmitter defines bitcell boundaries by one edge
in all cases and uses the other edge in FM1 and FMO to
create the mid-bit transition.

3.5 DIGITAL PHASE-LOCKED LOOP (DPLL)

Each channel of the SCC cell contains a digital phase-

locked loop that can be used to recover clock information

from a data stream with NRZI, FM or NRZ encoding. The
DPLL is driven by a clock nominally 32 (NRZI) or 16 (FM)
times the data rate. The DPLL uses this clock, along with
the data stream, to construct a receive clock for the data.
This clock can then be used as the ISCC receive clock, the
transmit clock, or both.

Figure 3-4 shows a block diagram of the digital phase-
locked loop. It consists of a 5-bit counter, an edge detec-
tor, and a pair of output decoders. The clock for the DPLL
comes from the output of a two-input multiplexer, and the
two outputs go to the transmitter and receive clock multi-
plexers. The DPLL is controlled by the seven commands
that are encoded in bits D7, D6 and D5 of WR14.

RXD —

Edge Detector

y

5-Bit Counter

. Receive
Count Modifier - > Decode Clock
- Transmit
Decode Clock
f Vv

Figure 3-4. Digital Phase Lock Loop
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The clock for the DPLL is selected by two of the commands
in WR14, thatis:

WR14 (7-5) = 100 BRG Clock Source
WR14 (7-5) = 101 /RTxC Pin Clock Source

The first command selects the baud rate generator as the
clock source. The other command selects /RTxC pin as the
clock source, independent of whether the /RTxC pin is a
simple input or part of the crystal oscillator circuit.

Initialization of the DPLL may be done at any time during
the initialization sequence, but should preferably he done
after the clock modes have been selected in WR11, and
before the receiver and transmitter are enabled. When
initializing the DPLL, the clock source should be selected
first, lollowed by the selection of the operating mode.

To avoid metastable problems in the counter, the clock
source selection should be made only while DPLL is
disabled, since arbitrarily narrow pulses can be generated
at the output of the multiplexer when it changes status.

The DPLL is enabled by issuing the Enter Search Mode
command in WR14; that is WR14 (7-5) = 001. The Enter
Search Mode command unlocks the counter, whichis held
while the DPLL is disabled, and enables the edge detec-
tor. If the DPLL is already enabled when this command is
issued, the DPLL also enters Search Mode.

Enter Search Mode is also used to reset the DPLL 1o a
known state if it is suspected that synchronization has
been lost. Note that the DPLL and the receiver are inde-
pendent, so whether the receiver is disabled or not en-
abled, DPLL will sample whatever is on the RxD line.

DPLL requires a transition in every bit cell, and if this
transition is not present in two consecutively sampled bit
cells, the DPLL will automatically enter search mode and
the DPLL will not provide any clock output.

In Searchmode, the counter is held at a specific count and
no outputs are provided. The DPLL remains in this status
until an edge is detecled in the receive data stream. This
first edge is assumed to occur on a bit cell boundary, and
the DPLL will begin providing an output to the receiver that
will properly sample the data. From this pointon the DPLL

will adjust its output to remain in phase with the receive
data. If the first edge that the DPLL sees does notoccur on
a bit cell boundary, the DPLL will eventually lock on 1o the
receive data, but it will take longer to do so.

The DPLL may be programmed to operate in either of two
modes, as selected by command in WR14.

WR14 (7-5) = 111 for NRZI mode and
WR14 (7-5) = 110 for FM mode

Note that a channel or hardware reset disables the DPI_L,
sclects the /MTXC pin as ine ciock source ior the DPPLL, and
places it in the NRZI mode.

As in the case of the clock source selection, the mode of
operation should only be changed while the DPLL is
disabled lo prevent unpredictable results.

In the NRZI mode, the DPLL clock must be 32 times the
data rate. In this mode, the transmit and receive clock
outputs of the DPLL are identical, and the clocks are
phased so that the receiver sampiles the data in the middle
of the bit cell. In NRZI mode, the DPLL does not require a
transition in every bit cell, so this mode is useful for
recovering the clocking information from NR/Z and NR/I
data streams.

In the FM mode, the DPLL clock mustbe 16 times the dala
rate. In this mode the transmit clock output of the DPLL lags
the receive clock outputs by 90 degrees to make the
transmit and receive bit cell boundaries the same, be-
cause the receiver must sample FM data at one-quarter
and three-quarters bit time. ‘

3.5.1 DPLL Operation in the NRZI Mode

To operate in NRZI mode, the DPLL must be supplied with
a clock that is 32 times the data rate. The DPLL uses this
clock, along with the receive data, to constructreceive and
transmit clock outputs that are phased to properly receive
and transmit data.

To do this, the DPLL divides each bit cell into four regions,
and makes an adjustment to the count cycle of the 5-bit
counter dependent upon in whichregion atransitionon the
receive data input occurred. This is shown in Figure 3-5.
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Bit Cell |

count [16[17]18]19]20]21[22[23]24}5]26k7]28)ol30B1[0 [1]2 [3]4 [5]6 [ 7]8 [0 J10]11h12]13]14]15]

Connection || Add One Count | Subtract One Count 1]
1No Change No Change¢
DPLL Out | |

Figure 3-5. DPLL in NRZI Mode

Ordinarily, abit cell boundary will occur between count 15
and count 16, and the DPLL output will cause the data to
be sampled in the middle of the bit cell. However, four
different situations may happen:

The DPI L actually allows the transition marking a bit cell

boundary to occur anywhere during the second half of
count 15 or the first half of count 16 without making a
correction 1o its count cycle.

If the transition marking a bit cell boundary occurs be-
tween the middle of count 16 and count 31, the DPLL is
sampling the data too early in the bit cell. In response to
this, the DPLL extends its count by one during the next 0
to 31 counting cycle, which effectively moves the edge of
the clock that samples the receive data closer tothe center
of the bit cell.

If the transition occurs between count 0 and the middle of
count 15, the output of the DPLL is sampling the data loo

late in the bit cell. To correct this, the DPLL shortens its
count by one during the next 0to 31 counting cycle, which
effectively moves the edge of the clock that samples the
receive data closer to the center of the bit cell.

If the DPLL does not see any transition during a counting
cycle, no adjustment is made in the following count-
ing cycle.

If an adjustment to the counting cycle is necessary, the
DPLL modifies count 5, either deleting it or doubling it.
Thus, only the LOW time of the DPLL output will be
lengthened or shortened.

While the DPLL is in search mode, the counter remains at
count 16 where the DPLL outputs are both HIGH. The
missing clock latches in the DPLL whichmay be accessed
in RR10. They are not used in NRZI mode. An example of
the DPLL in operation is shown in Figure 3-6.

Data ;

DPLL

Output

I 4 L1 L1 L1 1

Correction
Windows

BEEEEEEEENR IR I I I R ne

Count

Length 32| 32 l 32 I 31 I

31 | 3 | 3 | 33 | 33 |

Figure 3-6. DPLL Operating Example (NRZI Mode)
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3.5.2 DPLL Operation in the FM Modes

Tooperate in FMmode, the DPLL must be supplied with a
clock that is 16 times the data rate. The DPLL uses this
clock, along with the receive data, to construct receive and
transmit clock outputs that are phased to receive and
transmit data properly.

InFMmode one cyclesofthe counterinthe DPL I isa count
from0to 31, butnow each cycle corresponds to 2-bit cells.
To make adjustments to remain in phase with the receive
data, the DPLL divides a pair of bit cells into 5 regions,
making the adjustment to the counter dependent upon
which region the transition on the receive data input
occurred. This is shown in Figure 3-7.

Bit Cell |

count [16l17]18]19]20]21]22[23]24 526k 7|28k9l3031] 0 [1[2[3]4 [5]6 [ 718 |9 [10]11]12]13]14]15]

Correction || +1 |

ignored | -+ 11

?No Change

RXDPLLOuWt — | l

No Change*

i l

TX DPLL Out | |

Figure 3-7. DPLL Operation in the FM Mode

In FM mode, the transmit clock and receive clock outputs
from the DPLL_ are not in phase. This is necessary to make
the transmit and receive bit cell boundaries coincide,
since the receive clock must sample the data one-fourth
and three-fourths of the way through the bit cell.

Ordinarily, a bit cell boundary will occur between count 15
or count 16, and the DPLL receive output will cause the
data to be sampled at one-fourth and three-fourths of the
way through the bit cell.

However, four variations may happen:

1. The DPLL actually allows the transition marking a bit-cell
boundary to occur anywhere during the second half of
count 15 or the first half of count 16, without making a
correction to its count cycle.

2. If the transition marking a bit cell boundary occurs
between the middle of count 16 and the middle of count 19,
the DPLL is sampling the data too early in the bit cell. In
response to this, the DPLL extendsits countby 1 during the
next 0 to 31 counting cycle, which effectively moves the
receive clock edges closer to where they should be.

Any transitions occurring between the middle of count 19
in one cycle and the middle of count 12 during the next
cycle are ignored by the DPLL. This is necessary to
guarantee that any data transitions in the bit cells will not
cause an adjustment to the counting cycle.

3. If no transition occurs between the middle of count 12
and the middle of count 19, the DPLL is probably not
locked onto the data properly. When the DPLL misses an
edge, the One Clock Missing bitis RR10, itis setto “1" and
latched. 1t will hold this value until a Reset missing Clock
command is issued in WR14 or until the DPLL is disabled
or programmed to enter the Search mode. Upon missing
thisone edge, the DPLL takes noother action and does not
modify its count during the next counting cycle.

4. If the DPLL. does not see an edge between the middle of
count 12 and the middle of count 19in two successive 0 to
31 count cycles, a line error condition is assumed. If this
occurs, the Iwo Clocks Missing bitin RR10is setto “1"and
latched. At the same time, the DPLL enters the Search
mode. The DPLL.makes the decision to enter Searchmode
during count 2, where both the receive clock and transmit
clock outputs are LOW. This prevents any glitches on the




clock outputs when search mode is entered. While in
search mode, no clock outputs are provided by the DPLL.
The Two Clocks Missing bitin RR10is latched until a Reset
Missing Clock command-is issued in WR14, or until the
DPLL is disabled or programmed to enter the Search
mode.

While the DPLL is disabled, the transmit clock output of the
DPLL may be toggled by alternately selecting FM and
NRZI move in the DPLL. The same is true of the
receive clock.

While the DPLL is in Search mode, the counter remains at
count 16, where the receive outputis LOW and the transmit
output is LOW. This fact can be used to provide a transmit
clock under software control since the DPLL is in Search
mode while it is disabled.

As in NRZI mode, if an adjustment to the counting cycle is
necessary, the DPLL modifies count 5, either deleting it or
doubling it. If no adjustment is necessary, the count
sequence proceeds normally.

FFrom the above discussion, together with an examination
of MO and FM1 data encoding, it should be obvious that

only clock transitions should exist on the receive data pin
when the DPLL is programmed to enter search mode.
If this is not the case, the DPLL may attempt to lock on to
the data transitions.

With FMO encoding this requires continuous “1s” received
when leaving Search. In FM1 encoding, it is continuous
“0s"; with Manchester encoded data this means alternat-
ing “1s” and “0s.” With all three of these data encoding
methods there will always be atleast one transition in every
bit cell, and in FM mode the DPLL is designed to expect
this transition.

3.5.3 DPLL Operation and Encoding in the
Manchester Mode

The ISCC can encode Manchester data using the external
logic shown in Figure 3-8, and it can decode Manchester
data using the DPLL. Recall that Manchester encoded
data contains a transition at the center of every bit cell; itis
the direction of this transition that distinguishes a “1" from
a “0.” Hence, for Manchester data, the DPLL should be in
FMmode, but the receiver should be set up to accept NRZ
data. As with the FMmodes, when in the Search Mode the
data stream should contain only clock transitions.

NRZ

o>

Transmit Clock

5 Manchester

Transmit Clock j N |
NRZ

1T\ /7
\ 2N\ /T /T /ST

3 \/ \/ \

4 \ S\

5 _/ /7 \ /I \_/ \

Figure 3-8. Encoding Manchester Data
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3.6 CLOCK SELECTION

The ISCC can select several clock sources for internal and
external use. Write Register 11 is the Clock Mode Control
register for both the receive and transmit clocks. It deter-
mines the type of signal on the /SYNC and /RTxC pins and
the direction of the /TRxC pin.

The ISCC may be programmed to select one of several
sources to provide the receive and receive clocks.

The source of the receive clockis controlled by bits D6 and
D5 of WR11. The receive clock may be programmed to
come from the /RTxC pin, the /TRxC pin, the output of the
baud rate generator, or the receive output of the DPLL.

The source of the transmit clock is controlled by bits D4
and D3 of WR11. The transmit clock may be programmed
tocome from the /RTxC pin, the /TRxC pin, the output of the
baud rate generator, or the transmit output of the DPLL.

Ordinarily the /TRxC pin is an input, but it becomes an
outputifthis pin has not been selected as the source for the
transmitter or the receiver, and bit D2ol WR11issetto “1.”
The selection of the signal provided on the /TRxC oulput
pinis controlled by bits D1 and DO of WR11. The /TRXC pin
may be programmed to provide the output of the crystal
oscillator, the output of the baud rate generator, the re-
ceive output of the DPLL or the actual transmit clock. If the
output of the crystal oscillator is selected, but the crystal
oscillator has not been enabled, the /TRxC pin will be
driven HIGH. The option of placing the transmit ClioCk
signal on the /TRxC pin when itis an output allows access
to the transmit output of the DPLL.

Figure 3-9 shows a simplified schematic diagram of the
circuitry used in the clock multiplexing. It shows the inputs
lo the multiplexer section, as well as the various signal
inversions that occur in the paths to the outputs.

0OSC
1 RX
/SYNC PY L
Receiver
0sC I
/RTxC
X
L1
/TRXC —ao Dc Transmitter__ A
Echo
DPLL
1 l
Echo
Baud Rate _>°— DPPL __/_'
Generator Out
Tx DPLL Out
BRG
Rx DPLL Out L
L] Baud Rate —
PCLK >° Generator

Figure 3-9. Clock Multiplexer




Selection of the clocking options may be done anywhere
in the initialization sequence, but the final values must be
selected belore the receiver, transmitter, baud rate gen-
erator, or DPLL are enabled to prevent problems from
arbitrarily narrow clock signals out of the multiplexers. The
same is true of the crystal oscillator, in that the output
should be allowed to stabilize before it is used as

clock source. ) :

Also shown are the edges used by the receiver, transmit-
ter, baud rate generator and DPLL to sample or send data
or otherwise change state. For example, the receiver
samples data on the falling edge, but since there is an
inversion in the clock path between the /RTxC pin and the
receiver, a rising edge of the /RTxC pin samples the data
for the receiver.

/SYNC Pin

16x

External é
Crystal T

OIw

/RTxC Pin

SCC

Output

» TIxC
4—» RxC
/TRxC Pin
- D—

Figure 3-10a. Async Transmission, 16x Clock Mode Using External Crystal
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D7 D6 D5 D4 D3 D2 D1 DO
WR11 |1[1|0|1|o|1|1|o]

I— /TRxC Out = BRG Output

/TRxC Pin = Output Pin

Tx Clock = BRG Output

Rx Clock = BRG Output

Using External Crystal

D1
waie | [ ][] ] Jof |

T__ BRG Clock Source = /RTxC or
XTAL Oscillator

NRZ Data
» —> TxC
SYNC RxD Pin
Tz Modem 1x
» » RxC
/RTxC Pin
SCC

Figure 3-10b. Async Transmission, 1x Clock Rate, NRZ Data Encoding
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/SYNC Pin B
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L —— Txc
L .

- RxD

Figure 3-10c. Asynchronous Transmission, 1x Clock Rate, FM Data encoding

Iigure 3-10 shows three examples of clock sources and
selection. Part (a) of the figure shows the clock set up for
asynchronous transmission, 16x clock mode using the on
chip oscillator with an external crystal. The registers in-
volved are WR11 and WRR14 and the figure shows the
programming in these registers. Part (b) of the figure
shows asynchronous communication where a 1x clock is
obtained from an external MODEM. The data encoding
is NRZ.

Note that: The BRG is nol used under this configuration.

The x1 mode in Asynclironous mode is a combination of
both synchronous and asynchronous transmission. The
data are clocked by a common timing base, but charac-
ters are slill framed with Start and Stop bits. Because the

receiver waits for one clock period after detecting the first

High-to-Low transition before beginning to assemble char-
acters, the data and clock must be synchronized exter-
nally. The x1 mode is the only mode in which a data
encoding method other than NRZ may be used.

Part (c) of Figure 3-10 shows the use of the DPLL to derive
a 1x clock from the data. In this example:

B The DPLL clockinput = BRG output(x16 the datarate)
WR14.

B The DPLL clock output = RxC (receiver clock) WR11.

B Set FM mode WR14.

“®m  Set FM mode WR10.

3.7 CRYSTAL OSCILLATORS

Foragivenchannel, if bit D7 of WR11is setto 1, the crystal
oscillator is enabled and a high-gain amplifier is con-
nected between the /RTxC pin and the /SYNC pin. While
the crystal oscillator is enabled, anything that has selected
/RTxC as its clock source will automatically be connected
to the output of the crystal oscillator. This also makes the
/SYNC pin unavailable for other use.

In synchronous modes, no sync pulse is outpul, and the
External Sync mode cannot be selected. In asynchronous
modes, the state of the Sync/Hunt bit in RRO is no longer
controlled by the /SYNC pin. Instead, the Sync/Hunt bit is
forced to "0." The crystal oscillator requires some finite
time to stabilize and must be allowed to stabilize before it
is used as a clock source. The External Crystal used
should operate in parallel resonance.
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CHAPTER 4

DATA COMMUNICATION MODES

4.1 INTRODUCTION

The ISCC provides two independent full-duplex channels
programmable for use in any common asynchronous or
synchronous data communication protocols. The data
communication protocols handled by the SCC cell within
the ISCC are:

B Asynchronous mode

Character-Oriented mode

Monosynchronous

Bisynchronous

External Synchronous

Bit-Oriented mode

SDLC

SDLC Loop Mode

4.1.1 General Description of the Transmitter

A block diagram of the transmitter is given in Figure 4-1.
The transmitler has an 8-bit Transmit Data regisler (WR8)
loaded from the internal data bus and a Transmit Shift
register loaded from either WR6, WR7, or the Transmil
Data register. In byte-oriented modes, WR6 and WR7 can
be programmed with sync characters. In Monosync mode,
an 8-bit or 6-bit sync character is used (WR6), whereas a
16-bit sync character is used (WR6 and WR7) in Bisync
mode. In bit-oriented synchronous modes, the flag con-
tained in WR7 is loaded into the Transmit Shill register at
the beginning and end of a message.




Internal Data Bus

2 To Other
ll i l l l Channel
Internal
WR7 Sync WR6 Sync WRS5 Transmit TxD ‘ |
Register Register Data Final
T inal Tx
MUX L—» TxD
! \AAA
I I
20-Bit | Shift | Start
Transmit | Register | Bit
ASYNC
SYNC »  Transmit NRzI | |
< MUX & Encode
SDLC »| 2-Bit Delay
+— Zero Insert )
> (5-Bits)
-9
CRC SDLC L— RxD
. RxD Delayed
CRC Transmit One Bit
» Clock
Generator

Figure 4-1. Transmitter Block Diagram

If asynchronous data is processed, WR6 and WR?7 are not
used and the Transmit Shift register is formatted with start
and stop bits shifted out to the transmit multiplexer at the
selected clock rate. Synchronous data (except SDLC/
HDLC) is shifted to the CRC generator as well as to the
transmit multiplexer.

SDLC/HDLC dalais shifted to the CRC Generator and out
through the zeroinsertionlogic (whichis disabled while the
flags are being sent). A "0” is inserted in all address,
control, information, and frame check fields following five
contiguous “1s" in the data stream. The result of the CRC
generator for SDI.C data is also routed through the zero
insertion logic and then to the transmit multiplexer.

4.1.2 General Description of the Receiver

The receiver has a three deep, 8-bit Data FIFO (paired with
a three deep Error FIFO), and an 8-bit shift register. The
receiver block diagram is shown in Figure 4-2. This ar-
rangement creates a 3-character delay time, which allows
the CPU time to service an interrupt at the beginning of a
block of high-speed data. With each Receive Data FIFO,
the Error FIFO stores parity and framing errors and other
types of status information. The Error FIFO is readable in
Read Register 1.
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Figure 4-2. Receiver Block Diagram




Incoming data is routed through one of several paths
depending on the mode and character length. In Asyn-
chronous mode, serial data enters the 3-bit delay if the
character length of seven or eight bits is selected. If a
character length of five or six bits is selected, data enters
the receive shift register directly. ’

In synchronous modes, the data path is determined by the
phase of the receive process currently in operation.
A synchronous receive operation begins with ahuntphase
in which a bit pattern that matches the programmed sync
characters (6-,8-, or 16-bit is searched).

The incoming data then passes through the Sync register
and is compared to a sync character stored in WR6 or WR7
(depending on which mode it is in). The Monosync mode
matches the sync character programmed in WR7 and the
character assembled in the Receive Sync register to
establish synchronization.

Synchronizationis achieved differently in the Bisync mode.
Incoming data is shifted to the Receive Shift register while
the next eight bits of the message are assembled in the
Receive Sync register. If these two characters match the
programmed characters in WR6 and WR7, synchroniza-
tion is established. Incoming data can then bypass the
Receive Sync register and enter the 3-bit delay directly.

The SDLC mode of operation uses the receive Sync
register to monitor the receive data stream and to perform
zero deletion when necessary; i.e., when five continuous

“1s” are received, the sixth bit is inspected and deleted
from the data streamfitis “0". The seventh bitisinspected
only if the sixth bitequals one. If the seventh bitis “0", aflag
sequence has been received and the receiver is synchro-
nized to that flag. If the seventh bitis a “1” an abort or an
EOP (End Of Poll) is recognized, depending upon the
selection of either the normal SDLC mode or SDLC
Loop mode.

The same path is taken by incoming data for both SDLC
modes. The reformatted data enters the 3-bit delay and is
transferred to the Receive Shift register. The SDLC receive
operation begins in the hunt phase by attempting tomatch
the assembled character in the Receive Shift Register with
the flag pattern in WR7. Then the flag character is recog-
nized, subsequent data is routed through the same path,
regardless of character length.

Eitherthe CRC-16 or CRC-SDLC cyclic redundancy check
(CRC) polynomial can be used for both Monosync and
Bisync modes, but only the CRC-SDLC polynomial is used
for SDLC operation. The data path taken for each mode is
also different. Bisync protocol is a byte-oriented operation
that requires the CPU to decide whether or not a data
character is to be included in CRC calculation. An 8-bit
delay in all synchronous modes except SDLC is allowed
for this process. In SDLC mode, all bytes are included in
the CRC calculation.

4.2 ASYNCHRONOUS MODE

Inasynchronous communications datais transferredin the
format shown in Figure 4-3.

Idle State
of Line

A

iLsBl 1

Stop
 Bit(s)

|<—— Data Field -———>|

L el ik Rk ke s Bkl ol s

0 T"I'"‘"L"'"L"""l"-7-"k-1->: : ,
1 |
ity 151
Start PS’.{” a2 _'..:
Bit ! !

Figure 4-3. Asynchronous Message Format
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The transmission of a character begins when the line
makes a transition from the “1" state, or MARK condition to
the "0" state or SPACE condition. This transition is the
reference by which the character’s bit cell boundaries are
defined. Though the transmitter and receiver have no
common clock signal, there must be an agreement as to
the data rate so that the receiver can always sample the
data in the center of the bit cell.

The character can be broken up into four fields:
Start bit - signals the beginning of a character frame.
Data field - typically 5-8 bits wide.

Parity bit - optional, provides mechanism for checking
character validity, transmilter and receiver agree that:

Data + Parity bit contains odd number of 1s (odd parity) or
Data + Parity bit contains even number of 1s (even parity).

Stop bit(s) - provides a minimum interval between the end
of one character and the beginning of the next.

The ISCC supports Asynchronous mode with a number of
programmable options including the number of bits per
character, the number of stop bits, the clock factor, mo-
dem interface signals and break detect and generation.

Asynchronous mode is selected by programming the
desired number of stop bits in D3 and D2 or WR4. Pro-
gramming these two bits with other than “00" places both
the receiver and transmitter in Asynchronous mode. In this
mode, the ISCC ignores the state of bits D4, D3, and D2 of
WR3, bits D5 and D4 of WR4, bits D2 and DO of WR5, all
of WR6 and WR7 and all of WR10 except D6 and D5. Bits
that are ignored may be programmed with “1" or “0” or not
at all. See Table 4-1 below.

Table 4-1. Write Register Bits Ignored
in Asynchronous Mode

Register D7 D6 D5 D4 D3 D2 D1 DO

WR3 X X X

WR4 X X

WR5 X X
WR6 X X X X X X X X
WR7 X X X X X X X X
WR10 X X X X X X

4.2.1 Asynchronous Transmit

Characters are loaded from the transmit buffer to the shift
register where they are given a start bit and a parily bit (if
programmed), and are shifted out tothe TxD pin. Eachtime
the transmit buffer becomes empty the Tx Empty bitin RRO
is setto 1 and, oplionally, an interrupt or DMA request can
be generated.

The number of bits transmitted per character is controlled
both by Bits D6 and D5 in WR5, and the way the data is
formatted within the transmit buffer. The hits in WR5 allow
the option of five, six, seven, or eight bits per character.
When five bits per character is selected the data may be
formatted before being written to the transmit buffer to
allow transmission of from one to five bits per character.

This formatting is shown in Table 4-2.

Table 4-2. Transmit Bits per Character

Bit 7 Bit6
0 0 5 or less bits / character
0 1 7 bits / character
1 0 6 bits / characler
1 1 8 bits / characler

For five or less bits per character selection in WR5, the
following encoding is used in the data sent to the transmit-
ter. D is the data bit(s) to be sent.

D7 D6 D5 D4 D3 D2 D1 DO

Sends one data bit
Sends two data bits
Sends three data bits
Sends four data bits
Sends five data bits

O = o
OO - ==
OO = =
oo o —
Coocoo
oo o
T O OoOoo
OO o OO

Inall cases the datamust be right-justified, with the unused
bits being ignored exceptin the case of five bits or less per
character.

An additional bit, carrying parity information, may be
automatically appended to every transmitted character by
setting bitDO of WR4 to “1”. This bitis sentin addition to the
number of bits specified in WR4 or by the data format. The
parity sense is selected by bit D1 of WR4. If this bit is set
to “1", the transmitter sends even parity, if set to “0", the
parity is odd.
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The ISCC may be programmed to accept a transmit clock
that is one, sixteen, thirty-two, or sixty-four times the data
rate. Thisis selected by bits D7 and D6 of WR4, in common
with the clock factor for the receiver. Note that the chosen
clock factor may restrict the number of stop bits that may
be transmitted. In particular, when the clock rate and data
rale are identical, one-and-a-half stop bits are not allowed.
If any length other than one stop bitis desired in the times
one mode, only two stop bits may be used.

There are two modem control signals associated with the
transmitter provided by the ISCC, namely /RTS and /CTS.

The /RTS pin is a simple output that carries the inverted
state of the RTS bit (D1)in WR5, unless the Auto Enables
bit (D5) is set in WR3. When Auto Enables is set, the /RTS
pin will immediately go Low when the RTS bit is set.
However, when the RTS bit is reset, the /RTS pin remains
Low until the transmitter is completely empty and the last
stop bit hasleft the TxD pin. Thus the /RTS pin may be used
to disable external drivers for the transmit data.

Ihe /CTS pin is ordinarily a simple input to the CTS bit in
RRO. However, if Auto Enables mode is selected this pin
becomes an enable for the transmitter. That is, if Auto
Enables is on and the /CTS pin is High, the transmitter is
disabled; the transmitter is enabled while the /CTS pin
is Low.

The transmitter may be programmed to send a Break by
setting bit D4 of WR5 to “1". The transmitter will send
continuous "0s” from the first transmit clock edge after this
command is issued, until the first transmit clock edge after
this bit is reset. The transmit clock edges referred to here
are those that define transmitted bit cell boundaries.

An additional status bit for use in Asynchronous mode is
available in bit DO or RR1. This bit, called All Sent, is set
when the transmitter is completely empty and any previous
data or stop bits have reached the TxD pin. The All Sent bit
can be used by the processor as an indication that the
transmitter may be safely disabled.

The initialization sequence for the transmitter in asynchro-
nous mode is given in Table 4-3.

Atthis point other registers should be initialized according
to the hardware design such as clocking, 1/0O mode, etc.
When all this is completed, the transmitter may be enabled
by setting WR5(3) = 1. Also note that the transmitter and
receiver may be initialized at the sarmie time.

The number of bits/char is selected by WR3, bits 6-7.

Table 4-3. Initialization Sequence for the Transmitter
in Asynchronous Mode

Reg  BitNo

WR4 3,2 Select Async Mode and the number of stop bits*
0,1 Select parity*
6,7 Select clock mode*

Description

WR3 5 Select Auto Enable Mode*
WR5 1 Select modem control (RTS)
4 Select break generation
6,5 Select number of bits/char for transmitter
Note:

*

initializes transmitter and receiver simultaneously

4.2.2 Asynchronous Reception

During reception, the start and stop bits are stripped away
and checked for errors, leaving only the working data for
CPU interaction.

The receiver always checks for one stop bit. If after
character assembly the receiver finds this stop bit to be a
“0", the Framing Error bit in the receive error FIFO is set at
the same time that the character is transferred to the
receive data FIFO. This error bit accompanies the data to
the top of the FIFO, where it generates a special receive
condition. The Framing Error bitis not latched, and somust
be read in RR1 before the accompanying data is read.

The additional parity bit per character is transferred to the
receive data FIFO along with the data if the data plus parity
is eight bits or less. The Parity Error bit in the receive error
FIFO may be programmed to cause a special receive
conditioninterruptby setting bit D2 of WR1to “1". This error
bit is latched and so will remain active, once set, until an
Error Reset command has beenissued. Ifinterrupts are not
used to transfer data, the Parity Error, Framing Error, and
Overrun Error bits in RR1 should be checked before the
data is removed from the receive data FIFO.

The ISCC may be programmed to accept a receive clock
that is one, sixteen, thirty-two, or sixty-four times the data
rate. This is selected by bits D7 and D6 in WR4. The 1X
mode is used when bits are synchronized external to the
receiver. The 1X mode is the only mode in which a data
encoding method other than NRZ may be used. The clock
factor is common to the receiver and transmitter.

The ISCC provides up to three modem control signals
associated with the receiver.
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The /SYNC pin is a general-purpose input whose state is
reported in the Sync/Hunt bitin RRO. If the crystal oscillator
is enabled, this pin is not available and the Sync/Hunt bit
is forced to “0". Otherwise, the /SYNC pin may be used to
carry the Ring Indicator signal.

The /DTR//REQ pin carries the inverled state of the DTR bit
(D7)in WR5 unless this pin has been programmed to carry
a DMA Request signal.

The /DCD pin is ordinarily a simple input lo the DCD bit in
RRO. However_ if the Auto Fnables mode is selected by
setting D50f WR3t0 “1", this pin becomes an enable for the
receiver. Thatis, if Auto Enables is on and the /DCD pin is
High, the receiver is disabled. While the /DCD pin is Low,
the receiver is enabled.

The break condition is continuous “0s”, as opposed to the
usual continuous ones during an idle. The ISCC recog-
nizes the Break condition upon seeing a null character (all
“0s")plus a framing error. Upon recognizing this sequence
the Break bitin RRO will be set and will remain setuntita “1”
is received. At this point the break condition is no longer
present. Atthe termination of a break the receive dataFIFO
contains asingle null character, which should be read and
discarded. The Framing Error bit will not be set for this
character, but if odd parity has been selected, the Parity
Error bit will be set. Caution should be exercised if the
receive data line contains a switch that is not debounced
to generate breaks. Switch bounce may cause multiple
breaks, recognized by the ISCC to be additional charac-
ters assembled in the receive data FIFO. itmay also cause
a receive overrun condition being latched.

Received characters are assembled, checked for errors,
and moved to a three byte FIFO. When there is at least one
character in the FIFO the Rx Character Available bit (in
RRO)is setto 1 and, optionally, an interruptor DMA request
can be generated. Since errors apply to specific charac-

ters, itis necessary that error information moves along side
the data that it refers to. This is implemented in the ISCC
with a three entry error FIFO in parallel with the data FIFO.
The three error conditions that the receiver checks for in
asynchronous mode are:

1. Framing errors - when a character stop bit is found
tobe 0.

2. Parity errors - when parity is enabled and the parity of
a characler disagrees with the sense programmed
in WR4.

3. Overrun errors - when the FIFO overflows.

The initialization sequence for the receiver in asynchro-
nous mode is given in Table 4-4 below.

Table 4-4. Initialization Sequence for the Receiver
in Asynchronous Mode

Reg BitNo Description

WR4 3.2 Select Async Mode and the number of stop bits*
0,1 Select parity*
6,7 Select clock mode*

WR3 7,6 Select number of bits / character

5 Select Auto Enable Mode*
WR5 1 Select modem control (RTS)

Note:
* initializes transmitter and receiver simultaneously

At this point other registers should be initialized according
10 the hardware design such as clocking, 1/O mode, etc.
When all thisis completed, the receivermay be enabled by
setting WR3(0) = 1. Also note that the transmitter and
receiver may be initialized at the same time.

4.3 BYTE - ORIENTED SYNCHRONOUS MODE

Three byte-oriented synchronous protocols supported by
ISCC are monosync, bisync, and external sync.

In synchronous communications the bit cell boundaries
are defined by a clock signal which is common to both the
transmitter and receiver. Of course there must also be an
agreement as to the location of the character boundaries
so that the characters can be properly framed. This is
normally accomplished by defining special SYNC pat-
terns, or SYNC characters. The SYNC pattern serves as a
reference; it signals the receiver that a character boundary
occurs immediately after the last bit of the pattern. Another

way of identifying the character boundaries (i.e. achieving
synchronization) is with a logic signal that goes active just
as the first character is about to enter the receiver. This

method is referred to as "External Synchronization”.

Figure 4-4 shows the character format for synchronous
transmission. Forexample, bits 1-8 might be one character
and bits 9-13 part of another character; or bit 1 might be
part of a second character, and bits 10-13 part of a third
character. The alignment of the received bytes to the byte
assembly is accomplished by defining a synchronization
character, commonly called a "sync character”.
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Figure 4-4. Monosync Data Character Format

Startand stop bits are notrequired in synchronous modes.
All bits are used to transmit data. This eliminates the
“waste” characteristic of asynchronous communication.

4.3.1 Byte Oriented Synchronous Transmit

Once Synchronous mode has been selected, any of three
sync character lengths may be selected:

6 bit
8 bit
16 bit

The 6-bitoption Sync character is selected by setting bits
4 and 5 of WR4 to zeros and bit 0 of WR10 to one. Only the
least significant six bits of WR6 are transmitted.

The 8-bit sync character is selected by setting bits 4 and
5of WR4 to zeros and bit 0 of WR 10 to zero. With this option
selected, the transmitter sends the contents of WR6 when
it has no data to send.

Monosync and Bisync modes require clocking information
1o be transmitted along with the data either by a method of
encoding data that contains clocking information, or by a
modem that encodes or decodes clock information in the
modulation process. Refer to the Monosync message
format as shown in Figure 4-4.

The Bisync mode of operation is similar to the Monosync
mode, except thal two sync characters are provided
instead of one. Bisync attempts a more structured ap-
proach to synchronization through the use of special
characters as message “headers” or “trailers”.

External Sync mode eliminates the use of sync characters
in the serial data stream by providing an external sync
signal to mark the beginning of adatafield; i.e., an external
input pin (Sync) waits for an active state change toindicate
the beginning of an information field.

Character-oriented mode is selected by programming bits
D3 and D2 of WR4 with zeros. This selects synchronous
mode, as opposed to asynchronous mode, but this selec-
tion is further modified by bits 5 to 7 of WR4 as well as bits
1 and 0 of WR10. In sync character-oriented modes,
exceptExternal Sync mode, the state of bits 7 and 6 of WR4
are always forced internally to zeros. In external sync
mode, these two bits must be programmed as described
in Section 5.4.5.

Table 4-5. Registers Used in
Character-oriented Modes

Register' Bit No Description
WR4 3(=0) Select sync mode
2 (=0)
4 (=0) Select monosync mode
5 (=0) (8 bit sync character)
4 (=1) Select bisync mode
5(=0) (16 bit sync character)
4(=1) Select external sync mode
5(=1) (external sync signal required)
6 (=0) Select 1x clock mode
7 (=0)
WR6 7-0 Sync character (low byte)
WR7 7-0 Sync character (high byte)
WR10 1 Select sync character length’

In character-oriented modes, a special bit pattern is used
to provide character synchronization. The ISCC offers
several options to support synchronous mode including
various sync generation and checking, CRC generation
and checking, as wellas modem controls and a transmitter
to receiver synchronization function.

For a 16-bit sync character, set bit D4 of WR4 to “1" and bit
D5 of WR4 and bit DO of WR10 to “0". In this mode the
transmitter sends the concatenation of WR6 and WR7 as
a time fill.




Because the receiverrequires that sync characters beleft-
justified in the registers, while the transmiler requires them
lo be right justified, only the receiver will work with a 12-bit
sync character. While the receiver is in Exlernal Sync
mode, the transmitter sync length may be six or eight bits,
as selected by bit DO of WR10.

The number of bits per transmitted character is controlled
by D6 and D5 of WR5 and the way the dala is formatled
within the transmit buffer. The bits in WR5 allow the option
offive, six, seven, or eight bits per character. When five bits
per characteris selected the datamay be formatted before
being written to the transmit buffer to allow transmission of
fromone to five bits per character. This formatting is shown
in Table 4-2. In all cases the data must be right-justified,
with the unused bits being ignored except in the case of
five bits per character.

An additional bit, carrying parity information, may be
automatically appended to every transmitted character by
setting bit DO of WR4 to “1". This parity bitis sentin addition
to the number of bits specified in WR4 or by the data
format. If this bitis setto “1", the transmitter will send even
parity, if set to “0”, the transmitted parity will be odd.

Either of two CRC polynomials may be used in synchro-
nous modes, selected by bit D2 in WR5. [f this bitis set to
“1", the CRC-16 polynomial is used and, if this bit is set to
‘0", the CRC-CCITT polynomial is used. This bit controls
the selection for both the transmitter and receiver. The
initial state of the generator and checker is controlled by bit
D7 ot WR10. When this bitis set to “1", both the generator
and checker will have an initial value of all ones, if this bit
is set to “0", the initial values will be all zeros.

The ISCC does not automatically preset the CRC genera-
tor, so this must be done in software. This is accomplished
by issuing the Reset Tx CRC Generator command, which
is encoded in bits D7 and D6 of WRO. For proper results this
command must be issued while the transmitter is enabled
and sending sync characters.

If CRC is to be used, the transmit CRC generator must be
enabled by setting bit DO of WR5 to “1". This bit may also
be used to exclude certain characters from the CRC
calculation. Sync characters are automatically excluded
from the CRC calculation and any characters written as
data may also be excluded from the calculation by using
bit DO of WRS5. Internally, the CRC is enabled or disabled
for a particular character at the same time as the character
is loaded from the transmit buffer to the Transmit Shift
register. Thus, to exclude a character from CRC calcula-

tion bit DO of WR5 should be set to “0" before the character
is written to the transmit buffer. This guarantees that the
internal disable will occur when the character moves from
the buffer to the shift register. Once the buffer becomes
empty, the Tx CRC Enable bil may be written for the next
character.

Enabling the CRC generator is not sufficient to control the
transmission of CRC. In the ISCC this functionis controlied
by the Tx Underrun/EOM bil, which may be resel by the
processor and set by the ISCC. When the transmitter
underruns (hoth the transmit buffer and Transmit Shift
register are emply) the state of the Tx Underrun/EOM bit
determines the action taken by the ISCC. If the TxUnderrun/
EOM bitis not set when the underrun occurs, the transmit-
ter willsend the accumulated CRC and set the TxUnderrun/
EOM bit to indicate this. This transition may be pro-
grammed to cause an external/status interrupt, or the
Tx Underrun/EOM is available in RRO.

The Reset Tx Underrun/EOM Latch command is encoded
in bits D7 and D6 of WRO. For correct transmission of the
CRC at the end of a block of data, this command must be
issued after the first character is written to the ISCC but
before the transmitter underruns after the last character
written to the ISCC. The command is usually issued imme-
diately after the first character is written to the ISCC so that
CRCwillbe sentif an underrun occurs inadvertently during
the block of data.

If the transmitter is disabled during transmission of a
character, that character will be sent completely. This
applies to both data and sync characters. However, if the
transmitter is disabled during the transmission of CRC, the
16-bit transmission will be completed, but the remaining
bits will come from the SYNC registers rather than the
remainder of the CRC.

There are two modem control signals associated with the
transmitter provided by the ISCC: /RTS and /CTS.

The /RTS pin is a simple output that carries the inverted
state of the RTS bit (D1) in WR5.

The /CTS pin is ordinarily a simple input to the CTS bit in
RRO. However, if Auto Enables mode is selected this pin
becomes an enable for the transmitter. That is, if Auto
Enables is ON and the /CTS pin is High the transmitter is
disabled. While the /CTS pinis Low, transmitter is enabled.

The initialization sequence for the transmitter in character-
oriented mode is shown in Table 4-6.




Table 4-6. Transmitter Initialization in

Character Oriented Mode
Register BitNo Description
WR4 0.1 select parity
WR5 1 RTS
2 select CRC generator
5,6 select number of bits per character
WR10 7 CRC preset value

At this point, the other registers should be initialized as
necessary. When all of this is completed the transmitter
maybe enabled by setting bit 30f WR5 to one. Now that the
transmitler is enabled the CRC generator maybe initialized
by issuing the Reset Tx CRC Generator command in WRO,
bit 6-7.

4.3.2 Byte-Oriented Synchronous Receive

The CPU places the receiver in Hunt mode whenever
transmission begins (or whenever a data dropout has
occurred and the hardware determines that
resynchronization is necessary). In Hunt mode, the re-
ceiver shifts a bit into the Receive Shift register and

Write Register 6

compares the contents of the Receive Shift register and
with the sync character (stored in another register), repeat-
ing the process until a match occurs. When a maich
occurs, the receiver begins transferring bytes to the re-
ceive FIFO.

Once the sync character-oriented mode has been se-
lected, any of the four sync character length maybe
selected: 6-bits, 8-bits, 12-bits, or 16-bits.

The Table 4-7 shows the WR register bit setting for select-
ing sync character length.

Table 4-7. Sync Character Length Selection

.Sync Length  WR4,D5 WR4,D4 WR10,D0
6 bits 0 0 1
8 bits 0 0 0
12 bits 0 1 1
16 bits 0 1 0

The arrangement of the sync character in WR6 and WR7 is
shown in Figure 4-5.

|p7{p6|ps |p4 [ps3 b2 {p1]Do]

T

Sync7 Syncé Syncs Sync4
Synct SyncO Sync5 Sync4
Sync7 Syncé Syncs Sync4
Sync3 Sync2 Synci SyncO
ADR7 ADRe ADRS ADR4
ADR7 ADR6 ADRS5 ADR4 X

Write Register 7

ADR3 ADR2

Sync3 Sync2 Synci SyncO Monosync, 8 Bits
Sync3 Sync2 Synci SyncO Monosync, 6 Bits
Syncs Sync2 Synci Synco Bisync, 16 Bits

1 Bisync, 12 Bits
ADR1 ADRO SDLC

X X X SDLC (Address Range)

{o7{p6|ps |p4 [p3|p2|D1]DO]

Tl

Sync7 Syncé Syncs5 Sync4 Sync3 Sync2 Synci SyncO Monosync, 8 Bits

Sync5 Sync4 Sync3 Sync2 Synci SyncO X X

Monosync, 6 Bits

Sync15 Sync14 Synci13 Sync12 Sync11 Sync10 Sync9® Sync8 Bisync, 16 Bits
Syncit Sync10 Sync9 SyncB Sync7 SynoG Sync5 Sync4 Bisync, 12 Bits
1

0 1

i 0 SDLC

Figure 4-5. Sync Character Programming
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For those applications requiring any other sync character
length, the ISCC makes provision for an external circuit to
provide a character synchronization signal on the /SYNC
pin. Thismodeis selected by setting bits D5 and D4 of WR4
to “1". In this mode the Sync/Hunt bit in RRO reports the
state of the /SYNC pin but the receiver must still be placed
in Hunt mode when the external logic is searching for a

rxc N/ \

sync character match. When the receiver is in Hunt mode
and the /SYNC pin is driven Low, two receive clock cycles
after the last bit of the sync characteris received, character
assembly will begin on the rising edge of the receive clock
immediately preceding the activation of /SYNC. This is
shown in Figure 4-6. The receiver leaves Hunt mode when
/SYNC is driven Low.

RxD __ X SYNG Last-t ) SYNC Last _DATA 0 X _DATA 1

X DATA 5] )C

/SYNC

Figure 4-6. /SYNC as an Input

Inall cases except External Sync mode the /SYNC pinis an
output that is driven Low by the ISCC to signal that a sync
character has been received. The /SYNC pin is aclivated
regardless of character boundaries so any external

circuitry using it should only respond the /SYNC pulse that
occurs while the receiver is in Hunt mode. The timing lor
the /SYNC signal is shown in Figure 4-7.

/RTXC /77

o /NS NSNS N\NANN

/ISYNC

X X

State changes in one
/RTxC clock cycle

Figure 4-7. /SYNC as an Output

Itis sometimes desirable to prevent sync characters from
entering the receive data FIFO. This functionis available in
the ISCC by setting the Sync Character Load inhibit bit
(D1)in WR3 to “1". While this bitis setto “1”, the character
about to be loaded into the receive data FIFQ is compared
with the contents of WR6. If all eight bits match the
character, it is not loaded into the receive data FIFO.
Because the comparison is across eight bits, this function
works correctly only when the number of bits per character
is the same as the sync character length. Thus it cannot be
used with 12-or 16-bit sync characters. Both leading sync
characters and sync characters embedded in the data
may be properly removed in the case of a 8-bit sync
character. Care must be exercised in using this feature
because sync characters not transferred to the receive

data FIFO will automatically be excluded from CRC calcu-
lation. This works properly only in the 8-bit case.

The receiver in the ISCC searches for character synchro-
nization only while it is in Hunt mode. In this mode the
receiver is idle having been first enabled, and may be
placed in Huntmode by command from the processor. this
is accomplished by issuing the Enter Hunt Mode com-
mand in WR3. This bit (D4) is a command; writing a “0" to
it has no effect. The Hunt status of the receiver is reported
by the Sync/Huntis one of the possible sources of external/
status interruplts, with both transitions causing an interrupt.
This s true even if the Sync/Hunt bit is set as a result of the
processor issuing the Enter Hunt Mode command.




The number of bits per character is controlled by bits D7
and D6 of WR3: Five, six, seven, or eight bits per character
may be selected via these two bits. The data is right-
justified in the receive data buffer. The ISCC merely takes
a snapshot of the receive data stream at the appropriate
times so the "unused” bits in the receive buffer are only the
bits following the character in the data stream.

An additional bit, carrying parity information, may be
selected by setting bit DO of WR4 to."1". If this bit is set to
“1", the received characteris checked for even parity, if set
to “0", the received character is checked for 'odd parity.
The additional bit per character is not visible when there
are eight data bits per character. The Parity Error bitin the

receive error FIFO may be programmed to cause a Special
Receive Condition interrupt by setting bit D2of WR1 10 *1”.
This error bit is latched and so will remain active, once set,
until an Error Reset command has been issued. If inter-
rupts are not used to transfer data the Parity Error, CRC
Error, and Overrun Error bits in RR1 should be checked
before the data is removed from the receive data FIFO.

The character length may be changed at any time before
the new number of bits has been assembled by the
receiver, but, care should be exercised as unexpected
results may occur. A representative example, switching
from five bits to eight bits and back to five bits is shown in
Figure 4-8.

Receive Data Buffer

7 6 5 4 3 2 1| 5Bis

Time J [s

|13

121110 9 8 7 6| 8Bits

Change from Five to Eight ——»

|21

20 19 18 17 16 15 14| 8Bits

29

28 27 26 25 24 23 22| 5Bits

Change from Eight to Five ——

[ 34

33 32 31 30 29 28 27| 5Bits

{39

38 37 36 35 34 33 32|

Figure 4-8. Changing Character Length

Either of two CRC polynomials may be used in synchro-
nous modes, selected by bit D2 in WR5. If this bit is set to
“1", the CRC-16 polynomial is used, if this bit is set to “0",
the CRC-CCITT polynomial is used. This bit controls the
polynomial selection for both the receiver and transmitter.

The initial state of the generator and checker is controlled
by bit D7 of WR10. When this bit is set to “1", both the
generator and checker will have an initial value of all ones,
if this bit is set to “0”, the initial values will be all “0s". The
ISCC presets the checker whenever the receiver is in Hunt
mode so a CRC reset command is not strictly necessary.
However, there is aReset CRC Checker command in WRO.

This command is encoded in bits D7 and D6 of WRO. If
CRC is to be used the CRC checker must be enabled by
setting bit DO of WR3 to “1".

Ifsync characters are being stripped from the data stream,
this may be done at any time before the first non-sync
character is received. If the sync strip feature is not being
used, CRC must not be enabled until after the first data
character has been transferred to the receive data FIFO.
As previously mentioned, 8-bit sync characters stripped
fromthe data stream are automatically excluded from CRC
calculation.
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Some synchronous protocols require that certain charac-
ters be excluded from CRC calculation. This is possible in
the ISCC because CRC calculation may be enabled and
disabled on the fly. To give the processor sufficient time to
decide whether or not a particular character should be
included in the CRC calculation, the ISCC contains an
8-bit time delay between the receive shift register and the
CRC checker. The logic also guarantees that the calcula-
tion will only start or stop on a character boundary by
delaying the enable or disable until the next character is
loaded into the receive data FIFO.

To understand how this works refer to Figure 4-9 and the
following explanation. Consider a case where the ISCC
receives a sequence of eight bytes, called A, B, C, D, E, F,
G and H with A received first. Now suppose that A is the
sync character, that CRCistobe calculatedon B, C, E, and
F, and that F is the last byte of this message. A process is
used to control the ISCC as described below.

The Receive Character-Operational Stages:

1. Before Ais received the receiver isin Huntmode and the
CRCis disabled. When A is in the receive shift regisler itis
compared with the contents of WR7. Since A is the sync
character, the bit patterns match and receive leaves Hunt
mode, but character A is not transferred to the receive
data FIFO.

2. After 8-bit times, B is loaded into the receive data FIFO.
The CRC remains disabled even though somewhere dur-
ing the next eight bit times the processer reads B and
enables CRC. At the end of this eight-bit time, Bis in the 8-
bit delay and C is in the receive shift register.

| |

HEEN

| |

I[JIJ

Receive Data FIFO

il

HHT

Receive Data ————»L Receive Shift Register

.

Eight Bit Time Delay

I___

L

CRC Checker |

Figure 4-9. Receive CRC Data Path
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3. Character C is loaded into the receive data FIFO and at
the same time the CRC checker becomes enabled. During
the next eight-bit-time, the processor reads C and since
CRC is enabled within this period, the ISCC has calculated
CRC on character B; character C is in the 8-bit delay and
Dis in the Receive Shift register. D is then loaded into the
receive data FIFO and at some point during the next eight-
bit-time the processor reads D and disables CRC. At the
end of these eight-bit-times CRC has been calculated on
C, character D is in the 8-bit delay and E is in the Receive
Shift register.

4. Now E is loaded into the receive data FIFO. During the
next eight-bit-times the processor reads E and enables the
CRC. During this time E shifts into the 8-bit delay, F enters
the Receive Shift register and CRC is not being calculated
on D. After these eight-bit-times have elapsed, E is in the
8-bit delay, and I is in the Receive Shift register. Now F is
transterred 1o the receive data FIFO and CRC is enabled.
During the next eight-bit-times the processor reads F and
leaves the CRC enabled. The processor is usually aware
that this is the last character in the message and so

prepares to check the resull of the CRC computation.
However, another sixteen bit-times are required before
CRC has been calculated on all of character F.

5. Atthe end of eight-bit-times F is in the 8-bitdelay and G
is in the Receive Shift register. At this time G is transferred
to the receive data FIFO. Character G must be read and
discarded by the processor. Eight bit times later H is
transferred to the receive data FIFO also. The result of a
CRC calculation is latched in the receive error FIFO at the
same time as data is written to the receive data FIFO. Thus
the CRC result through character F accompanies character
H in the FIFO and will be valid in RR1 until character H is
read from the receive data FIFO. The CRC checker may be
disabled and reset at any time after character H is trans-
ferred to the receive data FIFO. Recall, however, that
internally CRC will not be disabled until after this occurs.
A better alternative is to place the receiver in Hunt mode,
which automatically disables and resets the CRC checker.
See Table 4-8 for a condensed description.
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Table 4-8. Enabling and Disabling CRC on the fly

A B (] D E F G H
(Sync) | (Data1)| (Data2)| (Data3) | (CRC1) |(CRC2)| (Data) | (Data)
Note: No CRC Calculation on "D"
Direction of Data Shift Receive Delay RC Note
Stage Coming into SCC Register | Data FIFO | Register c otes
B e
1 HGFEDCBA d
HGFEDCB d
2 HGFEDC
CPU Reads B d
CPU Enables CRC
3 HGFED C B e
CPU Reads C
# CRC Calc on B
HGFE D (o] e
CPU Reads D
CPU Disables CRC
# CRC Calcon C
4 HGF E D d
CPU Reads E
CPU Enables CRC » CRC Calcis
HG F E e Disabled on D
CPU Reads F
® CRC CalconE
5 H G F e
CPU Reads & Discard G
# CRC CalconF
H G* e
» CRC Calcon F*
Read RR1 D6 Result latched in
Read H & Discard H Error FIFO t

Legend:
* Usually G is a end-of-message character indicator.

t The status is latched on the Error FIFO for each received byte. In the calculation of F,

the CRC error flag in the Error FIFO will be 0 for an error free message.
d = disabled
e = enabled

ABCD

EFGH

A =SYNC
B - F = Data with E = CRC1 and F = CRC2
G and H are arbitrary data
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Up to two modem control signals associated with the
receiver are available in synchronous modes: DTR/REQ
and DCD. The /DTR//REQ pin carries the inverted stale of
the DTR bit (D7) in WR5 unless this pin has been pro-
grammed to carry a DMA Request signal. The /DCD pin is
ordinarily a simple input to the DCD bit in RRO. However,
if the Auto Enables mode is selected by setting D5 of WR3
to "1”, this pin becomes an enable for the receiver. Then if
Auto Enables is ON and the /DCD pin is High the receiver
is disabled; while the /DCD pin is Low the receiver is
enabled.

The initialization sequence for the receiver in character-
oriented mode is WR4 first, to select the mode, then WR10
to modify it if necessary, WR6 and WR7 to program the
sync characters and then WR3 and WR5 to select the
various options. At this point the other registers should be
initialized as necessary. When all this is completed the
receiver is enabled by setting bit 0 of WR3 to a one.
A summary is shown in Table 4-9.

Table 4-9. Initializing the Receiver in
Character Oriented Mode

Register  Bit No Description
WR4 4-5 Select sync character
WR10 0 Length )
WR4 4-5 Select external sync
WR6 0-7 Sync characler, lower byte
WR7 0-7 Sync character, upper byte
WR3 1 Sync character inhibit

4 Enter hunt mode
WR3 6-7 Number of bits / character
WR4 0-1 Select parity
WR5 2 Select CRC
WR10 7 CRC generator initial state
WRO 7-6 Reset CRC generator
WR3 0 CRC enable
WR5 7 DTR/REQ
WR3 5 Auto enable

4.3.3 Transmitter/Receiver Synchronization

The ISCC contains a transmitter-to-receiver synchroniza-
tion function that may be used to guarantee that the
character boundaries for the received and transmitted
data are the same. In this mode the receiver is in Hunt and
the transmitter is idle, sending either all “1s” or all "0s”.
When the receiver recognizes a sync character, it leaves

Hunt mode and one character time later the transmitter is
enabled and begins sending sync characters. Beyond this
point the receiver and transmitter are again completely
independent, except that the character boundaries are
now aligned. This is shown in Figure 4-10.

Direction of message flow ————p

RxD | | Sync | Sync | |
| Sync |

TxD
| Sync |

Receiver Leaves Hunt

Figure 4-10. Transmitter to Receiver Synchronization




There are several restrictions on the use of this feature in
the ISCC. First, it will only work with 6-bit, 8-bit or 16-bit
sync characters, and the data character or eight bits with
an 8-bit or 16-bit sync character. Of course, the receive
and transmil clocks must have the same rate as well as the
proper phase relationship.

A specific sequence of operations must be followed to
synchronize the transmitter to the receiver. Both the re-
ceiver and transmitter must have been initialized for opera-
tion in Synchronous mode sometime in the past, although
this initialization need not be redone each time the trans-
mitter is synchronized 1o the receiver. The transmitter 1S
disabled by setting bit D3 of WR5 to "0". At this point the
transmitter will send continuous “1s”. If it is desired that

continuous “0s” be transmitted, the Send Break bit (D4) in
WR5 should be set to “1". The transmilter is now idling but
musl still be placed in the transmitter to receiver synchro-
nization mode. This is accomplished by setting the Loop
Mode bit(D1)in WR10 and then enabling the transmitter by
setting bit D3 to WR5 to “1". At this point the processor
should set the Go Active on Poll bit (D4) in WR10. The tinal
stepis to force the receiver to search for sync characters.
If the recciver is currently disabled the receiver will enter
Hunt mode when it is enabled by setting bit DO of WR3 to
“1". It the receiver is already enabled it may be placed in
Hunt mode by setting bit D4 of WR3 1o "1". Once the
receiver leaves FHunt mode the transmitter is activated on
the following character boundary.

4.4 BIT-ORIENTED SYNCHRONOUS MODE

Synchronous Data Link Control mode (SDLC) uses syn-
chronization characters similar to Bisync and Monosync
modes (such as flags and pad characters), but it is a bit-
oriented protocol instead of byte-oriented protocol. High-
Level synchronous Data Link Communication (HDL.C) pro-
locolis identical to SDLC except for differences in framing
and can be handled by the ISCC using the SDL.C mode.
The discussions on SDLC which follow are equally appli-
cable to HDLC.

Any data communication linkinvolves al least two stations.
The station that is responsible for the data link and issues
the commands to control the link is called the "primary

station”. The other station is a “secondary station”. Not all
information transfers need to be initialed by a primary
station. In SDLC mode, a secondary station can be the
initiator.

The basic format for SDLC is a “frame” (Figure 4-11). The
information field is not restricted in format or content and
can be of any reasonable length (including zero). lts
maximum length is that which can be expected to arrive at
the receiver error-free most of the time. Hence, the deter-
mination of maximum length is a function of communica-
tion channel error rate.

| Frame >
Beginning Flag Information | Frame Ending Flag
01111110 Ag‘gﬁis %"g}t’;" Any Number | Check {| 01111110
8 Bits Of Bits 16 Bits 8 Bits

Figure 4-11. SDLC Message Format

Two flags that delineate the SDLC frame serve as refer-
ence points when positioning the address and control
fields, and they initiate the transmission error check. The
ending flag indicates to the receiving slation that the
16-bits just received constitute the frame check. The
ending flag could be followed by another frame, anocther
flag, oranidle. Thismeans that when two frames follow one
another, the intervening flag may simultaneously be the
ending flag of the first frame and the beginning flag of the
nextframe. Since the SDL C mode does notuse characters
of defined length, but rather works on a bit-by-bit basis, the
01111110 (7EH) flag can be recognized at any time.

To ensure that the flag is not sent accidentally, SDLC
procedures require a binary "0" to be inserted by the
transmitter after the transmission of any five contiguous
“1s". The receiver then removes the “0" following a re-
ceived succession of five “1s". Inserted and removed “0s"
are not included in the CRC calculation.

There are two unique bit patterns in SDLC mode besides
the flag sequence. They are the Abort and EOP (End of
Poll) sequence. An Abort is a sequence of from seven {0
thirteen consecutive “1s" and is used 1o signal the prema-
ture termination of a frame. The EOP is the bit pattern
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“11111110", whichis used in loop applications as a signal
to a secondary station that it may begin transmission.

The address field can consist of one or more octets and is
used to designate the number of secondary station to
which the commands or data are sent. A control field may
follow the address. The control field is eight bits long and
is used to initiate SDLC activities. Data follows the control
field any may consist of any number of bits.

Inthe SDLC mode, the ISCC operates in the following way.
In SDLC mode, frames of information are opened and
closed by a flag. The Flag character has the unique bit
patternof “01111110". When transmitting data or CRC, the
transmitter automatically performs zero insertion after five
consecutive ones, irrespective of character boundaries. In
turn, the receiver searches the receive data stream for five
consecutive “1s” and deletes the next bit if itis a “0".

CRC may be used in SDLC mode but only with the CRC-
CCITT polynomial. In the SDLC Mode, the transmitter in
the SCC cell automatically inverts the CRC before trans-
mission Because of this inversion, the receiver CRC check
results in a non-zero, but fixed remainder for errorless
data. The fixed remainder for this mode is
“0001110100001111” and this is the pattern automatically
checked forin the receiver in this mode. This is consistent
with bit-oriented protocols such as SDLC, HDLC,
and ADCCP.

SDLC modeis selected by setting bit D5 of WR4 to “1" and
bits D4, D3, and D2 of WR4 to “0". In addition, the flag
sequence must be written to WR7. Additional control bits
for SDLC mode are located in WR10.

4.4.1 SDLC Transmit

In SDLC mode the transmitter moves characters from the
transmit buffer to the shift register, through the zero in-
serter, and out the TxD pin. The transmitter does not
automatically send the address byte; it merely encapsu-
lates the data supplied by the processor with flags and
CRC. Also, the processor must load the flag into WR7 as
the ISCC does not have a default flag pattern.

Ordinarily, aframe will be terminated by the ISCC with CRC
and a flag but the ISCC may be programmed to send an
abort and aflag in place of the CRC. This option allows the
ISCC to abort a frame transmission in progress if the
transmitter is accidentally allowed to underrun. This is
controlled by the Abort/Flag on Underrun bit (D2)in WR10.
When this bit is set to 1" the transmitter will send an abort
and a flag in place of the CRC when an underrun occurs.

The frame will be terminated normally, with CRC and a flag,
if this bit is set to “0”, and the Tx Underrun /EOM latch
is reset.

The ISCC is also able to send an abort by command of the
processor. The Send Abort command, issued in WRO, will
send eight consecutive “1s” and then the transmitter will
idle. The Send Abort command also empties the transmit
buffer register. Since up to five consecutive “1s” may have
been sent prior to the Send Abort command being issued,
the command will cause a sequence of from eight to
thirteen “1s” to be transmitted (five ones of data followed
by eight ones of the abort).

After the abort when the transmitter enters the idle condi-
tion, the ISCC permits sending continuous 1's instead of

. idle flags. This option is envoked by setting the Mark/Flag

idle bit (D3) in WR10 to “1”. Note that the closing flag will
be transmitted correctly even if this mode is selected.

Before a new frame is transmitted, the Mark/Flag idle bit
must be set to "0" to allow an opening flag to be transmit-
ted. The Mark/Flag Idle bit must be set to “0” before data
is written to the transmit buffer. Care must be exercised in
doing this because the continuous “1s™ are transmitted,
eightat atime (as bytes) by the transmit shiftregister. After
setting the Mark/Flag Idle bit to “0”, the software must allow
time for eight continuous ones to have leftthe Transmit Shift
register before the first data byte is written to the transmit
buffer. This allows the transmitter torecognize that the Flag
Idle option has been invoked then, seeing an empty
transmitbuffer, the transmitter will load the flag into the shift
register for transmission. Once the flag load has been
done, the datamay be placed in the transmit buffer without
disturbing the transmission of the flag. (Note that when
using the transmitter in SDLC mode, all data passes
through the zeroinserter, which adds an extra five bittimes
of delay between the Transmit Shift register and the Trans-
mit Data pin.)

The number of bits per transmitted character is controlied
by bits D6 and D5 of WR5 and the way the data is formatted
within the transmit buffer. The bits in WR5 allow the option
of five, six, seven, or eight bits per character. When “five
bits per character” is selected, the data must be specially
formatted before being written to the transmit buffer. This
formatting is shown in Table 4-2. In all cases the data must
be right-justified, with the unused bits being programmed
as per the table (three zeros to the left of the data followed
by 1's to the left of the zeros to complete the byte).

An additional bit, carrying parity information, may be
automatically appended to every transmitted character by




setting bit D6 of WR4 to “1”. This bitis sentin addition to the
number of bits specified in WR4 or by the data format. The
parity sense is selected by bit D1 of WR4. Parity is not
normally used in SDLC mode.

The character length may be changed on the fly, but the
desired length must be selected before the character is
loaded into the transmit shift register from the transmit
buffer. The easiest way to ensure this is to write to WR5 to
change the character length before writing the data to the
transmit buffer.

Only the CRC-CCITT polynomial may be usced in SDLC
mode. This is selected by setting bit D2in WR5 to “0”. This
bit controls the selection for both the transmitter and
receiver. The initial state of the generator and checker is
controlled by bit D7 of WR10. When this bit is set to "1",
both the generator, and checker will have aninitial value of
all “1s” and, if this bit is set to “0", the initial values will
be all “0Os".

The ISCC does not automatically preset the CRC genera-
tor so this must be done in software. This is accomplished
by issuing the Reset Tx CRC generator command, which
is encoded in bits D7 and D6 of WRO. For proper results,
this command must be issued while the transmitter is
enabled and idling. If CRC is to be used the transmit CRC
generator must be enabled by setting bit DO of WR5 to “1”.
CRC is normally calculated on all characters between
opening and closing flags, so this bitis usually setto “1" at
initialization and never changed.

Enabling the CRC generator is not sufficient to control the
transmission of CRC. In the ISCC this function is controlled
by the Tx Underrun/EOM bit, which may be reset by the
processor and set by the ISCC.

When the transmitter underruns (both the transmit buffer
and transmit shift register are empty) the state of the Tx
Underrun EOM bit determines the action taken by
the ISCC.

If the Tx Underrun/EOM bitis set to 1" when the underrun
occurs, the transmitter will send flags.

The Reset Tx Underrun/EOM Latch command is encoded
in bits D7 and D6 of WRO.

It this bit is reset to “0" when the underrun occurs, the
transmitter will send either the accumulated CRC followed
by flags, or an abort followed by flags, depending on the
state of the Abort/Flag on Underrun bit in the WR10, Bit 1.
A summary is shown in Table 4-10.

Table 4-10. Underrun EOM Bit

Tx Underrun  Abort/Flag Action taken by ISCC
/EOM Latch Bit upon transmit underrun
0 1} Sends CRC followed by flag
0 1 Sends abort followed by flag
1 X Sends flag

The ISCC sels the Tx Underrun/EOM Latch when the CRC
or abort is loaded into the shift register for transmission.
This event can cause an interrupt, and the status of the Tx
Undeiun Laich can be read in RRO. The Tx Underrun
Latch may be reset by the processor via WRO.

For correct transmission of the CRC at the end of a frame,
the Reset Tx Underrun / EOM Lalch command must be
issued after the first character is written to the 1ISCC but
before the transmitter underruns after the last character
written to the ISCC. The command is usually issued imme-
diately after the first character is written to the ISCC so that
the abort or CRC is sent it an underrun occurs inadvert-
ently. The Abort/Flag on Underrun bit (D2) in WR10 is
usually setto “1"” at the same time as the Tx Underrun/EOM
bitis reset so that an abort can still be sentif the transmilter
underruns. The Abort/Flag on Underrun bitis then setlo "0”
near the end of the frame to allow the correct transmission
of CRC.

Inthis paragraph the term “completely sent” means shifted
out of the Transmit Shift register, not shifted out of the zero
inserter, which is an additional five bit times of delay. In
SDLC mode, if the transmitter is disabled during transmis-
sion of a character, that character will be "completely
sent”. This applies to both data and flags. However, if the
transmitler is disabled during the transmission of CRC, 16
total bits corresponding to the two CRC bytes will be
transmitted but part of the bits will be from the CRC
generator and the latter part of the bits will be from the Flag
register rather than form the CRC generator. Thus part of
the CRC bytes will not be transmitted.

There are two modem control signals associated with the
transmitter provided by the ISCC.

The/RTS pinis a simple output that carries the inverted state
of the RTS bit (D1) in WR5.

The /CTS pin is ordinarily a simple input to the CTS bit in
RRO. However, if Auto Enables mode is selected this pin
becomes and enable for the transmitter. That is, if Auto
Enables is ON and the /CTS pin is High the transmitter is
disabied. If the /CTS pin is Low, the transmitter is enabled.
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The initialization sequence for the transmitter in SDLC
mode is: WRA4 first, to select the mode, then WR10 to
modify it if necessary, WR7 to program the flag, and then
WR3 and WR5 to select the various options. At this point
the other registers should be initialized as necessary.
When all of this is complete, the transmitter may be
enabled by setting bit D3 of WR5 to “1”. Now that the
transmitter is enabled, the CRC generator may be initial-
ized by issuing the Reset Tx CRC Generator command in
WRO. A summary is shown in Table 4-11.

Table 4-11. Initializing the Transmitter in SDLC Mode

Register Bit No Description

WR5 5-6 Number of bits per character
WR4 1-0 Select parity

WR5 2 Select CRC-CCITT

WR10 7 Select CRC preset value
WRO 6-7 Reset Tx CRC

WR10 1 Abort / flag on underrun
WRO 6-7 Tx underrun

WR7 6-7 Flag

4.4.2 SDLC Receive

The rgceiver in the ISCC always searches the receive data
stream for flag characters in SDLC mode. Ordinarily, the
receiver transfers all received data between flags to the
receive data FIFO. However, if the receiverisin Huntmode
no flag is received. The receiver is in Hunt mode when first
enabled, or the receiver may be placed in Hunt mode by

the processor issuing the Enter Hunt mode command in
WRQ. this bit (D4) is a command, and writing a “0" to it has
no effect. The Hunt status of the receiver is reported by the
Sync/Hunt bit in RRO.

Sync/Huntis one of the possible sources of external/status
interrupts, with both transitions causing an interrupt. This
is true even if the Sync/Hunt bit is set as a result of the
processor issuing the Enter Hunt mode command.

The receiver will automatically enter Hunt mode if an abort
is received. Because the receiver always searches the
receive data stream for flags and automatically enters
Hunt Mode when an abort is received, the receiver will
always handle frames correctly, and the Enter Hunt Mode
command should never be needed. The ISCC will drive the
SYNC pin Low to signal that a flag has been recognized.
the timing for the SYNC signal is shown in Figure 4-12.

The first byte in an SDLC frame is assumed by the ISCC to
be the address of the secondary station for which the frame
is intended. The ISCC provides several options for han-
dling this address.

Ifthe Address Search Mode bit(D2)in WR3is setto "0" the
address recognition logic is disabled and all received
frames are transferred to the receive data FIFO. In this
mode the software must perform any address recognition.

If the Address Search Mode bit is set to “1”, only those
frames whose address matches the address programmed
in WR6 or the global address (all “1s”) will be transferred
to the receive data FIFO.

/RTxC ‘ ‘ /

o /NSNS N\

/SYNC

¢ X

¥

State changes in one
/RTxC clock cycle

Figure 4-12. /SYNC as an Output
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The address comparison will be across all eight bits of
WRE if the Sync Character Load inhibit bit (D1) in WR3 is
setto “0”. The comparison may be modified so thatonly the
four most significant bits of WR6 must match the received
address. This mode is selected by setting the Sync Char-
acter Load inhibit bit to “1". In this mode, however, the
address field is still eight bits wide. The address field is
transferred to the receive data FIFO in the same manner as
data. It is not treated differently than data.

The number of bits per character is controlled by bits D7
and D6 of WR3. Five, six, seven, or eight bits per character
may be selected via these two bits. The data is right-
justified in the receive buffer. The ISCC merely takes a

snapshot of the receive data stream at the appropriate
times, so the “unused” receive buffer are only the bits
following the character.

An additional bit carrying parity information may be se-
lected by setting bit D6 of WR4 to “1”. This also enables
parity in the transmitter. The parity sense is selected by bit
D1 of WR4. Parity is not normally used in SDLC mode. The
character length may be changed at any time before the
new number of bits have been assembled by the receiver.
Care should be exercised, however, as unexpected re-
sultsmay occur. A representative example, switching from
five bits 1o eighi bits and back to five bits is shown in
Figure 4-13.

Receive Data Buffer

7 6 5 4 3 2 1| 5Bits

Time J I 8

[13

121110 9 8 7 6| 8Bits

Change from Five to Eight ——

|21

20 19 18 17 16 15 14| 8Bits

B

28 27 26 25 24 23 22| 5 Bits

Change from Eight to Five ——»

[ 34

33 32 31 30 29 28 27| 5Bits

39

38 37 36 35 34 33 32I

Figure 4-13. Changing Character Length

Most bit-oriented protocols allow an arbitrary number of
bits between opening and closing flags. The ISCC allows
for this by providing three bits of Residue Code in RR1 that
indicates which bits in the fast three bytes transferred from
the receive data FIFO by the processor are actually valid
data bits (and not part of the frame check sequence or
CRC). Table 4-12 gives the meanings of the different

codes for the four different character length options. The
valid data bits are right-justified, thatis to say if the number
of valid bits given by the table is less than the character
length, then the bits that are valid are the right-most or least
significant bits. It should also be noted that the Residue
Code is only valid at the time when the End of Frame bitin
RR1issetto 1.
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Table 4-12. Residue Codes

Residue Code
210

Bits in Previous Byte
8B/C 7B/C 6B/C 5B/C

Bits in Second Previous Byte
8B/C 7B/C 6B/C 5B/C

Bits in Third Previous Byte
8B/C 7B/C 6B/C 5B/C
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As indicated in the table, these bits allow the processor to
determine those bits in the information (and not CRC) field.
This allows transparent retransmission of the received
frame. The Residue Code bits do not go through a FIFO so
they change in RR1 when the last character of the frame is
loaded into the receive data FIFO. If there are any charac-
ters already in the receive data FIFO the Residue Code will
be updated before they are read by the processor.

As an example of how the codes are interpreted, consider
the case of eight bits per character and a residue code of
101. The number of valid bits for the previous, second
previous, and third previous bytes are O, 7, and 8 respec-
tively. This indicates that the information field. (I-field)
boundary falls on the second previous byte as shown in
Figure 4-14.

- JR—

I-Field
7 Bits

CRC Field

Third Previous Second Previous

Previous Byte

Byte Byte

Figure 4-14. Residue Code 101 Interpretation

A frame is terminated by the detection of a closing flag.
Upon detection of the flag the following actions take place:
the contents of the Receive Shift Register are transferred
to the receive data FIFQ, the Residue Code is latched, the
CRC Error bit is latched and the End of Frame upon
reaching the top of the FIFO can-cause a special receive
condition. The processor can then read RR1 to determine
the result of the CRC calculation as well as the
Residue Code.

Only the CRC-CCITT polynomial may be used for CRC
calculation in SDLC mode, although the ‘generator and
checker may be preset to all “1s” or all “0s”. The CRC-

CCITT polynomial is selected by setting bit D2 of WR5 to
“0", bitD7 of WR10 controls the preset value. If this bitis set
to “1", the generator and checker are presetto "1s”, if this
bit is reset, the generator and checker are present to
all “0s".

The receiver expects the CRC to be inverted before
transmission and so checks the CRC result against the
value “0001110100001111". The ISCC presets the CRC
checker whenever the receiver is in Hunt mode or when-
ever a flag is received so a CRC reset command is not
strictly necessary. However, the CRC checker may be
preset by issuing the Reset CRC Checker command
in WRO. :

The CRC checker is automatically enabled for all data
between the opening and closing flags by the SCC cell in
SDLC mode, and the Rx CRC Enable bit (D3) in WR3 is
ignored. The result of the CRC calculation for the entire
frame is valid in RR1 only when accompanied by the End
of Frame bit being set in RR1. At all other times the CRC
Error bit in RR1 should be ignored by the processor.

Care must be exercised so that the processor does not
attempt to use the CRC bytes that are transferred as data
because not all of the bits are transferred properly. The last
two bits of CRC are never transferred to the receive data
FiFO and are not recoverable.

Note the following about ISCC CRC operation:

The normal CRC checking mechanism involves checking
over data and CRC characters. If the division remainder is
0, there is no CRC error.

SDLC is different. The CRC generator, when receiving a
correct frame, will have a fixed, non-zero remainder. The
actual remainder in the receive CRC calculation must be
checked against this fixed value to determine if a CRC
error exists.
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A frame is terminated by a closing flag. When the ISCC
recognizes this flag:

The contents of the Receive Shiftregister are transferred to
the receive data FIFO.

The Residue Code is latched, and the CRC Error bit is
latched in the status FIFO and the End of Frame bit is set
in the receive status FIFO.

The End of Frame bit, upon reaching the top of the FIFO,
will cause a special receive condition. The processor may
then read RR1 to determine the result of the CRC calcula-
tion as well as the Residue Code. If either the Rx Interrupt
or Special Condition Only or the Rx Interrupt on First
Character or Special Condition modes are selected, the
FIFO will be locked, and the processor mustissue an Error
Reset command in WRO to unlock the receive FIFO.

In addition to searching the data stream for flags, the
receiver in the ISCC also watches for seven consecutive
“1s”, which is the abort condition. The presence of seven
consecutive “1s” is reported in the Break/Abort bit in RRO.
This is one of the possible external/status interrupts, so
transitions of this status may be programmed to cause
interrupts. Upon receipt of an abort the receiver is forced
into Hunt mode where it looks for flags. The Hunt status is
also a possible external/status condition whose transition
may be programmed to cause an interrupt. The transitions
of these two bits occur very close together but either one
or two external/status interrupts may result. The abort
condition is terminated when a “0” is received, either by
itself or as the leading “0" of a flag. The receiver does not
leave Hunt mode until a flag has been received so two
discrete external/status conditions will occur at the end of
an abort. An abort received in the middle of a frame
terminates the frame reception, but not in an orderly
manner, because the character being assembled is lost.

Up to two modem control signals associated with the
receiver are available in SDLC mode:

The /DTR//REQ pin carries inverted state of the DTR bit(D7)
in WR5 unless this pin has been programmed to carry a
DMA Request signal.

The /DCD pin is ordinarily a simple input to the DCD bit in
RRO. However, if the Auto Enables mode is selected by
setting bitD5 of WR3to "1, this pin becomes an enable for
the receiver. That is, if Auto Enable is on and the /DCD pin
is High the receiver is disabled. While the /DCD pin is Low,
the receiver is enabled.

The initialization sequence for the receiver in SDLC mode
is WRA4 first, to select the mode, then WR10 to modify it if
necessary, WR6 to program the address, WR7 to program

the flag and WR3 and WR5 to select the various options. At
this point the other registers should be inilialized as neces-
sary. When all of this is completed the receiver may be
enabled by setting bit 0 of WR3 to a one. A summary is
shown in Table 4-13.

Table 4-13. Initializing the Receiver in SDLC Mode

Register  Bit No Description
WR3 6-7 Number of bits per characler
WR4 0-1 Select parity
WR5 2 Select CRC-CCITT Generator
WR10 7 Select CRC preset value

5-6 Select NRZ / NRZI encoding
WR5 7 DTR/REQ
WR6 0-7 Address
WR7 0-7 Flag
WR3 5 Auto enable

NOTE: The receiver searches for synchronization when it
isinHuntmode. Inthismode the receiverisidle except that
it is searching the data stream for a flag match.

When the receiver detects a flag match it achieves syn-
chronization and interprets the following byte as the ad-
dress field.

The SYNC/HUNT bitin RROreports the Hunt Status and an
interrupt can be generated upon transitions between the
Hunt state and the Sync state.

The ISCC will drive the /SYNC pin Low to signal that the flag
has been received.

4.4.3 SDLC LOOP MODE

The ISCC supports SDL.C Loop mode in addition to normal
SDLC. SDLC Loopmodeis very similar tonormal SDLC but
is usually used in applications where a point-to-point
network is not appropriate (for example, Point-of-Sale
terminals). In an SDLC Loop there is a primary controller
thatmanages the message traffic flow on the loop and any
number of secondary stations. In SDLC Loop mode, the
ISCC operating in regular SDLC mode can act as the
primary controller.

A secondary station in an SDLC Loop is always listening to
the messages being sent around the loop, and in factmust
passthesemessages to the restof the loop by retransmitting
them with a one-bit-time delay.

The secondary station can place its own message on the

~loop only at specific times. The controller signals that

secondary stations may transmit messages by sending a
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special character, called an EOP (End of Poll), around the
loop. The EOP character is the bit pattern 11111110.

When a secondary station has a message to transmit and
recognizes an EOP on the ling, it changes the last binary
1 of the EOP to a 0 before transmission. This has the effect
of turning the EOP into a flag pattern. The secondary
station now places its message on the loop and terminates
its message with an EOP. Any secondary stations further
down the loop with messages to transmit can append their
messages to the message of the first secondary station by
the same process. .

All secondary stations without messages to send merely
echo the incoming messages and are prohibited from
placing messages on the loop, except upon recognizing
an EOP. )

SDLC Loop mode is quite similar to normal SDLC mode
except that two additional control bits are used. Writing a
1 to the Loop Mode bit in WR10 configures the ISCC for
Loop mode. Writing a 1 to the Go Active on Poll bit in the
same register normally causes the ISCC to change the
next EOP into a flag and then begin transmitting on loop.
However, when the ISCC first goes on loop it uses the first
EOP as a signal to insert the one-bit delay, and doesn't
begin transmitting until it receives the second EOP. There
are also two additional status bits in RR10, the On Loop bit
and the Loop Sending bit.

There are alsorestrictions as to when and how a secondary
station physically becomes part of the loop.

A secondary station that has justpowered up must monitor
the loop, without the one-bit-time delay, until it recognizes
an EOP. When an EOP is recognized the one-bit-time
delay is switched on. This does not disturb the loop
because the Jine is marking idle between the time that the
controller sends the EOP and the time that it receives the
EOP back. The secondary station that has gone on-loop
cannot place amessage on the loop until the nexttime that
an EOP is issued by the controlier. A secondary station
goes off-loop in a similar manner. When given a command
to go off-loop, the secondary station waits until the next
EOP to remove the one-bit-time delay.

To operate the ISCC in SDLC Loop mode, the ISCC must
first be programmed just as if normal SDLC were to be
used. Loop mode is then selected by writing the appropri-
ate control word in WR10; the ISCC is now waiting for the
EOP sothatitcan goonloop. While waiting for the EOP, the
ISCC ties TxD to RxD with only the internal gate delays in
the signal path. When the first EOP is recognized by the
ISCC, the Break/Abort/EOP bitis setin RR0, generating an
External/Status interrupt (if so enabled). At the same time,
the On-Loop bitin RR10 is set to indicate that the ISCC is

indeed on-loop, and a one-bit time delay is inserted in the
TxD to the RxD path.

The ISCC is now on-loop but cannot transmit a message
until aflag and the next EOP are received. The requirement
that a flag be received ensures that the ISCC cannot
erroneously send messages until the controller ends the
current polling sequence and slarts another one.

If the CPU in the secondary station with ISCC needs to
transmit a message, the Go-Active-On-Poll bit in WR10
must be set. If this bit is set when the EOP is detected, the
ISCC changes the EOP to a flag and starts sending another
flag. The EOPis reported in the Break/Abort/EOP bitin RRO

. and the CPU should write its data bytes to the ISCC, just as

in normal SDLC frame transmission. When the frame is
complete and CRC has been sent, the ISCC closes with a
flag and reverts to One-Bit-Delay mode. The last zero of the
flag, along with the marking line echoed from the RxD pin,
form an EOP for secondary stations further down the loop.

While the ISCC is actually transmitting a message, the
loop-sending bit in R10 is set to indicate this.

If the Go-Active-On-Poll bit is not set at the time the EOP
passes by, the ISCC cannot send a message until a flag
(terminating the current polling sequence) and another
EOP are received. ~

If SDLC loop is de-selected, the ISCC is designed to exit
from the loop gracefully. When SDLC Loop mode is de-
selected by writing to WR10; the ISCC waits until the next
polling cycle to remove the one-bit time delay.

If a polling cycle is in progress at the time the command is
written, the ISCC finishes sending any message thatitmay
be transmitting, ends with an EOP, and disconnects TxD
from RxD. If no message was in progress, the ISCC
immediately disconnects TxD from RxD.

Once the ISCC is not sending on the loop, an exit from the
loop is accomplished by setting the Loop Mode bit in
WR101t0"0", and atthe same time writing the Abort/Flag on
Underrun and Mark/Flag idle bits with the desired values.
The ISCC will revert to normal SDLC operation as soon as
an EOP is received, or immediately, if the receiver is
already in Hunt mode because of the receipt of an EOP.

Toensure proper loop operation after the ISCC goes off the
loop, and until the external relays take the ISCC completely
out of the loop, the ISCC should be programmed for Mark
idle instead of Flag idle. When the ISCC goes off the loop,
the On-Loop bit is reset.

NOTE: With NRZI encoding, removing the stations from
the loop (removing the one-bit time delay) may cause
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problems further down the loop because ot extraneous
transitions on the line. The ISCC avoids this problem by
making transparent adjustments at the end of each frame
it sends in response to an EOP. A response frame from the
ISCC is terminated by a flag and EQP. Normally, the flag
and the EOP share a zero, butif such sharing would cause
the RxD and TxD pins to be of opposite polarity after the
EOP, the ISCC adds another zero between the flag and the
EOP. This causes an extra line transition so that RxD and
TxD are identical after the EOP is sent. This extra zero is
completely transparentbecause it only means that the flag
and the EOP nolonger share a zero. All that a proper loop
exit needs, therefore, is the removai oi ihe one-bit deiay.

The ISCC allows the user the option of using NRZ!in SDLC
Loop mode by programming WR10 appropriately. With
NRZI encoding, the outputs of secondary stations in the
loop may be inverted from their inputs because of mes-
sages that they have transmitted.

The initialization sequence for the SCC cell in SDLC Loop
mode is similar to the sequence used in SDLC mode,
except that it is somewhal longer. The processor should
program WRA4 first, to select SDLC mode, and then WR10
to select the CRC preset value and program the Mark/Flag
idle bit. The Loop Mode and Go Active On Poll bits in WR10
should not be set to "1" yet. The flag is written in WR7 and
the various options are selected in WR3 and WR5. At this
pointthe other registers should be initialized as necessary,
as shown in Table 4-14.

Table 4-14. SDLC Loop Mode initialization

Register  Bit No Description
WR4 5-4 Select SDLC mode
WR10 7 Select CRC presct value
3 Select mark / flag idle bit
WR7 Flag
WR3 7-6 Select bits per character for
receiver
1 Sync character load inhibit
2 Address search mode
5 Auto enables
WR5 6-5 Select bits per character for
transmitter
4 Send break
2 Select SDLC CRC
7
1
WR4 1-0 Select parity
76 Select clock mode
WR6 0-7 Address
WR10 6-5 Select dala encoding

Then the Loop Mode bit (D 1) in WR10 should be setto “1".
When all of thisis complete the transmitter may be enabled
by setting bit D3 ot WR5 10 “1". Now hat the transmitler is
enabled, the CRC generator may be initialized by issuing
the Reset Tx CRC Generator command in WRO. The
receiveris enabled by setting the Go Active on Poll bit (D4)
in WR10 to “1". The ISCC will go on the loop when seven
consecutive “1s” are received, and will signal this by
setting the On Loop bit in RR10. Note that the seven
consecutive “1s" will sel the Break/Abort and Hunt bits in
RRO also. Once the ISCC is on the loop, the Go Active on
Poll bit should be set to "0 until a message is to be
iransmitied on ihe ioop. To iransmitamessage on ine ioop,
the Go Active on Poll bit should be set to "1". At this point
the processor may either write the first character to the
transmit buffer and wait for a transmit buffer empty condi-
tion, or wait for the Break/Abort and Hunt bits 1o be setin
RR10 and the Loop Sending bit to be set in RR10 before
writing the first data to the transmitter. The Go Active On
Poll bit should be set to “0" after the transmission of the
frame has begun. To go off of the loop, the processor
should setthe Go Active On Poll bitin WR10to “0” and then
wait for the Loop Sending bitin RR10to be setto “0". Atthis
pointthe Loop Mode bit(D1)in WR10is setto "0" to request
an orderly exit from the loop. The ISCC will exit SDLC Loop
mode when seven consecutive “1s” have been received,;
at the same time the Break/Abort and Hunt bits in RRO will
be setto“1", and the On Loop bitin RR10 will be setto 0"

4.4.4 SDLC Loop Mode Receive

SDLC Loop mode is quite similar to SDLC mode except
that two additional control bits are used. They are the Loop
Mode bit (D1) and the Go Active on Poll bit (D4) in WR10.
Inaddition to these two extra control bits, there are also two
status bits in RR10. They are the On Loop bit(D1) and the
L.oop Sending bit (D4).

Before Loop mode is selected both the receiver and
transmitter must be completely initialized for SDLC opera-
tion. Once this is done, .oop mode is selecled by setting
bit D1 of WR10to “1". At this point the ISCC connects TxD
to RxD with only gate delays in the path. At the same time
a flag is loaded into the Transmit Shift register, and is
shifted to the end of the zero inserter, ready for transmis-
sion. The ISCC will remain in this state until the Go Active
on Poll bit (D4) in WR10 is set to “1". When this bitis set to
“1" the receiver begins looking for a sequence of seven
consecutive "1s”, indicating either an EGCP or an idle line.
When the receiver detects this condition the Break/Abort
bitin RRO is set to "1" and a one-bit time delay is inserted
in the path from RxDto TxD. The On Loop bitin RR10is also
set to “1” at this time, and the receiver enters the Hunt
mode. The ISCC cannot transmit on the loop until a flag is
received, causing the receiver to leave Hunt mode, and
another EOP (bit pattern “11111110") is received. The
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ISCCis now on the loop and capable of transmitting on the
loop. As soon as this status is recognized by the proces-
sor, the Go Active On Poll bit in WR10 should be set to “0”
to prevent the ISCC from transmitting on the loop without
the consent of the processor.

4.45 SDLC Loop Mode Transmit

To transmit a message on the loop, the Go Active On Poll
bitin WR10must be setto “1”. Once this is done, the ISCC
will change the next received EOP into a Flag and begin
transmitting on the loop. :

When the EOP is received, the Break/Abort and Hunt bits
in RRO will be setto “1”, and the Loop Sending bitin RR10
will also be setto “1”. Data to be transmitted may be written
after the Go Active On Poll bit has been set or after the
receiver enters Hunt mode.

Ifthe datais written immediately after the Go Active On Poll
bit has been set, the ISCC will only insert one flag after the
EOP is changed into a flag. If the data is not written until
after the receiver enters the Hunt mode, the flags will be
transmitted until the data is written. If only one frame is to
be transmitted on the loop in response to an EOP, the
processor must set the Go Active on Poll bit to “0" before
the last data is written to the transmitter. In this case the
transmitter will close the frame with a single flag, and then
revert to the one-bit delay. The Loop Sending bitin RR10
is set to “0" when the closing Flag has been sent. If more
than one frame is to be transmitted, the Go Active On Poll
bit should not be set to “0” until the last frame is being sent.
If this bit is not set to “0" before the end of a frame, the
transmitter will send Flags until either more data is written
to the transmitter, or until the Go Active On Poll bit is set to
“0". Note that the state of the Abort/Flag on Underrun and
Mark/Flag idle bits in WR10 are ignored by the ISCC in
SDLC Loop mode.
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CHAPTER 5

REGISTER DESCRIPTIONS

5.1 INTRODUCTION
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he follow-

This section describes the function of the variou
registers of the device. Throughout this section
ing conventions will be used:

t

Control bits may be written and read by the CPU and will
not be modified by the device. Command bits may be
written by the CPU toinitiate an actionin the device and will
be read as zeros. Status bits are controlled by the device
and may be read to check device status. Any writes to
status bits are ignored by the device. Command/status
bits are controlled by both the device and the CPU. They

may be written and read by the ODHL AanA Mmooy alsc be
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modified by the device.

Reserved bits are not used in this implementation of the
device and may or may not be physically present in the
device. Reserved bits that are physically present will be
readable and writable butreserved bits thatare not present
will always be read as zero. To ensure compatibility with
future versions of the device reserved bits should always
be written with zeros. Reserved commands should not be
used for the same reason.

5.2 REGISTER DESCRIPTIONS

Register can be accessed through either channel, the
Interrupt Vector Read Register returns the interrupt vector
with status if read from Channel B and without status if read
from Channel A, and Channel A has an additional read
register which contains all the Interrupt Pending bits.

5.2.1 Write Registers, SCC Cell

Ten write registers are used for control, two for sync
character generation, and two for baud rate generation. In
addition, there are two write registers which are shared by
both channels; one is the interrupt vector register, and one
is the master interrupt control and resetregister. See Table
5-1 for a summary on write registers.

Table 5-1. SCC Cell Write Registers

Register Description

WRO Register Pointers, various initialization
commands

WR1 Transmit and Receive interrupt enables,
WAIT/DMA commands

WR2 Interrupt Vector

WR3 Receive parameters and control modes

WR4 Transmit and Receive modes and parameters

WR5 Transmit parameters and control modes

WR6 Sync Character or SDLC address

WR7 Sync Character or SDLC flag

WR8 Transmit buffer

WR9 Master Interrupt control and reset commands

WR10  Misc. transmit and receive control bits

WR11 Clock mode controls for receive and transmit

WR12  Lower byte of baud rate generator

WR13 Upper byte of baud rate generator

WR14 Miscellaneous control bits

WR15  External status interrupt enable control




5.2.2 Read Registers, SCC Cell

Four read registers indicate status information, two are for
baud rate generation, and one for the receive buffer. In
addition, there are two read registers which are shared by
both channels: one for the interrupt pending bits and one
for interrupt vector. See Table 5-2 for a summary on the
SCC cell read registers.

Table 5-2. SCC Cell Read Registers

Register Description

RRO Transmit and Receive buffer status and external status

RR1 Special Receive Condition status

RR2 Modified interrupt vector (Channel B only), Unmodified
interrupt vector (Channe! A only)

RR3 Interrupt pending: bits (Channel A only)

RR6 SDLC FIFO byte counter lower byte (only when enabled)
RR7 SDLC FIFQ byte count and status (only when enabled)
RR8 Receive buffer

RR10  Miscellaneous status bits

RR12  Lower byte of baud rate generator time constant
RR13  Upper byte of baud rate generator time constant
RR15  External Status interrupt information

5.2.3 DMA Registers

The DMA cell contains 16 read write registers for control of
the DMA channels. The DMA possesses its own interrupt
vector register and interrupt control registers which are
independent of the SCC cell. The DMA cell also includes

the Bus Configuration Register (BCR) for the ISCC. The
addresses, names and descriptions of these registers are
given in Table 5-3.

Table 5-3. DMA Cell Register Description

Address Name  Description

XXX BCR Bus Configuration Register

00000 CCAR  Channel Command/Address Register (Write)

00000 DSR  DMA Status Register (Read)

00001 ICR Interrupt Control Register

00010 IVR Interrupt Vector Register

00011 ICSR  Interrupt Command Register (Write)

00011 ISR Interrupt Status Register (Read)

00100 DER DMA Enable/Disable Register

00101 DCR  DMA Control Register

00110 Reserved Address

00111 Reserved Address

01000-01001 RDCRA  Receive DMA Count Register Channel A
(Low-high byte)

01010-01011  TDCRA  Transmit DMA Count Register Channel A

01100-01101 RDCRB  Receive DMA Count Register Channel B

01110-01111  TDCRB  Transmit DMA Count Register Channel B

10000-10011  RDARA  Receive DMA Address Register Channel A

10100-10111  TDARA  Transmit DMA Address Register Channel A

11000-11011  RDARB  Receive DMA Address Register Channel B

11100-11111  TDARB  Transmit DMA Address Register Channel B

5.3 SCC CELL REGISTER OVERVIEW

The SCC cell write register setin each channelincludes ten
control registers (among them is the transmit buffer), two
sync character registers and two baud rate time constant
registers. The interrupt control register and the master
interrupt control and reset register are shared by both
channels.

The only variation in register definition is between the
multiplexed and non-multiplexed bus mode programming
of the ISCC. The variation exists in the command decode
structure; register WRO. The following sections describe in
detail each write register and the associated bit configura-
tion for each.




5.4 WRITE REGISTERS
The following sections describe WR registers in detail.
5.4.1 Write Register 0 (Command Register)

WRO is the command register and the CRC reset code
register. WRO takes on slightly different forms depending
upon whether the ISCC is in the multiplexed or non-
multiplexed bus mode of operation. Figure 5-1 shows the

Write Register 0 (non-multiplexed bus mode)
[p7]D6{D5 |D4 [p3 D2 [D1]D0}

TTTTTTTT
0

0 Register 0
Register 1
Register 2
Register 3
Register 4
Register 5
Register 6
Register 7
Register 8
Register 9
Register 10
Register 11
Register 12 [ *
Register 13
Register 14
Register 15

O o N = = N = S GGy S . )
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Null Code

Point High

Reset Ext/Status Interrupts
Send Abort (SDLC)

Enable Int on Next Rx Character
Reset Tx Int Pending

Error Reset

Reset Highest IUS

B e Y = NeNoNe]
2002200
[ A e B N o I N S S o |

Null Code

Reset Rx CRC Checker

Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

Y e N =)
- 0O =0

* With Point High Command

Figure 5-1. WRO in the Non-multiplexed Bus Mode

bit configuration for the non-multiplexed mode and in-
cludes register select bits in addition to command and
reset codes.

Figure 5-2 shows the bit configuration for the multiplexed
mode and includes (in Channel B only) the address de-
coding select described later.

Write Register 0 (multiplexed bus mode)
{o7]ps [ps [p4 |ps |p2 [D1]Do]

Null Code
Null Code
Select Shift Left Mode } .
Select Shift Right Mode
0

0 O O NullCode

0 O 1 NullCode

0 1 0 ResetExt/Status Interrupts

0 1 1 SendAbort

1 0 0 Enable Inton Next Rx Character

1 0 1 ResetTxIntPending

1 1 0 Error Reset

1 1 1 ResetHighestIUS

Null Code

Reset Rx CRC Checker

Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

—_ -0
- O =0

* B Channel Only

Figure 5-2. WRO in the Multiplexed Bus Mode
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The following bit description for WR0 is identical for both
versions except where specified.

Bits D7 and D6 are the CRC Reset Codes 1 and 0.
Bit combination 00 is a Null Command.

This command has no effect on the ISCC SCC cell and is
used when a write to WRO is necessary for some reason
other than a CRC Reset command.

Bit combination 01 is the Reset Receive CRC Checker
Command. :

This command is used to initialize the receive CRC cir-
cuitry. It is necessary in synchronous modes (except
SDLC) if the Enter Hunt Mode command in Write Register
3 is not issued between received messages. Any action
that disables the receiver initializes the CRC circuitry.
Resetting the Receive CRC Checker command is accom-
plished automatically in SDLC mode.

Bit combination 10 is the Reset Transmit CRC Generator
Command.

This command initializes the CRC generator. It is usually
issued in the initialization routine and after the CRC has
been transmitted. A Channel Reset will not initialize the
generator and this command should not be issued until
after the transmitter has been enabled in the initialization
routine.

Bit combination 11 is the Reset Transmit Underrun/EOM
Latch Command.

This command controls the transmission of CRC atthe end
of transmission (EOM). If this latch has been reset, and a
transmit underrun occurs, the SCC cell autormatically ap-
pends CRC to the message. In SDLC mode with Abort on
Underrun selected, the SCC cell sends an abort, and Flag
on underrunif the TX Underrun/EOM latch has been reset.

Atthe start of the CRC transmission, the Tx Underrun/EOM
latch is set. The Reset command can be issued at any time
during a message. If the transmitter is disabled, this
command will not reset the latch. However, if no External
Status interrupt is pending, or if a Reset External Status
interrupt command accompanies this command while the
transmitter is disabled, an External/Status interrupt is gen-
erated with the Tx Underrun/EOM bit reset in RRO.

Bits D5-D3 are the Command Codes for the SCC Cell.
Bit combination 000 is a Null Command.

The Null command has no effect on the SCC.

Bit combination 001 is the Point High Command.

Thiscommand effectively adds eight tothe Register Pointer
(D2-DO0) by allowing WR8 through WR15 to be accessed.
The Point High command and the Register Pointer bits are
written simultaneously. This command is used when the
ISCC s configured to be in the non-multiplexed bus mode.
Note that WRO changes form depending upon the bus
mode selection.

Bit combination 010is the Reset External/Status Interrupts
Command.

After an External/Status interrupt (a change on a modem
line or a break condition, for example), the status bits in
RRO are latched. This command re-enables the bits and
allows interrupts to occur again as a result of a status
change. Latching the status bits captures short pulses
until the CPU has time to read the change.

The SCC cell contains simple queueing logic associated
with most of the external status bits in RRO. If another
External/Status condition changes while a previous condi-
tion is still pending (Reset External/Status Interrupts has
not yet been issued) and this condition persists until after
the command is issued, this second change causes an-
other External/Status interrupt. However, if this second
status change does not persist (there are two transitions),
another interrupt is not generated. Exceptions to this rule
are detailed in the RRO description.

Bit combination 011 is the Send Abort Command.

This command is used in SDLC mode to transmit a se-
quence of eight to thirteen “1s.” This command always
empties the transmit buffer and sets Tx Underrun/EOM bit
in Read Register 0.

Bit combination 100 is the Enable Interrupt On Next Rx
Character Command.

If the interrupt on First Received Character mode is se-
lected, this command is used to reactivate that mode after
each message is received. The next character to enter the
receive FIFO causes a Receive interrupt. Alternatively, the
first previously stored character in the FIFO will cause a
Receive interrupt.

Bit combination 101 is the Reset Tx Interrupt Pending
Command.

This command is used in cases where there are no more
characters to be sent; e.g. at the end of a message. This
command prevents further transmit interrupts until after
the next character has been loaded into the transmit buffer
or until CRC has been completely sent. This command is




necessary to prevent the transmitter from requesting an
interrupt when the transmit buffer becomes empty (with
Transmit Interrupt Enabled).

Bit combination 110 is the Error Reset Command.

This command resets the error bits in RR1. If interrupt on
first Rx Character or interrupt on Special Condition modes
are selected and a special condition exists, the data with
the special condition is held in the receive FIFO until this
command is issued. If either of these modes is selected
and this command is issued before the data has beenread
from the receive FirO, the daia is iosi. -

Bit combination 111 is the Reset Highest IUS Command.

This command resets the highest priority Interrupt Under
Service (IUS) bit, allowing lower priority conditions to
request interrupts. This command allows the use of the
internal daisy-chain (even in systems without an external
daisy-chain) and should be the last operation in an inter-
rupt service routine.

Bits 2 through O are the Register Selection Code when the
device is programmed to be in the non-multiplexed bus
mode. These three bits select Registers O through 7. With
the Point High command, Registers 8 through 15 are
selected.

In the multiplexed bus mode, bits D2 through DO have the
following function.

Bit D2 must be programmed as “0.” Bits D1 and DO select
Shift Left/Right; that is WRO(1-0)=10 for shift left and
WRO(1-0)=11 for shift right.

5.4.2 Write Register 1 (Transmit/Receive
Interrupt and Data Transfer Mode Definition)

Write Register 1 is the control register for the various SCC
cell interrupt and Wait/Request modes. Figure 5-3 shows
the bit assignments for WR1.

Table 5-4. SCC Cell Register Address Map
Using Pointer (Non-multiplexed Bus Mode)

Using Null Command

AO/A//B  Address

Write Register

Read Register

D2 D1 DO

0 000 WROB RROB
0 001 WR1B RR1B
0 010 WR2 RR2B
0 011 WR3B RR3B
0 100 WR4B (RROB)
0 101 WR5B (RR1D)
0 110 WR6B (RR2B)
0 111 WR7B (RR3B)
1 000 WROA RROA
1 001 WRIA RR1A
1 010 WR2 RR2A
1 011 WR3A RR3A
1 100 WRA4A (RROA)
1 101 WR5A (RR1A)
1 110 WRGA (RR2A)
1 111 WR7A (RR3A)

Using Point High Command

AO/A//IB  Address

Write Register

Read Register

D2 D1 DO

0 000 WRSB RR8B
0 001 WR9 (RR13B)
0 010 WR10B RR10B
0 011 WR11B (RR15B)
0 100 WR12B RR12B
0 101 WR13B RR138
0 110 WR14B (RR10B)
0 11 WR158 RR158
1 000 WRBA RR8A

1 001 WROA (RR13A)
1 010 WR10A RR10A
1 011 WR11A (RR15A)
1 100 WR12A RR12A
1 101 WR13A RR13A
1 110 WR14A (RR10A)
1 11 WR15A RR15A
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Write Register 1

{p7{D6|D5 |D4 D3 |D2|D1{D0]
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-0 =0

Ext Int Enable

L— Tx Int Enable

Parity Is Special Condition

Rx Int Disable

Rx Int On First Character or Special Condition
Int On All Rx Characters or Special Condition
Rx Int On Special Condition Only

Not Used

Not Used

Not Used

Figure 5-3. Write Register 1

Bit 7, 6, and 5 are not used in the ISCC. These bits were
used in the SCC cell . to control the action of the
/WAIT//REQUEST pin but they have no functionin the ISCC
since this pin does not exist in this device. For code
compatibility purposes, there is norestriction onhowthese
bits are programmed.

Bit 4 and 3 specify the various character-available condi-
tions that may cause interrupt requests.

Bit combination 00 prcgrams Receive Interrupts Disabled.
This mode prevents the receiver from requesting an inter-
rupt and is normally used in a polled environment where
either the status bits in RRO or the modified vector in RR2
(Channel B) can be monitored to initiate a service routine.
Although the receiver interrupts are disabled, a special
condition can still provide a unigue vector status in RR2.

Bit combination 01 programs Receive Interrupt on First
Character or Special Condition. The receiver requests an
interrupt in this mode on the first available character (or
stored FIFO character) or on a special condition. Sync
characters to be stripped from the message stream do not
cause interrupts. .

Special receive conditions are: receiver overrun, framing
error, end of frame, or parity error (if selected). If a special
receive condition occurs, the data containing the error is
stored in the receive FIFO until an Error Reset command is
issued by the CPU.

Thismode is usually selected when a Block Transfer mode
is used. In this interrupt mode, a pending special receive
conditionremains set until either an Error Reset Command,

a channel or hardware reset, or until receive interrupts are
disabled.

The Receive Interrupt on First Character or Special Condi-
tion mode can be re-enabled by the Enable Rx Interrupton
Next Character command in WRO.

Bit combination 10 programs Interrupt on All Receive
Characters or Special Condition. This mode allows an
interrupt for every character received (or character in the
receive FIFO) and provides a unique vector when a special
condition exists. The Receiver Overrun bit and the Parity
Error bitin RR1 are two special conditions that are latched.
These two bits must be reset by the Error Reset command.
Receiver overrun is always a special receive condition,
and parity can be programmed to be a special condition.

Data characters with special receive conditions are not
held in the receive FIFO in the Interrupt On All Receive
Characters or Special Conditions Mode as they are in the
other receive interrupt modes.

Bit combination 11 programs Receive Interrupt on Special
Condition. This mode allows the receiver to interrupt only
on characters with a special receive condition. When an
interruptoccurs, the data containing the error is held in the
receive FIFO until an Error Reset command is issued.
When using this mode in conjunction with a DMA, the DMA
can be initialized and enabled before any characters have
beenreceived by the SCC. This eliminates the time-critical
section of code required in the Receive Interrupt on First
Character or Special Condition mode; i.e. all data can be
transferred via the DMA so that the CPU need not handle
the first received character as a special case.
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Bit 2 selects Parity Is Special Condition.

If this bit is set to “1," any received characlers with parity
not matching the sense programmed in WR4 give rise to a
Special Receive Condition. If parity is disabled (WR4), this
bitisignored. A special condition modifies the status of the
interrupt vector stored in WR2. During an interrupt
acknowledge cycle, this vector can be placed on the
data bus.

Bit 1 is the Transmitter Interrupt Enable.

If this bitis set to “1,” the transmitter requests an interrupt
whenever the transmit buffer becomes empty.

Bit 0 is the External/Status Master Interrupt Enable.

This bit is the master enable for External/Status interrupts
including /DCD, /CTS, /SYNC pins, break, abort, the

Write Register 2

beginning of CRC transmission when the Transmil/
Underrun/EOM latch is set, or when the counter in the baud
rate generator reaches "0." Write Regisler 15 contains the
individual enable bits for each of these sources of External/
Status interrupts. This bit is reset by a channel or hard-
ware resel.

5.4.3 Write Register 2 (Interrupt Vector)

WR?2 is the interrupt vector register. Only one vector
register exists in the SCC cell, but it can be accessed
through either channel. The interrupl vector can be modi-
fied by status information. This is controtied by ihe Vecion
Includes Status (VIS) and the Status High/Status Low bits
in WR9. The bit positions for WR2 are shown in Figure 5-4.
Note thatthe DMA cell has its own interrupt vector register.

{p7{D6{Ds |D4 [p3 [p2 [D1 | Do)

T T T
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V3 Interrupt
V4 Vector

V5
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Figure 5-4. Write Register 2




5.4.4 Write Register 3 (Receive Parameters
and Control) '

This register contains the control bits and parameters for
the receiver logic as illustrated in Figure 5-5:

Write Register 3

[p7|6|ps [p4 b3 [p2|p1{D0]

Rx Enable
Sync Character Load Inhibit
Address Search Mode (SDLC)

Rx CRC Enable
Enter Hunt Mode

0 0 Rx5 Bits/Character
0 1 Rx7 Bits/Character
1 0 Rx 6 Bits/Character
1 1 Rx8 Bits/Character

Auto Enables

Figure 5-5. Write Register 3

Bit 7 and 6 select the Receiver Bits/Character.

The state of these two bits determines the number of bits
to be assembled as a character in the received serial data
stream. The number of bits per character can be changed
while a character is being assembled but only before the
number of bits currently programmed is reached. Unused
bits in the Received Data Register (RR8) are setto “1" in
asynchronous modes. In synchronous modes and SDLC
" modes, the ISCC merely transfers an 8-bit section of the
serial data stream to the receive FIFO at the appropriate
time. Table 5-5 lists the number of bits per character in the
assembled character format. -

Table 5-5. Receive Bits per Character

D7 D6 Bits/Character
0 0 5
0 1 7
1 0 6
1 1 8

Bit 5 selects Auto Enables.

This bit programs the function for both the /DCD and /CTS
pins. /CTS becomes the transmitter enable and /DCD
becomes the receiver enable when this bit is set to “1.”
However, the Receiver Enable and Transmit Enable bits
must be set before the /DCD and /CTS pins can be used
in this manner. When the Auto Enables bit is set to "0,” the
/DCD and /CTS pins are merely inputs to the correspond-
ing status bits in Read Register 0. The state of /DCD is
ignored in the Local Loopback mode. The state of /CTS is
ignored in both Auto Echo and Local Loopback modes.

Bit 4 forces the SCC cell to Enter Hunt Mode.

This command forces the comparison of sync characters
or flags to assembled receive characters for the purpose
of synchronization. After reset, the ISCC cell automatically
enters the Hunt mode (except asynchronous). Whenever
a flag or sync character is matched, the Sync/Hunt bit in
Read Register 0 is reset and, if External/Status Interrupt
Enable is set, an interrupt sequence is initiated. The ISCC
automatically enters the Hunt mode when an abort condi-
tion is received or when the receiver is enabled.
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Bit 3 is the Receiver CRC Enable.

This bitis used toinitiate CRC calculation at the beginning
of the last byte transferred from the Receiver Shift register
to the receive FIFO. This operation occurs independently
of the number of bytes in the receive FIFO. When a
particular byte is to be excluded from CRC calculation, this
bitshould be reset before the next byte is transferred to the
receive FIFO. If this feature is used, care must be taken to
ensure that eight bits per character is selected in the
receiver because of an inherent delay from the Receive
Shift reqgister to the CRC checker.

This bitis internally setto “1" in SDLC mode and the ISCC
calculates CRC on all bits except inserted zeros between
the opening and closing character flags. This bitis ignored
in asynchronous modes.

Bit 2 selects the Address Search Mode (SDLC).

Setting this bit in SDLC mode causes messages with
addresses notmatching the address programmed in WR6
to be rejected. No receiver interrupts can occur in this
mode unless there is an address match. The address that
the ISCC attempts to match can be unique (1 in 256) or
multiple (16 in 256), depending on the state of Sync
Character Load Inhibit bit. The Address Search mode bit
is ignored in all modes except SDLC.

Bit 1 is the SYNC Character Load Inhibit.

If this bit is set to 1" in any mode except SDLC, the ISCC
compares the byte in WR6 with the byte about to be stored
in the FIFO, and it inhibits this load if the bytes are equal.
(Caution this also occurs in the asynchronous mode if the
received character matches the contents of WR6.) The
ISCC does not calculate the CRC on bytes stripped from
the data stream in this manner. If the 6-bit sync option is
selected while in Monosync mode, the compare is still
across eight bits, so WR6 must be programmed for proper
operation.

If the 6-bit sync option is selected with this bit setto “1," all
sync characters except the one immediately preceding
the data are stripped from the message. If the 6-bit sync
option is selected while in the Bisync mode, this bit is
ignored.

The address recognition logic of the receiver is modified in
SDLC mode if this bit is set to “1," i.e. only the four most
significant bits of WR6 must match the receiver address.
This procedure allows the ISCC to receive frames from up
to 16 separate sources without programming WR6 for
each source (if each station address has the four most
significant bits in common). The address field in the frame
is still eight bits long. .

The bitis ignored in SDLC mode if Address Search mode
has not been selected.

Bit O is the Receiver Enable.

When this bit is set to “1," receiver operation begins. This
bit should be set only after all other receiver parameters
are established and the receiver is completely initialized.
This bitis reset by a channel or hardware reset command,
and it disables the receiver.

5.4.5 Write Register 4 (Transmit/Receiver
Miscellaneous Parameters and Modes)

WR4 contains the control bits for both the receiver and the
transmitter. These bits should be set in the transmit and
receiver initialization routine before issuing the contents of
WR1, WR3, WR6, and WR7. Bit positions for WR4 are
shown in Figure 5-6.

Write Register 4
[07]|p6 D5 [D4 |D3 [p2 D1 |DO|

r T T T
I Parity Enable

Parity EVEN/ODD

Sync Modes Enable

1 Stop Bit/Character

1 1/2 Stop Bits/Character
2 Stop Bits/Character

-~ a0o0
~o-ao0

8-Bit Sync Character

16-Bit Sync Character

SDLC Mode (01111110 Flag)
External Sync Mode

—_-—_00
- O =0

X1 Clock Mode

X16 Clock Mode
X32 Clock Mode
X64 Clock Mode

—_ - OO0
- O = 0O

Figure 5-6. Write Register 4

Bit 7 and 6 are the Clock Mode, Bits 1 And 0.

These bits specify the multiplier between the clock and
data rates. In synchronous modes, the 1X mode is forced
internally and these bits are ignored unless External Sync
mode has been selected.




Bitcombination 00 selects the 1X Mode. The clockrate and
data rate are the same. In External Sync mode, this bit
combination specifies that only the /SYNC pin can be used
to achieve character synchronization.

Bit combination 01 selects the 16X Mode. The clock rate is
16 times the data rate. In External Sync mode, this bit
combination specifies that only the /SYNC pin can be used
to achieve character synchronization.

Bit combination 10 selects the 32X Mode. The clock rate is
32 times the data rate. In External Sync mode, this bit
combination specifies that either the /SYNC pin or amatch
with the character stored in WR7 will signal character
synchronization. The sync character can be either six or
eight bits long as specified by the 6-bit/8-bit Sync bit
in WR10.

Bit combination 11 selects the 64X Mode. The clock rate is
64 times the data rate. With this bit combination in External
Sync mode, both the receiver and transmitter are placed
in SDLC mode. The only variation from normal SDLC
operation is that the /SYNC pin can be used to start or stop
the reception of a frame by forcing the receiver to act as
though a flag had been received.

Bits 5 and 4 are the SYNC Mode selection Bits 1 And 0.

These two bits select the various options for character
synchronization. They are ignored unless synchronous
modes are selected in the stop bits field of this register.

Bit combination 00 selects the Monosync mode. In this
mode, the receiver achieves character synchronization by
matching the character stored in WR7 with an identical
character in the received data stream. The transmitter
uses the character stored in WR6 as a time fill. The sync
character can be either six or eight bits, depending on the
state of the 6-bit/8-bit Sync bit in WR10. if the Sync
Character Load Inhibit bit is set, the receiver strips the
contents of WR6 from the data stream if received within
character boundaries.

Bit combination 01 selects the Bisync mode. The concat-
enation of WR7 with WR6 is used for receiver synchroniza-
tion and as a time fill by the transmitter. The sync character
can be 12or 16 bitsin the receiver, depending on the state
of the 6-bit/8-bit Sync bitin WR10. The transmitted charac-
ter is always 16 bits. i

Bit combination 10 selects the SDLC Mode. In this mode,
SDLC is selected and requires a Flag (01111110) to be
written to WR7. The receiver address field should be
written to WR6. The SDLC CRC polynomial must also be
selected (WR5) in SDLC mode.

Bit combination 11 selects the External Sync Mode. In this
mode, the ISCC expects external logic to signal character
synchronization via the /SYNC pin. If the crystal oscillator
option is selected (in WR11), the internal /SYNC signal is
forced to “0.” In this mode, the transmitter is in Monosync
mode using the contents of WR6 as the time fill with the
sync character length specified by the 6-bit/8-bit Sync bit
in WR10.

Bits 3 and 2 are the Stop Bits selection, Bits 1 and 0.

These bits determine the number of stop bits added to
each asynchronous character that is transmitted. The
receiver always checks for one stop bit in Asynchronous
mode. A Special mode specifies that a Synchronous mode
is to be selected. D2 is always set to “1” by a channel or
hardware reset to ensure that the /SYNC pin is in a known
state after a reset.

Bit combination 00 selects Synchronous Modes Enable.
This bitcombination selects one of the synchronous modes
specified by bits D4, D5, D6, and D7 of this register and
forces the 1X Clock mode internally.

Bit combination 01 selects 1 Stop Bit/Character. This bit
combination selects Asynchronous mode with one stop bit
per character:

Bit combination 10 selects 1 1/2 Stop Bits/Character.
These bits select Asynchronous mode with 1-1/2 stop bits
per character. This mode can not be used with the
1X clock mode.

Bit combination 11 selects 2 Stop Bits/Character. These
bits select Asynchronous mode with two stop bits per
transmitted character and check for one received stop bit.

Bit 1 is the Parity Even//Odd select bit.

This bit determines whether parity is checked as an even
orodd. A “1” programmed here selects even parity, and a
“0" selects odd parity. This bitisignored if the Parity enable
bitis not set.

Bit O is the Parity Enable.

When this bitis set, an additional bit position beyond those
specified in the bits/character control is added to the
transmitted data and is expected in the receive data. The
Received Parity bitis transferred to the CPU as part of the
data unless eight bits per character is selected in the
receiver.
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5.4.6 Write Register 5 (Transmit Parameter
and Controls)

WR5 contains control bits that affect the operation of the
transmitter. B2 affects both the transmitter and the re-
ceiver. Bit positions for WR5 are shown in Figure 5-7.

Write Register 5
{p7|D6]ps5 |D4 |D3 [D2|D1|D0]
T T T
| L Tx CRC Enable
RTS
/SDLC/CRC-16
Tx Enable
Send Break
0 0 Tx 5 Bits(Or Less)/Character
0 1 Tx 7 Bits/Character
1 0 Tx 6 Bits/Character
1 1 Tx 8 Bits/Character
DTR

Figure 5-7. Write Register 5

Bit 7 is the Data Terminal Ready control bit.

This is the control bit for the /[DTR//REQ pin while the pin is
in the DTR mode (selected in WR14). When set, /DTR is
Low; when reset, /DTR is High. This bit is ignored when
/DTR//REQ s programmed to act as a/REQUEST pin. This
bit is reset by a channel or hardware reset. Refer to the
description of Bit 2 in Write Register 14.

Bits 6 and 5 are the Transmit Bits/Character select bits
1 and 0.

These bits control the number of bits in each byte trans-
ferred to the transmit buffer. Bits sentmust be right justified
with least significant bits first.

The Five Or Less mode allows transmission of one to five
bits per character; however, the CPU should format the
data character as shown below in Table 5-6. In the Six or
Seven Bits/Character modes, unused data bits are
ignored.

Table 5-6. Transmit Bits per Character
Bit 6

Bit 7 Bits/Character

0 0 5 or less bits / character
0 1 7 bits / character
1 0 6 bits / character
1 1 8 bits / character

For five or less bits per charater selection in WR5, the
following encoding is used in the data sent to the transmit-
ter. D is the data bit(s) to be sent.

D7 D6 D5 D4 D3 D2 D1 DO  Description

Sends one data bit
Sends two data bits
Sends three data bits
Sends four data bits
Sends five data bits

[ R QG
CO ===
cCoOo = =
TCooo =
TCoooco
cCooo o
oo oo
(e B ww Bl B v B v

Bit 4 is the Send Break control bit.

When set, this bit forces the TxD output to send continuous
“0s" beginning with the following transmit clock, regard-
less of any data being transmitted at the time. This bit
functions whether or not the transmitter is enabled. When
reset, TxD continues to send the contents of the Transmit
Shift register, which might be syncs, data, or all “1s.” If this
bitis set while in the X21 mode (Monosync and Loop mode
selected) and character synchronization is achievedin the
receiver, this bit is automatically reset and the transmitter
begins sending syncs or data. This bitcan also be resetby
a channel or hardware reset.

Bit 3 is Transmit Enable.

Data is not transmitted until this bit is set, and the TxD
output sends continuous “1s” unless Auto Echo mode or
SDLC Loop mode is selected. If this bit is reset after
transmission started, the transmission of data or sync
characters is completed. If the transmitter is disabled
during the transmission of a CRC character, sync or flag
characters are sent instead of CRC. This bit is reset by a
channel or hardware reset.

Bit 2 is the SDLC/CRC-16 polynomial select bit.
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This bit selects the CRC polynomial used by both the
transmitter and receiver. When set, the CRC-16 polyno-
mial is used; whenreset, the SDLC polynomialisused. The
SDLC/CRC polynomial must be selected when SDLC
mode is selected. The CRC generator and checker canbe
preset to all “0s” or all “1s,” depending on the state of the
Preset 1/Preset O bit in WR10.

Bit 1 is the Request To Send control bit.

This is the control bit for the /RTS pin. When the RTS bitis
set, the /RTS pin goes Low; when reset, /RTS goes High.
When Auto Enabile is set, the /RTS pin will immediately go
Low when the RTS bit is set. However, when the RTS bit is
reset, the /RTS pin remains Low until the transmitter is
completely empty and the last stop bit has left the TxD pin.
In synchronous modes or the Asynchronous mode with
auto enables off, the pin directly follows the state of this bit.
This bit is reset by a channel or hardware reset.

Bit 0 is Transmit CRC Enable.

Write Register 6

This bit determines whether or not CRC is calculated on a
transmit character. If this bitis set at the time the character
is loaded from the transmit buffer to the Transmit Shift
register, CRC is calculated on that character. CRC is not
automatically sent unless this bit is set when the transmit
underrun exists.

5.4.7 Write Register 6 (Sync Characters or
SDLC Address Field)

WRE6 is programmed to contain the transmit sync character
in the Monosync mode, the first byte of a 16-bit sync
character in the External Sync mode. WR6 is not used in
asynchronous modes. In the SDLC modes, it is pro-
grammed to contain the secondary address field used to
compare against the address field of the SDLC Frame. In
SDLC mode, the ISCC does not automatically transmit the
stations address at the beginning of aresponse frame. Bit
positions for WR6 are shown in Figure 5-8.

[o7]oe]ps Joa Joa Jp2Jo1]o]

TS

Sync7 Syncé SyncS Syncd  Sync3 Sync2 Synci SyncO Monosync, 8 Bits
Synct SyncO0 Sync5 Sync4 Sync3 Sync2 Synct SyncO Monosync, 6 Bits
Sync7 Syncé Sync5 Sync4  Sync3 Sync2 Synci SyncO Bisync, 16 Bits

Sync3 Sync2 Syncl SyncO 1 1 1 1 Bisync, 12 Bits

ADR7 ADR6é ADR5 ADR4 ADR3 ADR2 ADRt ADRO spic

ADR7 ADR6 ADR5 ADR4 X X x X SDLC (Address Range)

Figure 5-8. Write Register 6

5.4.8 Write Register 7 (SYNC Character or
SDLC Flag)

WRY7 is programmed to contain the receive sync character
in the Monosync mode, a second byte (the last eight bits)
of a 16-bit sync character in the Bisync mode, or a Flag
character (01111110) in the SDLC modes. WR7 may hold

the receive sync character or a flag if one of the special
versions of the External Sync mode is selected. WR7 is not
used in Asynchronous mode. Bit positions for WR7 are
shown in Figure 5-9.
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Write Register 7

{p7|ps b5 D4 [3 |p2 [D1 Do)

ey

Sync7 Syncé Syncs Sync4 Sync3 Sync2 Syncl SyncO Monosync, 8 Bits
Sync5 Sync4 Sync3 Sync2 Syncl Sync0 x X Monosync, 6 Bits
Sync15 Synci4 Sync13 Sync12 Syncil Sync10 Sync9 Sync8 Bisync, 16 Bits
Sync11 Sync10 Sync@ Sync8 Sync7 Sync6& Sync5 Sync4 Bisync, 12 Bits

0 1 1 1 1 1 1 0 SDLC

Figure 5-9. Write Register 7

5.4.9 Write Register 8 (Transmit Buffer)
WR8 is the transmit buffer register.

5.4.10 Write Register 9 (Master Interrupt
Control)

WR9 is the Master Interrupt Control register and contains
the Reset command bits. Only one WR9 exists in the ISCC
and can be accessed from either channel. The Interrupt
control bits can be programmed at the same time as the
Reset command because these bits are only reset by a
hardware reset. Bit positions for WR9 are shown in
Figure 5-10.

Wirite Register 9
{p7|o6]ps |p4 [p3 o2 [p1]po]

—-
[ | 1-— VIS
NV
DLC
MIE
Status High/Status Low
0
0 0 NoReset
0 1 Channel ResetB
1 0 Channel Reset A
1 1 Force Hardware Reset

Figure 5-10. Write Register 9

Bit 7 and 6 are the Reset Command Bits.

Together, these bits select one of the reset commands for
the SCC cell. Setting either of these bits to 1" disables
both the receiver and the transmitter in the corresponding
channel, forces TxD for that channel marking, forces the
modem control signals High in that channel, resets all IPs
and IUSs and disables all interrupts in that channel. Four
extra PCLK cycles must be allowed beyond the usual
cycle time after any of the active reset commands isissued
before any additional commands or controls are written to
the channel affected. In the non-multiplexed bus mode,
four extra PCLK cycles must be allowed beyond the usual
cycle time before any additional command or controls are
written to the SCC cell.

Bit combination 00 is a Null Command. This command has
no effect. It is used when a write to WR9 is necessary for
some reason other than an SCC cell Reset command.

Bit combination 01 is the Channel Reset B Command.
Issuing this command causes a channel reset to be
performed on Channel B.

Bit combination 10 is the Channel Reset A Command.
Issuing this command causes a channel reset to be
performed on Channel A.

Bit combination 11 is the Force Hardware Reset Com-
mand. The effects of this command are identical to those
of ahardware reset, except that the Shift Right/Shift Left bit
is not changed and the MIE, Status High/Status Low and
DLC bits take the programmed values that accompany this
command.




Bit 5 is not used and must be programmed “0."
Bit 4 is the Status High//Status Low control bit.

This bit conltrols which vector bits the SCC cell will modify
to indicate status. When set to “1," the SCC cell modifies
bits V6, V5, and V4 according lo Table 5-7. When set tc “0,”
the SCC cell modifies bits V1, V2, and V3 according to
Table 5-5. This bit controls status in both the vector
returned during an interrupt acknowledge cycle and the
status in RR2B. This bit is reset by a hardware reset.

Table 5-7. Interrupt Vector Modification

V3 V2 Vi * Status High/Status Low =0
v4 V5 V6  Status High/Status Low =1

0 0 0 Ch B Transmit Buffer Empty

0 0 1 Ch B External/Status Change

0 1 0 Ch B Receive Char. Available

0 1 1 Ch B Special Receive Condition
1 0 0 Ch A Transmit Buffer Empty

1 0 1 Ch A External/Status Change

1 1 0 Ch A Receive Char. Available

1 1 1 Ch A Special Receive Condition

Bit 3 is the Master Interrupt Enable.

This bitis setto 1to globally enable interrupts, and cleared
tozeroto disable interrupts. Clearing this bitto zero forces
the 1EO pin to follow the state of the IEI pin unless there is
an IUS bit set in the SCC cell. No IUS bit can be set after
the MIE bit is cleared to zero. This bit is reset by a
hardware reset.

Bit 2 is the Disable Lower Chain control bit.

The Disable Lower Chain bit can be used by the CPU to
control the interrupt daisy-chain. Setting this bit to “1”
forces the IEO pin Low, preventing lower priority devices
on the daisy-chain from requesting interrupts. This bit is
reset by a hardware resel. (Note that in the ISCC this will
also prevent the DMA cell from requesting interrupts.)

Bit 1 is the No Vector select bit.

“The No Vector bit controls whether or or not the ISCC will
respond to an interrupt acknowledge cycle by placing a
vector on the data bus if the ISCC is the highest priority
device requesting an interrupt. If this bit is set, no vector is
returned; i.e. AD7-ADO remain three-stated during an
interrupt acknowledge cycle, even if the ISCC is the
highest priority device requesting an interrupt.

Bit O is the Vector Includes Status control bit.

The Vector Includes Status Bit controls whether or not the
SCC cell will include status information in the veclor it
placeson the bus in response to an interrupt acknowledge
cycle. If this bit is set, the vector returned is variable, with
the variabie field depending on the highest priority I that
is set. Table 5-5 shows the encoding of the status informa-
tion. This bit is ignored if the No Vector (NV) bit is set.

5.4.11 Write Register 10 (Miscellaneous
Transmitter/Receiver Control Bits)

WR10 contains miscellaneous control bits for both the
receiver and the transmitter. Bit positions for WR10 are
shown in Figure 5-11.

Write Register 10
{o7]ps|os |p4 |p3 b2 |1 | D]

I T— 6 Biv/8 Bit Sync
L.oop Mode

Abort/Flag On Underrun
Mark/Flag Idle
Go Active On Poll

NRZ

NRZI .

FM1 (Transition = 1)
FMO (Transition = 0)

- -0
-0 -0

CRC Preset |/O

Figure 5-11. Write Register 10 -

Bit 7 is the CRC Presets 1//0 select bit.

This bit specifies the initialized condition of the receive
CRC checker and the transmit CRC generator. If this bitis
setto"1," the CRC generator and checker are presetto “1.”
If this bitis setto "0," the CRC generator and checker are
presetto “0." Either option can be selected with either CRC
polynomial. In SDLC mode, the transmitted CRC is in-
verted before transmission and the received CRC is
checked against the bit pattern "0001110100001111."
This bitis reset by a channel or hardware reset. This bit is
ignored in Asynchronous mode.

Bits 6 and 5 are the Data Encoding select bits.

These bits control the coding method used for both the
transmitter and the receiver, as illustrated in Table 5-8. All
of the clocking options are available for all coding meth-
ods. The DPLL in the ISCC s useful for recovering clocking
information in NRZI and FM modes. Any coding method
can be used in X1 clock mode. A hardware reset forces
NRZ mode. Timing for the various modes is shown in
Figure 5-12.
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Table 5-8. Data Encoding

Bit 6 Bit 5 Encoding

0 0 NRZ

0 1 NRZI

1 0 FM1 (transition = 1)

1 1 FMO (transition = 0)
Data 1 1 0 0 1 0
NRZ ————\ \
NRZ1

| W ) W

O W N e W W
L N NV N N o W

Manchester — NS \/ - \—U/

Figure 5-12. NRZ (NRZI), FM1 (FMO) Timing

Bit 4 is the Go Active On Poll control bit.

When Loop mode is first selected during SDLC operation,
the ISCC connects RxD to TxD with only gate delays in the
path. The ISCC does not go on-loop and insert the 1-bit
delay between RxD and TxD until this bit has been set and
an EOP received. When the ISCC is on-loop, the transmit-
ter can not go active unless this bitis set at the time an EOP
is received. The ISCC examines this bit whenever the
transmitter is active in SDLC Loop mode and is sending a
flag. If this bit is set at the time the flag is leaving the
Transmit Shift register, another flag or data byte (if the
transmit buffer is full) is transmitted. If the Go Active on Poll
bitis notsetatthis time, the transmitter finishes sending the
flag and reverts to the 1-Bit Delay mode. Thus, to transmit
only one response frame, this bit should be reset after the
firstdatabyteis sentto the ISCC, butbefore CRC has been
transmitted. If the bitis not resetbefore CRCis transmitted,
exira flags are sent, slowing down response time on the
loop. If this bit is reset belore the first data is written, the
ISCC completes the transmission of the present flag and
reverts to the 1-Bit Delay mode. After gaining control of the
loop, the ISCC is not able to transmit again until a flag and
another EOP have been received. Though not strictly
necessary, it is good practice to set this bit only upon
receipt of a poll frame to ensure that the ISCC does not go
on-loop without the CPU noticing it.

In synchronous modes other than SDLC with the Loop
Mode bit set, this bit must be set before the transmitter can
go active in response to a received sync character.

This bit is always ignored in Asynchronous mode and
Synchronous modes unless the |.oop Mode bilis set. This
bit is reset by a channel or hardware reset.

Bit 3 is the Mark//Flag Idle line control bit.

This bit alfects only SDLC operation and is used to control
the idle line condition. If this bitis set to “0," the transmitter
send flags as an idle line. If this bit is set to “1,” lhe
transmitter sends continuous “1s" after the closing flag of
aframe. Theidle line condition is selected byte by byte;i.e.
either a flag or eight “1s” are transmitted. The primary
station in an SDLC loop shouid be programmed ior Maik
Idle to create the EOP sequence. Mark ldle must be
deselected atthe beginning of a frame before the first data
is written to the ISCC, so that an opening flag can be
transmitted. This bit is ignored in Loop mode, but the
programmed value takes effect upon exiting the Loop
mode. This bitis reset by a channel or hardware reset.

Bit 2 is the Abort//Flag On Underrun selecl bit.

This bit affects only SDLC operation and is used o control
how the ISCC responds to a transmit underrun condition.
It this bit is set to “1" and a transmit underrun occurs, the
ISCC sends an abort and a flag instead of CRC. If this bit
isreset, the ISCC sends CRC onatransmitunderrun. Atthe
beginning of this 16-bittransmission, the Transmit Underrun/
EOM bit is set, causing an External/Status interrupt. The
CPU uses this status, along with the byte count from
memory or the DMA, to determine whether the frame must
be retransmitted. A transmit buffer Empty interrupt occurs
at the end of this 16-bil transmission to start the next frame.
If both this bit and the Mark/Flag ldle bit are set to "1," all
“1s” are transmitted after the transmit underrun. This bit
should be set after the first byte of data is sent to the ISCC
and reselimmediately after the last byte of data so that the
frame will be terminaled properly with CRC and aflag. This
bitis ignored in Loop mode, but the programmed value is
active upon exiting Loop mode. This bit is reset by a
channel or hardware reset.

Bit 1 is the Loop Mode control bit.

In SDLC mode, the initial set condition of this bit forces the
ISCC to connect TxD to RxD and to begin searching the
incoming data stream so that it can go on loop. All bits
pertinent to SDLC mode operation in other registers must
be set before this mode is selected. The transmitter and
receiver should not be enabled until after this mode has
been selected. As soon as the Go Active On Poll bit is set
and an EOP is received, the ISCC goes on-loop. If this bit
is reset after the ISCC goes on-loop, the ISCC waits for the
next EOP to go off-loop.
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In synchronous modes, the ISCC uses this bit, along with
the Go Active On Poll bit, to synchronize the transmitter to
the receiver. The receiver should not be enabled until after
this mode is selected. The TxD pin is held marking when
this mode is selected unless a break condition is pro-
grammed. The receiver waits for a sync character to be
received and then enables the transmitter on a character
boundary. The break condition, if programmed, is re-
moved. This mode works properly with sync characters of
6, 8, or 16 bits. This bit is ignored in Asynchronous mode
and is reset by a channel or hardware reset.

Bit O is the 6 Bit//8 Bit SYNC select bit.
This bit is used to select a special case of synchronous

modes. If this bit is set to “1” in Monosync mode, the
receiver and transmitter sync characters are six bits long

Write Register 11

instead of the-usual eight. If this bit is set to “1" in Bisync
mode, the received sync will be 12 bits and the transmitter
sync character will remain 16 bits long. This bit is ignored
in SDLC and Asynchronous modes, but still has effect in
the special external sync modes. This bit is reset by a
channel or hardware reset.

5.4.12 Write Register 11 (Clock Mode Control)

WR11 is the Clock Mode Control register. The bits in this
register control the sources of both the receive and trans-
mit clocks, the type of signal on the /SYNC and /RTxC pins,
and the direction of the /TRxC pin. Bit positions for WR11
are shown in Figure 5-13.

|p7{D8|ps |4 |p3 [p2 [D1]Do]

o o T
0
0
1
1
0 o0
0o 1
10
11
0 0
0 1
1 0
11

0 /TRxC Out = Xtal Output

/TRxC Out = Transmit Clock

1
0 /TRxC Out = BR Generator Output
1

/TRxC Out = DPLL Output
TRxC O/

Transmit Clock = /RTxC Pin

Transmit Clock = /TRxC Pin

Transmit Clock = BR Generator Output
Transmit Clock = DPLL Output

Receive Clock = /RTxC Pin

Receive Clock = /TRxC Pin

Receive Clock = BR Generator Output
Receive Clock = DPLL Output

/RTxC Xtal/No Xtal

Figure 5-13. Write Register 11

Bit 7 is the RTxC-XTAL//NO XTAL select bit.

This bit controls the type of input signal the ISCC expects
to see on the /RTxC pin. If this bit is set to “0," the ISCC
expects a TTL-compatible signal as an input to this pin. If
this bitis setto “1,” the ISCC connects a high-gain amplifier
between the /RTxC and /SYNC pins in expectation of a
quartz crystal being placed across the pins.

The output of this oscillator is available for use as a
clocking source. In this mode of operation, the /SYNC pin
is unavailable for other use. The /SYNC signal is forced to

“0” internally. A hardware reset forces /NO XTAL. (At least
20ms should be allowed after this bitis setto 1, to allow the
oscillator to stabilize.)

Bits 6 and 5 are the Receiver Clock select bits 1 and 0.

These bits determine the source of the receive clock as
shown in Table 5-9. They do not interfere with any of the
modes of operation in the SCC cell, but simply control a
multiplexer just before the internal receive clock input. A
hardware reset forces the receive clock to come from the
/RTXC pin.
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Table 5-9. Receive Clock Source

‘ Table 5-11. Transmit External Control Selection

Bit 6 Bit5 Receive Clock Bit 1 Bit0 TRxC Pin Output
0 0 RTxC Pin 0 0 XTAL Oscillator Output
0 1 TRxC Pin 0 1 Transmit Clock
1 0 BR Output 1 0 BR Output
1 1 DPLL Qutput 1 1 DPLL Qutput (receive)

Bits 4 and 3 are the Transmit Clock select bits 1 and 0.

These bits determine the source of the transmit clock as
shown in Table 5-10. They do not interfere with any of the
modes of operation of the ISCC, but simply control a
multiplexer justbefore the internal transmit clockinput. The
DPLL output thatmay be used to feed the transmitter in FM
modes lags by 90 degrees the output of the DPLL used by
the receiver. This makes the received and transmitted bit
cellsoccur simuitaneously, neglecting delays. A hardware
reset selects the /TRxC pin as the source of the
transmit clocks.

Table 5-10. Transmit Clock Source

Bit 4 Bit 3 Transmit Clock
0 0 RTxC Pin
0 1 TRxC Pin
1 0 BR Output
1 1 DPLL Output

Bit 2 is the TRxC Pin O//I control bit.

This bit determines the direction of the /TRxC pin. If this bit
issetto“1,” the TRxC pinis an output and carries the signal
selected by D1 and DO of this register. However, if either
the receive or the transmit clock is programmed to come
from the /TRxC pin, /TRxC willbe aninput, regardiess of the
state of this bit. The /TRxC pin is also an input if this bit is
set to 0" A hardware reset forces this bit to “0.”

Bits 1 and 0 are the /TRxC Output Source select bits
1and 0.

These bits determine the signal to be echoed out of the
ISCC via the /TRXC pin as givenin Table 5-11. No signal is
produced if /TRxC has been programmed as the source of
either the receive or the transmit clock. If TRxC O//I (bit 2)
is set to “0,” these bits are ignored.

If the XTAL oscillator output is programmed to be echoed,
and the Xtal oscillator has not been enabled, the /TRxC pin
goes High. The DPLL signal that is echoed is the DPLL
signal used by the receiver. Hardware reset selects the
XTAL oscillator as the output source.

5.4.13 Write Register 12 (Lower Byte of Baud
Rate Generator Time Constant)

WR12 contains the lower byte of the time constant for the
baud rate generator. The time constantcan be changed at
any time, but the new value does not take eftect until the
nexttime the time constantis loaded into the down counter.
No attempt is made to synchronize the loading of the time
constant into WR12 and WR13 with the clock driving the
down counter. For this reason, itis advisable to disable the
baud rate generator while the new lime constantis loaded
into WR12 and WR13. Ordinarily, this is done anyway to
prevent a load of the down counter between the writing of
the upper and lower bytes of the time constant.

The formula for determining the appropriate time constant
for agiven baud is shown below with the desired rate in bits
per second and the BR clock period in seconds. This
formula is derived because the counter decrements from
N down to "0"-plus-one-cycle for reloading the time con-
stantand is then fed to a toggle flip-flop to make the output
a square wave. Bit positions for WR12 are shown in
Figure 5-14.

Time constant = [1/2 * desired rate * BR clock period] - 2

Write Register 12
{07]06]os |p4 |pa b2 {1 | Do)

p g g—
| TCO
TCH
TC2
Lower
TC3 Byte of
TC4 ( Time
Constant
TCS
TC6
TC7

Figure 5-14. Write Register 12
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5.4.14 Write Register 13 (Upper Byte of Baud
Rate Generator Time Constant)

WR13 contains the upper byte of the time constant for the
baud rate generator. Bit positions for WR13 are shown in
Figure 5-15.

Write Register 13
|o7]os]os [p4[p3 p2|D1]Do]

TT T TC8
I__.I-i TCO

TC10

TC11 >Ufp¥.er Byte

ot Iime
TC12 Constant
TC13

TC14
TC15

Figure 5-15. Write Register 13

5.4.15 Wirite Register 14 (Miscellaneous
Control Bits)

WR14 contains some miscellaneous control bits. Bit posi-
tions for WR14 are shown in Figure 5-16.

Write Register 14
[p7|os|ps [p4 |pa |p2 D1]D0]

I BR Generator Enable
BR Generator Source
/DTR/Request Function

Auto Echo
Local Loopback

Null Command

Enter Search Mode

Reset Missing Clock
Disable DPLL

Set Source = BR Generator
Set Source = /RTxC

Set FM Mode

Set NRZI Mode

—_——_maa000O0
—_-——_, OO R =00
- OO0 ~-=0-0

Figure 5-16. Write Register 14

Bit D7 and D5 are the Digital Phase-Locked Loop Com-
mand Bits.

These three bits encode the eight commands for the
Digital Phase-Locked Loop. A channel or hardware reset
disables the DPLL, resets the missing clock latches, sets
the source to the /RTxC pin and selects NRZI mode. The
Enter Search Mode command enables the DPLL after
areset.

Bit combination 000 is the Null Command. This command
has no effect on the DPLL.

Bit combination 001 is the Enter Search Mode Command.
Issuing this command causes the DPLL to enter the
Searchmode, where the DPLL searches foralocking edge
in the incoming data stream. The action taken by the DPLL
upon receipt of this command depends on the operating
mode of the DPLL.

In NRZI mode, the output of the DPLL is High while the
DPLL is waiting for an edge in the incoming data stream.
After the Search mode is entered, the first edge the DPLL
sees is assumed to be a valid data edge, and the DPLL
begins the clock recovery operation from that point. The
DPLL clock rate must be 32x the data rate in NRZI mode.
Upon leaving the Search mode, the first sampling edge of
the DPLL occurs 16 of these 32x clocks after the first data
edge and the second sampling occurs 48 of these 32x
clocks after the firstdata edge. Beyond this point, the DPLLL
begins normal operation, adjusting the output to remain in
sync with the incoming data.

In FM mode, the output of the DPLL is Low while the DPLL
is waiting for an edge in the incoming data stream. The first
edge the DPLL detects is assumed to be a valid clock
edge. for this to be the case, the line must contain only
clock edges; i.e. with FM1 encoding, the line must be
continuous “0s.” With FMO encoding the line must be
continuous “1s,” whereas Manchester encoding requires
alternating “1s” and “0s” on the line. The DPLL clock rate
must be 16 times the data rate in FM mode. The DPLL
outputcauses thereceiver to sample the data streaminthe
nominal center of the two halves of the bit cell to decide
whether the datawas a “1” or a “0."” After this command is
issued, as in NRZI mode, the DPLL starts sampling imme-
diately after the first edge is detected. (In FM mode, the
DPLL examines the clock edge of every other bit cell to
decide what correction must be made to remain in sync.)
If the DPLL does not see an edge during the expected
window, the one clock missing bit in RR10 is set. If the
DPLL does not see an edge after two successive attempts,
the two clocks missing bit in RR10 is set and the DPLL
automatically enters the Search mode. This command
resets both clock missing latches.
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Bitcombination 010 s the Reset Clock Missing Command.
Issuing this command disables the DPLL, resets the clock
missing latches in RR10, and forces a continuous Search
mode state.

Bit combination 001 is the Disable DPLL Command. Issu-
ing this command disables the DPLL, resets the clock
missing latches in RR10, and forces a continuous Search
mode state.

Bit combination 100 is the Set Source = BR Gen Com-
mand. lssuing this command forces the clock for the DPLL
to come from the output of the baud rate generator.

Bit combination 101 is the Set Source = /RTxC Command.
Issuing the command forces the clock for the DPLL to
come from the /RTxC pin or the crystal oscillator, depend-
ing on the state of the XTAL/NO XTAL bit in WR11. This
mode is selected by a channel or hardware reset.

Bit combination 110 is the Set FM Mode Command. This
command forces the DPLL to operate in the FM mode and
is used to recover the clock from FM or Manchester-
encoded data. (Manchester is decoded by placing the
receiver in NRZ mode while the DPLL is in FM mode.)

Bit combination 111 is the Set NRZI Mode Command.

Issuing this command forces the DPLL to operate in the
NRZI mode. This mode is also selected by a hardware or
channel reset.

Bit 4 is the Local Loopback select bit.

Setting this bit to “1" selects the Local Loopback mode of
operation. In this mode, the internal transmitted data is
routed back to the receiver, as well as to the TxD pin. The
/CTS and /DCD inputs are ignored as enables in Local
Loopback mode, even if auto enables is selected. (If so
programmed, transitions on these inputs still cause inter-
rupts.) This mode works with any Transmit/Receive mode
except Loop mode. For meaningful results, the frequency
of the transmit and receive clocks must be the same. This
bit is reset by a channel or hardware reset.

Bit 3 is the Auto Echo select bit.

Setting this bit to “1" selects the Auto Echo mode of
operation. In this mode, the TxD pin is connected to RxD,
as in Local Loopback mode, but the receiver still listens to
the RxD input. Transmitted data is never seen inside or
outside the ISCC in this mode, and /CTS is ignored as a
transmit enable. This bit is reset by a channel or
hardware reset.

Bit 2 is the DTR/Request Function select bit.

This bit selects the function of the /DTR//REQ pin. If this is
setto “0," the /[DTR//REQ pin follows the state of the DTR bit
in WR5. If this bitis setto “1," the [DTR//REQ pin goes Low
whenever the transmit buffer becomes empty and in any of
the synchronous modes when CRC has been sent al the
end of a message. The /DTR//REQ does not go inactive
until the internal operation satisfying the request is com-
plete, which occurs three to four PCLK cycles after the
falling edge of /DS, /READ or /WRITE. This bitis reset by a
channel or hardware reset. Note that the /REQUEST func-
tion of this pin is not related to the operation of the ISCC
DMA cell. Since a DMA function is present on this device,
the /REQUEST function would not normally be used.

Bit 1 is the Baud Rate Generator Source select bit.

This bit selects the source of the clock for the baud rate
generator. If this bit is set to “0.” the baud rate generator
clock comes from either the /RTxC pin or the XTAL oscilla-
tor (depending on the state of the XTAL/NO XTAL bit). if
this bitis setto “1,” the clock for the baud rate generator is
the ISCC's PCLK input. Hardware reset sets this bit to “0,”
selecting the /RTxC pin as the clock source for the baud
rate generator.

Bit 0 is the Baud Rate Generator Enable.

This bit controls the operation of the baud rate generator.
The counter in the baud rate generator is enabled for
countingwhenthis bitis setto “1,” and counting is inhibited
when this bitis set to "0.” When this bitis setto “1,” change
in the state of this bit is not reflected by the output of the
baud rate generator for two counts of the counter. This
allows the command to be synchronized. However, when
set to “0," disabling is immediate. This bit is reset by a
hardware reset. : .

5.4.16 Write Register 15 (External/Status
Interrupt Control)

WR15 is the External/Status Source Control register. If the
External/Status interrupts are enabled as a group via WR1,
bits in this register control which External/Status condi-
tions can cause an interrupt. Only the External/Status
conditions thatoccur after the controlling bit are sentto “1"
will cause an interrupt. This is true, even if an External/
Status condition is pending at the time the bit is set. Bit
positions for WR15 are shown in Figure 5-17.
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Wirite Register 15
|o7{os|ps [p4 |pa |p2 |1 [ Do}

0
L Zero Count IE

SDLC FIFO Enable
DCD IE

Sync/Hunt IE
CTSIE

Tx Underrun/EOM IE
Break/Abort IE

Figure 5-17. Write Register 15

Bit 7 is the Break/Abort Interrupt Enable.

If this bitis setto “1,” a change in the Break/Abort status of
the receiver causes an External/Status interrupt. This bitis
set by a channel or hardware reset.

Bit 6 is the Transmit Underrun/EOM Interrupt Enable.

If this bitis setto “1,” a change of state by the Tx Underrun/
EOM latch in the transmitter causes an External/Status
interrupt. This bit is set to “1" by a channel or
hardware reset.

Bit 5 is the CTS Interrupt Enable.

If this bit is set to “1,” a change of state on the /CTS pin
causes an External/Status Interrupt. This bit is set by a
channel or hardware reset.

Bit 4 is the SYNC/Hunt Interrupt Enable.

If this bit is set to “1,” a change of state on the /SYNC pin
causes an External/Status interruptin Asynchronous mode,
and a change of state in the Hunt bitin the receiver causes
and External/Status interrupt in synchronous modes. This
bit is set by a channel or hardware reset.

Bit 3 is the DCD Interrupt Enable.

If this bit is set to “1,” a change of state on the /DCD pin
causes an External/Status interrupt. This bit is set by a
channel or hardware reset.

Bit 2 is not used and must be programmed “0."

Bit 1 is the Zero Count Interrupt Enable.

If this bit is set to “1,” an External/Status interrupt is
generated whenever the counter in the baud rate genera-
tor reaches "0.” This bit is set to “0" by a channel or
hardware reset. )

Bit 0 is not used and must be programmed “0.”

5.5 READ REGISTERS

The ISCC SCC cell contains seven read registers in each
channel. In addition, there are two registers which are
shared by both channels. The status of these registers is
continually changing and depends on the mode of com-
munication, received and transmitted data, and the man-
ner in which this data is transferred to and from the CPU.
The following description details the bit assignments for
each register.

5.5.1 Read Register 0 (Transmit/receive buffer
Status and External Status)

Read Register O contains the status of the receive and
transmit buffers. RRO also contains the status bits for the
six sources of External/Status interrupts. The bit configura-
tion is illustrated in Figure 5-18.

Read Register 0
|o7{p8|ps |p4 b3 |p2 [D1]Do}

e
| Rx Character Available
Zero Count

Tx Buffer Empty
DCD

Sync/Hunt

CTs

Tx Underrun/EOM
Break/Abort

Figure 5-18. Read Register 0
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Bit 7 is the Break/Abort status.

In the Asynchronous mode, this bit is set when a Break
sequence (null character plus framing error) is detected in
the receive data stream. This bit is reset when the se-
quence is terminated, leaving a single null characterin the
receive FIFO. This character should be read and dis-
carded. In SDLC mode, this bitis set by the detection of an
Abortsequence (seven ormore “1s”), then reset automati-
cally at the termination of the Abort sequence. In either
case, if the Break/Abort IE bit is set, an External/Status
interrupt is iniialed. Unlike the remainder of the External/
Status bits, both transitions are guaranteed to cause an
External/Status interrupt, even if another External/Status
interruptis pending at the time these transitions occur. This
procedure is necessary because Abort or Break condi-
tions may not persist.

Bit 6 is the Transmit Underrun/EOM status.

This bitis set by a channel or hardware reset and when the
transmitter is disabled or a Send Abort command is is-
sued. This bit can only be reset by the reset Tx Underrun/
EOM Latch command in WR0. When the Transmit Underrun
occurs, this bitis set and causes an External/Status inter-
rupt (if the Tx Underrun/EOM IE bit is set).

Only the O-to-1 transition of this bit causes an interrupt. This
bitis always “1" in Asynchronous mode, unless a reset Tx
Underrun/EOM Latch command has been erroneously
issued. Inthis case, the Send Abortcommand can be used
toset the bittoone and atthe same time cause an External/
Status interrupt.

Bit 5 is the Clear to Send pin status.

If the CTS IE bitin WR15 is set, this bit indicates the state
of the /CTS pin while no interrupt is pending latches the
state of the /CTS pin and generates an External/Status
interrupt. Any odd number of transitions on the /CTS pin,
while another External/Status interrupt is pending, also
causes an External/Status interrupt condition. If the CTS IE
bitis reset, it merely reports the current unlatched state of
the /CTS pin.

Bit 4 is the SYNC/Hunt status.

The operation of this bit is similar to that of the CTS bit,
except that the condition monitored by the bit varies
depending on the mode in which the ISCC is operating.

When the XTAL oscillator option is selected in asynchro-
nous modes, this bit is forced to “0" (no External/Status
interrupt is generated). Selecting the XTAL oscillator in
synchronous or SDLC modes had no effect on the opera-
tion of this bit.

The XTAL oscillator should not be selected in External
Sync mode.

In Asynchronous mode, the operation of this bitis identical
to that of the CTS status bit, except that this bit reports the
state of the /SYNC pin.

In External sync mode the /SYNC pin is used by external
logic to signal character synchronization. When the Enter
HuntMode command is issued in External Sync mode, the
/SYNC pin must be held High by the external sync logic
unti! character synchronization is achieved. A High on the
/SYNC pin holds the Sync/Hunt bit in the reset condition.

When external synchronization is achieved, /SYNC must
be driven Low on the second rising edge of the Receive
Clock after the last rising edge of the Receive Clock on
which the last bit of the receive characler was received.
Once /SYNC is forced Low, it is good practice to keep it
Low until the CPU informs the external sync logic that
synchronization has been lost or that a new message is
about to start. Both transitions on the /SYNC pin cause
External/Status interrupts if the Sync/Hunt IE bit is
setto “1".

The Enter Hunt Mode command should be issued when-
ever character synchronization is lost. At the same time,
the CPU should inform the external logic that character
synchronizaiion has been lost and that the ISCC is waiting
for /SYNC to become active.

In the Monosync and Bisync Receive modes, the Sync/
Hunt status bit is initially set to “1” by the Enter Hunt Mode
command. The Sync/Hunt bit is reset when the ISCC
established character synchronization. Both transitions
cause External/Status interrupts if the Sync/Hunt IE bit is
set. When the CPU detects the end of message or the loss
of character synchronization, the Enter Hunt Mode com-
mand should be issued to set the Sync/Hunt bit and cause
an External/Status interrupt. In this mode, the SYNC pin is
an output, which goes Low every time a sync pattern is
detected in the data stream.

In the SDLC modes, the Sync/Hunt bit is initially set by the
Enter Hunt Mode command or when the receiver is dis-
abled. Itis reset when the opening flag of the first frame is
detected by the ISCC. An External/Status interrupt is also
generatedifthe Sync/HuntIE bitis set. Unlike the Monosync
and Bisyncmodes, once the Sync/Hunt bitis resetin SDLC
mode, it does not need to be set when the end of the frame
is detected. The ISCC automatically maintains synchroni-
zation. The only way the Sync/Hunt bit.can be set again is
by the Enter Hunt Mode command or by disabling the
receiver.
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Bit 3 is the Data Carrier Detect status.

If the DCD IE bit in WR15 is set, this bit indicates the state
of the DCD pin the last time the Enabled External/Status
bits changed. Any transition on the DCD pin while no
interrupt is pending latches the state of the DCD pin and
generates an External/Status interrupt. Any odd number of
transitions on the DCD pin while another External/Status
interrupt is pending will also cause an External/Status
interrupt condition. If the DCD IE is reset, this bit merely
reports the current, unlatched state of the DCD pin.

Bit 2 is the TX Buffer Emply status.

This bitis set to “1” when the transmit buffer is empty. Itis

-reset while CRC is sent in a synchronous or SDL.C mode
and while the transmit buffer is full. The bitis reset when a
character is loaded into the transmit butter. This bit is
always in the set condition after a hardware or
channel reset.

Bit 1 is the Zero Count status.

If the Zero Countinterrupt Enable bitis setin WR 15, this bit
is set to one while the counter in the baud rate generator is
at the count of zero. If there is no other External/Status
interrupt condition pending at the time this bit is set, an
External/Status interrupt is generated. However, if there is
another External/Status interrupt pending at this time, no
interruptisinitiated untilinterrupt service is complete. If the
Zero Count condition does not persist beyond the end of
the interruptservice routine, no interrupt will be generated.
This bit is not latched High, even thought the other Exter-
nal/Status latches close as a result of the Low-to-High
transition on Zero Count. The interrupt routine should
check the other External/Status conditions for changes. If
none changed, Zero Count was the source. In polled
applications, check the IP bitin RR3A for a status change
and then proceed as in the interrupt service routine.

Bit 0 is Receive Character Available.

This bitis setto “1" when atleast one character is available
in the receive FIFO and is reset when the receive FIFO is
completely empty. A channel or hardware reset empties
the receive FIFO.

5.5.2 Read Register 1

RR1 contains the Special Receive Condition status bits
and the residue codes for the I-field in SDLC mode. Figure
5-19 shows the bit positions for RR1.

Read Register 1
{o7|os [bs |o4 |ps b2 [p1]bo)

——
l T— All Sent
‘ Residue Code 2
Residue Code 1

Residue Code 0
Parity Error

Rx Overrun Error
CRC/Framing Error
End of Frame (SDLC)

Figure 5-19. Read Register 1

Bit 7 is the End of Frame (SDLC) status.

This bit is used only in SDLC mode and indicates that a
valid closing flag has been received and thatthe CRC Error
bit and residue codes are valid. This bit can be reset by
issuing the Error Reset command. Itis also updated by the
first character of the following frame. This bitis resetin any
mode other than SDLC.

Bit 6 is the CRC/Framing Error status.

If a framing error occurs (in Asynchronous mode), this bit
is set (and not latched) for the receive character in which
the framing error occurred. Detection of a framing error
adds an additional one-half bit to the character time so that
the framing error is not interpreted as a new Start bit. In
Synchronous and SDLC modes, this bitindicates the result
of comparing the CRC checker to the appropriate check
value. This bitis reset by issuing an Error Reset command,
butthe bitis never latched. Therefore, itis always updated
when the next character is received. When used for CRC
error status in Synchronous or SDLC modes, this bit is
usually set since most bit combinations, except for a
correctly completed message, resultin a non-zero CRC.

Bit 5 is the Receiver Overrun Error status.

This bit indicates that the receive FIFO has overflowed.
Only the character that has been written over is flagged
with this error, and when the character is read, the Error
condition is latched until reset by the Error Reset com-
mand. The overrun character and all subsequent charac-
ters received until the Error Reset command is issued
causes a Special Receive Condition vector to be returned.
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Bit 4 is the Parity Error status.

When parity is enabled, this bit is set for the characters
whose parity does not match the programmed sense
(even/odd). This bitislatched sothatonce an error occurs,
it remains set until the Error Reset command is issued.
If the parity in Special Condition bit is set, a parity error
causes a Special Receive Condition vector to be returned
on the character containing the error and on all subse-
quent characters until the Error Reset command isissued.

Bits 3, 2, and 1 are the Residue Codes, bits 2, 1, and 0.

Inthose cases in SDIL.C mode where the received I-Field is
not anintegral multiple of the character length, these three
bits indicate the length of the I-Field and are meaningful
only for the transter in which the end of frame bitis set. This
field is set to “011” by a channel or hardware reset and is
forced to this state in Asynchronous mode. These three
bits can leave this state only if SDLC is selected and a
character is received. The codes signify the following
(Reference Table 5-12) when areceive characler length is
eight bits per character.

I-Field bits are right-justified in all cases. If a receive
character length other than eight bitsis used for the I-Field,
a table similar to Table 5-12 can be constructed for each
different character length. Table 5-13 shows the residue
codes for no residue (The I-Field boundary lies on a
character boundary).

Table 5-12. I-Field Bit Selection (8 Bits Only)

Bit3  Bit2  Bit1 I-Field Bits I-Field Bits
in Last Byte in Previous Byte
1 0 0 0 3
0 1 0 0 4
1 1 0 0 5
0 0 1 0 6
1 0 1 0 7
0 1 1 0 8
1 1 1 1 8
0 0 0 2 8

Table 5-13. Bits per Character Residue Decoding

Bits per Character Bit 3 Bit 2 Bit 1
8 0 1 1
7 0 0 0
6 0 1 0
5 0 0 1

Bit O is the All Sent status.

In Asynchronous mode, this bit is set when all characters
have completely cleared the transmitter pins. Most mo-
dems contain additional delays in the data path, which
requires the modem control signals to remain active until
after the data has cleared both the transmitter and the
modem. This bit is always set in synchronous and
SDLC modes.

5.5.3 Read Register 2

K2 contains the interrupt vector written nto WKZ. when
the regisler is accessed in Channel A, the vector returned
is the veclor actually stored in WR2. When this register is
accessed in Channel B, the vector returned includes
status information in bits 1, 2 and 3 or in bits 6, 5 and 4,
depending on the state of the Status High/Status Low bitin
WR9 and independentof the state of the VIS bitin WR9. The
vector is modified according to Table 5-7 shown in the
explanation of the VIS bit in WR9. If no inlerrupts are
pending the slatus is V3,v2V1 -011, or V6,V5,vV4-110.
Figure 5-20 shows the bit positions for RR2.

Read Register 2
[p7]p6]os |o4 o3 o2 |1]po]

L L

V3 Interrupt
Vector *

* Modified in B Channel
Figure 5-20. Read Register 2

5.5.4 Read Register 3

RR3 s the interrupt Pending register. The status of each of
the interrupt Pending bits in the SCC cell is reported in this
register. This register exists only in Channel A. If this
register is accessed in Channel B, all “0's” are returned.
The two unused bits are always returned as “0". Figure
5-21 shows the bit positions for RR3.
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Read Register 3
|p7]o6]os |o4 |pa |p2 |1 Do}

| L Channel B Ext/Status IP
Channel B Tx IP

Channel B Rx IP
Channel A Ext/Status IP
Channel A Tx IP
Channel ARx IP

0

0

* Always 0 in B Channel
Figure 5-21. Read Register 3

5.5.5 Read Register 8
RR8 is the Receive Data register.
5.5.6 Read Register 10

RR10 contains some miscellaneous status bits. Unused
bits are always "0”. Bit position for RR10 are shown in
Figure 5-22.

Read Register 10 .
{o7]06]ps |p4 b3 o2 |D1]po]

-L— 0
On Loop

0

0

Loop Sending

0

Two Clocks Missing
One Clock Missing

Figure 5-22. Read Register 10

Bit 7 is the One Clock Missing status.

While operating in the FM mode, the DPLL sets this bit to
“1" whenitdoes not see a clock edge on the incoming lines
in the window where it expects one. This bitis latched until
reset by a Reset Missing Clock or Enter Search Mode
command in WR14. In the NRZI mode of operation and
while the DPLL is disabled, this bit is always “0”".

Bit 6 is the Two Clocks Missing status.

While operating in the FM mode, the DPLL sets this bit to
“1" when it does not see a clock edge in two successive
tries. At the same time the DPLL enters the Search mode.
This bit is latched until reset by a Reset Missing Clock or
Enter Search Mode command in WR14, bit5-7. Inthe NRZI
mode of operation and while the DPLL is disabled, this bit
is always “0".

Bit 4 is the Loop Sending status.

This bitis setto “1"in SDLC Loop mode while the transmit-
terisin control of the Loop, thatis, while the ISCC is actively
transmitting on the loop. This bit is reset at all other times.

This bitcan be polledin SDLC mode to determine whenthe
closing flag has been sent.

Bit 1 is the On Loop status.

This bit is set to “1” while the ISCC is actually on loop in
SDLC Loop mode. This bit is set to “1” in the X21 mode
(Loop mode selected while in monosync) when the trans-
mitter goes active. This bitis “0" at all other times. This bit
can also be polled in SDLC mode to determine when the
closing flag has been sent.

5.5.7 Read Register 12

RR12 returns the value stored in WR12, the lower byte of
the time constant for the baud rate generator. Figure 5-23
shows the bit positions for RR12.

Read Register 12
|o7{D6]ps |p4 b3 [p2 | D1{D0]

l L TCO \\
TC1
TC2
Lower
TC3 > Byte of
TC4 Time
Constant
TCS
TCé
TC7 )

Figure 5-23. Read Register 12
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5.56.8 Read Register 13

RR13 returns the value stored in WR13, the upper byte of
the time constant for the baud rate generator. Figure 5-24
shows the bit positions for RR13.

Read Register 13
|o7]o6]ps |4 b3 b2 [D1 | po]

=T T
| -[— TC8 1\
TC9
TCi0 U
pper
TC11 Byte of
TC12 [ Time
Constant
TC13
TC14
TC15

Figure 5-24. Read Register 13

5.5.9 Read Register 15

RR15reflectsthe value stored in WR15, the External/Status
IE bits. The two unused bits are always returned as “0s”.
Figure 5-25 shows the bits positions for RR15.

Read Register 15
{7{0s b5 [p4 |p3 |p2 D1 {Do]

0
T I -|———— Zero Count |IE
| (o]
DCD IE
Sync/Hunt IE

CTSIE
Tx Underrun/EOM |E
Break/Abort |IE

Figure 5-25. Read Register 15

5.6 DMA CELL REGISTER DESCRIPTIONS
5.6.1 Channel Command/Address Register

This register is a write only register and is at the same
address as the DMA Status Register. Figure 5-26 shows
the bit positions for this register.

Bits 7 through 5 are encoded with the commands for the
DMA as shown below: '

Bit combination 000 is a Null command and has no affect
on the DMA.

Bit combination 001 is reserved.

Bit combination 010 is the DMA Reset Highest IUS com-
mand. This command resets only the highest priority IUS
bitthatis setin the DMA cell and occurs independent of the
state of the IEl for the ISCC.

Bit combination 011 is the Reset command and is used to
reset the DMA cell. All of the DMA channels are reset. The
DMA channels remain reset until enabled.

Bit combination 100 is the command to enable the Trans-
mitter B channel DMA. The DMA operation is not triggered
by this command.

Address: 00000 (Write)
{p7]ps |ps [p4 |ps [p2 | D1 [o]

| Address O
Address 1
Address 2

Address 3
Address 4

DMA Commands
Null Command
Reserved

Reset Highest IUS
DMA Reset
Enable Tx B DMA
Enable Rx B DMA
Enable Tx A DMA
Enable Rx A DMA

- s OO0 —- =00
L O - O0O=S0O=0

Figure 5-26. Channel Command/Address Register

Bit combination 101 is the command to enable the Re-
ceiver B channel DMA. The DMA operation is not triggered
by this command.
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Bit combination 110 is the command to enable the Trans-
mitter A channel DMA. The DMA operation is not triggered
by this command. ¢

Bit combination 111 is the command to enable the Re-
ceiver B channel DMA. The DMA operation is not triggered
by this command.

Bits 4 through O comprise the pointer to the internal
registers. This pointer is used in the non-multiplexed bus
modes to access the DMA cell internal registers. After
reset, the internal pointer points to the Channel Command
/ Address Register. Access to other registers is accom-
plished by first writing the address of the desired register
to this field. The next access to the DMA cell will be to the
register so addressed; this access may be a read or a
write. After this second access (the access to the desired
register), the internal pointer latch is cleared and the
pointer again points to the Channel Command / Address
Register.

5.6.2 DMA Status Register

This register is a read only register and is at the same
address as the Channel Command / Address Register.
The individual bits indicate abort and terminal count of
each of the four DMA channels. Figure 5-27 shows the bit
positions for the DMA Status Register. The status in this
register is automatically cleared after a read.

Address: 00000 (Read)
{o7]ps|Ds [p4 |p3 b2 [D1 Do}

TT] TTL
Tx B DMA Abort
Rx B DMA Abort

Tx A DMA Abort
Rx A DMA Abort
Tx B DMA Terminal Count
Rx B DMA Terminal Count
Tx A DMA Terminal Count
Rx A DMA Terminal Count

Figure 5-27. DMA Status Register
Bit 7, when set, indicates that the Receiver A DMA has
reached terminal count.

Bit 6, when set, indicates that the Transmitter A DMA has
reached terminal count.

Bit 5, when set, indicates that the Receiver B DMA has
reached terminal count.

Bit 4,'when set, indicates that the Transmitter B DMA has
reached terminal count.

Bit 3, when set, indicates that the Receiver A DMA opera-
tion has been aborted.

Bit 2, when set, indicates that the Transmitter A DMA
operation has been aborted.

Bit 1, when set, indicates that the Receiver B DMA opera-
tion has been aborted.

Bit O, when set, indicates that the Transmitter B DMA
operation has been aborted.

5.6.3 Interrupt Control Register

The Interrupt Control Register is used to enable the inter-
rupts from the individual sources, and select the interrupt
vectoroptions. Thisregisteris read/write. The bit positions
are shown in Figure 5-28.

Address: 00001
|o7]o6|os [D4 b3 b2 [D1|Dof

l Tx B DMA Interrupt Enable
'Rx B DMA Interrupt Enable

Tx A DMA Interrupt Enable

Rx A DMA Interrupt Enable

VIS

NV

DLC
MIE

Figure 5-28. Interrupt Control Register

Bit 7 is the Master Interrupt Enable (MIE). when this bit is
cleared, all interrupts from the DMA cell are disabled even
though the individual enable bits are set. This bit must be
set for any DMA interrupt source to cause an interrupt.

Bit 6 is the disable lower chain control bit (DLC). If this bit
is set, the external lower chain of the daisy chained
interrupt structure is disabled; IEO will not become active.

Bit 5 selects the no vector option. With this bit set, the DMA
cell does not return an interrupt vector to the CPU. During
the interrupt acknowledge cycle when the interrupt vector
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is requested, the ISCC will not drive the bus. With this bit
clear, an interrupt vector will be returned in the interrupt
acknowledge cycle.

Bit 4 selects the vector include status option for the
interrupt vector from the DMA cell. With this bit clear, a
DMA interrupt vector will be returned which is the vector
that has been programmed into the Interrupt Vector Reg-
ister. With this bit set, the returned vector conlains status
information concerning the interrupt source. The status
returned reflects the highest priority interrupt pending (IP
bitis setand the corresponding Interrupt Enable bitis set).
This status informaiion is coniained in Dits i, 2, and 3 of the
interrupt vector. The other interrupt vector bits remain
unmodified.

Table 5-14. Interrupt Vector Status Encoding

V3 V2 V1 Interrupt

0 0 0 No Interrupt Pending
0 0 1 Not Possible

0 1 0 Not Possible

0 1 1 Not Possible

1 0 0 Rx A IP

1 0 1 Rx B IP

1 1 0 TxAIP

1 1 1 ™xBIP

Bit 3, when set, enables the interrupt from the Receiver
A DMA.

Bit 2, when set, enables the interrupt from the Transmitter
A DMA.

Bit 1, when set, enables the interrupt from the Receiver
B DMA.

Bit 0, when set, enables the interrupt from the Transmitter
B DMA.

5.6.4 Interrupt Vector Register

Thisregisterholds the interrupt vector forthe DMA cell. The
value programmed into this register is returned during the
interrupt response cycle as the interrupt vector when one
of the DMA interrupt sources is the highest priority pending
interrupt. Note that bits 1, 2, and 3 may be replaced by
interrupt status information if the Vector Include Status
option has been selected (see Interrupt Control Register).
The bit positions are shown in Figure 5-29.

Address: 00010
|o7|p6{ps [p4 [p3 [p2 [p1 Do)

TT l VO
V1

v2 \ .
V3
V4
V5
Ve
v7

* Potentially modified by interrupt condition

Figure 5-29. Interrupt Vector Register

5.6.5 Interrupt Command Register

This is a write only register and is used to command the
DMA cell. It shares its address with the Interrupt Status
Register. The bit positions for the Interrupt Command
Register are shown in Figure 5-30.

Address: 00011 (Write)

{o7]ps]os [p4|pa [p2 [p1]po]

I Select Tx B DMA
Select Rx B DMA

Select Tx A DMA
Select Rx A DMA
Reserved
DMA Interrupt Commands

0 0 0 NullComand

0 0 1 ResetiP

0 1 0 ResetlUs

0 1 1 ResetlPandIUS

1 0 0 Reserved

1 0 1 SetlP

1 1 0 SetlUS

1 1 1 SetlPandIUS

Figure 5-30. Interrupt Command Register
Bits 7 through 5 are encoded with the commands for the
DMA cell as shown below:

Bit combination 000 is a Null command and has no affect
on the DMA.
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Bit combination 001 resets the Interrupt Pending (IP) bitin
the selected DMA channel(s).

Bit combination 010 resets the Interrupt Under Service
(IUS) bit in the selected DMA channel(s).

Bit combination 011 resets both the Interrupt Pending (IP)
bitand the Interrupt Under Service (IUS) bitin the selected
DMA channel(s).

Bit combination 100 is Reserved.

Bit combination 101 sets the Interrupt Pending (IP) bit in
the selected DMA channel(s).

Bit combination 110 sets the Interrupt Under Service (IUS)
bitin the selected DMA channel(s).

Bit combination 111 sets both the Interrupt Pending (IP) bit
and the Interrupt Under Service (IUS) bit in the selected
DMA channel(s).

Bit 4 is Reserved. (This bit should be programmed as a
zero to avoid conflicts with future versions of this device.)

Bits 3 through O select the channel to which the command
is to apply. More than one of these bits may be set for the
command; the command is applied to all of the DMA
channels whose bits are setin this field: (These bits are not
stored and must be written with each command.)

Bit 3, when set, applies the command to the Receive
A DMA. .

Bit 2, when set, applies the command to the Transmit
A DMA.

Bit 1, when set, applies the command to the Receive
B DMA.

Bit 0, when set, applies the command to the Transmit
B DMA.

5.6.6 Interrupt Status Register

This is a read only register which shares its address with
the Interrupt Command Register. The bits in this register
reflect the status of the Interrupt Pending (IP) and Interrupt
Under Service (IUS) bits in the DMA channels. The bit
positions for this register are shown in Figure 5-31.

Bit 7 reflects the Receive A DMA Interrupt Under Service
status. This bit can be set or cleared through a command
(see Interrupt Command Register). This bit is set to 1
automatically during an interrupt acknowledge if this is the

highest priority interrupt pending. This is the highest prior-
ity pending interrupt if the corresponding Interrupt Pend-
ing bitis setto 1, if the Interrupt Enable bit for this interrupt
is setto 1, if the IEI input to the ISCC is 1, if the DMA celi
Master Interrupt Enable bit is set to 1, if there are no SCC
cell interrupts pending, and if there is no other DMA
channel with an interrupt pending thatis at a higher priority
level (see DMA Control Register for priority programming).

Address: 00011 (Read)
|o7{o6]os [p4 |D3 [p2 |1 [ Do}

| Tx B DMA IP
Rx B DMA IP
Tx ADMAIP
Rx A DMA IP
Tx B DMAIUS
Rx B DMA IUS

Tx A DMA IUS
Rx A DMA IUS

Figure 5-31. Interrupt Status Register

Bit 6 reflects the Transmit A DMA Interrupt Under Service
status. The function of this bit is identical to that for bit 7.

Bit 5 reflects the Receive B DMA Interrupt Under Service
status. The function of this bit is identical to that for bit 7.

Bit 4 reflects the Transmit B DMA Interrupt Under Service
status. The function of this bit is identical to that for bit 7.
Bit 3 reflects the Receive A DMA Interrupt Pending (IP)
status. This bit can be set or cleared through a command
(see Interrupt Command Register). This bit will be setto 1
automatically when a Receive A DMA interrupt condition
occurs. Aninterrupt will be requested if the corresponding
Interrupt Enable bit is set to 1, if the DMA Master Interrupt
Enable bitis setto 1, and if the ISCC IElinputis 1, and if the
corresponding 1US bit is 0.

Bit 2reflects the Transmit A DMA Interrupt Pending status.

The function of this bit is identical to that for bit 3.

Bit 1 reflects the Receive B DMA Interrupt Pending status.
The function of this bit is identical to that for bit 3.

BitOreflects the Transmit B DMA Interrupt Pending status.
The function of this bit is identical to that for bit 3.
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5.6.7 DMA Enable Register

This register controls the enabling of the DMA channels
and contains the enables for the DMA Abort Interrupt
conditions. The bit positions for this register are shown in
Figure 5-32.

Address: 00100
|o7]ps|os |4 Jpa |p2] 1|00

TS

L Tx B DMA Abort Enable
Rx B DMA Abort Enable
Tx A DMA Abort Enable
Rx A DMA Abort Enable
Tx B DMA Enable
Rx B DMA Enable
Tx A DMA Enable
Rx A DMA Enable

Figure 5-32. DMA Enable Register

Bit 7, when set to 1, enables the Receive A DMA.
Bit 6, when set to 1, enables the Transmit A DMA.
Bit 5, when set to 1, enables the Receive B DMA.
Bit 4, when set to 1, enables the Transmit B DMA.

Bit 3, when set to 1, enables the interrupt in the Receive A
DMA Channel that is generated when a DMA operation in
this channel is aborted.

Bit 2, when setto 1, enables the interrupt in the Transmit A
DMA Channel that is generated when a DMA operation in
this channel is aborted.

Bit 1, when set to 1, enables the interrupt in the Receive B
DMA Channel that is generated when a DMA operation in
this channel is aborted.

Bit 0, when setto 1, enables the interrupt in the Transmit B
DMA Channel that is generated when a DMA operation in
this channel is aborted.

5.6.8 DMA Control Register

This register controls DMA priorities, requests, and ad-
dress generation. The bit positions for this register are
shown in Figure 5-33.

Address: 00101
|o7|os b5 b4 |pa |p2 [p1]oo]

| Tx B DMA Address Inc/Dec
Rx B DMA Address Inc/Dec

Tx A DMA Address Inc/Dec
Rx A DMA Address Inc/Dec

DMA Priority

Rx A/Tx A/Rx B/Tx B

Rx B/Tx B/Rx A/Tx A

Rx A/Rx B/Tx A/Tx B

Rx B/Rx A/Tx B/Tx A
Reserved

- -0 0
-~ O -0

Bus Request per Channel

Figure 5-33. DMA Control Register

Bit 7, when set to 1, enables a bus request per channel.
This means that if more than one DMA request is pending,
after the completion of a DMA transfer from one DMA
channel, the bus will be relinquished and susequently
requested for the other channel DMA requests. If this bit is
cleared (0), the DMA will hold the bus until there are no
DMA requests pending, thus multiple channels may make
DMA transfers without separate, intervening bus acquisi-
tions.

Bit 6 is reserved and should be programmed zero.

Bits 5 and 4 control the DMA priority according to
Table 5-15. If DMA requests arise simultaneously, the
channel which is serviced first is the one with the highest
priority as programmed. Note that the interrupt priorities
are not affected by this programming and remain fixed in
the order Rx A DMA (highest), Tx A DMA, Rx BDMA, Tx B
DMA (lowest).

Table 5-15. DMA Priority

D5 D4 DMA Priority

0 0 RxA/TxA/RxB/TxB
0 1 RxB/TxB/RxA/TxA
1 0 RxA/RxB/TxA/TxB
1 1 RxB/RxA/TxB/TxA

Bit 3 selects if the DMA address for the Receive A DMA is
to be incremented or decremented after each DMA byte
transfer. Programming this bittoa 1 causes the address to
increment; programming this bitto a0 causes the address
to decrement.

5-29



Bit 2 selects if the DMA address for the Transmit A DMA is
to be incremented or decremented after each DMA byte
transfer. Its operation is identical to bit 3.

Bit 1 selects if the DMA address for the Receive BDMA is

to be incremented or decremented after each DMA byte
transfer. Its operation is identical to bit 3.

Bit O selects if the DMA address for the Transmit B DMA is
to be incremented or decremented after each DMA byte
transfer. Its operation is identical to bit 3.

Address: 01000 (Low Byte)
{p7]ps|ps [p4 |ps |p2 [D1]Do}

TTT L Rx A Cnt0

Rx A Cnt1
Rx A Cnt2
Rx A Cnt3
Rx A Cnt4
Rx A Cnt5
Rx A Cnt6
Rx A Cnt7

(A) LSB

5.6.9 Receive DMA Count Registers A, B

There are two sets of Receive DMA Count Registers, one
set for Receive DMA Channel A and one set for Receive
DMA Channel B. Each register set contains two registers,
one for the low byte (bits 7 - 0) and one for the high byte
(bits 15 - 8) as shown in Figure 5-34. These registers are
read / write. '

Address: 01001 (High Byte)
{p7|ps|os5 [p4 |3 [p2 D1 Do)

[ TT -r— Rx A Cnt8

Rx A Cnt9
Rx A Cnt10
Rx A Cnt11
Rx A Cnt12
Rx A Cnt13
Rx A Cnt14
Rx A Cnt15

(B) MSB

Receive DMA Count Register Channel A

Address: 01100 (Low Byte)
[p7]|ps|ps |p4 |p3 b2 [D1]Do}

| Rx B Cnt0

Rx B Cnt1
Rx B Cnt2
Rx B Cnt3
Rx B Cnt4

Rx B Cnt5

Rx B Cnt6
Rx B Cnt7

(A) LSB

Address: 01101 (High Byte)
{o7|ps |5 |p4 [p3 [p2 |p1 | Do}

| T—— Rx B Cnt8
Rx B Cnt9
Rx B Cnt10
Rx B Cnt11
Rx B Cnt12
Rx B Cnt13

Rx B Cnt14
Rx B Cnt15

(B) MSB

Receive DMA Count Register Channel B

Figure 5-34. Receive DMA Count Registers
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5.6.10 Transmit DMA Count Registers A, B

There are two sets of Transmit DMA Count Registers, one  one for the low byte (bils 7 - 0) and one for the high byte
set for Transmit DMA Channel A and one set for Transmit  (bits 15 - 8) as shown in Figure 5-35. These registers are

DMA Channel B. Each register set contains two regislers, read / write.
Address: 01010 (Low Byte) Address: 01011 (High Byte)
|p7]ps|ps|pafpafp2{ 1] 0] {o7]|ps|ps{pa]p3|p2|D1{ Do}

(-l“[-lrl‘ | Tx A CntO rTTTT l ‘ Tx ACnt8
Tx A Cntl Tx A Cnt9

| L TxACH2 | L 7TxAcCntio
Tx ACnt3 Tx A Cnt11

Tx A Cnt4 Tx ACnt12

Tx A Cnt5 Tx ACnt13

Tx ACnté Tx ACnt14

Tx A Cnt7 Tx ACnti5
(A)LSB (B) MSB

Transmit DMA Count Register Channel A

Address: 01110 (Low Byte) Address: 01111 (High Byte)
{07]os|os |p4 o3 [p2 [o1] Do) {07]pe|ps]p4]pap2|p1{po]
‘ — Tx B CntO | Tx B Cnt8
Tx B Cnti ' — Tx B Cnt9
Tx B Cnt2 Tx BCnt10
Tx BCnt3 e Tx B Cnit11
— Tx B Cnt4 Tx BCntt2
Tx B Cnt5 TxBCnt13
Tx B Cnt6 ‘ Tx B Cnt14
Tx B Cni7 Tx B Cnt15
(A)LSB (B) MSB

Transmit DMA Count Register Channel B

Figure 5-35. Transmit DMA Count Regisiers
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5.6.11 Receive DMA Address Registers A, B

There are two sets of Receive DMA Address Registers,  one for address bits 23 - 16, and one for address bits
one set for Receive DMA Channel A and one set for 31 - 24 as shown in Figure 5-36. These registers are
Receive DMA Channel B. Each set consists of four regis-  read/write.

ters, one for address bits 7 - 0, one for address bits 15 - 8,

Address: 10000 (Bits 0-7) Address: 10001 (Bits 8-15)
|p7]p8|Ds |p4 |p3 b2 | D1 | o] {p7|ps|Ds [p4 [p3 |p2 |p1|Do]
[ | Rx A Addr0 | Rx A Addr8
Rx A Addr1 Rx A Addr9
Rx A Addr2 Rx A Addr10
Rx A Addr3 — Rx A Addr11
Rx A Addr4 ‘ Rx A Addr12
Rx A Addr5 Rx A Addr13
Rx A Addré Rx A Addr14
Rx A Addr7 Rx A Addr15
(A) (B)
Address: 10010 (Bits 16-23) Address: 10011 (Bits 24-31)
|p7|ps|ps |p4 [D3 [p2 |D1{Do] |p7|D6]os |p4 [p3 |p2 [D1]po]
T l [ Rx A Addr16 l | | Rx A Addr24
Rx A Addr17 Rx A Addr25
Rx A Addr18 Rx A Addr26
Rx A Addr19 Rx A Addr27
Rx A Addr20 Rx A Addr28
Rx A Addr21 - Rx A Addr29
Rx A Addr22 Rx A Addr30
Rx A Addr23 Rx A Addr31
() (D)

Figure 5-36. Receive DMA Address Registers
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Address: 11000 (Bits 0-7) Address: 11001 (Bits 8-15)
{p7]ps[ps |p4 |ps [p2 [D1]Do} {p7]ps |5 [D4 D3 [p2 [D1] Do)

== —
| Rx B Addr0 I
Rx B Addr1
Rx B Addr2
Rx B Addr3
Rx B Addr4
Rx B Addr5

Rx B Addré
Rx B Addr7

(E) F

Address: 11010 (Bits 16-23) Address: 11011 (Bits 24-31)
{p7]p6|ps |p4 |pa b2 [p1]Do] {p7]p6|ps [p4 [p3 [p2 [D1]Do]

| T— Rx B Addr16 | T_
Rx B Addr17

Rx B Addr18

Rx B Addr19

Rx B Addr20

Rx B Addr21

Rx B Addr22
Rx B Addr23

G) (H)

Figure 5-36. Receive DMA Address Registers (Continued)

Rx B Addr8

Rx B Addr9

Rx B Addr10
Rx B Addr11
Rx B Addr12
Rx B Addr13
Rx B Addr14
Rx B Addr15

Rx B Addr24
Rx B Addr25
Rx B Addr26
Rx B Addr27
Rx B Addr28
Rx B Addr2g
Rx B Addr30
Rx B Addr31
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5.6.12 Transmit DMA Address Registers A, B

There are two sets of Transmit DMA Address Registers,  one for address bits 23 - 16, and one for address bits
one set for Transmit DMA Channel A and one set for 31 - 24 as shown in Figure 5-37. These registers are
Transmit DMA Channel B. Each set consists of four regis-  read/write.

ters, one for address bits 7 - 0, one for address bits 15 - 8,

Address: 10100 (Bits 0-7) Address: 10101 (Bits 8-15)
[o7]o6]os o4 [oa Jo2[o1]oo] {p7]Ds [bs [p4 [pa b2 |1 o]
— ———
| Tx A Addr0 | Tx A Addr8
Tx A Addr1 Tx A Addro
Tx A Addr2 Tx A Addr10
Tx A Addr3 Tx A Addri1
Tx A Addrd Tx A Addr12
Tx A Addr5 Tx A Addr13
Tx A Addré Tx A Addri4
Tx A Addr7 Tx A Addr15
(A) (B)
Address: 10110 (Bits 16-23) Address: 10111 (Bits 24-31)
{07]os|ps [p4 [p3 b2 [D1 | Do} [07]os b5 [p4 |pa [p2 1] o] .
I T 7xanddre l T 1eaaddes
Tx A Addr17 Tx A Addr25
Tx A Addr18 Tx A Addr26
Tx A Addr19 Tx A Addr27
Tx A Addr20 | Tx A Addr28
Tx A Addr21 Tx A Addr29
Tx A Addr22 Tx A Addr30
Tx A Addr23 Tx A Addr31

(©) (D)

Figure 5-37. Transmit DMA Address Registers
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Address: 11100 (Bits 0-7) Address: 11101 (Bits 8-15)
{706 |ps |p4 |pa [p2 b1 Do) {p7|ps [bs [p4 o3 [p2 [D1]Do}

| Tx B Addr0 l

Tx B Addrt
Tx B Addr2
Tx B Addr3
Tx B Addr4
Tx B Addrs

Tx B Addr6
Tx B Addr7

(E) F

Address: 11110 (Bits 16-23) Address: 11111 (Bits 24-31)
{o7|ps|ps [p4 |3 [p2 |p1]Do] [p7]p6]os [p4 [pa b2 [o1] o]

I T— Tx B Addr16 [ | T__
Tx B Addr17

Tx B Addr18

Tx B Addr19

Tx B Addr20

Tx B Addr21

Tx B Addr22
Tx B Addr23

(@) (H)

Figure 5-37. Transmit DMA Address Registers (Continued)

Tx B Addr8

Tx B Addr9

Tx B Addr10
Tx B Addri1
Tx B Addr12
Tx B Addr13
Tx B Addr14
Tx B Addr15

Tx B Addr24
Tx B Addr25
Tx B Addr26
Tx B Addr27
Tx B Addr28
Tx B Addr29
Tx B Addr30
Tx B Addr31
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5.6.13 Bus Configuration Register

The first write to the ISCC after a hardware reset is always
to the Bus Configuration Register. The register is shown in
Figure 5-38. The Bus Configuration Register is not
affected by any reset function other than a hardware reset
and is accessible only after the hardware reset. Note that
when writing to the Bus. Configuration Register, /AS and
A1/A//B are used to program certain bus interface fea-
tures. Refer to the Bus Interface Unit description
for details.

|p7|ps|ps [p4 |p3 o2 |p1]D0]
TT 1T T st rightteft Address
for DMA

Interrupt Acknowledge Type
Status Acknowledge

Pulsed Acknowledge
Reserved

Double-Pulsed Acknowledge

—~a00
-0 =0

Reserved
Byte Swap Select
Byte Swap Enable

Figure 5-38. Bus Configuration Register

Bit D7 is the Byte Swap Enable.

A zero in this bit disables the byte swap feature. Thus the
ISCC accepts DMA transferred data from memory on the
lower eight bits of the address data bus (AD) and ignores
data on the upper eight bits.

A one in this bit enables the byte swap feature and the
ISCC accepts DMA transferred data from memory on
either the upper or lower eight bits of the bus depending on
the state of AQ, the least significantaddress bit. Bigendian
or little endian selection is made through bit D6.

Note that whether or not this feature is enabled, when data
is DMA transfered from the ISCC to memory, the ISCC
replicates the same dataon both the lower and upper eight

bits of the bus. Writing to memory is controlled by the
external generation of appropriate memory enable or
strobe signals.

Bit D6 controls the odd / even byte selection when the Byte
Swap feature is enabled. If Byte Swap Selectis a 1, then
even address bytes (transfers where the DMA address has
A0 equal to 0) are accepted by the ISCC on the lower eight
bits of the bus and odd address bytes (transfers where the
DMA address has AO equal to 1) are accepted on the
upper eight bits of the bus. If Byte Swap Selectis a0, then
even address bytes (transfers where the DMA address has
AOequaltoQ) are accepted by the ISCC on the upper eight.
bits of the bus and odd address bytes (transfers where the
DMA address has AOQ equalto 1) are accepted on the lower
eight bits of the bus.

Bits D5 through D3 are reserved and should be pro-
grammed zero.

Bits D2 and D1 program the Interrupt acknowledge type
according to Table 5-16. )

Table 5-16. Interrupt Acknowledge Programming
D2 D1

Interrupt Acknowledge Type

Status Acknowledge
Pulsed Acknowledge
Reserved

Double Pulse Acknowledge

- =00
- O =0

The Status Acknowledge is compatible with the 68000
family of microprocessors and the Double Pulse Acknowl-
edge is compatible withe the 8086 family or
MiCroprocessors.

Bit DO selects the Shift Right/ Shift Left address decoding
mode for the DMA cell only. A 1 in this bit selects the Shift
Right mode. In this mode, when the ISCC is in the
multiplexed bus mode, the addresses to the DMA cell
registers is decoded from address data lines AD4 through
ADO. AQinthis bitselects the ShiftLeftmode. Inthis mode,
when the ISCC is in the multiplexed bus mode, the ad-
dresses tothe DMA cellregisters is decoded from address
data lines ADS through AD1.
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N 710G

TECHNICAL MANUAL

APPENDIX A

ISCC INTERFACE TO THE 68000
AND 8086

INTRODUCTION

The ISCC uses its flexible bus to interface with a variety of
microprocessors and microcontrollers; included are the
68000 and 8086.

The Z16C35 ISCC is a Superintegration form of the
85C30/80C30 Serial Communications Controller (SCC).
Super integration includes four DMA channels, one for
each receiver and transmitter and a flexible Bus Interface
Unit (BIU). The BIU supports a wide variety of buses

including the bus types of the 680x0 and the 8086 families
of microprocessors.

This Application Note presents the details of BIU operation
for both slave peripheral and DMA modes. Included are
application examples of interconnecting an ISCC to a
68000 and a 8086 (These examples are currently
under test).

ISCC BUS INTERFACE UNIT (BIU)

The following subsections describe and illustrate the func-
tions and parameters of the ISCC Bus Interface Unit.

Overview

The ISCC contains a flexible bus interface that is directly
compatible with a variety of microprocessors and
microcontrollers. The bus interface unitadds to the chip by
allowing ease of connection to several standard bus
configurations; among others are the 68000 and the 8086
family microprocessors. This compatibility is achieved by
initializing the ISCC after a reset to the desired bus con-
figuration.

The device also configures to work with a variety of other
8- or 16-bit bus systems and is used with address/data
multiplexed or non-multiplexed buses. In addition, the
wait/ready handshake, the interrupt acknowledge, and the
bus high byte/low byte selection are all programmable.
Separate read/write, data strobe, write, read, and address
strobe signals are available for direct system interface with
a minimum of external logic.

Modes Description
There are basically two bus modes of operation: multiplexed

and non-multiplexed. In the multiplexed bus mode, the
ISCC internal registers are directly accessible as separate

registers with their own unique hardware addresses. By
contrast, inthe non-multiplexed mode, all registers access
through an internal pointer which first loads with the reg-
ister address. Loading of the pointer is done as a data
write. In either case, there are some external addressing
signals.

Chip Enable (CE) allows external selection through the
decode of upperorder address bits like accessing separate
chips. A separate input (not part of the AD15-0 bus
connection) selects between the internal SCC and DMA
sections of the chip. This input is AO/SCC/DMA and pro-
vides direct transfers to the appropriate chip subsystem;
either multiplexed or non-multiplexed bus mode.

A second separate input (not part of the AD15-0 bus
connection) provides for a selection between the internal
SCC; both channels A and B (Table A-1). This input is
A1/A/B and provides direct transfers to the appropriate
SCC channel when AO/SCC/DMA selects the SCC; either
multiplexed or non-multiplexed bus mode. Note that these
two signals, A1/A/B and AO/SCC/DMA, are inputs when the
ISCC is a slave peripheral; they become outputs when the
ISCC is a bus master during DMA operations.




Table A-1. Accessing the ISCC Registers

AQ/SCC/DMA A1/A/B ACCESS
1 1 SCC Channel A
1 0 SCC Channel B
0 X DMA

The following discussions assume knowledge of the SCC
Serial Communications Controller opertions and refer to
internal register designations. For a detailed explanation,
refer to the SCC Technical Manual.

Non-multiplexed Bus Operation

When the ISCC initializes for non-multiplexed operation,
Write Register 0 (WROQ) takes on the form of WRO in the
78530, Write Register Bit Functions (Figure A-1). Register
addressing for the SCC section is (except for WR0 and
RRO) accomplished as follows. Programming the write
registers requires two write operations. Reading the read
registers requires both a write and a read operation.

The first write is to WRO which contains three bits that point
to the selected register (note the point high command).
The second write is the actual control word for the selected
register. If the second operation is a read, the selected
register is accessed. When in the non-multiplexed mode,
all registers in the SCC section of the ISCC, including the
data registers, access this way.

The pointer register automatically clears after the second
read or write operation so WR0 (or RR0O) addresses again.
There is no direct access to the data registers. They are
addressed through the pointer (this is in contrast to the
78530 which allows direct addressing of the dataregisters
through the C/D pin).

When the ISCC starts for non-multiplexed operation, reg-
ister addressing for the DMA section is (except for CSAR)
accomplished as follows. It is completely independent of
the SCC section register addressing. Programming the
write registers requires two write operations and reading
the readregistersrequires both a write and aread operation.
The first write is to the Command Status Address Register
(CSAR) which contains five bits that point to the selected
register (CSAR bits 4 - 0). The second write is the actual
controlword for the selected register. If the second operation
is a read, the selecled register is accessed. The pointer
bits automatically clear after the second read or write
operation so CSAR addresses again. When in the
non-multiplexed mode, all registers in the DMA section of
the ISCC are accessed.

- Multiplexed Bus Operation

When the ISCC initializes for multiplexed bus operation, all
registers in the SCC section are directly addressable with
the register address occupying AD5 through AD1 or AD4
through ADO (Shift Left/Shift Right modes).

The Shift Left/Shift Right modes for the address decoding
of the internal registers (multiplexed bus) are separately
programmable for the SCC and DMA sections. For the
SCC section, the programming and operation is the same
as the SCC; programming occurs through Write Register
0 (WRO), bits 1 and 0, and Write Register Bit Functions
(Figure A-2). The programming of the Shift Left/Shift Right
modes for the DMA section occurs in the BCR, bit 0. In this
case, the shift function is similar to the SCC section; with
Left Shift, the internal register addresses decode from bits
AD5 through AD1. In Right Shift, the internal register
addresses decode from bits AD4 through ADO.

During multiplexed bus mode selection, Write Register 0
(WRO) becomes WRO in the Z8030, Write Register Bit
Functions (Figure A-2).
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Write Register 0 (non-multiplexed bus mode)
[07|D6|ps [p4 b3 |p2|D1{Do}

[ TTT
0 0 O Register0
0 0 1 Registeri
0 1 O Register2
0 1 1 Register3
1 0 O Register4
1 0 1 Register5
1 1 0 Register6
1 1 1 Register7
C C C Registsr 8
0 0 1 Register9
0 1 O Register 10
0 1 1 Register 11
1 0 0 Register12 [~
1 0 1 Register13
1 1 0 Registeri14
1 1 1 Register 15
0 0 0 NullCode
0 0 1 Ppoint High
0 1 0 Reset Ext/Status Interrupts
0 1 1 Send Abort (SDLC)
1 0 0 Enable Inton Next Rx Character
1 0 1 Reset Tx Int Pending
1 1 0 Error Reset
1 1 1 Reset Highest IUS
Null Code

Reset Rx CRC Checker
Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

~ * With Point High Command

—_aa00
-0 =0

Figure A-1. Write Register 0 Bit Functions
(Non-Multiplexed Bus Mode)

Write Register 0 (multiplexed bus mode)
[07]o6]os |p4 b3 |o2 D1 Do}

Null Code
Null Code
Select Shift Left Mode } .
Select Shift Right Mode
0

0 0 O NullCode

0 o0 1 NullCode

0 1 0 ResetExt/Status Interrupts

0 1 1 SendAbort

1 0 O Enable Inton Next Rx Character

1 0 1 ResetTxIntPending

1 1 0 Error Reset

1 1 1 ResetHighest IUS

Null Code

Reset Rx CRC Checker
Reset Tx CRC Generator
Reset Tx Underrun/EOM Latch

-—-_-00
- O =0

* B Channel Only

Figure A-2. Write Register 0 Bit Functions
(Multiplexed Bus Mode)

BUS DATA TRANSFERS

All data transfers to and from the ISCC are done in bytes
regardless of whether data occupies the lower or upper
byte of the 16 bit bus. Bus transfers as a slave peripheral
are done differently from bus transfers when the ISCC is
the bus master during DMA transactions. The ISCC is
fundamentally an 8-bit peripheral but supports 16-bitbuses
in the DMA mode. Slave peripheral and DMA transactions
appear in the next sections.

Data Bus Transfers as a Slave Peripheral

When accessed as a peripheral device (when the ISCC is
not a bus master performing DMA transfers), only 8 bits
transfer. During ISCC register read, the byte data present
on the lower 8 bits of the bus is replicated on the upper 8
bits of the bus. Data is accepted by the ISCC only on the
jower 8 bits of the bus.

ISCC DMA Bus Transfers

During DMA transfers, when the ISCC is bus master, only
byte data transfers occur. However, data transfers to or
from the ISCC on the upper 8 bits of the bus or on the lower
8 bits of the bus. Moreover, odd or even byte transfers
activate on the lower or upper 8 bits of the bus. This is
programmable and explained next.

During DMA transfers to memory from the ISCC, only byte
data transfers occur. Data appears on the lower 8 bits and
replicates on the upper 8 bits of the bus. Thus, the data is
written to an odd or even byte of the system memory by
address decoding and strobe generation.

During DMA transters to the ISCC from memory, byte data
only transfers. Normaliy, data appears only on the lower 8




bits of the bus. However, the byte swapping feature
determines which byte of the bus data is accepted. The
byte swapping feature activates by programming the Byte
Swap Enable bit to a 1 in the BCR. The odd/even byte
transfer selection occurs by programming the Byte Swap
Select bitin the BCR. If Byte Swap Selectis a 1, then even
address bytes (transfers where the DMA address has
A0 = 0) are accepted on the lower 8 bits of the bus. Odd
address bytes (transfers where the DMA address has
A0 = 1)are accepted on the upper 8 bits of the bus. If Byte
Swap Select is a 0, then even address bytes (transfers
where the DMA address has A0 = 0) are accepted on the
upper 8 bits of the bus. Odd address bytes (transfers
where the DMA address has A0 =1) are accepted on the
lower 8 bits of the bus.

Bus Interface Handshaking

The ISCC supports data transfers by either a data strobe

(DS) combined with a read/write (R/W) status line, or
separate read (RD) and write (WR) strobes. These trans-
actions activate via chip enable (CE).

ISCC programming generates interrupts upon the occur-
rence of certain internal events. The ISCC internally pri-
oritizes its own interrupts, therefore, the ISCC presents one
interruptto the processor even though lower priority internal
interrupts may be pending. Interrupts are individually
enabled or disabled. Refer to the sections on the
SCC core.

Interrupt Acknowledge (INTACK) is an input to the ISCC
showing thataninterruptacknowledge cycle is progressing.
INTACK is programmed to accept a status acknowledge,
a single pulse acknowledge, or a double pulse acknowl-
edge. This programming activates in the BCR. The double
pulse acknowledge is compatible with 8X86 family mi-
croprocessors and the status acknowledge is compatible
with 68000 family microprocessors.

During aninterruptacknowledge cycle, the SCC and DMA
interrupt priority daisy chain internalily resolves. Thus, the
highest priority internal interrupt is presented to the CPU.

The ISCC can return an interrupt vector that encodes with
the type of interrupt pending enabled during this ac-
knowledge cycle. The ISCC may request an interrupt but
not return an interrupt vector [note that the no vector bit(s)
in the SCC section (WR9 bit 1) and in the DMA section (ICR
bit5) individually control whether or not an interrupt vector
returns by these cores]. The interrupt vector can program
to include a status field showing the internal ISCC source
of the interrupt. During the interrupt acknowledge cycle,
the ISCC returns the interrupt vector when INTACK, RD or
DS goactive and IEl is high (if the ISCC is not programmed
for the no vector option).

During the programmed pulsed acknowledge type (whether
single or double), INTACK is the strobe for the interrupt
vector. Thus when INTACK goes active, the ISCC drives
the bus and presents the interrupt vector to the CPU. When
the status acknowledge type programs, the ISCC drives
the bus with the interrupt vector when RD or DS are active.

WAITRDY programs to function either as a WAIT signal or
a READY signal using the BCR write. When programmed
as a wait signal, it supports the READY function of 8X86
family microprocessors. When programmed as a ready
signal, it supports the DTACK function of 680x0 family
MiCroprocessors.

The WAIT/RDY signal functions as an output when the
ISCC is not a bus master. In this case, this signal serves to
indicate when the data is available during a read cycle,
when the device is ready to receive data during a write
cycle, and when a valid vector is available during an
interrupt acknowledge cycle.

When the ISCC is the bus master (DMA section has taken
control of the bus), the WAIT/RDY signal functions as a
WAIT or RDY input. Slow memories and peripheral devices
use WAIT to extend the data strobe (/DS) during bus
transfers. Similarly, memories and peripheral devices use
RDY to indicate valid output or that it is ready to latch
input data.

CONFIGURING THE BUS

The bus configuration programming is done in two sepa-
rate steps (actually it is one operation), to enable the write
to the Bus Configuration Register (BCR). The firstoperation
thataccesses the ISCC after a device resetmustbe a write
to the BCR since this is the only time that the BCR is
accessible. Before and during the write, various external
signals are sampled to program bus configuration
parameters. During this write, the A@/SCC//DMA pin must
be Low.

Address strobe programs multiplexed/non-multiplexed
selection. In a non-multiplexed bus environment, address
strobe (as an input) is not used but tied high through a
suitable pull-up resistor. Thus, no address strobe is present
before the BCR write. Then, when write to the BCR takes
place, the non-multiplexed mode is programmed because
there is no address strobe before this first write to the
device. Note that address strobe becomes an output
during DMA operations so it is not tied directly to Vcc.
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During the write operation to the BCR, the A1/A/B input is
sampled to select the function of the WAIT/RDY pin
(Table A-2). When the BCR Write is to the SCC Channel A
(A1/A//B High during the BCR write), the WAIT/RDY signal
functions as a wait.. When the BCR Write is to Channel B
(A1/A//B Low during the BCR write), the WAIT/RDY signal
functions as a ready.

Table A-2. Signals Sampled During the BCR Write

A1/A/B WAIT/RDY Function
1 WAIT (8086 RDY compatible)
0 READY (68000 DTACK compatible)

This programming affects the function of the WAIT/RDY
signal both as an input, when the ISCC is bus master
during DMA operations, and as an output when the ISCC
is a bus slave.

With this programming, the ISCC is immediately configured
to function successfully on this first and subsequent bus
transactions. The remaining bus configuration options are
programmed by the value written to the BCR.

Bit 0 of the BCR controls the Shift Left/Shift Right address
decoding modes for the DMA section. In this case, the shift
function is similar to the SCC section. During Left Shift, the
internal register addresses decode from bits AD5 through
AD1. During Right Shift, the internal register addresses are
decode from bits AD4 through ADO. This function is only
applicable in the multiplexed bus mode.

Bits 1 and 2 of the BCR control the interrupt acknowledge
type as shown in the Table A-3.

Table A-3. BCR Control of Interrupt Acknowledge
BCRbit2 BCRbit1

Interrupt Acknowledge

0 Status Acknowledge

1 Pulsed Acknowledge (single)
1 Reserved (action not defined)
1

0
0
0
1 Double Pulsed Acknowledge

The Status Acknowledge remains active throughout the
interrupt cycle and is directly compatible with the 680x0
family interrupt handshaking. The Status Acknowledge
signal latches with the rising edge of AS for multiplexed
bus operation. It latches by the falling edge of the strobe
(RD or DS) for non-multiplexed bus operation. The Pulsed
Acknowledges are timed to be active during a specified
period in the interrupt cycle. The Double Pulsed Acknowl-
edge is directly compatible with the 8x86 family interrupt
handshaking. Refer 1o the timing diagrams in the ISCC
Product Specification for details on the Acknowledge
signal operation.

Reserve bits 3, 4, and 5 of the BCR program as zeros. Bits
6 and 7 of the BCR control the byte swap feature (Table A-
4). Byte swap is applicable only in DMA transfers when the
ISCC is the bus master and only affects ISCC data ac-
ceptance (transfers from memory to the ISCC).

Table A-4. Byte Swap Control

Enable (BCR bit 7) DMA Data Read by the ISCC
0 lower 8 bits of bus only
1 upper or lower 8 bits of bus

Swap Select* A0 DMA Data read by the ISCC

0 0 upper 8 bits of bus
0 1 lower 8 bits of bus
1 0 lower 8 bits of bus
1 1 upper 8 bits of bus
*BCRbit6




APPLICATIONS EXAMPLES

The following application examples explain and illustrate
the metheds of interfacing the ISCC to a Motorola 68000
and an Intel 8086.

68000 Interface to the ISCC

Figure A-3 shows a connection of the ISCC to a 68000
microprocessor. The 68000 data bus connects directly, or
through bus transceivers, {o the ISCC address/data bus.
R/W and RESET also directly connect. In this example. the
ISCC is on the lower half of the bus; DS of the ISCC
connects to LDS of the 68000. The processor address
lines decode to produce a chip enable for the ISCC. In
addition, processor addresses A1 and A2 connect to
AQ/SCC/DMA and A1/A/B, respectively, through a tri-state
driver.

The driver is normally ON (enabled) but turns OFF by
BGACK o grant the bus 10 ISCC for DMA transfers. Thisis
done since the AQ/SCC/DMA and A1/A/B pins become
outputs during DMA transfers and should nol drive the
system address bus. RD and WR tie high through indepen-
dent puli-ups. They are not used in this application but
become aclive outputs during DMA transfers and are not
tied directly to Vco.

Although not shown in Table A-5, the AQ/SCC/OMA and
A1/AB pins may be decoded during DMA translers 1o
identily the active DMA ¢hannel.

Table A-5. DMA A/B Channel Decode

Al/AB AYWSCCDMA DMA Channel
1 1 Reaceiver Channel A
i 0 Transmitter Channal A
O i Receiver Channe! B
0O 0 Transmitier Channel B

External logic can use this information (o abort a DMA in
progress.

For normal slave device bus interaction, a DTACK is
generated. WAIT/RDY is programed for ready operation
and INTACK programs for the status type. WAIT/RDY
generates a DTACK fornormal dala lransiers and interrupt
responses. Additional logic may be required when other
interrupt sources are present.

During DMA transfers, the 1ISCC becomes bus master.
Becorning bus masteris done through the BUSREQ output
and BUSACK inputsignais of the ISCC. They connectioan

external bus arbitration circuit. This circuit performs bus
arbitration for multiple bus master requests and generates
bus grant acknowledge (BGACK) which controls certain
bus drive signal sources.

When the ISCC becomes the bus master, a 32-bitaddress
generation by the DMA section is output on the ISCC
address/data bus. The lower 16 bits of this address store
in an external latch by AS (Address Strobe). Also, the
upper 16 bits of this address store in an external latch by
UAS (Upper Address Strobe). With BGACK low (active)
and with the processor address lines tri-stated, the laich
outputs drive the system address bus.

AS is pulied high by an external resistor. This pull-up
insures an inactive AS(at a logic high level) when the ISCC
is not driving this signal. Therefore, on power up or after a
RESET, AS is inactive and programs the non-multiplexed
bus mode on BCR write.

In this application, the outputs of the address latches are
connected to the address bus so that A1 through A23 of
the ISCC drives the system address bus (the ISCC provides
a total of 32 address lines). AO from the address latch is
diverted to logic which generates UDS and LDS bus
signals from the ISCC data strobe (DS). UDS is generated
when AQis low and LDS is generated when AQis high. The
lower and upper data strobes are applied to the system
bus through tri-state drivers which are enabled only when
BGACK is active. Bus direction is now controlled by the
1ISCC R/W signal which is now an output.

For initialization, the BCR write (the first write to the ISCC
after RESET) is done with A2 = 0 (A1/A/B ISCC input at
jogic low). This selects the ready option of the WAIT/RDY
signal to conform to the 68000 bus style. The AS signal
programming of the non-multiplexed bus has aiready
been discussed. The BCR is written with COh to enable
byte swapping. It also selects the sense of byte swapping
with respect to AQ appropriate to this bus style and selects
the STATUS type of interrupt acknowledge.

8086 interface with the ISCC

Figure A-4 shows the connection of the ISCC to an 8086
microprocessor and companion clock state generator. In
this application, the ISCC connects formultiplexed address
access to the internal ISCC registers. AD15 through ADO
of the 8086 connect directly, or through a bus transceiver,
to the corresponding AD15 through ADO address/data
ISCC bus pins. RD and WR are directly compatible and tie
together to form the read and write bus signals.
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When the ISCC becomes a bus master during DMA
operations, RD and WR of the 8086 are tri-stated which
allows the corresponding ISCC signals to control the bus
transactions. The sense of RESET reverses, so the ISCC
RESET signal inverts from the reset applied to the 8086
from the clock state generator.

RD/WR and DS of the ISCC are inactive in this application
~and tie high. They tie high through independent pull-ups
since these signals become active when the ISCC is bus
master during DMA transactions.

Assurming other devices in the system, the ISCC chip
enable input (CE) activates from a decode of the address.
Inthisexample, the ISCCinternally decodes addresses A1
through A5 and uses A6 and A7, externally. Thus, the
address decode circuitry decodes address lines AO and
A8 and above. The decode of A0 for chip enable places
the ISCC as an 8-bit peripheral on the lower byte of the bus.
AOand the upperlevel address lines (including A6 and A7)
demultiplex from the 8086 address/data bus through a
latch strobed by ALE.

The demultiplexed addresses A6 and A7 connect to
AO/SCC/DMA and A1/A/B, respectively, of the ISCC to
control selection of the DMA and SCC channels A and B.
This connects through the tri-state drivers. They enable
when the 8086 is the bus master and disable when the
ISCCisbusmaster. This prevents the ISCC fromimproperly
driving the system address bus since AO/SCC/DMA and
A1/A/B become active outputs when the ISCC is the bus
master.

The addressmap for the ISCC appears in Table A-6 for this
application.

Table A-6. ISCC Address Map
A0 A1-A5 A6 A7

Registers Addressed

ISCC not enabled

DMA Registers per A1 - Ab
SCC Core Channel A Registers
SCC Core Channel B Registers

X

QOO —
'

—_ - O X

O = X X

Since AQ specifies the lower byte of the bus and includes
the chip enable decode, the internal ISCC register ad-
dresses decode without AO. Thus, Table 6 implies that the
Left Shift address decode selection is made for both the
SCC and DMA sections of the ISCC. The left shift selection
is the default selection after reset. Left/Right Shift selection
programming is discussed later.

The ALE signal of the 8086 applies to AS of the ISCC
through an inverting tri-state buffer. The buffer disables
when the ISCC becomes a bus master during DMA

transactions. This prevents conflicts since ALE remains
active even when the 8086 is in the HOLD mode during
DMA transfers. Now, the ISCC AS is an actlive output. The
address strobe for the demulliplexing latch of addresses
A0 through A15 connects on the ISCC side of the ALE tri-
state buffer. This allows the latch to serve two functions; to
hold either the 8086 or the ISCC address when it is bus
master.

After reset, ALE is active and the tri-state buffer enabled.
This supplies address strobes to the ISCC. The presence
of one of these address strobes, before writing to the BCR.
programs the ISCC to the mulliplexed bus mode of op-
eration. The ISCC chip enable (CE) can be inactive and
stillrecognize an address strobe (AS) before the BCR write
(Figure 4 shows openlatches when the input strobeis low).

When the ISCC is bus master during DMA transactions,
BHE generales from AQ. This is done from the output of the
lower order address latch through an inverting tri-state
driver. This driver enables only when the ISCC is the bus
master. Whole word transfers are not done by the ISCC
DMA, thus, BHE generated for the ISCC is always the
inverse of AC.

The upper bus system address lines demultiplex from the
8086 and the ISCC in separate latches. Like the 68000
example, high order address lines from the ISCC latch via
UAS (upper address strobe). The separate latches drive
the same upper order address lines. A16 from the ISCC
connects to the corresponding A16 address bus line as
derived from the 8086. The output of the two latches
alternately enable depending upon bus mastership.

The diagram shows [INT fron the ISCC connected to the
8086 INTR input via an inverter since these signals are of
opposite sense. In actual practice, the ISCC interrupt
request is first processed by an interrupt priority circuit.
INTA (InterruptAcknowledge) of the 8086 connects directly
to the INTACK input of the ISCC. Conforming to the 8086
style of interrupt acknowledge, the ISCC is programed to
the Double Pulse Interrupt Acknowledge type. When this
selection occurs, the ISCC responds 1o two interrupt
acknowledge pulses. The first pulse is recognized but no
action follows. The second pulse causes the ISCC to go
active on the data bus and return the interrupt vector to the
CPU. This action also takes place with the Single Pulse
Interrupt Acknowledge type selection, except that the bus
goes active with the first and only interrupt acknowledge
pulse.

To start, the BCR write (first write to the ISCC after RESET)
is done with A7 = 1 (A1/A/B ISCC input atlogic high). This
selects the wait option of the WAIT/RDY signal to conform
to the 8086 bus style. The AS signal programming of the
multiplexed bus was covered earlier. The BCR is written




with 86h to enable byte swapping, select the sense of the
byte swapping with respect to AO (appropriate to this bus
style), and select the Double Pulse type of interrupt
acknowledge.

When the ISCC begins DMA transfers, it communicates
requests for the bus through BUSREQ and BUSACK. The
8086 receives and grants bus requests through HOLD and
HLDA in the minimum mode and through RQ/GT in the
maximum mode. Depending upon the system require-
ments, there could be more than one potential bus master.
Therefore, there is a requirement for a bus arbitration
circuit.

The minimum mode connection is relatively straightfor-
ward. The maximum mode configuration requires a
translation of the ISCC BUSREQ and BUSACK signals
into/from the 8086 RQ/GT timed pulse style of handshake.
Refer to the information on the 8086 for detailed applica-
tion information.

The ISCC WAIT/RDY output is compatible with the 8086
clock generator RDY input except that one edge of the
signal must be synchronous with the 8086 clock. The
synchronization occurs through external circuitry. Refer to
the information on the 8086 for detailed application
information.
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