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PRODUCT SPECIFICATION

216G30

CMOS USC
UNIVERSAL SERIAL CONTROLLER

FEATURES

®m  Twoindependent, Oto 10Mbit/sec, fullduplex channels,
each with two baud rate generators and one digital
phase-locked loop for clock recovery.

m  32-byte data FIFO's for each receiver and transmitter

B 12.5 MByte/sec (16-bit) data bus bandwidth

| Multi-protocol operation under program control with
independent mode selection for receiver and
transmitter.

B Async mode with one to eight bits/character, 1/16to 2
stop bits/character in 1/16 bit increments;
programmable clock factor; break detect and
generation; odd, even, mark, space or no parity and
framing error detection Supports one Address/Data
bit and MIL STD 1553B protocols.

m Byte oriented synchrondus mode with one to eight
bits/character; programmable idle line condition;
optional receive sync stripping; optional preamble
transmission, 16-or 32-bit CRC and transmit-to-receive
slaving (for X.21) ‘

®m  Bisync mode with 2- to 16-bit programmable sync
character; programmable idle line condition; optional
receive sync stripping; optional preamble transmission;
16- or 32-bit CRC.

m Transparent Bisync mode with EBCDIC or ASCIt
character code; automatic CRC handling;
programmable idle line condition; optional preamble
transmission; automatic recognition of DLE, SYN, SOH,
ITX, ETX, ETB, EOT, ENQ and ITB.

B External character sync mode for receive

B HDLC/SDLC mode with eight bit address compare,
extended address field option; 16- or 32-bit CRC,
programmable idle line condition; optional preamble
transmission and loop mode.

m  DMAinterface with separate requestand acknowledge
for each receiver and transmitter.

m Channel load command for DMA controlled
initialization.

W Flexible bus interface for direct connection to most
microprocessors; user programmable for 8 or 16 bits
wide Directly supports 680X0 family or 8X86 family
bus interfaces. '

W Low power CMOS

W 68-pin PLCC package

GENERAL DESCRIPTION

The USC Universal Serial Controller is a dual-channel
multi-protocol data communications peripheral designed
foruse with any conventionalmultiplexed or non-multiplexed
bus. The USC functions as a serial-to-parallel, parallel-to-
serial converter/controller and may be software config-
ured to satisfy a wide variety of serial communications

applications. The device contains a variety of new, sophis-
ticated internal functionsincluding twobaud rate generators
per channel, a digital phase-locked loop per channel,
character counters for both receive and transmit in each
channel and 32-byte data FIFO's for each receiver and
transmitter.




GENERAL DESCRIPTION (C'ontinued) ;

The USC handles asynchronous formats, synchronous
byte-oriented formats such as BISYNC and synchronous
bit-oriented formats such as HDLC. This device supports
virtually any serial data transfer application.

The device can generate and check CRC in any synchro-
nousmode and can be programmed to check data integrity
in various modes. The USC also has facilities for modem
controls in both channels. In applications where these
controls are notneeded, the modem controls may be used
for general-purpose 1/O. The same is true for most of the
other pins in each channel. )
Interrupts are supported with a daisy-chain hierarchy, with
the two channels having completely separate interrupt
structures.

High-speed data transfers via DMA are supported by a
Request/Acknowledge signal pair for each receiver and

To Other Channel

t

,
trarismitter. The device supports automaitic status transfer
via DMA and also allows device initialization under DMA
control. '

To aid the designer in efficiently programming the USC,
support tools are available. The Technical Manual de-
scribes in detail all features presented in this Product
Specification and gives programming sequence hints.
The Programmer’s Assistant is a MS-DOS disk-based
programming initialization tool to be used in conjunction
withthe Technical Manual. There are also available assorted
application notes and development boards to assist the
designer in the hardware/software development.

Note: All Signals with a preceding front slash, "/", are active

Low, e.g.: B/W (WORD is active Low); /B/W (BYTE is

active Low, only); /N//S (NORMAL and SYSTEM are both
active Low).

Receive DMA
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Figure 1. USC Block Diagram




[ =™ ADO TXDA |—= 7 serial
-a—» AD1 RxDA |e—— Data
AD2 /TxCA [t Channel
-a—»{ AD3 /RxCA |jat—p Clocks
-a—»| AD4 /CTSA |t—p Channel
-a—»| AD5 /DCDA [=—» | O
-a—»{ AD6 /RXREQA |t—p
Address/ -a—»| AD7 /RXACKA |<a—s | Channel
Data < <> AD8 /TXREQA |a—s [ DMA
Bus Interface
-4—»1 AD9 J/TXACKA |-t—
-a—»| AD10 /INTA |—> Channel
~a—1 AD11 IEIA ja—— L Interrupt
-a—»| AD12 IEOA |——» } Interface
~4—1 AD13 TXDB |— 7 Serial
-4—»| AD14 RxDB |a— Data
\4——» AD15 /TXCB (s Channel
— /AS /RxCB |-t Clocks
Bus —1 /DS /CTSB |a—p Channel
Timing ] ——={ /RD /DCDB }a—a- | 10
—>»! WR /RXREQB }-t—p
—»1 /CS /RXACKB |«a—s | Channel
— = AB TXREQB | <a—w~ FMA
Control nterface
—1 D//C /TXACKB  |«t—p
— = Rw /INTB [ Channel
—» /PITACK IEB Ja—— L Interrupt
Interrupt {—» /SITACK IEOB .___>} interface
-4—— /WAIT/RDY /RESET |t—— Res_et
— =} VsSS VDD lea—0 Device
——»] VSS . VDD ja——
—» VSS VDD jt—or
Ground — VSS VDD jt—ono Power
— VSS VDD ja—
—] VSS VDD ja—
—» VSS VDD ja——

Figure 2. Pin Functions

Note: Power connections follow
conventional descriptions below:
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Figure 3. Pin Assighments

PIN DESCRIPTION

The device contains 13 piné per channel for channel 1/O,
16 pins for address and data, 12 pins for CPU handshake
and 14 pins for power and ground.

Three separate bus interiace types are available for the
device. The Bus Configuration Register (BCR) and exter-
nal connections to the AD bus control selection of the
bus type.

A 16-bit bus is selected by setting BCRbit2toa 1.

The 8-bit bus is selected by setting BCR bit 2 to zero and
tying AD15 - AD8 to VSS.

The 8-bit bus with separate address is selected by setting
BCR bit 2to zero and, during the BCR write, forcing AD15
to a 1 and forcing AD14-AD8 to zero.

The multiplexed bus is'selected for the USC 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-mul-
tiplexed bus is selected (See Figure 6).

The section below describes in detail the USC pin
assignment.

/RESET. Reset (input, active Low). This signal resets the .
device to a known state. The first write to the USC after a
reset accesses the BCRto selectadditional bus options for
the device.

/AS. Address Strobe (input, active Low). This signal is
used in the multiplexed 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 VDD.

/DS. Data Strobe (input, active Low). This signal strobes
data out of the device during a read and may strobe an
interrupt vector out of the device during an interrupt




acknowledge cycle. /DS also strobes data into the device
on the state of R//W.

/RD. Read Strobe (input, active Low). This signal strobes
data out of the device during a read and may strobe an
interrupt vector out of the device during an interrupt
acknowledge cycle.

/WR. Write Strobe (input, active Low). This signal strobes
data into the device during a write.

R//W. Read/Write (input). This signal determines the direc-
tion of data transfer for a read or write cycle in conjunction
with /DS.

/CS. Chip Select(input, active Low). This signal selects the
device for access and must be asserted for read and write
cycles, but is ignored during interrupt acknowledge and
fly-by DMA transfers. In the case of a multiplexed bus
interface, /CS is latched by the rising edge of /AS.

AJIB. Channel A/Channel B Select (input). This signal se-
lects between the two channels in the device. High selects

channel A and Low selects channel B. This signal is
sampled and the result is latched during the BCR (Bus
Configuration Register) write. It programs the sense of the
/WAIT//RDY signal appropriate for different bus interfaces.
See /WAIT//RDY below.

D/IC. Data/Control Select (input). This signal, when High,
provides for directaccess to the RDR and TDR. In the case
of a multiplexed bus interface, D//C High overrides the
address provided to the device.

/SITACK. Status Interrupt Acknowledge (input, active Low).
This signal is a status signal thatindicates that an interrupt
acknowledge cycle is in progress. The device is capable
of returning an interrupt vector that may be encoded with
the type of interrupt pending during this acknowledge
cycle. This signal is compatible with 680X0 family micro-
Processors.

IPITACK. Pulsed Interrupt Acknowledge(input, active Low).
This signalis a strobe signal thatindicates that an interrupt
acknowledge cycle is in progress. The device is capable
of returning an interrupt vector that may be encoded with
the type of interrupt pending during this acknowledge
cycle. /PITACK may be programmed to accept a single
pulse or double pulse acknowledge type. This program-
ming is done in the BCR. With the double pulse type
selected, the first /PITACK is recognized but no action
takes place. The interrupt vector is returned on the second
pulse if the no vector option is not selected. The double
pulse typeis compatible with 8X86 family microprocessors.

/WAIT//RDY. Wait/Data Ready (output, active Low). This
signal serves toindicate 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 It may be pro-
grammed to function either as a Wait signal or a Ready
signal using the state of the A//B pin during the BCR write.
When A//B is High during the BCR write, this signal func-
tions as a wait output and thus supports the READY
function of 8X86 family microprocessors. When A//Bis Low
during the BCR write, this signal functions as a ready
output and thus supports the DTACK function of 680X0
family microprocessors.

AD15-ADO0. Address/Data Bus (bidirectional, active High,
3-state). The AD signals carry addresses to, and data to
and from, the device. When the 16-bit non-multiplexed bus
is selected, AD15-0 carry data to and from the device.
Addresses are provided using a pointer within the device
that is loaded with the desired register address. When
selecting the 8-bit non-multiplexed bus (without separate
address)only AD7-0 are used fo transfer data. The pointer
isusedforaddressing, with AD15-8 unused. Whenselecting

. the 8-bit non-multiplexed bus (with separate address),

AD7-0 are used to transfer data with AD15-8 used as
address bus. When the 16-bitmultiplexed bus is selected,
addresses are latched from AD7-0 and data transfers are
sixteen bits wide. When selecting the 8-bitmultiplexed bus
(without separate address)only AD7-0 are used to transfer
addresses and data, with AD15-8 unused. When the 8-bit
muitiplexed bus with separate address is selected, only
AD7-0 are used to transfer data, while AD15-8 are used as
an address bus.

/INTA, /INTB. Interrupt Request(outputs, active Low). These
signals indicate that the channel has an interrupt condition
pending and is requesting service. These outputs are NOT
open-drain.

IEIA, IEIB. Interrupt Enable In(inputs, active High). The IEI
signal for each channel is used with the accompanying
IEO signal to form an interrupt daisy chain. An active IEI
indicates thatno device having higher priority is requesting
or servicing an interrupt.

IEOA, IEOB. Interrupt Enable Out (outputs, active High).
The IEO signal for each channel is used with the accom-
panying |El signal to form an interrupt daisy chain. IEO is
Low if IEl is Low, an interrupt is under service in the
channel, or an interrupt is pending during an interrupt
acknowledge cycle.

/TXACKA, /TxACKB. Transmit Acknowledge (inputs or
outputs, active Low). The primary function of these signals
is to perform fly-by DMA transfers to the transmit FIFOs
They may also be used as bit inputs or outputs.




/RxACKA, /RxACKB. Receive Acknowlédge (inputs or

outputs, active Low). The'primary function of these signals
is to perform fly-by DMA transfers from the receive FIFOs.
They may also be used as bit inputs or outputs.

TxDA, TxDB. Transmit Data(outputs, active High, 3-state).
These signals carry the serial transmit data for each
channel.

RxDA, RxDB. Receive Data (inputs, active High). These
signals carry the serial receive data for each channel.

/TXCA, TxCB. Transmit Clock (inputs or outputs, active
Low). These signals are used as clock inputs for any of the
functional blocks within the device. They may also be used

as outputs for various transmitter signals or internal clock

signals.

/RxCA, /RxCB. Receive Clock (inputs or outputs, active
Low). These signals are used as clock inputs for any of the
functional blocks within the device. They may also be used
as outputs for various receiver signals or internal.cloc
signals. :

/TxREQA, /TXxREQB. Transmit Request(inputs or outputs,
active Low). The primary function of these signals is to
request DMA transfers to the transmit FIFOs. They may
also be used as simple inputs or outputs. -

/RxREQA, /RxREQB. Receive Request(inputs or outputs,
active Low). The primary function of these signals is to
request DMA transfers from the receive FIFOs. They may
also be used as simple inputs or outputs.

/CTSA, /CTSB. Clear To Send (inputs or outputs, active
Low). These signals are used as enables for the respective
transmitters. They may also be programmed to generate
interrupts on either transition or used as simple inputs or
outputs.

/DCDA, /DCDB. Data Carrier Detect (inputs or outputs,
active Low). These signals are used as enables for the
respective receivers. They may also be programmed to
generate interrupts on either transition or used as simple
inputs or outputs.

ARCHITECTURE

The USC internal structure includes two completely inde-
pendent full-duplex serial channels, each with two baud
rate generators, a digital phase-locked loop for clock
recovery, transmit and receive character counters and a
full-duplex DMA interface. The two serial channels share a
common bus interface. The bus interface is designed to
provide easy interface to most microprocessors, whether

they employ a multiplexed or non-multiplexed, 8-bit or
16-bit bus structure. Each channel is controlled by a set of
thirty 16-bit registers, nearly all of which are readable and
writable. There is one additional 16-bit register in the bus
interface used to configure the nature of the bus interface.
The BCR functions are shown in Figure 4.
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Figure 4. Bus Configuration Register

DATA PATH

Both the transmitter and the receiver in the channel are
actually microcoded serial processors. As the data shifts
through the transmit or receive shift register, the micro-
code watches for specific bit patterns, counts bits, and at

the appropriate time transfers data to or from the FIFOs.
The microcode also checks status and generates status
interrupts as appropriate. .

FUNCTIONAL DESCRIPTION

The functional capabilities of the USC are described from
two different points of view: as a data communications
device, it transmits and receives data in a wide variety of
data communications protocols; as a microprocessor
peripheral, the USC offers such features as read/write
registers, a flexible bus interface, DMA interface support
and vectored interrupts.

Data Communications Capabilities

The USC provides two independent full-duplex channels
programmable for use in any common data communica-
tion protocol. The receiver and transmitter modes are
completely independent, as are the two channels. Each
receiver and transmitter is supported.by a 32-byte deep
FIFO and a 16-bit message length counter. All modes

allow optional even, odd, mark or space’parity. Synchro-

nous modes allow the choice of two 16-bit or one 32-bit
CRC polynhomial. Selection of from one to eight bits-per-
character is available in both receiver and transmitter,
independently. Error and status conditions are carried with
the datainthereceive and transmit FIFOs togreatly reduce
the CPU overhead required to send or receive a message.
Specific, appropriately timed interrupts are available to
signal such conditions as overrun, parity error, framing
error, end-of-frame, idle line received, sync acquired,

transmit underrun, CRC sent, closing sync/flag sent, abort
sent, idle line sent and preamble sent. In addition, several
usefulinternal signals such as receive FIFO load, received
sync, transmit FIFO read and transmission complete may
be sent to pins for use by external circuitry.

Asynchronous Mode. The receiver and transmitter can
handle data at a rate of 1/16, 1/32, or 1/64 the clock rate.
The receiver rejects start bits less than one-half a bit time
and will not erroneously assemble characters following a
framing error. The transmitter is capable of sending one,
two, or anywhere in the range of 1/16th to two stop bits per
character in 1/16 bit increments.

External Sync Mode. The receiver is synchronized to the
receive data stream by an externally-supplied signal on a
pin for custom protocol applications.

JIsochronous Mode. Both transmitter and receiver may

operate on start-stop (async) data using a 1x clock. The
transmitter can send one or two stop bits.

Asynchronous With Code Violations. This is similar to
Isochronous mode except that the start bitis replaced by
a three bit-time code violation pattern as in MIL-STD
1553B. The transmitter can send zero, one or two stop bits.

.




FUNCTIONAL DESCRIPTION (Continued)

Monosync Mode. In this mode, a single character is used
forsynchronization. The sync character can be either eight
* bits long with an arbitrary data character length, or pro-
grammed to match the data character length. The receiver
is capable of automatically stripping sync characters from
the received data stream. The transmitter may be pro-
grammed to automatically send CRC on either an underrun
or at the end of a programmed message length.

Bisync Mode. This mode is identical to monosync mode
except that character synchronization requires two suc-
cessive characters for synchronization. The two characters
need not be identical.

HDLC Mode. In this mode, the receiver recognizes flags,
performs optional address matching, accommodates ex-
tended address fields, 8-or 16-bit control fields and logical
control fields, performs zero deletion and CRC checking.
The receiver is capable of receiving shared-zero flags,
recognizes the abort sequence and can receive arbitrary
length messages. The transmitter automatically sends
opening and closing flags, performs zero insertion and
can be programmed to send an abort, an extended abort,
a flag or CRC and a flag on transmit underrun. The
transmitter can also automatically send the closing flag
with optional CRC at the end of a programmed message
length. Shared-zero flags are selected in the transmitter
and a separate character length may be programmed for
the last character in the frame.

Bisync Transparent Mode. In this mode, the synchroniza-
tion pattern is DLE-SYN, programmable selected from
either ASCIlor EBCDIC encoding. Thereceiver recognizes
control character sequences and automatically handles
CRC calculation without CPU intervention. The transmitter
can be programmed to send either SYN, DLE-SYN, CRC-
SYN, or CRC-DLE-SYN upon underrun and can auto-
matically send the closing DLE-SYN with optional CRC at
the end of a programmed message length.

NBIP Mode. This mode is identical to async except that the
receiver checks for the status of an additional address/
data bit between the parity bit and the stop bit. The value
of this bit is FIFO'ed along with the data. This bit is
automatically inserted in the transmitter with the value that
is FIFO'ed with the transmit data.

802.3 Mode. This mode implements the data format of
IEEE 802.3 with 16-bit address compare In this mode,
/DCD and /CTS are used to implement the carrier sense
and collision detect interactions with the receiver and
transmitter.

‘Slaved Monosyric Mode. This mode is available onlyinthe

transmitter and.allows the transmitter (operating as though
it were in monosync mode) to send data that is byte-
synchronous to the data being received by the receiver.

HDLC Loop Mode. This mode is also available only in the
transmitter and allows the USC to be used in anHDLC loop
configuration. In this mode, the receiver is programmed to
operate in HDLC mode so that the transmitter echos
received messages. Upon receipt of a particular bit pat-
tern (actually a sequence of seven consecutive ones) the
transmitter breaks the loop and inserts its own frame(s).

Data Encoding

The USC may be programmed to encode and decode the -
serial data in any of eight different ways as shown in

Figure 5. The transmitter encoding method is selected:

independently of the receiver decoding method.

NRZ. In NRZ, a 1 is represented by a High level for the
duration of the bitcelland aOis represented by aLow level
for the duration of the bit cell.

NRZB. Data is inverted from NRZ.

NRZI-Mark. In NRZI-Mark, a 1 is represented by a transi-
tion atthe beginning of the bit cell Thatis, the level present
in the preceding bit cell is reversed. A Ois represented by
the absence of a transition at the beginning of the bit cell.

NRZI-Space. In NRZI-Space, a 1 is represented by the
absence of a transition at the beginning of the bit cell. That
is, the level present in the preceding bit cell is maintained.
A O is represented by a transition at the beginning of the
bit cell. .

Biphase-Mark. In Biphase-Mark, a 1 is represented by a
transition at the beginning of the bit cell and another
transition at the center of the bit cell. A Qis represented by
a transition at the beginning of the bit cell only.

Biphase-Space. In Biphase-Space, a 1 is represented by
a transition at the beginning of the bit cell only. A O is

‘represented by 4 transition at the beginning of the bit cell

and another transition at the center of the bit cell.

Biphase-Level. In Biphase-Level, a 1 is represented by a
High during the first half of the bit cell and a Low during the
second half of the bit cell. A O is represented by a Low
during the first half of the bit cell and a High during the
second half of the bit cell.

10



Data

-

NRZ

(=]

|

NRzZB

7N

NRZI-M

j

|

TN 7

NRZI-s

BI-PHASE-M

BIPHASE-S ! !

BIPHASE-L

DIFFERENTIAL
BIPHASE-L

j

-

Figure 5. Data Encoding

Differential Biphase-Level. In Differential Biphase-Level,
a lisrepresented by atransition at the center of the bit cell,
with the opposite polarity from the transition at the center
of the preceding bit cell. A O is represented by a transition
at the center of the bit cell with the same polarity as the
transition at the center of the preceding bit cell. In both
cases there may be transitions at the beginning of the bit
cell to set up the level required to make the correct center
transition. -

Character Counters

Each channel in the USC contains a 16-bit character
counter for both receiver and transmitter. The receive
character counter may be preset either under software
control or automatically at the beginning of a receive
message. The counter decrements with each receive
character and at the end of the receive message the
current value in the counter is automatically loaded into a
four-deep FIFO. This allows DMA transfer of data to pro-
ceed without CPU intervention at the end of a received
message, as the values in the FIFO allow the CPU to
determine message boundaries in memory. Similarly, the
transmit character counter is loaded either under software
control or automatically ‘at the beginning of a transmit
message. The counter is decremented with each write to
the transmit FIFO. When the counter has decremented to

zero, and that byte is sent, the transmitter automatically
terminates the message in the appropriate fashion (usually
CRC and the closing flag or sync character) without
requiring CPU intervention.

Baud Rate Generators

Each channelinthe USC contains two baudrate generators
Each generator consists of a 16-bit time constant register
and a 16-bit down counter. In operation, the counter
decrements with each baud rate generator clock, with the
time constant automatically reloaded when the count
reaches zero. The output of the baud rate generator

* toggles when the counter reaches a countofone-halfof the

time constant and again when the counter reaches zero.
Anew time constantmay be written at any time but the new
value will not take effect until the next load of the counter.

_The outputs of both baud rate generators are sent to the

clock multiplexer for use internally or externally.- The baud
rate generator output frequency is related to the baud rate
generator input clock frequency by the following formula:

Output frequency =
Input frequency/(time constant + 1)

This allows an outputfrequency in the range of 1 to 1/65536
of the input frequency, inclusive.
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Digital Phase-Locked Loop

Each channel in the USC contains a Digital Phase-Locked
Loop (DPLL) to recover clock information from a data
stream with NRZI or Biphase encoding. The DPLL is driven
by a clock that is nominally 8, 16 or 32 times the receive
datarate. The DPLL uses this clock, along the data stream,
to construct a clock for the data. This clock may then be
routed to the receiver, transmitter, or both, or to a pin for
use externally. In all modes, the DPLL counts the input
clock to create nominal bit times. As the clock is counted,
the DPLL watches the incoming data stream for transitions.
Wheneveratransitionis detected, the DPLL makes a count
adjustment (during the nextcounting cycle), toproduce an
output clock which tracks the incoming bit cells. The DPLL
provides properly phased transmit and receive clocks to
the clock multiplexer.

Counters

Each channel contains two 5-bit counters, which are
programmed to divide aninput clock by 4, 8, 16 or 32. The

inputs of these two counters are sent to the clock multi-
plexer. The counters are used as prescalers for the baud
rate generators, or to provide a stable transmit clock from
a'‘common source when the DPLL is providing the receive

" clock.

Clock Multiplexer

The clock multiplexer in each channel selects the clock
source for the various blocks in the channel and selects an
internal clock signal to potentially be sent to either the /RxC
or /TxC pin.

Test Modes

The USC is programmed for local loopback or auto echo
operation. In local loopback, the output of the transmitter
is internally routed to the input of the receiver. This allows
testing of the USC data paths without any external logic.
Auto echo connects the RxD pin directly to the TxD pin.
This is useful for testing serial links external to the USC.

I/O INTERFACE CAPABILITIES

The USC offers the choice of polling, interrupt (vectored or
non-vectored) and block transfer modes to transfer data,
status and control information to and from the CPU.

Polling

All interrupts are disabled. The registers in the USC are
automatically updated to reflect current status. The CPU
polls the Daisy Chain Control Register (DCCR) to deter-
mine status changes and then reads the appropriate
status register to find and respond to the change in status.
USC status bits are grouped according to function to
simplify this software action. '

Interrupt

When a USC responds to an interrupt acknowledge from
the CPU, an interrupt vector may be placed on the data
bus. This vector is held in the Interrupt Vector Register
(IVR). To speed interrupt response time, the USC modifies
three bits in this vector to indicate which type of interrupt
is being requested. )

Each of the six sources of interrupts in each channel of the
USC (Receive Status, Receive Data, Transmit Status,
Transmit Data, /O Status and Device Status) has three bits
associated with the interrupt source: Interrupt Pending
(IP), Interrupt-Under-Service (IUS) and Interrupt Enable
(IE). If the IE bit for a given source is set, that source can
request interrupts. Note that individual sources within the

six groups also have interrupt enable bits which are set for
the particular source. In addition, there is a Master Inter-
rupt Enable (MIE) bit in each channel which globally
enables or disables interrupts within the channel.

The other two bits are related to the interrupt priority chain:
A channel in the USC may request an inlerrupt only when
no higher priority interrupt source is requesting one, e g.,
when IEl is High for the channel. In this case the channel
activates the /INT signal. The CPU then responds with an
interrupt acknowledge cycle, and the interrupting channel
places a vector on the data bus.

In the USC, the IP bit signals that an interrupt request is
being serviced. If an IUS is set, all interrupt sources of
lower priority within the channel and external to the channel
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 IEO output of the channel being pulled Low and
propagated to subsequent peripherals. An IUS bit is set
during an interrupt acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are six sources of interruptin each channel- Receive
Status, Receive Data, Transmit Status, Transmit Data, 1/O
Status and Device Status, prioritized in thatorder within the
channel There are six sources of Receive Status interrupt,
each individually enabled: exited hunt, idle line, break/
abort, code violation/end-of-transmission/end-of-frame,
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parity error and overrun error. The Receive Data interrupt
is generated whenever the receive FIFO fills with data
beyond the level programmed in the Receive Interrupt
Control Register (RICR).

There are six sources of Transmit Status interrupt, each
individually enabled: preamble sent, idie line sent, abort
sent, end-of-frame/end-of-transmission sent, CRC sent
and underrun error. The Transmit Data interrupt is gener-
ated whenever the transmit FIFO empties below the level
programmed in the Transmit Interrupt Control Register
(TICR). The I/O Status interrupt serves to report transitions
on any of six pins. Interrupts are generated on either or
both edges with separate selection and enables for each
pin. The pins programmed to generate I/O Status inter-
rupts are /RxC, /TxC, /RxREQ, /TxREQ, /DCD and /CTS.
These interrupts are independent of the programmed
function of the pins. The Device Status interrupt has four
separately enabled sources: receive character count FIFO
overflow, DPLL sync acquired, BRG1 zero count and
BRGO zero count.

Block Transfer Mode

The USC accommodates block transfers via DMA through
the /RxREQ, /TxREQ, /RXACK and /TxACK pins. The
/RXREQ signal is activated when the fill level of the receive
FIFO exceeds the value programmed in the RICR. The
DMA may respond with either a normal bus transaction or
by activating the /RxACK pin to read the data directly (fly-
by transfer). The /TxREQ signal is activated when the
empty level of the transmit FIFO falls below the value
programmed in the TICR. The DMA may respond either
with a normal bus transaction or by activating the
/TXACK pin to write the data directly (fly-by transfer). The
/RxACK and /TxACK pin functions for this mode are con-
trolled by the Hardware Configuration Register (HCR).
Then using the /RXACK and /TxACK pins to transfer data,
no chip select is necessary; these are dedicated strobes
for the appropnate FIFO.

PROGRAMMING

The Programmers Assistant (MS DOS based) and Techni-
cal Manual are available to provide details about
programmming the USC. Also included are explanations
and features of all registers in the USC

Theregistersin each USC channel are programmed by the
system to configure the channels. Before this can occur,
however, the system must program the bus interface by
writing to the Bus Configuration Register (BCR). The BCR
hasnospecific address andisonly accessibleimmediately
after a hardware reset of the device. The first write to the
USC, after ahardware reset, programs the BCR. From that
time on the normal channel registers may be accessed. No
specific address need be presented to the USC for the
BCR write; the USC knows that the first write after a
hardware reset is destined for the BCR.

In the multiplexed bus case, all registers are directly
addressable viathe addresslatched by /AS atthe beginning
of a bus transaction. The address is decoded from either
ADB-ADOor AD7-AD1. Thisis controlled by the Shift Right/
Shift Left bit in the BCR. The address maps for these two
cases are shown in Table 1. The D//C pin is still used to
directly access the receive and transmit data registers
(RDR and TDR) in the multiplexed bus; if D//C is High the
address latched by /AS is ignored and an access of RDR
or TDR is performed.

In the non-multiplexed bus case, the registers in each
channel are accessed indirectly using the address pointer
in the Channel Command/Address Register (CCAR) in
each channel. The address of the desired register is first

written to the CCAR and then the selected register is
accessed; the pointerin the CCAR is automatically cleared
after this access. The RDR and TDR are accessed directly
using the D//C pin, without disturbing the contents of the
pointer in the CCAR.

Table 1. Multiplexed Bus Address Assighments

Address Signal Shift Left Shift Right
Byte//Word Access AD7 AD6
Address 4 AD6 AD5
Address 3 AD5 AD4
Address 2 AD4 AD3
Address 1 AD3 AD2
Address 0 AD2 AD1
Upper//Lower Byte Select AD1 ADO

There are twoimportant things to note about the USC. First,
the Channel Reset bit in the CCAR places the channel in
the reset state. To exit this reset state either a word of all
zeros must be written to the CCAR (16-bit bus) or a byte of
all zeros must be written to the lower byte of the CCAR
(8-bit bus). The second thing to note is that after reset, the
transmit and receive clocks are not connected. The first
thing that should be done'in any initialization sequence is
a write to the Clock Mode Control Register (CMCR) to
select a clock source for the receiver and transmitter.

The register addressing is shown in Table 2. and the bit
assignments for the registers are shown in Figure 6.
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Reset

Any Transaction )
Up To and Including ;
BCR Write . No/As Y At Least One /AS
Non- . ‘
Multiplexed Multg.:lj:xed
BCR Bus
Write
Transaction | ' |
BCR[2]=0 | BCR[2]=0 | BCR[2]=1 BCR[2]=0 | BCR[2]=0 | BCR[2]=1
BCR[15]=1 | BCR[15]=0 BCR[15]=1 | BCR[15]=0
[ . J ] \ l
8-Bit With 8-Bit Without . 8-Bit With 8-Bit Without
Separate Separate 16-Bit Separate Separate 16-Bit
Address Address Address Address
Note: '
The pr of one t tion with an /AS active, between reset up to

and including the BCR write, chooses a multiplexed type of bus.

Figure 6. BCR Reset Sequence and Bit Assignments

Table 2. Register Address List

Address Address

A4-AQD A4-AQ

00000 CCAR Channel Command/Address Register’ 10010 RCSR  Receive Command/Status Register
00001 CMR Channel Mode Register 10011 RICR  Receive Interrupt Control Register
00010 CCSR  Channel Command/Status Register 10100  RSR Receive Sync Register

00011  CCR  Channel Control Register 10101 RCLR  Receive Count Limit Register
00110 TMDR  Test Mode Data Register 10110 RCCR  Recieve Character Count Register
00111 TMCR  Test Mode Control Register 10111 TCOR  Time Constant O Register -
01000 CMCR Clock Mode Control Register 1X000 TDR Transmit Data Register (Write Only)
01001 HCR Hardware Configuration Register 11001  TMR  Transmit Mode Register

01010 VR, Interrupt Vector Register 11010 TCSR  Transmit Command/Status Register
01011 IOCR /O Control Register 11011 TICR  Transmit Interrupt Control Register
01100 ICR Interrupt Control Register 11100 TSR Transmit Sync Register

01101 DCCR  Daisy-Chain Control Register 11101 TCLR  Transmit Count Limit Register
01110  MISR  Misc Interrupt Status Register 11110 TCCR  Transmit Character Count Register
01111 SICR  Status Interrupt Control Register 11111 TC1R  Time Constant 1 Register

1X000 RDR Receive Data Register (Read Only)

10001  RMR  Receive Mode Register XXXXX BCR  Bus Configuration Register

14



CONTROL REGISTERS

Address: 00000

i

|o1s|ota]o1sfor12fot1]o10f 0o | 08 | 07 | 06 | 05 | 04 | 3 | b2 o1 [ 00}

A A A A A A A A AL A B L LD 0000000000000 OO

-k ok kS D S OO0 O0OCOCO0O D b d bl ds OO0 OO0OO0OQ

S SN OO0 AR Al 00004 Eaddt 0000 2= as000Q

B X - X - E- R R Ny e - L - X

S, QPO R OR O =R OO =AO0=0mO L= O=0O0=-0O-“0=20~0

I—— Upper//Lower Byte Select (W0)
Address 0 (W0)
Address 1 (WO0)
Address 2 (W0)

Address 3 (W0)

Address 4 (WO)

Byte//Word Access (WO0)
DMA Continue (W0)

Normal Operation
Auto Echo

wa00
-0 =0

Mode

Extemnal Local Loopback Control
Internal Local Loopback

Channel Reset

Reset Highest IUS

Nuil Command
Reserved

Reserved

Trigger Channel Load DMA
Trigger Rx DMA

Trigger Tx DMA

Trigger Rx & Tx DMA
Reserved

Rx FIFO Purge

Tx FIFO Purge

Rx & Tx FIFO Purge
Reserved

Reload Rx Character Count
Reload Tx Character Count
Reload Rx & Tx Character Count
Reserved

Load TCO

Load TC1

Load TCO & TC1

Select Serial Data LSB First *
Select Serial Data MSB First
Select Straight Memory Data *
Select Swapped Memory Data
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

J

Channel
Command
(Wo)

+ Selected
Upon Reset

Figure 7. Channel Command/Address Register
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Address: 00001

Imsloulm:ilmzlnﬂlmol DQI D8 I o7 I oel D5lD4 | D3 l Dzl D1 | DOI

0 0 0 0 Asynchronous
0 0 o0 1 External Synchronous
0 0 1 0 Isochronous
0 0 1 1 Asynchronous with CV
0 1 0 0 Monosync
001 0 1 Bisync '
0 1 1 0 HDLC
0 1 1 1 TransparentBisync
1 0 0 0 NBIP - ]
1 0 0 1 8023
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
.1 1 1 1 Reserved J
Rx Submode 0
Rx Submode 1’
Rx Submode 2
Rx Submode 3
0 0 0 O Asynchronous \
0 0 0 1 Reserved
0 0 1 0 Isochronous
0 0 1 1 Asynchronous with CV
0 1 0 0 Monosync
0 1 0 1 Bisync
0 1 1 0 HDLC
0 1 1 1 TransparentBisync > Transmitter
1 0 0 0 NBIP Mode
1 0 0 1 8023
i 0 1 0 Reserved
1 0 1 1 Reserved ,
1 1 0 O Slaved Monosync
1 1 0 1 Reserved
"1 1 1 0 HDLCLoop
1 1 1 1 Reserved _)
Tx Submode 0
Tx Submode 1
Tx Submode 2
' Tx Submode 3

Figure 8. Channel Mode Register

Receiver
Mode
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Address: 00001
lD!ﬂD14lD13ID12ID11ID1OI D9 l D8 I D7 I De I D5 I D4 I D3J D2 I D1 I DOI

Receiver
0o 0 o0 o0 Asynchromus} Mode

0 0 16X Data Rate

0 1 32XDataRate Rx Clock

1 0 64X DataRate Rate

1 1 Reserved
Reserved
Reserved

Transmitter
0o 0 0 O Asyncl'wonous}Mode .

0 0 16XDataRate
0 1 32XDataRate { TxClock
1 0 64XDataRate [ Rate
1 1 Reserved
0 O One Stop Bit
0 t Two StopBits Tx Stop
1 0 One Stop Bit, Shaved Bits
1 1 Two Stop Bits, Shaved ;
Figure 9. Channel Mode Register, Asynchronous Mode
Address: 00001

ID15ID14ID13ID12[D11[D10I D9 I D8 ! D7] D6 l D5 [D4] D3 I D2 I D1 rDO I

Receiver
o 0o o0 1 ExternalSync}Mode
Reserved
Transmitter
o o o0 1 F\esaerved}mcde
" Reserved

Figure 10. Channel Mode Register, External Sync Mode
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Address: 00001 .

ID15ID14|D13ID12ID11|D10| DQI Ds [D7J De lDSJ D4 LDBJ D2 I D1 lDOl

L1
0 0 1 o Isoohromus} Hocaiver
Reserved
0 0 1 0 Isochromus} onsmitter
Reserved
Tx Two Stop Bits
Reserved

Figure 11. Channel Mode Register, Isochronous Mode

Address: 00001
|D15ID14ID13|012[D11|D10| Do | bs I D7 I Dé ' D5 I D4 I Dal D2 I D1 I DO]

1

: Receiver
0 0 1 Asynchronous with CV } Mode

Rx Extended Word

Reserved

. Transmitter
0 0 1 1 Asynchronous with CV Mode

CV Polarity
Tx Extended Word
0 0 One Stop Bit
0 1 Two StopBits Tx
1 0 No Stop Bit Stop Bits
1 1 Reserved

Figure 12. Channel Mode Register, Asynchronous Mode
‘ with Code Violation (MIL STD 1553)

/
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Address: 00001
Ims[nu[maTszDulmoI Do Loeloﬂ D6 I DSI ml D3 I ozl D1 I ool
1 0

0 0 Monosync} R' |°°°| ver

Rx Short Sync Character

Rx Sync Strip

Reserved

Transmitter
0 41 o o0 Mcmosync}mode

Tx Short Sync Character

Tx P ble Enable

Reserved

Tx CRC on Underrun

Figure 13. Channel Mode Register, Monosync Mode

Address: 00001
ID15ID14'D13ID12I011|D1o[ Do LDG [Dd 06105104 | Dsl DzI D1 I DoI

o 1 0 1 Bisync]va’;"?':"er

Rx Short Sync Character
Rx Sync Strip
Reserved

0o 1 0 1 Bisync} L’;’:‘“m’

Tx Short Sync Character

Tx Preamble Enable

0 0 SYNI <
0 1 SYNUSYN1 Underun
1 0 CRCISYNt Conditon
1 1 CRC/SYNU/SYN1

Figure 14. Channel Mode Register, Bisync Mode
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Address: 00001

lmsloujmslmzlonlmol Do I D8 I D7 | Dsl D5 I ml D3 l Dzl m] ooI

Abort

Receiver
o 1-1 0 HDLc}Mode
0 0 Disabled
0 1 One Byte, No Control Rx Address
1 .0  One Byte, Plus Control Search Mode
1 1 Extended, Plus Control
Rx 16-Bit Control
Rx Logical Control Enable
Transmitter
o 1 1 o HDLC} Mode
Shared Zero Flags
Tx Preamble Enable

0o 0 Tx
0o 1 Extended Abort Underrun
1 0 Flag "
1 1 CRC/Fiag Condition ,
Figure 15. Channel Mode Register, HDLC Mode
Address: 00001

Imslomlmslmz mﬂmolmjm]ml Ioslmlmlozlml I

-— O

-0 -Oo

Receiver
1 Transparent Bisync} Mode
EBCDIC
Reserved
1 1 Transparent Btsync} T'a"smme'
EBCDIC
Tx P ble Enable
SYN
Tx .
DLE/SYN Undemun
CRC/SYN Condition
CRC/DLE/SYN

Figure 16. Channel Mode Register, Transparent Bisync Mode




Address: 00001

ID15ID14]D13ID12|D11|D10| DQI J D7 I Dé I DSJ I D3 I D2 lmJ I

l I I I Receiver
NBIP  Mode
0 0 16X DataRate
0 1 32X DataRate Rx Clock
1 0 64X Data Rate Rate
1 1 Reserved
Rx Parity on Data
Reserved
; Transmitter
1‘ 0 0 o NBlP}Mode
0 0 16X DataRate
0 .1 32X DataRate Tx Clock
1 0 64X DataRate Rate
1 1 Reserved
Tx Parity on Data
Tx Address Bit
Figure 17. Channel Mode Register, NBIP Mode
1Y
Address: 00001

Iodoulmalmzjonlmol oelml Dslos] ofosfoe|or]|oo]
l l ! !) !)! eoz.a}azd"f"‘"

Rx Address Search

Reserved

Transmitter
0 1 8023} Mode

Reserved

Tx CRC on Underrun

Figure 18. Channel Mode Register, 802.3 Mode
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Address: 00001

IDISIDM[D13[D12ID11'D10| D9 l DBI D7 | De I DSI D4I D3 I D2 I D1 I DOI

Recesiver
1 1 0 o0 Fleserved]—MMe

Reserved

Transmitter

1 1 0 o SlavedMonosync}Mode

Tx Short Sync Character

Tx Active on Received Sync )

Reserved

Tx CRC on Underrun

Figure 19. Channel Mode Register, Slaved Monosync Mode

Address: 00001

ID‘I5IE14ID13ID12ID11ID1OI D9 I D8 I Dll DGJDS l DAI D3 I D2 | D1 l DOI

‘ L1
Receiver
i1 1 0 Reserved} Mode
Reserved
1 1 1 o0 HOLC Loop} rarsmiter

Shared-Zero Flags
Tx Active on Poll

0 0 Abort

0 1 Extended Abort Tx Undemrun

1 0 Flag Condition

1 1 CRC/Flag

Figure 20. Channel Mode Register, HDLC Loop Mode




Address: 00010
I015|D14ID1SID12JE11ID1OI DQI DGI D7 I D6 I DSI D4 I D3 I D2 | D1 I DOI

I— /RxACK (R0)
/TXACK (RO)
0 0 O 8Bis
0 0 1 1Bt
0 1 0 2Bits
0 1 1 3Bis HDLC Tx Last
1 0 0 4Bis Character Length
1 0 1 65Bits
1 1 0 6Bis
i1 1 1 7Bits
Reserved
Loop Sending (R0)
On Loop (R0)
0 0 BothEdges
0 1 Rising Edge Only DPLL
1 0 Falling Edge Only AdjusV
1 1 Adjust/Sync Inhibit Sync Edge
Clock Missed Latched/Unlatch
Clocks Missed Latched/Unlatch
DPLL in Sync/Quick Sync
RCC FIFO Clear (W0)
RCC FIFO Valid (R0)
RCC FIFO Overflow (R0)

Figure 21. Channel Command/Status Register
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Address: 00011

w00

[5rs[ore[orsJorz]or[o1o] os [ o8 [ o7 o6 [ 05 ] o¢ ] ] 2 [ o7 | 0] :
| I
" Wait for Rx DMA Trigger
0 0 No Status Block
0 1 One Word Status Block Rx Status '
1 0 Two Word Status Block Block Transter
1 1 Reserved
Tx Shaved Bit Length
(Async Only)
0 0 AllZeros M
0 1 AllOnes Tx Preamble
1 0 Altemating1and 0 Pattern
1 1 Altemating0and 1
> (All Sync)
0 0 8Bits
0 1 16Bits Tx Preamble
1 0 32Bits Length
1 1 64 Bits
J
Reserved
L . Wait for Tx DMA Trigger
0  No Status Block
1 One Word Status Block Tx Status
0  Two Word Status Block Block Transfer
1 Reserved
Figure 22. Channel Control Register
Address: 00100

ID15]D14|D13ID12|DT1|D10I D9 I D8 | D7 I D6 I D5 l D4 I D3 I D2 I D1 I DOI

Reserved
Figure 23. Primary Reserved Register
Address: 00101
ID15|D14|D13|D12ID11ID10’ Do l D8 l D7 l D6 l D5 | D4 I D3 l D2 I D1 I DOI
I Reserved

Figure 24. Secondary Reserved Register
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Address: 00110

ID15ID14|D13ID12|D11|D10I DQI D8 | D7 I Dé l D5 I D4 | D3 I D2 I D1 | DOI

l'-—— Test Data <0>

Test Data <1>
Test Data <2>

Test Data <3>

Test Data <4>

Test Data <5>

Test Data <6>

Test Data <7>

Test Data <8>

Test Data <9>

Test Data <10>

Test Data <11>

Test Data <12>

Test Data <13>

’ Test Data <14>

Test Data <15>

Figure 25. Test Mode Data Register
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Address: 00111

lD15[D14|013ID12|D11lDﬂ)I D9 l D8 I D7l D6 I [ I D4 I D3 l DZI D1 rDOI

0o 0,0 O

B el R - -E-E-E-K-X-X-E-X-}

[ - X - R R N R N I G N~ X - X=X~ ]
-k P D QOO0 = md b OO A At d OO0 ARtk OOO
L OO LR OO DDt OO A —nOOA b OO A b OO DA OO - =t O

SO OO - OO0 =NO=L O 40— OO -0 OO -0O=O

Null Address

High Byte of Shifters
CRC Byte 0

CRC Byte 1

Rx FIFO (Write)

Clock Multiplexer Outputs
CTRO and CTR1 Counters
Clock Multiplexer Inputs
DPLL State

Low Byte of Shifters

CRC Byte 2

CRC Byte 3

Tx FIFO (Read)
Reserved

/O and Device Status Latches
Internal Daisy Chain
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Rx Count Holding Register
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Figure 26. Test Mode Control Register

Test
Register
Address
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Address: 01000

ID15IDI4ID13'D12'D11|D1OI Do IEB' D7I Dsl D5 l NlDSJBZl D1 I DOI

0 0 0 Disabled
0 0 1 /RxCPin
0 1 0 /TxCPin
0 1 1 . DPLL Output Receive Clock
1 0 0 BRGO Output Source
1 0 1 BRGI1 Output
1 1 0 CTRO Output
1 1 1 CTRi Output
O 0 0 Disabled
0 0 1 /RxCPin
0 1 0 /TxCPin
0 1 1 DPLL Output Transmit Clock
1 0 0 BRGOOutput Source
1 0 1 BRG1 Output
1 1 0 CTROOutput
1 1 1 CTR1 Output
0 0 BRGOOutput ‘
0 1 BRG1 Oulput DPLL Clock
1 0 /RxCPin Source
1 1 /TxCPin
0 0 CTRO Output
0 1 CTR1 Output BRGO Clock N
1 0 /RxCPin Source
1 1 /TxCPin
0 0 CTRO Output
0 1 CTR1 Output BRG1 Clock
1 0 /RxCPin Source
1 1 /MxCPin
0 0 Disabled
0 1 Disabled CTRO Clock
1 0 /RxCPin Source
1 1 /[TxCPin
Disabled

Disabled CTR1 Clock
MxC Pin Source
/TxC Pin

asco
“~o=0

Figure 27. Clock Mode Control Register




Address: 01001

ID15IDMID13IDEI‘D“IEOI DQlDel D7 I DGI D5 l D4 I D3 I D2 I D1 I Do I ’

- -0

- -

L— BRGO Enable
BRGO Single Cycle/Continuous
0 0 3-State Output
0 1 RxAcknowledge Input /RXACK
1 0 Oulputo Pin Control
1 1 Output1
BRG?1 Enable
BRG1 Single Cycle/Continuous
0 0 3-State Output
0 1 TxAcknowledge input /TXACK
1 0 Outputo Pin Control
1 1 Outputi
0 0 Disabled
0 1 NRZNRZI DPLL
1 0 Biphase-Mark/Space Mode
1 1 Biphase-Level
0 0 32x Clock Mode
o 1 16x Clock Mode DPLL Clock
1 0 8xClock Mode Rate
1 1 Reserved
Accept Code Violations
CTR1 Rate Match DPLL/CTRO
32x Clock Mode :
16x Clock Mode CTRO Clock
8x Clock Mode Rate
4x Clock Mode

Figure 28. Hardware Configuration Register
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Address: 01010

h)15|D14|D13|D12ID11ID10| DQI Dsl 07 I Dsl DSI D4I D3 lDQ lD‘J DOJ

I—' IV <0>

IV <t>
IV <2>
IV<3>
IV <4>

IV <5>

IV <6>

IV <7>

0 0 O None
0 0 1 Device Status
0 1 0 VOStatus
0 1 1 Transmit Data Modified
1 0 0 Transmit Status Vector (RO)
1 0 1 ReceiveData
‘1 1 0 Receive Status
1 1 1 NotUsed

IV <0> (R0)

IV <4> (R0)

IV <5> (R0)

IV <6> (R0)

Figure 29. Interrupt Vector Register

IV <7> (RO)
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Address: 01011

[loloroeon[o] oo oo [or oo [ e [ oo [ o2 [ o+ [ ]

- -0

-0 - O

0 0 O InputPin
0 0 1 RxClock Output
0 1 0 RxByte Clock Output
0 1 1 SYNC Output /RxC Pin
1 0 0 BRGO Output Control
1. 0 1 BRG1 Output
1 1 0 CTRO OQutput
1 1 1 DPLL Rx Output
0 0 0 InputPin-
0 0 1 TxClock Output
0 1 0 TxByte Clock Output
0 1 1 TxComplete Output mxC
. 1 0 0 BRGOOutput Pin Control
1 0 1 BRG1 Output
1 1 0 CTRt Output
1 1 1 DPLL Tx Output
00 Tx Data Output
0 1 3-State Output '{ TxD Pin
1 0 Output0 Control
1 1  Output1
0 0 3-State Output
.0 1 RxRequest Output /RXREQ
1 0 Output0 Pin Control
1 1 Outputi
0 0 3-State Output
0 1 TxRequest Output /TXREQ
1 0 Outputo Pin Control
1 1 Outputi
0 0 /DCD Input '
0 1 /DCD/SYNC Input { /DCD
1 0 Output0 Pin Control
1 1 Output1
/CTS Input
/CTS Input /CTS
Output 0 Pin Control
Qutput 1

Figure 30. /O Control Register
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Address: 01100

ID15ID14ID13ID12ID11lDﬂ!I DQIDS I D?l D6 l DS[D4I D3l DZI D1 I DOI

- —_-—_-O000O0

I— " Device Status IE

/O Status IE

Transmit Data IE

T it Status IE

Receive Data IE

Null Command
Null C d IE C

"l

Reset IE (Wo)
Set IE

-——0 O
-0 - O

All

All

VO Status and Above

Transmit Data and Above vis
Transmit Status and Above Level
Recelve Data and Above

Receive Status Only

None

“a00a=0o0
-k OO -O

Figure 31. Interrupt Control Register

Receive Status [E

Reserved

vis
NV
pLC
MIE
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Address: 01101

|ms|malma|mz|m1Imol Dsl DilD‘IiDG] D5 Lm I D3 I D2 I D1 lDOJ

|-— Device Status IP
VO Status IP
T Data IP
T it Status IP
R Data IP
Receive Status IP
0 0 Null Command
0 1 ResetlPandIUS IP Command
1 0 ResetlP (wo)
1 1 SetlP
Device Status IUS
VO Status IUS
Transmit Data IUS
T it Status IUS
Receive Data IUS
Receive Status IUS
0 0 Nuli Command
0 1 Null Command 1US Command
1 0 ResetlUS {wo)
1 1 SetiUs

Figure 32. Daisy-Chain Control Register




Address: 01110 -

|o1s|o14fp13f012f011{ 010} 00 | oik;7 {oe| 05| 0403 02] 01 |0o]

BRGO ZC Latched/Unlatch

=

BRG1 ZC Latched/Unlatch

DPLL SYNC Latched/Unlatch

RCC Overflow Latched/Unlatch

/CTS (RO)
/CTS Latched/Unlaich
/DCD (RO)

/DCD Latched/Unlalch
TXREQ (R0)

[TXREQ Latched/Unlatch
/RXREQ (R0)

/RXREQ Latched/Unlatch
TXC (RO)

TxC Latched/Unlatch
/RxC (R0)
/RxC Latched/Unlatch

Figure 33. Miscellaneous Interrupt Status Register
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Address: 01111

ID15ID14|D13]D12'ID11ID1OI Dgl D8 I D7I D6 l D5 I D4 I D3 I D2I D1 l DOI

-0

-0 =0

I-—— BRGO ZC IE
BRG1 ZC [E
DPLL SYNC IE
RCC Overflow IE
0 0 Disabled
0 1 Rising Edge Only /ICTS
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 0 Disabled
0 1 RisingEdgeOnly | /mCcD
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 0 Disabled
0 1 Rising Edge Only /TXREQ
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 0 Disabled
0 1 Rising Edge Only /RxREQ
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 O Disabled
0 1 Rising Edge Only TxC
1 0 Falling Edge Only Interrupts
1 1 BothEdges
Disabled

Rising Edge Only /RxC
Falling Edge Only Interrupts
Both Edges

Figure 34. Status Interrupt Control Register
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Address: 1x000

ID15ID14|D13]D12 D11lB10l D9 106 I D7 l DG| D5 I D4 I D3 I D2 I D1 l DOI

Figure 35. Receive Data Register

I-— RXDAT <0> (RO)

RxDAT <1> (RO)
RxDAT <2> (R0)
RxDAT <3> (R0)
RxDAT <4> (R0)
RxDAT <5> (RO)
RxDAT <6> (R0)
RxDAT <7> (R0)
RxDAT <8> (R0)
RxDAT <9> (RO)
RxDAT <10> (RO)
RxDAT <11> (RO)
RxDAT <12> (RO)
RxDAT <13> (R0)
RxDAT <14> (RO)
RxDAT <15> (R0)
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Address: 10001 - Y ‘
Jots]o14fors]or2]o11]o10] oo | 08 | 07 | 06 | 05| 4 | 03 | 02 | D1 | 00|

0 0 Disable Immediately
0 1 Disable After Reception Rx
1 0 Enable Without Auto-Enables Enable
1 1 Enable With Auto-Enables
0 0 0 8Bis '
0 0 1 1Bit
0 1 0 2Bits
0 1 1 3Bits Rx Character
1 0 0 4Bis Length
1 0 1 5Bis
1 1 0 6B8is
1 1 1 7Bits
Rx Parity Enable
0 0 Even
0 1 Odd Rx Parity )
1 0 Space Sense
1 1 Mark
Reserved /
Rx CRC Enable
Rx CRC Preset Value
0 0 CRCcCCITT
0 1 CRC16 Rx CRC
1 0 CRC32 Polynomial
1 1 Reserved
0 0 0 NRZ
0 0 1 NRZB
0 1 0 NRZI-Mark
0 1 1 NRZI-Space Rx Data
1 0 0 Biphase-Mark Decoding
1 0 1 Biphase-Space
1 1 0 Biphase-Level
1 1 1 Difi. Biphase-Level

Figure 36. Receive Mode Register




Address: 10010
[o+<]or<]ore]ore]or[ore] 00 [ o8 [ o7 o [ o5 [ o [ os [ o2 [ ot [ 0]

L e cheracr ettt o
: Rx Overrun
Parity Error
CRC/Framing Error (R0)
Rx CV/EOT/EOF
Rx Break/Abort
Rx Idle
Exited Hunt
- Short Frame/CV Polarity (R0)
Residue Code 0 (R0)
Residue Code 1 (R0)
Residue Code 2 (R0)
0 0 0 0 NulCommand ! \
0 0 0 1 Reserved
0 0 1 0 PresstCRC
0 0 1 1 Enter Hunt Mode
0 1 0 O Reserved
0 1 0 1 SelectFIFO Status
0 1 1 0 Select FIFO Interrupt Level Receivi
0 1 1 1 Select FIFO Request Level c:c ;‘d o
1 0 0 0 Reserved mmand (W0)
1 0 0 1 Reserved
1 0 1 0 Reserved
0 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 1 Reseved J
First Byte in Error (R0)

. S d Byte in Eror (R0)

Figure 37. Receive Command Status Register
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Address: 10011

|D15|D14|D13|D12|D11|D1o| Do I oeI D7'I pel D5I b4| D3 I DzI D1 I Dol L

L

TCOR Read CounV/TC

Rx Overrun IE

Parity Error IE

Status on Words

Rx GV/EOT/EOF IE

Rx Break/Abort IE

Rx Idle IE

Exited Hunt IE

Rx FIFO Control and Status

(Fill/Interrupt/DMA Level)

'Figure 38. Receive Interrupt Control Register

Address: 10100

[eloo]orlor]or] oo o] o [oo [ oo o [ [ e[ 7]

o |

I— RSYN <0>

RSYN <1>
RSYN <2>
RSYN <3>

RSYN <4>

RSYN <5>

RSYN <6>

RSYN <7>

RSYN <8>

RSYN <9>

RSYN <10>

RSYN<11>

RSYN<12>

RSYN <13>

RSYN <14>

Figure 39. Receive Sync Register

RSYN <15>
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Address: 10101

ID15ID14ID13ID12]D11|D10l DQI D8 l D7 I D6 l D5 l DAI D3 I DZl D1 I DOI

| =

Figure 40. Receive Count Limit Register

* RCL <0>
RCL <1>
RCL <2>
RCL <3>
RCL <4>
RCL <5>
RCL <6>
RCL <7>
RCL <8>
RCL <9>
RCL <10>
RCL <11>
RCL<12>
RCL<13>
RCL<14>
RCL <15>

u e T




Address: 10110

lD15ID14ID13II?12lD11ID10I D9 I DBI D7 I Dé l DSI D4 I D3 I D2 I D1 I DOI

Figure 41. Receive Character Count Register

|-— RCC <0> (R0)

RCC <1> (RO)
RCC <2> (RO)
RCC <3> (RO)
RCC <4> (R0)
RCC <5> (RO)
RCC <6> (RO)
RCC <7> (RO)
RCC <8> (R0)
RCC <9> (R0)
RCC <10> (R0)
RCC <11> (RO)
RCC <12> (R0)
RCC <13> (RO)
RCC <14> (R0)
RCC <15> (RO)
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Address: 10111

IDISID14ID13ID12ID11ID10I D9 I D8 I D7 I D6 I D5 I D4 I D3 I Dzl D1 I Do I

|— TCO <0>

TCO <1>
TCO <2>

TCO <3>

TCO <4>

TCO <5>

TCO <6>

TCO <7>

TCO <8>

TCO <9>

" TG0 <10>

TCO <11>

TCO <12>

TCO <13>

TCO <14>

Figure 42. Time Constant 0 Register

TCO <15>

- — AR ST % SIS L
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Address: 1x000

ID15|DMID1SID1ZIDHID10I DQI 2] l D7 I DGI D5 | D4 I D3 I DZI D1 I DOI

I—— TXDAT <0> (WO)

TxDAT <1> (WO0)
TxDAT <2> (W0)
TxDAT <3> (W0)

TXDAT <4> (WO)

TxDAT <5> (W0)

TxDAT <6> (W0)

TxDAT <7> (W0)

TXDAT <8> (W0)

TxDAT <9> (W0)

TxDAT <10> (W0)

TXDAT <11> (WO)

TXDAT <12> (WO)

TxDAT <13> (W0)

TxDAT <14> (W0)

Figure 43. Transmit Data Register

TxDAT <15> (W0)
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Address: 11001
ID15|DMID13|D12|D11ID10I DQIDBI D7l DGI D5 l D4| D3 I D2 I D1 I DOI

0 0 Disable Immediately
0 1 Disable After Transmission Tx
1 0 Enable Without Auto-Enables Enable
1 1 Enable With Auto-Enables
0 0 0 8Bis
o 0o t 1Bt
0 1 0 2Bis
0 1 1 3Bis Tx Character
1 0 0 4Bits Length
1 0 1 5Bits
1 1 0 6Bits
1 1 1 78is
Tx Parity Enable
0 0 Even
01 Odd Tx Parity
1 0 'Space Sense
1 1 Mark
Tx CRC on EOF/EOM
Tx CRC Enable
Tx CRC Preset Value
0 0 CRC-CCITT
0 1 CRC16 . Tx CRC
1 0 CRC32 Polynomial
1 1 Reserved
0 0 0 NRZ
0 0 1 NRZB
0 1 0 NRZI-Mark
0 1 1 NRZISpace Tx Data
1 0 0 Biphase-Mark Encoding
1 0 1 Biphase-Space
1 1 0 Biphase-Level
1 1 1 Diff. Biphase-Level

Figure 44. Transmit Mode Register
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Address: 11010

|015|o14|o131032lo11Imo' uol Del D7 I Delbs | p4 | D3 I D2 Im Iool

ki k ot m OOOOOOOO

- S Sl OO0 =S4 O000O

- Hd OO - OO0 =00~ =-00

N S I L - Y

I—‘ Tx Butfer Empty (R0)

Tx Und
All Sent (RO)
Tx CRC Sent
Tx EOF/EOT Sent
Tx Abort Sent
- Tx Idle Sent
Tx P ble Sent
0 0 0 SYNC/Flag/Normal
0 0 1 Altematingtand0
0 1 0 AlZeros
0 1 {1 AlOnes Tx Idle Line
1 0 0 Reserved Condition
1 0 1 Altemating Mark and Space’
1 1 0 Space
1 1 1 Mak
Reserved
Null Command N
Reserved
Preset CRC
Reserved
Reserved
Select FIFO Status
Select Interrupt Level
Select Request Level Transmit
Send Frame/Message Command (W0)
Send Abort .
Reserved N
Reserved
Reset DLE Inhibit
Set DLE Inhibit
Reset EOF/EOM
Set EOF/EOM J

Figure 45. Transmit Command/Status Register




Address: 11011

ID15ID‘I4ID18|D12|D11I010| D9 I DGI D7| Dé l D5 I D4 I D3 l D2| D1 I DOI

I——' TC1R Read Count/TC

Tx Overrun IE

Wait for Serd Command
- Tx CRC Sent IE

Tx EOF/EOT Sent IE

Tx Abort Sent IE

Tx idle Sent IE

Tx P ble Sent IE

Tx FIFO Control and Status
(Fill/InterruptyDMA Level)

Figure 46. Transmit Interrupt Control Register

\

Address: 11100 M

ID15]D14ID19|012Io11lmo| D9 I D8 | D7I\DG | Ij5|D4| 03 I D2| D1 Inol

I'—— TSYN <0>

TSYN <1>

TSYN <2>
TSYN <3>

TSYN <4>

TSYN <5>

TSYN <6>

TSYN <7>

TSYN <8>

TSYN <9>

TSYN <10>

TSYN <11>

TSYN <12>

TSYN <13>

TSYN <14>

TSYN <15>

Figure 47. Transmit Sync Register
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_Address: 11101

Imslmalmslmz[nnlmol Dgl DBID7 I bel stl D4 I Ds‘ Dz'l D1 l DOI

l-—— TCL <0>

TCL <1>

! TCL <2>
TCL <3>

TCL <4>

TCL <5>

TCL <6>

TCL <7>

TCL <8>

TCL <9>

TCL <10>

. TCL <11>

TCL <12>

TCL <13>

TCL <14>

TCL <15>

Figure 48. Transmit Count Limit Register




Address: 11110

[D1ﬂDi4lD13ID12IDi1lb10I D9| D8 I D7I DGl DSI D4 I D3 I DzI D1 IDOI

Figure 49. Transmit Character Count Register

I—' TCC <0> (RO)

TCC <1> (RO)
TCC <2> (RO)
TCC <3> (R0O)
TCC <4> (RO)
TCC <5> (RO)
TCC <6> (RO)
TCC <7> (RO)
TCC <85> (RO)
TCC <9> (RO)
TCC <10> (RO)
TCC <11> (BO)
TCC <12> (RO)
TCC <13> (RO)
TCC <14> (RO)
TCC <15> (RO)
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Address: 11111

. ID15|D14ID13|D12|D11|D10| DQI D8 I D7 I Dé I D5 I DdI D3 I DZ' D1I Do I

TC1 <1>
TC1 <2>
TC1 <3>

TC1 <4>

TC1 <5>

TC1 <6>

TC1 <7>

TC1 <8>

TC1 <9>

TC1 <10>

TC1 <11>

TC1 <12>

TC1 <13>

TC1 <14>

Figure 50. Time Constant 1 Register

TC1 <15>
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Address: None *

oo [ o oe o7 [ oo [ s [ e [ oo [ o2 o+ [ 0]

I— RCC <0>

Rx Overrun

Parity Eror
CRC Error

Rx CV/EOT/EOF

o

[]

0

Short Frame/CV Polarity

Residue Code 0

Residue Code 1

Residue Code 2

0

(1]

First Byte in Error

Second Byte in Emor

* Refer to Figure 22 (Channel Control Register)
Bits 6-7 for Access Method

Figure 51. Receive Status Block Register




Address: None *

DISID14ID13ID12lD11ID1OI D9 I DGI D7 I DGI DSI D4 I D3 I D2 I D1 IDOl

Jj I

0 0 0 8Bis
0 o0 1 1Bit
0 1t 0 2Bis
0 1 1 3Bis HDLC Tx Last
1 0 0 4Bis - Character Length
1 0 1 5Bits
1 1 0 6Bis
1 1 1 7Bis
Reserved

Tx Submode 0

Tx Submode 1
Tx Submode 2

* Refer to Figure 22 (Channel Control Register)

Bits15-14 for Access Method

Tx Submode 3

Figure 52. Transmit Status Block Register

Address: None

ID15IDI4ID13ID1ZID11lD10| DQI D8 l D7I D6 I D5 I Ddl Dsl D2 lD1 I Do

l Shift Right Addresses
Double-Pulse INTACK

16-Bit Bus

*

0

Reserved

3-State All Pins

* Must be programmed as.zero.

Separate Address for 8-Bit Bus

Figure 53. Bus Configuration Register

USC TIMING

The USC interface timing is similar to that found on a static
RAM, except that it is much more flexible. Up to eight
separate timing strobe signals may be present on the
interface.. /DS, /RD, WR, /PITACK, /RXACKA, /RXACKB,
/TXACKA and /TXxACKB. Only one of these timing strobes
may be active at any tme Should the. external logic

activate more than one of these strobes at the same time
the USC will enter a pre-reset state that is only exited by a
hardware reset. Do not allow overlap of timing strobes. The
timing diagrams, beginning on the next page, illustrate the
different bus transactions possible, with the necessary
setup, hold and delay times.




ABSOLUTE MAXIMUM RATINGS

Voltages on all pins

with respect to VSS .......cooveciiiniiin -03Vto+7.0V
Voltages on all inputs

with respect o Vss ......... oo, -0.3VtoVece +0.3V
Operating Ambient

Temperature ..........c.ccceeveennen. See Ordering Information
Storage Temperature ... -85°C to +150°C

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanentdamage to the device

This is a stress rating only; operation of the device at any
condition above those indicated in the operational sec-
tions of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.

STANDARD TEST CONDITIONS

The DC Characteristics and Capacitance section below
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND.
Positive current flows into the referenced pin. Standard
conditions are as follows:

+45V <V, <+55V
GND =0V '
T, as specified in Ordering Information

2K

From Output fe) .
Under Test

50pF = 250 uA

Al

Figure 54. Standard Test Load

CAPACITANCE
Symbol  Parameter Min Max Unit Condition
Cun Input Capacitance 10 pf Unmeasured Pins
Cour Output Capacitance 15 pf Returned to Ground
Vo Bidirectional Capacitance 20 pf

Note:
f=1MHz, over specified temperature range.
Unmeasured pins returned to ground

MISCELLANEOUS Transistor Count - 174,000
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DC CHARACTERISTICS

Z16C30
Symbol Parameter © Min Typ  Max Unit Condition
Vv, Input High Voltage 22 Vo +0.3 Y
A Input Low Voltage 0.3 0.8 \
Vgu!  Output High Voltage 2.4 v o= -1.6mA
Vou2 Output High Voltage V0.8 \ lou= -250 pA
Vg Output Low Voltage 0.4 v lo,= +2.0 MA
Iy Input Leakage +10.00 pA 04 <V, <+24V
lou Output Leakage +10.00 pA 0.4 <V, < +2.4V
lect V. Supply Current 7 50 mA V=5V V= 4.8VV, =02V
Note:
Vo= 5V £ 10% unless otherwise specified, over specified temperature range.
AC CHARACTERISTICS
Z16C30
No Symbol Parameter - ' Min Max Units ' Note
1 Tcyc Bus Cycle Time 160 ns
2 TwASI /AS Low Width 40 ns
3 TwASh /AS High Width 90 ns
4 TwDSI /DS Low Width 70 ns
5 TwDSh /DS High Width 60 ns
6 TdAS(DS) /AS Rise to /DS Fall Delay Time 5 . ns
7 TADS(AS) /DS Rise to /AS Fall Delay Time 5 ns
8 TdDS(DRa) /DS Fall to Data Active Delay 0 ns
9 TdDS(DRv) /DS Fall to Data Valid Delay 85 ns
10 TdDS(DRn) /DS Rise to Data Not Valid Delay 0 ns
11 TdDS(DRz) /DS Rise to Data Float Delay 20 ns
12 TSCS(AS) /CS to /AS Rise Setup Time ‘ .15 ns
13 ThCS(AS) /CS to /AS Rise Hold Time -0 ‘ ns
14 TsADD(AS) Direct Address to /AS Rise Setup Time 15 ns 1]
15 ThADD(AS) Direct Address to /AS Rise Hold Time 5 ns [1]
16 . TsSIA(AS) /SITACK to /AS Rise Setup Time 15 ns
17 ThSIA(AS) /SITACK to /AS Rise Hold Time 5 ns
18 TsAD(AS) Address to /AS Rise Setup Time 15 ) ns
19 ThAD(AS) Address to /AS Rise Hold Time 5 ns
20 TsRW(DS) R//W to /DS Fall Setup Time 0 ns
21 ThRW(DS) R//W to /DS Fall Hold Time 25 ns
22 TsDSf(RRQ) /DS Fall to /RXREQ Inactive Delay ‘ 60 ns [4]
23 TdDSr(RRQ) /DS Rise to /RXREQ Active Delay 0 ns
24 TsDW(DS) Write Data to /DS Rise Setup Time 30 ns
25 ThDW(DS) Write Data to /DS Rise Hold Time 0 ns
26 TdDSf(TRQ) /DS Fall to /TXREQ Inactive Delay 65 ns [5]
27 TdDS(TRQ) /DS Rise to /TXxREQ Acttive Delay 0 ns
28 TwRDI /RD Low Width ' 70 ns
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AC CHARACTERISTICS

Z16C30

No Symbol Parameter Min Max Units Note
29 TwRDh | /RD High Width 60 ns

30 TdAS(RD) /AS Rise to /RD Fall Delay Time 5 ns

31 TdRD(AS) /RD Rise to /AS Fall Delay Time 5 ns

32 TdRD(DRa) /RD Fall to Data Active Delay 0 ns

33 TdRD(DRv) /RD Fall to Data Valid Delay 85 ns

34 TdRD(DRn) /RD Rise to Data Not Valid Delay 0 ns

35 TdRD(DRz) /RD Rise to Data Float Delay 20 ns

36 TdRDf(RRQ) /RD Fall to /RXREQ Inactive Delay 60 ‘ns [4]
37 TdRDr(RRQ) /RD Rise to /RXREQ Active Delay 0 ns

38 TWWRI /WR Low Width 70 ns

39 TWWRh /WR High Width 60 ns

40 TAAS(WR) /AS Rise to /WR Fall Delay Time 5 ns

M TAWR(AS) /WR Rise to /AS Fall Delay Time 5 ns

42 TsDW(WR) Write Data to /WR Rise Setup Time 30 ns

43 ThDW(WR) Write Data to /WR Rise Hold Time 0 ns

44 TAWR(TRQ) /WR Fall to /TXREQ Inactive Delay 65 ns [5]
45 TAWRr(TRQ) /WR Rise lo /[TXREQ Active Delay 0 ns

46 TsCS(DS) /CS to /DS Fall Setup Time 0 ns [2]
47 ThCS(DS) /CS 10 /DS Fall Hold Time 25 ns [2]
48 TsADD(DS) Direct Address to /DS Fall Setup Time 5 ns [1,2]
49 ThADD(DS) Direct Address to /DS Fall Hold Time 25 ns [1.2]
50 TsSIA(DS) /SITACK to /DS Fall Setup Time 5 ns [2]
51 ThSIA(DS) /SITACK to /DS Fall Hold Time 25 ns [2]
52 TsCS(RD) /CS to /RD Fall Setup Time 0 ns [2]
53 ThCS(RD) /CS 10 /RD Fall Hold Time 25 ns [2]
54 TsADD(RD) Direct Address to /RD Fall Setup Time 5 ns [1.2]
55 ThADD(RD) Direct Address to /RD Fall Hold Time 25 ns [1.2]
56 TsSIA(RD) /SITACK to /RD Fall Setup Time 5 ns [2
57 ThSIA(RD) /SITACK to /RD Fall Hold Time 25 ns [2]
58 TsCS(WR) /CS to /WR Fall Setup Time 0 ns 2]
59 ThCS(WR) /CS to /WR Fall Hold Time 25 ns [2]
60 TsADD(WR) Direct Address to /WR Fall Setup Time 5 ns [1.2]
61 - ThADD(WR) Direct Address to /WR Fall Hold Time 25 ns [1,2]
62 TSSIA(WR) /SITACK to /WR Fall Setup Time 5 ns [2]
63 ThSIA(WR) /SITACK to /WR Fall Hold Time 25 ns [2]
64 TWRAKI /RXACK Low Width 70 ns

65 TwRAKh /RXACK High Width 60 ns

66 TdRAK(DRa) /RxACK Fall to Data Active Delay 0 ns

67 TdRAK(DRv) /RxACK Fall to Data Valid Delay 85 ns

68 TdRAK(DRN) /RXACK Rise to Data Not Valid Delay 0 ns

69 TdRAK(DRz) /RxACK Rise to Data Float Delay 20 ns

70 TARAKf(RRQ) /RxACK Fall to /RxREQ Inactive Delay 60 ns [4]
71 TdRAKr(RRQ) /RxACK Rise to /RxREQ Active Delay 0 ns

72 TWTAKI /TXACK Low Width 70 ns
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AC CHARACTERISTICS

Z16C30

No Symbol Parameter Min Max Units Note
73 TwTAKh JTXACK High Width 60 ns

74 TsDW(TAK) Write Data to /TxACK Rise Setup Time 30 ns

75 ThDW(TAK) Write Data to /TXACK Rise Hold Time 0 ns

76 TATAKKTRQ) /TxACK Fall to /TxREQ Inactive Delay 65 ns, (5]
77 TATAKr(TRQ) /TXACK Rise to /TXREQ Active Delay 0 ns

78 TdDSHRDY) /DS Fall (INTACK) to /RDY Fall Delay 200 ns

79 TdRDY(DRv) /RDY Fall to Data Valid Delay 40 ns

80 . TdDSr(RDY) /DS Rise to /RDY Rise Delay 40 ns

81 TsIEI(DSI) IEI to /DS Fall (INTACK) Setup Time 60 ns

82 ThIEI(DSI) IEl to /DS Rise (INTACK) Hold Time 0 ns

83 TdIEKIEO) IEI to IEO Delay - 60 ns

84 TAAS(IEO) /AS Rise (Intack) to IEO Delay 60 ns

85 TdDSI(INT) /DS Fall (INTACK) to /INT Inactive Delay 200 ns

86 TdDSI(Wf) /DS Fall (INTACK) to /WAIT Fall Delay 40 ns

87 TdDSI(Wr) /DS Fall (INTACK) to /WAIT Rise Delay 200 ns

88 TdW(DRv) /WAIT Rise to Data Valid Delay 40 ns

89 TdRDKRDY) /RD Fall (INTACK) to /RDY Fall Delay 200 ns

90 TdRDr(RDY) /RD Rise to /RDY Rise Delay ‘ 40 ns

91 TsIEI(RDI) IEl to /RD Fall (INTACK) Setup Time 60 ns

92 ThIEI(RDI) IEl to /RD Rise (INTACK) Hold Time 0 ns

93 TARDI(INT) /RD Fall (INTACK) to /INT Inactive Delay 200 ns

94 TdRDI(WF) /RD Fall (INTACK) to /WAIT Fall Delay 40 ns

95 TdRDI(Wr) /RD Fall (INTACK) to /WAIT Rise Delay 200 ns

96 TwPIAl [PITACK Low Width 70 ns

97 TwPIAh /PITACK High Width 60 ns

98 TdAS(PIA) /AS Rise to /PITACK Fall Delay Time 5 ns

99 TdPIA(AS) /PITACK Rise to /AS Fall Delay Time 5 ns

100 TdPIA(DRa) /PITACK Fall to Data Active Delay 0 ns

101 TdPIA(DRn) /PITACK Rise to Data Not Valid Delay 0 ns

102 TdPIA(DRz) [PITACK Rise to Data Float Delay 20 ns

103  TsIEI(PIA) IEl to /PITACK Fall Setup Time 60 ns

104 ThIEI(PIA) IEl to /PITACK Rise Hold Time 0 ns

105  TdPIA(IEO) [PITACK Fall to IEO Delay 60 ns

106  TdPIA(INT) /PITACK Fall to /INT Inactive Delay 200 ns

107  TdPIAKRDY) /PITACK Fall to /RDY Fall Delay 200 ns

108  TdPIAr(RDY) /PITACK Rise to /RDY Rise Delay 40 ns

109  TdPIA(WF) /PITACK Fall to /WAIT Fall Delay 40 ns

110  TdPIA(Wr) /PITACK Fall to /WAIT Rise Delay 200 ns

111 TASIA(INT) /SITACK Fall to IEO Inactive Delay 200 ns [2]
112 TwSTBh /Strobe High Width 60 ns [3]
113 TwRESI /RESET Low Width 170 ns

114 TwRESh /RESET High Width 60 ns

115 Tdres(STB) /RESET Rise to /STB Fall 60 ns [3]
116 TdDSH(RDY) 50 ns

/DS Fall to /RDY Fall Delay




AC CHARACTERISTICS

Z16C30 ,
No Symbol Parameter Min Max Units Note
117 TdWRf(RDY) /WR Fall to /RDY Fall Delay 50 ns
118 TdWRr(RDY) /WR Rise to /RDY Rise Delay 40 ns
119 TdRDf(RDY) /RD Fall to /RDY Fall Delay 50 ns
120  TdRAKf(RDY) /RxACK Fall to /RDY Fall Delay 50 ns
121 TdRAKr(RDY) /RxACK Rise to /RDY Rise Delay 40 ns
122 TdTAKf(RDY) /TXACK Fall to /RDY Fall Delay 50 ns
123 TdTAKr(RDY) /TxACK Rise to /RDY Rise Delay 40 ns

Notes:

[1] Direct address is any of A//B, D//C or AD15-AD8 used as an address bus.
[2] The parameter applies only when /AS is not present. .

[3] Strobe ( /STB) is any of /DS, /RD, /WR, /PITACK, /RXACK or /[TXACK.

[4] Parameter applies only if read empties the receive FIFO.

[5] Parameter applies only if write fills the transmit FIFO.

TIMING DIAGRAMS
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®
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Figure 55. Reset Timing
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Note:
/STB is any of /DS, /RD, /WR, /PITACK, /RXACK, or [TXACK.

Figure 56. Bus Cycle Timing
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Figure 57. DMA Read Cycle
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Figure 60. Multiplexed /DS Write Cycle
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Figure 62. Multiplexed /WR Write Cycle
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Figure 65. Non-Multiplexed /RD Read Cycle
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Figure 68. Multiplexed /RD Interrupt Acknowledge Cycle
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Figure 69. Multiplexed Pulsed Interrupt Acknowledge Cycle
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AC CHARACTERISTICS
Z16C30 General Timing

No Symbol Parameter Min Max Units  Note
1 TsRxD(RxCr)  RxD to /RxC Rise Setup Time (x1 Mode) 0 ns [1]
2 ThRxD(RxCr)  RxD to /RxC Rise Hold Time (x1 Mode) 40 ns (1]
3 TsRxd(RxCf) RxD to /RxC Fall Setup Time (x1 Mode) 0 ns [1,3]
4 ThRxD(RxCf) RxD to /RxC Fall Hold Time (x1 Mode) 40 ns [1,3]
5 TsSy(RxC) /DCD as /SYNC to /RxC Rise Setup Time 0 ns [1]
6 ThSy(RxC) /DCD as /SYNC to /RxC Rise Hold Time (x1 Mode) 40 ns [1]
7 TdTxCHTxD) /TxC Fall to TxD Delay 50 ns [2]
8 TdTxCr(TxD)  /TxC Rise to TxD Delay 50 ns [2,3]
9 TwRxCh JRXC High Width 40 ns

10 TwRxCl /RxC Low Width 40 ns

11 TcRxC /RxC Cycle Time 100 ns

12 TwTxCh /TxC High Width 40 ns

13 TwTxCl /TxC Low Width 40 ns

14 TcTxC [TxC Cycle Time 100 ns

15 TwEXT /DCD or /CTS Pulse Width 70 ns

16 TWSY: 70 ns

/DCD as /SYNC Input Pulse Width
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Figure 76. Z16C30 System Timing
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AC CHARACTERISTICS

Z16C30 System Timing
No Symbol Parameter Min Max Units Note -
1 TdRxC(REQ)  /RxC Rise to /RXxREQ Valid Delay 100 ns [2]
2 TdRxC(RxC) /TxC Rise to /RxC as Receiver Output Valid Delay 100 ns 2]
3 TdRxC(INT) /RxC Rise to /INT Valid Delay 100 ns [2]
4 TdTxC(REQ)  /TxC Fall to /TXxREQ Valid Delay 100 ns [2]
5 TdTxC(TxC) /RxC Fall to /TxC as transmitter Output Valid Delay 100 ns “
6 TATXC(INT) /TxC Fall to /INT Valid Delay 100 ns [2]
7 TAEXT(INT) /CTS, /DCD, /TxREQ, /RXREQ transition
to /INT Valid Delay 100 ns

Notes:

[1] /RxC is /[RxC or [TxC, whichever is supplying the receive clock.
[2] /TxC is /TxC or /RxC, whichever is supplying the transmit clock.
[3] Parameter applies only to FM encoding/decoding.
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ADVANCE INFORMATION
PRELIMINARY PRODUCT SPECIFICATION

Z16G31

IUSC INTEGRATED
UNIVERSAL SERIAL CONTROLLER

FEATURES

Full-duplex multiprotocol serial controller
Two full-capability DMA channels

Flexible adaptation to \)arious system buses
Serial data rates to 10M bits/second

Serial modes include Asynchronous, Bisync, SDLC,
HDLC, Ethernet, 1553B, and 9-Bit.

‘

Two baud rate generators
Digital phase-locked loop for clock recovery

Receive and Transmit Time Slot Assigners for ISDN
applications. ‘

Eight generé!-purpose 1/0 lines plus Carrier Detect
and Clear to Send.

Transmit and receive frame-length counters,
independent of the DMA facility.

Async features include false-start filtering, stop bit
length programmable by 1/16 bit steps, parity
generation/checking, break generation/detection.

M HDLC/SDLC features include 8-bit address checking,
extended address support, 16/32 bit CRC,
programmabile idle state, auto preamble option, loop
mode.

M Sync features include 2- to 16-bit sync, sync-strip
option, 16/32 bit CRC, programmable idle state, auto
preamble option, X.21 transmitter/receiver slaving.

B Automatic control character recognitionin Transparent
Bisync mode. ’

W 32-byte transmit and receive FIFOs between serial
controller and DMA channels.

B DMA modes include single block, buffered, array-
chained, and link-chained.

W Programmabile throttling of DMA bus occupancy
16/32 bit addressing, 8- or 16-bit data

B Flexible interrupt and bus-arbitration modes, interrupt
and bus-acknowledge daisy-chains.

| | ‘High speed, low power CMOS technology

68-pin PLCC




GENERAL DESCRIPTION

" The IUSC (Integrated Universal Serial Controller) is a
single-channel multiprotocol data communications device
with on-chip DMA designed for use with any conventional
multiplexed or non-multiplexed bus The IUSC functions
as a serial-to-parallel, parallel-to-serial converter/control-
ler and is software configured to satisfy a wide variety of
serial communications applications under DMA control.
The device contains a variety of sophisticated internal
functions including two baud rate generators, a digital
phase-locked loop, character counters for both receive
and transmit, 32-byte FIFOs for both the receiver and
transmitter and a two-channel, 32-bit DMA controller.

The IUSC handles a wide variety of formats including
asynchronous, synchronous byte-oriented (e.g. BISYNC),
and synchronous bit-oriented formats such as SDLC
and HDLC.

The IUSC can generate and check CRC in any synchro-
nous mode and is programmed to check data integrity in
various modes The IUSC also has facilities for modem
controls. In applications where these controls are not
needed, the modem controls may be used for general-
purpose I/O.

Interrupts are supported by a daisy-chain hieraréhy within:
the serial channel and belween the serial channel and the |
DMA. There are nointerrupts associated with the 8-bitport.

The on-chip DMA channels allow high-speed data trans-
fers for both the receiver and the transmitter. The device
supports automatic status transfer via DMA and allows
device initialization under DMA control. Each DMA chan-
nel provides for 32-bit addresses and a 16-bit transfer
length. The DMA channels may operate in any of four
modes: normal, buffered, array-chained, or linked array-
chained. The DMA bus mastership time may be limited,
under program control, as to the absolute number of clock
cycles, or the number of bus transactions, or both. This
prevents the IUSC from hogging the bus.

Note: All Signals with a preceding front slash, /", are active
Lowe.g.; B/W (WORD is active Low),/B/W (BYTE is active
Low, only); /N//S (NORMAL and SYSTEM are both
active Low).

Host ' Bus 16-Bit Internal Data Bus
Processor <—_—> Interface @ P4y @ 7> s 2N oY
Transmit ' Interrupt Receive
DMA Control ] DMA
» Transmit Receive
FIFO FIFO
AV 4
U NZ . N\Z. U AV.4
Serial Clock Logic

Transmitter DPLL Recsiver F":) On

Time Slot Counters Time Slot

Assigner BRGO, BRG1 Assigner

J

J 1

Figure 1. [USC Block Diagram
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Figure 2. Logic Symbol
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Figure 3. Packaging

PIN DESCRIPTIONS

/RESET. Reset (input, active Low). A low on this line will
place the IUSC in a known, inactive condition. /RESET
should be driven low as soon as possible during power-up,
and as needed thereafter when restarting the overall
system or the communications subsystem.

CLK. System Clock (input). This signal is the timing refer-
ence for the DMA and bus interface logic. (The serial
controller section is driven solely by the selected source
of receive and transmit clocking.) ‘

AD15-ADO0. Address/Data Bus(3-stateinput/outputs). After
Reset, these lines carry data between the controlling
microprocessor and the IUSC, and may also carry mutti-
plexed addresses of registers within the IUSC. Such op-
eration, between the host processor and the IUSC, is often

called slave mode. Once the MPU software has set up the
IUSC and placed it into operation, these lines also carry
multiplexed addresses and data between the IUSC and
system memory; such operation is called master mode.
These lines are usedin a variety of ways based onthe value
initially written to the Bus Configuration Register (BCR), as
described in the text.

/CS. Chip Select (input, active Low). In slave mode, a low
on this line indicates that the controlling microprocessor's
current bus cycle is targeted for a register in the IUSC. /CS
is ignored in masler mode, and also when a low on
/INTACK indicates that the current bus operation is an
interrupt acknowledge cycle. On a multiplexed bus, /CS is
latched by rising edges on /AS.
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/S//D. Serial/DMA (input, High indicates serial). Slave
cycles with /CS low and /INTACK and this pin both high,
access registers in the serial controller section. Slave
cycles with /INTACK high and /CS and this pin both low,
access.registers in the DMA controller section.

The IUSC can be programmed so that when it is acting as
a bus master, it drives this line low to indicate an array
access cycle and high to indicate a normal cycle for the
transmitter or receiver.

D//C. Data/Control(input, Highindicates Data). A slave read
cycle with /CS low and all three of INTACK, S//D, and this
pin high, fetches data from the serial controller's Receive
Data Register (FIFO). A slave write cycle with the same
. conditions writes data into the Transmit Data Register
(FIFO). Slave cycles with both /INTACK and S//D high and
both /CS and this pin low, access a serial controller
register; on a multiplexed bus the particular register is
selected by the low-order AD lines at the rising edge of /AS;
ona non-multiplexed bus the particular register is selected
by the LSB's of the serial controlier's Channel Command/
Address Registér.

For slave cycles on a multiplexed bus, with /INTACK high
and both /CS and S//D low, the state of this line at the rising
edge of /AS selects between the registers of the receive
DMA channel (low) and the transmit DMA channel (high).
On a non-multiplexed bus with /INTACK high and /CS and
S//D both low, the channel selection is taken from the DMA
controller's address pointer register, and the state of this
line does not affect the cycle. ‘

The IUSC can be programmed so that when it is acting as
a bus master, it drives this line low to indicate a DMA cycle
for the receiver and high to indicate a cycle for the
transmitter.

/AS. Address Strobe (input/output, aclive Low, 3-state).
After a reset, the IUSC's bus interface logic monitors this
signal to see if the host bus multiplexes address and data
on AD15-ADO. If the logic sees activity on /AS before (or as
part of) the initial write to the Bus Configuration Register
(BCR), then in subsequent slave cycles, the IUSC cap-
tures register selection from the low-order AD lines, S//D,
and C//D on rising edges of /AS. When the IUSC takes
control of the bus and operates as a master, it always uses
the bus in a mulliplexed fashion, and drives /AS low to
indicate the presence of the least significant 16 bits of an
address on the AD15-ADOlines. External latches are used
to de-multiplex the address and data, if this is necessary
to match the characteristics of the host processor or
host bus.

For a non-multiplexed bus, this pin should be pulled up to
+5V using a resistor of about 4.7K ohms. If a processor

uses a non-multiplexed bus, yet has an output called
Address Strobe (e.g., 680x0 devices), this pin should not
be tied to the processor's output.

JUAS. Upper Address Strobe (3-state output, active Low).
When the IUSC takes control of the bus and operates as a
master, it drives /JUAS low to indicate the presence of the
more significant 16 bits of an address on AD15-ADO.
External slaves or de-multiplexing latches should capture
the MS address at each rising edge on this line.

R/MW. Read / Write control (3-state input/foutput, Low sig-
nifies Write). This line is used in conjunction with the /DS
line for host processors/buses having this kind of signal-
ling, toindicate read and write cycles on the bus. When the
IUSC has taken control of the bus and is operating in
master mode, this pin is an output that remains valid
throughout the low time of /DS. Otherwise, itis aninput that
is sampled at the leading/falling edge of /DS.

DS. Data Strobe (3-state input/output, active Low). This
line is used in conjunction with the R/W line for host
processors/buses having thiskind of signalling, to indicate
read and write cycles on the bus. It is an output when the
IUSC has taken control of the bus and is operating in
master mode, otherwise it is an input that is qualified by
/CS low or /INTACK low. The R/W line remains valid
throughout the low time of this line. For slave write cycles
and master read cycles, the IUSC captures data at the
rising (trailing) edge on this line. For slave read cycles,
dataisvalid on the AD lines after the specified access time
and remains valid until after the master releases this line to
high. For master write cycles, the IUSC places valid data
onthe AD lines before it drives this signal to low, and keeps
the data valid until after it drives this.line back to high.

/RD. Read Strobe (3-state input/output, active Low). This
line is used in conjunction with the /WR line for host
processors/buses having thiskind of signalling, loindicate
read and write cycles on the bus. Itis an output when the
IUSC has taken control of the bus and is operating in
master mode, otherwise, it is an input that is qualified by
/CS low or /INTACK low. For master read cycles, the IUSC
captures data at the rising (trailing) edge of this line. For
slave read cycles, data is valid on the AD lines after the
specified access time and remains valid until after the
master releases this line to high.

/WR. Write Strobe (3-state input/output, active low). This
line is used in conjunction with the /RD line for host
processors/buses having this kind of signaling, to indicate
read and write cycles on the bus. Itis an output when the
IUSC has taken control of the bus and is operating in
master mode, otherwise, it is an input that is qualified by
/CS low or /INTACK low. For slave write cycles, the IlUSC
captures data at the rising (trailing) edge of this line. For




PIN DESCRIPTIONS (Continued)

master write cycles, the IUSC places valid data on the AD
lines before it drives this signal to low, and keeps the data
valid until after it drives this line back to-high.

B//W. Byte/Word select (3-state output, High indicates 8-
bit transfer). When the IUSC takes control of the bus and
operates as a master, a high on this line indicates that a
byte is to be transferred, a low indicates that 16 bits are to
be transferred. For slave cycles on a non-multiplexed bus,
the byte/word distinction is taken from bit 6 of the Command/
Address register of the serial controller or DMA controller
as applicable. For slave cycles on a multiplexed bus, the
byte distinction is taken from an AD line at the rising edge
of /AS.

/WAIT//RDY. Wait, Ready, or acknowledge handshaking
(3-state input/output, active Low). Thislineis aninputwhen
the IUSC has taken control of the bus and is operating in
master mode, otherwise, itis activated as an output when
the IUSC detects a cycle with /CS or /INTACK low. In both
directions, the way the line is used depends on the state of
the S//D inputthat the IUSC captured during the initial BCR
write. If S//D was high when the BCR was written, this line
operates as a Wait/Ready line for Zilog and most Intel
processors: the IUSC will not complete a master cycle
while this line is low, and it may assert this Ime low until it
is ready to complete a slave cycle.

1£S//D was low when the BCR was written, this line operates
as an Acknowledge line.for Motorola and some Intel
processors; the IUSC will not complete amaster cycle until
this line is low, and it asserts this line low when itis ready
to complete a slave cycle.

/INT. Interrupt Request (output, active Low). This line is .
driven low by either the serial controller and/or the DMA

controller sections, when one or more interrupt condition(s)
is(are) enabled, pending, and not being serviced by the
hostprocessor. The IUSC can be programmed todrive this
pin either totem-pole or open-drain.

/INTACK. Interrupt Acknowledge (input, active Low). Alow
on this line indicates that the host processor is performing
aninterruptacknowledge cycle. In some systems, alowon
this linemay further indicate that externallogic has selected
this IUSC as the device to be acknowledged, or a potential
device to be acknowledged. The initial write to the BCR
includes selection of whether this line carries a level-
sensitive “status” protocol, or a single-pulse or double-
pulse protocol. Depending on this programming and the
state of the /INT and IEI Ilnes the IUSC will respond in a
variety of ways.

IEL. Interrupt Enable In(input, active High). This signal can
be'used with IEO to form an interrupt-acknowledge daisy-
chain with other devices that may request interrupts. If IEI
is high outside of an interrupt acknowledge cycle, andone
or more IUSC interrupt condition(s) is(are) enabled,
pending, and not being serviced by the host processor,
then the IUSC will request an interrupt by driving /INT low.
If IEl is high during an interrupt acknowledge cycle, and
one or more IUSC interrupt condition(s) is(are) enabled,
pending, and not being serviced by the host processor,
then the IUSC will keep the IEO line low and responds-to
the cycle.

IEO. Interrupt Enable Out (output, active High). This signal
can be used with IEl to form an interrupt-acknowledge
daisy-chain with other devices thatmay request interrupts.
IEO is low whenever IEl is low, and/or whenever an IUSC
interrupt is under service. In addition, during an interrupt
acknowledge cycle, IEO is forced low if the IUSC is (has
been) requesting an interrupt.

/BUSREQ. Bus Request(output, active Low). This signalis
used by the DMA controller section torequest control of the
host bus. It is selected as an-open-drain or totem-pole
output in the initial write to the BCR. If this line is used as
open-drain, the IUSC samples the pin as an input and only
drives it low after it has sampled it high.

/BIN. Bus acknowledge In (input, active Low). When the
IUSC receives a falling edge on this input, it samples
whether it has been driving (or has just begun to drive)
/BUSREQ. If s0, it keeps /BOUT high and takes control of
the host bus. If not, it passes the bus grant by driving
/BOUT to low. This signal can be used with /BOUT to form
a bus-grant daisy chain for arbitration of bus control.
Alternatively, itcan be connected to a direct, positive grant
from an external arbiter, and the /BOUT signal is ignored.

/BOUT. Bus acknowledge Out (output, aclive Low). As
noted above, this signal can be used with /BIN to form a
bus-grant daigy-chain for arbitration of bus control.

/ABORT. Abort master cycle (input, active Low). The IUSC
monitors this input in master mode. A low on this line
indicates that the DMA channel terminates its activity and
enter a disabled state at the end of the current cycle. Note
that - 1) /ABORT is only effective during a DMA cycle, so
that the IUSC knows which channel should be “aborted”,
and 2) external logic sets /WAIT//RDY to the right state for
the cycle to complete, before /ABORT becomes effective.

RxD. Received Data(input, positive logic). The serial mput
data 1o the serial controller section.
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TxD. Transmit Data (output, positive logic). The serial
output data from the serial controller section.

RxC. Receive Clock (input or output). As an input, this
signal is used as a clock signal for any of the functional
blocks within the serial controller section. Or, the IUSC can
be programmed so that this pin is an output carrying any
of several receiver or internal clock signals.

TxC. Transmit Clock (input or output). As an input, this
signal is used as a clock signal for any of the functional
blocks within the serial controller section. Or, the IUSC can
be programmed so that this pin is an output carrying any
of several transmitter or internal clock signals.

/RxREQ. Receive Request (input or output). In device
testing, or in applications not using the serial controller and
DMA controller sections together in the usual way, this pin
carries the low-active request from the receiver FIFO,
which is normally handled by the receive DMA channel.
More typically, it is used as a general-purpose input or
output.

/TxREQ. Transmit Request (input or output). In device
testing, or in applications not using the serial controller and
DMA controller sections together in the usual way, this pin
can carry the low-active request from the transmit FIFO,

which is normally handled by the transmit DMA channel.
More typically, it is used as a general-purpose input or
output.

/DCD. Data Carrier Detect (input or output, active Low).
The IUSC can be programmed so that this signal enables/
disables the receiver. The IUSC can also be programmed
to request interrupts in response to transitions on this line.
The pin is also used as a simple input or output.

/CTS. Clear to Send(input or output, active Low) The lUSC
can be programmed so that this signal enables/disables
the transmitter. The IUSC can also be programmed to
request interrupts in response to transitions on this line.
The pin is also used as a simple input or output.

PORTO-7. Input/output Port (inputs and/or outputs). The
IUSC can be programmed so that these lines are inputs
and/or outputs in any mixture. These lines are used for
additional status and/or control signals for amodem, or for
any other purpose. Transitions on input lines are captured
by internal latches.

Vce, Vss. Power and Ground. The inclusion of seven pins
for each power rail ensures good signal integrity, prevents
transients on outputs, and improves noise margins on
inputs.

FUNCTIONAL DESCRIPTION

The basic structure of the IUSC is shown in Figure 1. The
Bus Interface module stands between the external bus
pins and an on-chip 16-bit data bus that interconnects the
other functional modules. It includes several flexible bus
interfacing options that are controlled by the contents of
the Bus Configuration Register (BCR). The BCR is auto-
matically the destination of the first word written by the host
processor after a Reset; thereatfter, itis no longer acces-
sible to the host software.

The Transmit DMA channel has the task of fetching data to
be transmitted from output buffers in memory on the host
processor’s bus, and delivering this data to the IUSC's
Transmit First-In, First-Out (FIFO) memory. The host soft-
ware can set up the Transmit DMA channel to operate in
any of four major modes. In single-block mode, the chan-
nel transfers one block of consecutive bytes with a pro-
grammable location and length from host memory to the
Transmit FIFO. It then notifies the host processor and
stops. The processor has to reprogram the channel before
it can transfer another block, but in many applications this
is satisfactory because the Transmit FIFO is 32 bytes
deep. In ping-pong mode, there are two sets of buffer
address and length registers' the processor can be pro-

gramming one setwhile the DMA channelis using the other
set. When the channel finishes transferring one block, it
notifies the host processor and automatically switches to
transferring the block described by the other register set
In array-chained mode, the host processor programs the
Transmit DMA channel with the address of a table contain-
ing’ the addresses and lengths of the actual memory
buffers. When the channel finishes transferring the data
from one memory buffer to the Transmit FIFO, it automati-
cally fetches the next buffer address and length from the
table and begins to transfer the data in that buffer. Finally,
in link-chained mode the host programs the channel with
the address of the start of a linked list of buffer addresses
and lengths, wherein each entry also includes the address
of the next entry. Channel operation is similar to array-
chained mode butincludes the extra steps of fetching the
link addresses.

Atany pointin time, the Transmit FIFO canbe emptyorcan
contain from 1 to 32 characters to be transmitted. Charac-
ters written into the FIFO automatically migrate to its other
end, where they become available to the Transmitter.




FUNCTIONAL DESCRIPTION (Continued)

While the host processor canitself write charactersinto the ‘

Transmit FIFO, the best use of the IUSC is to use the
Transmit DMA channel to do so. The host can program the
IUSC sothat the Transmit DMA channel swings into opera-
tion at varying degrees of FIFO emptiness. Selecting this
pointinvolves balancing the probability and consequences
of under running the transmitler against the overhead for
the DMA channel to repeatedly acquire the host bus.

The serial Transmitter takes characters from the Transmit
FIFO and converts them to serial data on the TxD pin. While
this function is conceptually simple, the IUSQ supports a
good number of complex serial protocols, whichincreases
the complexity of the Transmitter dramatically. For ex-
ample, depending on the serial mode selected, the Trans-
mitter may do any of the following in addition to parallel-
serial conversion: start, stop, and/or parity bit generation,
CRC calculation and transmission, automatic generation
of opening and closing flags, encoding the serial data into
any of several formats that guarantee transitions and carry
clocking with the data, and/or hardware flow control based
on the CTS input pin.

Finally, for ISDN and other time-multiplexed applications,
the Transmitter section includes Time Slot Assigner logic
that can be programmed to activate the Transmitter only
periodically and for certain bits within a multiple-sourced,
cyclically time-multiplexed data stream.

In general, the functions of the Receiver section are the
inverse to those of the Transmitter. The receiver monitors
the serial data on the TxD pin, recognizes its organization
according to the programmed serial mode, and converts
the data to parallel characters which it puts into the
Receive FIFO. Once again, there is much more going on
than just serial-parallel conversion - depending on the
serial mode the Receiver may have to: start bit detection
and synchronization, parity and stop bit checking, CRC
calculation and checking, detection of flag, abort and idle
sequences, control character and transparency recogni-
tion, decoding of the serial data and clock extraction from
any of several serial-encoding schemes, and/or disabling/
squelching based on the DCD input pin Based on such
checking, the Receiver generates several status bits asso-
ciated with each character, and writes them into the
Receive FIFO along with the character.

The Receiver section also includes an optional Time Siot
Assigner which is used to activate the rest of the Receiver

for certain bits within a multiple-destination, cyclically
time-multiplexed data stream such as an ISDN link.

The Receive FIFO can hold up to 32 characters and their
associated status bits. As entries are written in by the
receiver, they automatically migrate to the output side
where they become available to either the host processor
or the Receive DMA channel. As for the Transmit FIFO,
there is detection logic for various degrees of fullness; it
controls when the Receive DMA channel is set into opera-
tion and/or when the host processor is interrupted. In
addition to the main Receive FIFO there is a 4-entry Frame
Status FIFO that is used to hold status related to entire
frames rather than to individual characters.

While the host processor can access datadirectly from the
Receive FIFO, the IUSC is used to best advantage when
the Receive DMA section is programmed to transfer the
received data into buffer areas in memory on the host
processor's bus. As described for the transmit side, the
Receive DMA channel can be programmed to operale in
single-buffermode, ping-pong mode, array-chained mode,

or link-chained mode.

The Serial Clocking Logic section makes up the clocking
signals for both the Transmitter and Receiver It can be
programmed to do this based on two internal Baud Rate
Generators or on external clocks. It includes a Digital
Phase-Locked Loop that can recover clocking from an
encoded serial stream on RxD.

The Interrupt Control section gathers the various request
lines from the Transmitter, Receiver, and the DMA chan-
nels, and handles the details of requesting host interrupts
and responding to hostinterrupt-acknowledge cycles or to
software equivalents. Interrupt operation is affected by
both the initial write to the Bus Configuration Register
(BCR)and by severalregistersin the Receiver, Transmitter,
and DMA Channels.

In addition to the Clear to Send (CTS) and Carrier Detect
(DCD) inputs, which are handled by the Transmitter and
Receiver, respectively, the 1/O port section provides eight
pins that can be used for additional modem control lines or
any other purpose. Each pin can be individually controlled
as an input or output, and some of them have optional
dedicated functions. :
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PRODUCT SPECIFICATION

216C33

CMOS MUSC
MONO-UNIVERSALSERIALCONTROLLER

FEATURES

m 0 to 10 Mbit/sec, full-duplex channel, with two baud
rate generators and a digital phase-locked loop for
clock recovery.

m 32-byte data FIFO's for receiver and transmitter
m 12.5 MByte/sec (16 bit) data bus bandwidth

m  Multi-protocol operation under program control with
independent mode selection for receiver and
transmitter.

| Async mode with one to eight bits/character, 1/16t0 2
stop bits/character in 1/16 bit increments;
programmable clock factor; break detect and
generation; odd, even, mark, space or no parity and
framing error detection. Supports one Address/Data
bit and MIL STD 1553B protocols.

m Byte oriented synchronous mode with one to eight

bits/character; programmable idle line condition;

optional receive sync stripping; optional preamble
transmission; 16- or 32-bit CRC and transmit-to-receive
slaving (for X.21).

B Bisync mode with 2- to 16-bit programmable sync
character; programmable idle line condition; optional
receive sync stripping; optional preamble transmission;
16- or-32 bit CRC.

B External character sync mode for receive

\

m Transparent Bisync mode with EBCDIC or ASCII
character code; automatic CRC handling;
programmabile idle line condition; optional preamble
transmission; automatic recognition of DLE, SYN, SOH,
ITX, ETX, ETB, EOT, ENQ and ITB.

m  HDLC/SDLC mode with eight bit address compare;
extended address field option; 16- or 32-bit CRC;
programmable idle line condition; optional preamble
transmission and loop mode.

®  DMAinterface with separate requestand acknowledge
for the receiver and transmitter

m Channel load command for DMA controllied
initialization

B Flexible bus interface for direct connection to most
microprocessors; user programmable for 8 or 16 bits
wide. Directly supports 680X0 family or 8X86 family
bus interfaces.

m| ISDN time slot assigner

B 8-bit general purpose port with transition detection

| Low power CMOS

m  68-pin PLCC package

GENERAL DESCRIPTION

The MUSC (Mono - Universal Serial Controller) is a single-
channel multi-protocol data communications peripheral
designed foruse with any conventional multiplexed or non-
multiplexed bus. The MUSC functions as aserial-to-parallel,
parallel-to-serial converter/controller and is software con-
figured to satisfy a wide variety of serial communications
applications. The device contains a variety of new, so-
phisticated internal functions including two baud rate

generators, adigital phase-locked loop, character counters
for both receive and transmit, and 32-byte data FIFQO's for
both the receiver and transmitter.

The MUSC handles asynchronous formats, synchronous
byte-oriented formats (e.g. BISYNC), and synchronous
bit-oriented formats like HDLC. This device supports vir-
tually any serial data transfer application.




GENERAL DESCRIPTION (Continued)

The device can generate and check CRC in any syn-
chronous mode and is programmed to check data integrity
in various modes. The MUSC also has facilities for modem
controls. In applications where these controls. are not
needed, the modem controls are used for general-purpose
I/O. The same is true for most of the other pins.

Interrupts are supborted by a daisy-chain hierarchy with
the serial channel. There are no interrupts associated with
the 8-bit Port.

High-speed data transfers via DMA are supported by a
Request/Acknowledge signal pair for both receiver and
transmitter. The device supports automatic status transfer
via DMA and allows device initialization under DMA
control.

Support tools are available to aid the designer in efficiently
programming the MUSC. The Technical Manual describes
in detail all features presented in this Product Specification
and gives programming sequence hints. The Programmer’s
Assistant is an MS-DOS, disk-based programming initial-
ization tool, used in conjunction with the Technical Manual.
Also, there are assorted application notes and development
boards to assist the designer in hardware/soltware
development. .

Note: All Signals with a preceding front slash, °/", are active
Low, e.g.: B/W (WORD is active Low); /B/W (BYTE is
active Low, only); /N//S (NORMAL and SYSTEM are both
active Low).
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Figure 1. MUSC Block Diagram
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PIN DESCRIPTION

The device contains 13 piné for channel 1/O, 16 pins for
address and data, 12 pins for CPU handshake, 8 pins for
the I/O Port, and 14 pins for power and ground.

Three separate bus interface types are available for the
device: The Bus Configuration Register (BCR), the exter-
nal connection of the Protocol Select(PS) pin, and external
connections to the AD bus control selection of the
bus type.

A 16-bit bus is selected by setting BCR bit2to a 1.

The 8-bit bus'is selected by setting BCR bit 2 to zero and
tying AD15 - AD8 to VSS. '

The 8-bit bus with separate address is selected by setting
BCR bit 2 to zero and, during the BCR write, forcing AD15
to a 1 and forcing AD14-ADS8 to zero.

The multiplexed bus is selected for the MUSC 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-multiplexed bus is
selected (See Figure 6).




PIN ASSIGNMENTS

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

/AS. Address Strobe (input, active Low). This signal is
used in the multiplexed bus modes to latch the address on
the AD lines. The /AS signal is not used in the non-
muttiplexed bus modes and is tied to VDD in these cases.

/DS. Data Strobe (input, active Low). This signal strobes
data out of the device during a read and strobes an
interrupt vector out of the device during an interrupt
acknowledge cycle. /DS also strobes data into the device
depending on the state of R//W.

/RD. Read Strobe (input, active Low). This signal strobes
data out of the device during a read and strobes an
interrupt vector out of the device during an interrupt
acknowledge cycle.

MWR. Write Strobe (input, active Low). This signal strobes
data into the device during a write.

R//W. Read/Write (input). This signal determines the
direction of data transfer for a read or write cycle in
conjunction with /DS

/CS. Chip Select(input, active Low). This signal selects the
device for access and is asserted for read and write
cycles, but is ignored during interrupt acknowledge and
fly-by DMA transfers. In the case of a multiplexed bus
interface, /CS is latched by the rising edge of /AS.

PS. Protocol Select (input, active High). This input is
sampled and stored during the BCR (Bus Configuration
: Register) write It selects the sense of the /WAIT//RDY
* signal appropriate for different bus interfaces. With PS
High, /WAIT//RDY functions as a /WAIT signal and with PS
Low, /WAIT//RDY functions as a /READY signal This se-
lection applies to all bus transactions.

D//C. Data/Control Select (input) This signal, when High,
provides for directaccess tothe RDR and TDR. In the case
of a multiplexed bus interface, D//C High overrides the
address provided to the device.

/SITACK. Status Interrupt Acknowledge (input, active Low).
This signal is a status signal indicating that an interrupt
acknowledge cycle is in progress. The device is capable
of returning an interrupt vector that is encoded with the
type of interrupt pending during this acknowledge cycle.

/PITACK. Pulsed Interrupt Acknowledge(input, active Low)
This is a strobe signal indicating that an interrupt ac-
knowledge cycle is in progress. The device is capable of
returning an interrupt vector that is encoded with the type
of interrupt pending during this acknowledge cycle.
/PITACK is programmed to accept either single pulse or
double pulse acknowledges. This programming is per-
formed in the BCR. The double pulse acknowledge is
compatible with 8X86 family microprocessors.

/WAIT//RDY. Wait/Data Ready (output, active Low). This
signal serves toindicate 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. It is programmed
to function either as a Wait signal or a Ready signal using
the state of the PS pin during the BCR write. When PS is
High during the BCR write, this signal functions as a wait
output and supports the READY function of 8X86 family
microprocessors. When PSis Low during the BCR write, it
functions as a ready output and supports the DTACK
function of 680X0 family microprocessors.

AD15-AD0. Address/Data Bus (bidirectional, active High,
3-state). The AD signals carry addresses to, and data to
and from, the device. When the 16 bit non-multiplexed bus
is selected, AD15-0 carries data to and from the device.
Addresses are provided using a pointer within the device
thatis loaded with the desired register address. When the
8-bit non-multiplexed bus, without separate address, is
selected only AD7-0is used to transfer data. The pointer is
used for addressing, and AD15-8 is unused. When the
8-bit non-multiplexed bus with separate addressis selected
AD7-0is used to transfer data, while AD15-8is used as an
address bus. When the 16 bit multiplexed bus is selected,
addresses are latched from AD7-0 and data transfers are
sixleen bits wide. When the 8-bit mulliplexed bus without
separate addressis selected only AD7-0is used to transfer
addresses and data, and AD15-8 is unused When the
8-bit multiplexed bus with separate address is selected
only AD7-0 is used to transfer data, while AD15-8 is used
as an address bus.

The non-multiplexed, 16-bit bus interface mode directly
supports 680X0 family microprocessors and the multi-
plexed, 16-bit bus interface mode directly supports the
8X86 family microprocessors. The multiplexed, 8-bit bus
interface mode without separate address supports the
8088 family microprocessors.




PIN ASSIGNMENTS (Continued)

/INT. Interrupt Request(output, active Low). Indicates that
the channel has an interrupt condition pending and is
requesting service. This output is NOT open-drain.

|EL. Interrupt Enable In (input, active High). The IEI signal
is used with the accompanying IEO signal to form an
interruptdaisy chain. An active |IEl indicates thatno device
having higher priority is requesting or servicing aninterrupt.

IEQ. Interrupt Enable Out (output, active High). The IEO
signal is used with the accompanying |El signal to form an
interrupt daisy chain. IEO is Low if IEl is Low, an interrupt
is under service in the channel, or an interrupt is pending
during an interrupt acknowledge cycle.

/TxACK. Transmit-Acknowledge (input or output, active
Low). The primary function of this signal is to perform
fly-by DMA transfers to the transmit FIFO. It alsois used as
bit input or output.

/RxACK. Receive Acknowledge (input or oulput, active
Low). The primary function of this signal is to perform
fly-by DMA transfers from the receive FIFO. It also is used
as bit input or output.

TxD. Transmit Data (output, active High, 3-state). TxD
carries the serial transmit data for the channel.

RxD. Receive Data (input, active High). RxD carries the
serial receive data for the channel.

[TxC. Transmit Clock (input or output, active Low). This
signalmay be used as a clock input for any of the functional

blocks within the device. It also is used as an output for
various transmitter signals or internal clock signals.

/RxC. Receive Clock (input or output, active Low). This
signal is used as a clock input for any of the functional
blocks within the device. It also is used as an output for
various receiver signals or inlernal clock signals.

/MxREQ. Transmit Request (input or output, active Low).
The primary function of this signal is to request DMA
transfers to the transmit FIFO. It also is used as a simple
input or output.

/RxREQ.-Receive Request (input or output, aclive Low).
The primary function of this signal is to request DMA
transfers from the receive FIFO. It also is used as a simple
input or output.

/CTS. Clear To Send (input or output, active Low) /CTSis
used as an enable for the transmitter Italsois programmed
to generate interrupt on either transition or used as a
simple input or output.

/DCD. Data Carrier Detect (input or output, active Low).
This signal is used as an enable for the receiver. It also is
programmed to generate aninterrupt on either transition or
used as a simple input or output.

PORT7 - PORTO. Port Signals (inputs or outputs, active
High). These pins are general purpose 1/O pins. They are
used as additional MODEM control lines or for other 1/0
functions. When used as inputs, the ports capture transi-
tions on these pins.

ARCHITECTURE

The MUSC internal structure includes a full-duplex serial
channel with' two baud rate generators, a digital phase-
locked loop for clock recovery, transmit and receive
character counters and a full-duplex DMA interface. The
businterface is designed to provide easy interface tomost
microprocessors, whether they employ a multiplexed,

non-multiplexed, 8-bit or 16-bit bus structure The channel
is controlled by a setof thirty-two 16-bitregisters, aimostall
of which are readable and writable. There is one additional
16-bit register in the bus interface used to configure the
nature of the bus interface. The BCR functions are shown
in Figure 4.
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DATA PATH

Both the transmitter and the receiver in the channel are
actually microcoded serial processors. As the data shifts
through the transmit or receive shiftregister, the microcode
watches for specific bit patterns, counts bits, and at the

appropriate time transfers data to or from the FIFOs. The
microcode checks status and generates status interrupts
as appropriate.

FUNCTIONAL DESCRIPTION

The functional capabilities of the MUSC are described
from two different points of view: as adata communications
device, it transmits and receives data in a wide variety of
data communications protocols; as a microprocessor
peripheral, the MUSC offers such features as read/write
registers, a flexible bus interface, DMA interface support,
vectored interrupts, and an eight-bit I/O port.

Data Communications Capabilities

The MUSC provides a full-duplex channel programmable
for use in any common data communication protocol. The
receiver and transmitter modes are completely indepen-
dent. The receiver and transmitter are each supported by
a32-bytedeep FIFO and a 16-bitmessage length counter.
All modes allow optional even, odd, mark or space parity.
Synchronous modes allow the choice of two 16-bit or one
32-bit CRC polynomial. Selection of from one to eight bits

“ per character is available in both receiver and transmitter

independently. Error and status conditions are carried with
the datainthe receive and transmit FIFOs to greatly reduce
the CPU overhead required to send or receive a message.
Specific, appropriately timed interrupts are available to

_signal such conditions as* overrun, parity error, framing

error, end-of-frame, idle line received, sync acquired,
transmit underrun, CRC sent, closing sync/ilag sent, abort
sent, idle line sent and preamble sent In addition, several
useful internal signals like receive FIFO load, received
sync, transmit FIFO read and transmission complete are
sent to pins for use by external circuitry.

Asynchronous Mode. The receiver and transmitter handle
data at a rate of 1/16,'1/32, or 1/64 the clock rate. The
receiver rejects start bits less than one-half a bit time and
will not erroneously assemble characters following a framing
error. The transmitter is capable of sending one, two, or
anywhere in the range of 1/16th to two stop bits per
character in 1/16 bit increments.

External Sync Mode. The receiver is synchronized to the
receive data stream by an externally-supplied signal on a
pin for custom protocol applications.

Isochronous Mode. Both transmitter and receiver may
operate on start-stop (async) data using a 1x clock. The
transmitter sends one or two stop bits.




FUNCTIONAL DESCRIPTION (Continued)

Asynchronous With Code Violations. This is similar to Iso-
chronous mode except that the start bit is replaced by a
three bit-time code violation pattern as in MIL-STD 1553B.
The transmitter sends zero, one or two stop bits.

Monosync Mode. In this mode, a single character is used
for synchronization. The sync character can be either
eight bits long with an arbitrary data character iength or
programmed to match the data character length. The
receiver is capable of automatically stripping sync, char-
acters from the received data stream. The transmitter is
programmed to automatically send CRC on either an
underrun or at the end of a programmed message length.

Bisync Mode. This mode is identical to monosync mode
except that character synchronization requires two suc-
cessive characters for synchronization. The two characters
need not be identical.

HDLC Mode. In this mode, the receiver recognizes flags,
performs optional address matching, accommodates ex-
tended address fields, 8- or 16-bitcontrolfields and logical
control fields, performs zero deletion and CRC checking.
The receiver is capable of receiving shared-zero flags,
recognizes the abort sequence and can receive arbitrary
length messages. The transmitter automatically sends
opening and closing flags, performs zero insertion and is
programmed to send an abort, an extended abort, a flag
or CRC and a flag on transmit underrun. The transmitter
automatically sends the closing flag with optional CRC at
the end of a programmed message length. Shared-zero
flags are selectedinthe transmitter and a separate character
length is programmed for the last character in the frame.

Bisync Transparent Mode. In this mode, the synchroniza-
tion pattern is DLE-SYN, programmable selected from
either ASCIl or EBCDIC encoding. The receiver recognizes
control character sequences and automatically handles
CRC calculations without CPU intervention. The transmit-
ter is programmed to send either SYN, DLE-SYN, CRC-
SYN, or CRC-DLE-SYN upon underrun and automatically
sends the closing DLE-SYN with optional CRC at the end
of a programmed message length.

NBIP Mode. This mode is identical to async except thatthe
receiver checks for the status of an additional address/
data bit between the parity bit and the stop bit. The value
of this bitis FIFO’ed along with the data. In the transmitter,
this bit is automatically inserted with the value that is
FIFO’ed from the transmit data.

802.3 Mode. This mode implements the data format of
IEEE 802.3 with 16-bit address compare. In this mode,

/DCD and /CTS are used to implement the carrier sense
and collision detect interactions with the receiver and
transmitter. .

Slaved Monosync Mode. This mode is available only in the
transmitter and allows the transmitter (operating just as
though it were in monosync mode) to send data that is
byte-synchronous to the data being received by the
receiver.

HDLC Loop Mode. This mode is available only in the
transmitter and allows the MUSC to be used in an HDLC
loop configuration. Inthismode, the receiveris programmed
to operate in HDLC mode to allow the transmitter to echo
received messages. Upon receipt of a particular bit pat-
tern (actually a sequence . of seven consecutive ones) the
transmitter breaks the loop and inserts its own frame(s).

Data Encoding

The MUSC is programmed to encode and decode the
serial data in any of eight different ways (Figure 5). The
transmitter encoding method is selected independently of
the receiver decoding method.

NRZ. In NRZ, a 1 is represented by a High level for the
duration of the bitcell and a Ois represented by a Low level
for the duration of the bit cell.

NRZB. NRZB is inverted from NRZ.

NRZI-Mark. in NRZI-Mark, a 1 is represented by a transi-
tionatthe beginningof abitcell, i.e., the level presentin the
preceding bit cell is reversed. A O is represented by the
absence of a transition at the beginning of the bit cell.

NRZI-Space. In NRZI-Space, a 1 is represented by the
absence of atransition atthe beginning of abitcell; i.e., the
level present in the preceding bit cell is maintained. AQ is
represented by a transition at the beginning of the bit cell.

Biphase-Mark. In'Biphase-Mark, a 1 is represented by a
transition at the beginning of. the bit cell and another
transition at the center of the bit cell. A Ois represented by
a transition at the beginning of the bit cell only.

Biphase-Space. In Biphase-Space, a 1 is represented by
a transition at the beginning of the bit cell only. A 0 is.
represented by a transition at the beginning of the bit cell
and another transition at the center of the bit cell.
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Data

NRZ

NRZB

7N

NRZI-M
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N
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NRZI-S

BI-PHASE-M
) | |
BIPHASE-S ! !

BIPHASE-L

DIFFERENTIAL | e X
BIPHASE-L X

Figure 5. Data Encoding

Biphase-Level. In Biphase-Level, a 1 is represented by a
High during the first half of the bit cell and a Low during the
second half of the bit cell. A O is represented by a Low
during the first half of the bit cell and a High during the
second half of the bit cell.

Differential Biphase-Level. In Differential Biphase-Level, a
1is represented by a transition at the center of the bit cell,
with the opposite polarity from the transition at the center
of the preceding bit cell. A Qis represented by a transition
at the center of the bit cell with the same polarity as the
transition at the center of the preceding bit cell. In both
cases, there are transitions at the beginning of the bit cell
to set up the level required to make the correct center
transition.

Character Counters

The MUSC contains a 16-bit character counter for both the
receiver and transmitter. The receive character counter
may be preset either under software control or automati-
cally at the beginning of a receive message. The counter
decrements with each receive character and at the end of
the receive message the current value in the counter is
automatically loaded into a four-deep FIFO. This allows
DMA transfer of data to proceed without CPU intervention
atthe end of areceived message, as the values in the FIFO
allowthe CPU to determine message boundaries inmemory.
Similarly, the transmit character counter is loaded either

under software control or automatically at the beginning of
a transmit message. The counter is decremented with
each write to the transmit FIFO. When the counter has
decremented to zero, and that byte is sent, the transmitter
automatically terminates the message in the appropriate
fashion (usually CRC and the closing flag or sync charac-
ter) without requiring CPU intervention.

Baud Rate Generators

The MUSC contains two baud rate generators. Each
generator consists of a 16-bit time constant register and a
16-bitdown counter. In operation, the counter decrements
with each baud rate generator clock, and the time constant
is automatically reloaded when the count reaches zero.
The output of the baud rate generator toggles when the
counter reaches a count of one-half of the time constant
and again when the counter reaches zero. A new time
constant is written at any time but the new value does not
take effect until the next load of the counter. The outputs of
both baud rate generators are sent to the clock multiplexer
for use internally or externally. The baud rate generator
output frequency is related to the baud rate generator
input clock frequency by the following formula:

Output frequency = Input frequency/(time constant + 1).

Note: This allows an output frequency in the range of 1 to
1/65536 of the input frequency, inclusive.




Digital Phase-Locked Loop

The MUSC contains a digital phase-locked loop (DPLL) to
recover clock information from a data stream with NRZI or
Biphase encoding. The DPLL is driven by a clock that is
nominally 8, 16 or 32 times the receive datarate. The DPLL
uses this clock, along with the data stream, to construct a
clock for the data. This clock is routed to the receiver,
transmitter, or both, or to a pin for use externally. In all
modes, the DPLL counts the input clock to create nominal
bit times. As the clock is counted, the DPLL watches the
incoming data stream for transitions. Whenever atransition
is detected, the DPLL makes a count adjustment (during
the next counting cycle), to produce an output clock which
tracks the incoming bit.cells. The DPLL provides properly
phased transmitand receive clocks to the clock multiplexer.

Counters

The MUSC contains two 5-bit counters, which may be
programmed to divide an input clock by 4, 8, 16 or 32. The

" inputs of these two counters are sent to the clock multi-

plexer. The counters are used as prescalers for the baud
rate generators. They also provide a stable transmit clock
from a common source when the DPLL is providing the

* receive clock.

Clock Multiplexer

The clock multiplexer selects the clock source for the
various blocks in the channel, as well as selecting an
internal clock signal to potentially be sent to either the /RxC
or [TxC pin. ’ ’

Test Modes

The MUSC is programmed for local loopback or auto echo
operation Inlocal loopback, the output of the transmitter
is internally routed to the input of the receiver. This allows
testing of the MUSC data paths without any external logic.
Auto echo connects the RxD pin directly 1o the TxD pin.
This is useful for testing serial links external to the MUSC.

/0O INTERFACE CAPABILITIES

The MUSC offers the choice of polling, interrupt (vectored
or non-vectored) and block transfer modes to transfer
data, stalus and control information to and from the CPU.

Polling

All interrupts are disabled. The registers in the MUSC are
automatically updated to reflect current status. The CPU
polls the Daisy Chain Control Register (DCCR) to determine
status changes and then reads the appropriate status
register to find and respond to the change in status. MUSC
status bits are grouped according to function to simplify
this software action.

Interrupt

When a MUSC responds to an interrupt acknowledge from
the CPU, an interrupt vector may be placed on the data
bus. This vector is held in the Interrupt Vector Register
(IVR) Tospeed interruptresponsetime, the MUSC modifies
three bits in this vector to indicate which type of interrupt
is being requested.

Each of the six sources of interrupts in the MUSC (Receive-

Status, Receive Data, Transmit Status, Transmit Data, 1/O
Status and Device Status) has three bits associated with
theinterrupt source: Interrupt Pending (IP), Interrupt-Under-
Service (IUS) and Interrupt Enable (IE). If the IE bit for a
given source is set, then that source requests interrupts.
‘Note thatindividual sources within the six groups also have

interrupt enable bits which are separately enabled. There
is a Master Interrupt Enable (MIE) bit which globally
enables or disables interrupts within the serial channel.

The other two bits are related to the interrupt priority chain.
The MUSC requests an interrupt only when no higher

‘priority interrupt source is requesting one, e.g., when |El is

High for the channel. In this case the channel activates the
/INT signal. The CPU then responds with an interrupt
acknowledge cycle, and the device places a vector on the
data bus.

In the MUSC, the IP bit signals that an interrupt request is
being serviced. If an IUS is set, all interrupt sources of

lower priority within the channel and external to the channel

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 IEO output of the channel being pulled Low and
propagated to subsequent peripherals. An IUS bit is set
during an interrupt acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are six sources of interrupt in the following priority.
Receive Status, Receive Data, Transmit Status, Transmit
Dala, I/O Status and Device Status. There are six sources
of Receive Status interrupt. Eachoneisindividually enabled-
receiver exited hunt, received idle line, received break/
abort, received code violation/end-of-transmission/end-
of-frame, parity error and overrun error The Receive Data




interrupt is generated whenever the receive FIFO fills with
data beyond the level programmed in the Receive Inter-
rupt Control Register (RICR). There are six sources of
Transmit Status interrupt. Each one is individually enabled:
preamble sent, idle line sent, abort sent, end-of-frame/
end-of-transmission sent, CRC sent and underrun error.
The Transmit Data interrupt is generated whenever the
transmit FIFO empties below the level programmed in the
Transmit Interrupt Control Register (TICR). The I/O Status
interrupt serves to report transitions on any of six pins.
Interrupts are generated on either or both edges with
individual selection and enables for each pin. The pins that
are programmed to generate 1/O Status interrupts are
/RxC, /TxC, /RxREQ, /TxREQ, /DCD and /CTS. These
interrupts are independent of the programmed function of
the pins. The Device Status interrupt has four individually
enabled sources: receive character count FIFO overflow,
DPLL sync acquired, BRG1 zero count and BRGO
zero count.

Block Transfer Mode

The MUSC accommodates block transfers via DMA through
the /RXREQ, /TxREQ, /RXACK and /TXACK pins. The
/RXREQ signalis activated when the fill level of the receive
FIFO exceeds the value programmed in the RICR. The
DMA responds with either a normal bus transaction or by
activating the /RXACK pin to read the data directly (fly-by
transfer). The /TXREQ signal is activated when the empty
level of the transmit FIFO falls below the value programmed
in the TICR. The DMA responds either with a normal bus
transaction or by activating the /TxACK pin to write the data
directly (fly-by transfer). The /RXACK and /TXACK pin
functions for this mode are controlled by the Hardware
Configuration Register (HCR) When using the /RxACK
and /TxACK pins to transfer data, no chip select is nec-
essary; these are dedicated strobes for the
appropriate FIFO.

Time Slot Assigner

The MUSC is equipped with two time slot assigners to
support ISDN communications. There is one assigner for
the receiver and one assigner for the transmitter and the
assigners function independently. The time slot assigner

selects one or more time slots within a frame, however, all
selected time slots must be contiguous. The first selected
time slot is programmable from slot O (the first slot) to slot
127 of the frame. The total number of concatenated slots
is programmable from 1 to 15 (total slots).

The time of the slot is offset an integral number of clocks.
This offset is a delay and is programmable from
0 (no offset) to 7 clocks in increments of one clock (one bit
cell). This offset is used to compensate for delays in frame
sync detection logic.

I/O Port

The Port pins are general purpose |/O pins. They are used
as additional MODEM control lines or other 1/O functions.
Each port bit is’individually programmable for the three-
state mode, output a logic 0, or output a logic 1 This
programming is done in the Port Control Register. When
programmed to be three-stated, the ports are used as
inputs. Whether used as inputs or outputs, the port pins
can be read at any time.

The port pins capture edge transition’s input to the port.
This programming for the capture is done using the Port
Latched/Unlatch command bitsinthe Port Status Register.
Each portbitis individually controlled. The Latched/Unlatch
bitis used as a status signal toindicate that a transition has
occurred on the port pin and as a command to open the
latches that capture this transition Both rising edge and
falling edge transitions are delected. When a transition is
detected, the latch closes holding the post transition state
of the input.

The Latched/Unlatch bit is held at O if no transitions occur
on the port pin; this bit is set to a 1 when a rising edge or
falling edge transition is detected, or immediately after the
latch is opened if one or more transitions occurred while
the latch was closed. Writing a 0 to the Latched/Unlatch bit
has no effect on the latch. Writing a 1 to this bit resets the
status bit and opens the latch. To use the port as an input
withoutedge detection, a 1 would be written to the Latched/
Unlatch bit to open the latch and then the Port Status
Register would be read to obtain the current pin
input status.




PROGRAMMING

The Programmer’s Assistant (MS DOS based) and Tech-
nical Manual are available to provide details about pro-
gramming the MUSC. Alsoincluded are explanations and
features of all registers in the MUSC.

The registers in the MUSC must be programmed by the
system to configure the channel. Before this canoccur, the
system must program the bus interface by writing to the
Bus Configuration Register (BCR). The BCR has no spe-
cific address and is only accessible immediately after a
hardware reset of the device. The first write to the MUSC,
after a hardware reset, programs the BCR. From that time
on the normal channel registers may be accessed. No
specific address need be presented to the MUSC for the
BCR write; the MUSC knows that the first write after a
hardware reset is destined for the BCR.

In the multiplexed bus case, all registers are directly
addressable via the address latched by /AS at the begin-
ning of a bus transaction. The address may be decoded
from either AD6-ADO or AD7-AD1. This is controlled by the
Shift Right/Shift Left bit in the BCR. The address maps for
these two cases is shown in Table 1. The D//C pin is still
used to directly access the receive and send data regis-
ters (RDR and TDRY) in the multiplexed bus; if D//C is High,
the address latched by /AS is ignored and an access of
RDR or TDR is performed

Table 1. Multiplexed Bus Address Assignments

Address Signal Shift Left  Shift Right
Byte//Word Access AD7 AD6
Address 4 AD6 AD5
Address 3 AD5 AD4
Address 2 AD4 AD3
Address 1 AD3 AD2
Address 0 AD2 AD1
Upper//Lower Byte Select - AD1 ADO

In the non-multiplexed bus case, the channel registers are
accessed indirectly using the address pointer in the Chan-
nel Command/Address Register (CCAR). The address of
the desired register s first written to the CCAR and then the
selected register is accessed; the pointer in the CCAR is
automatically cleared after this access. The RDR and TDR
are still accessed directly using the D//C pin, without
disturbing the contents of the pointer in the CCAR.

There are two important things to note about the MUSC
First, the Channel Resetbitin the CCAR places the channel
in the reset state. To exit this reset state either a word of all
zeros is written to the CCAR (16-bit bus) or a byte of all
zeros is written to the lower byte of the CCAR (8-bit bus)
The second thing tonote is that after reset, the transmit and
receive clocks are not connected. The first thing that
should be done in any initializalion sequence is a write to
the Clock Mode Control Register (CMCR) to select a clock
source for the receiver and transmitter.

The register addressing is shown in Table 2 and the bit
assignments for the registers are shown in Figure 6.




Reset

Any Transaction
Up To and Inclading No /AS §  AtleastOno/as
i
Non- -
Muttiplexed Multéplexed
us
BCR Bus
Write
Transaction I |
BCR[2]=0 | BCR[2]=0 | BCR[2]=1 BCR[2]=0 | BCR[2]=0 | BCR[2]=1
BCR[15}=1 | BCR[15]=0 BCR[15]=1 | BCR[15}=0
8-Bit With 8-Bit Without . 8-Bit With 8-Bit Without L
Separate Separate 16-Bit Separate Separate 16-Bit
Address Address Address Address

Note:

The p of one with an /AS active, between reset up to

and including the BCR write, chooses a multiplexed type of bus.

Figure 6. BCR Reset Sequence and Bit Assignments
Table 2. Register Address List

Address Address
Ad4-AD A4-AD
00000 CCAR Channel Command/Address Register 10001  RMR Receive Mode Register
00001 CMR  Channel Mode Register ) 10010 RCSR Receive Command/Status Registef
00010 CCSR Channel Command/Status Register 10011 RICR  Receive Interrupt Control Regisler
00011 CCR Channel Control Register 10100 RSR Receive Sync Register
00100 PSR Port Status Register 10101  RCLR  Receive Count Limit Register
00101 PCR  Port Control Register 10110  RCCR Receive Character Count Register
00110 TMDR Test Mode Data Register 10111 TCOR  Time Constant O Register
00111 TMCR Test Mode Control Register 1X000 TDR Transmit Data Register (Write Only)
01000 CMCR Clock Mode Control Register 11001 TMR Transmit Mode Register
01001  HCR Hardware Configuration Register 11010 TCSR Transmit Command/Status Register
01010 IVR Interrupt-Vector Register 11011 TICR  Transmit Interrupt Control Register
01011 I0CR  1/O Control Register 11100 TSR Transmit Sync Register
01100 ICR Interrupt Control Register 11101 TCLR  Transmit Count Limit Register
01101  DCCR Daisy-Chain Control Register 11110  TCCR Transmit Character Count Register
01110 MISR  Misc Interrupt Status Register 11111 TC1R  Time Constant 1 Register
01111 SICR  Status Interrupt Control Register
1X000 RDR Receive Data Register (Read Only) XXXXX BCR Bus Configuration Register




Address: 00000
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|— Upper//Lower Byte Select (W0)
_ Address 0 (WO)
Address 1 (W0)
Address 2 (W0)
Address 3 (WO)

Address 4 (W0)

Byte//Word Access (WO0)

Normal Operation
Auto Echo

“aco
)

DMA Continue (WO)

Mode

Extemmal Local Loopback Control
Internal Local Loopback

Null Command

Reserved

Reset Highest IUS

Reserved

Trigger Channel Load DMA
Trigger Rx DMA

Trigger Tx DMA

Trigger Rx & Tx DMA
Reserved

Rx FIFO Purge

Tx FIFO Purge

Rx & Tx FIFO Purge
Reserved )
Reload Rx Character Count
Reload Tx Character Count
Reload Rx & Tx Character Count
Reserved

Load TCO

Load TC1

Load TCO & TC1

Select Serial Data L.SB First *
Select Serial Data MSB First
Select Straight Memory Data *
Select Swapped Memory Data
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

J

Channel Reset

Channel
Command

(Wo)

* Selected
Upon Reset

Figure 7. Channel Command/Address Register




Address: 00001

IDlSlD14ID13ID12ID11ID10I 09le I D7 I DGI DSI Dd] D3 I MI D1 IDOI

0 0 0 0 Asynchronous
0 0 0 1 Extemal Synchronous
0 0 1 0 Isochronous
0 0 1 1 Asynchronous with CV
0 1 0 0 Monosync
0 1 0 1 Bisync
0 1 1 0 HDLC
0 1 1 1 Transparent Bisync Receiver
1 0 0 0 NBIP Mode
1 0 0 1 8023
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Reserved
1 1 0 1 Reserved
1 1 1 0 Reserved
1 1 1 1 Resered J
Rx Submode 0
Rx Submode 1
Rx Submode 2
Rx Submode 3
0 0 0 0 Asynchronous \
0 0 0 1 Reserved
0 0 1 0 |Isochronous
0 0 1 1 Asynchronous withCV -
0 1 0 0 Monosync
0 1 0 1 Bisync
0 1 1 0 HDLC
0 1 1 1 Transparent Bisync Transmitter
1 0 0 0 NBP Mode
i 0 0 1 8023
1 0 1 0 Reserved
1 0 1 1 Reserved
1 1 0 0 Slaved Monosync
1 1 0 1 Reserved
1 1 1 0 HDLC Loop
1 1 1 1 Reserved
Tx Submode 0
Tx Submode 1
Tx Submode 2
Tx Submode 3

Figure 8. Channel Mode Register




Address: 00001

o[ ]

lD15ID14ID13ID12ID11ID10| DQI D8 I D7 l Dé I D5 l D4 I

0o 0 0 o Asyndlmnous}Receeivef

Mod

0 0 16X DataRate

0 1 32XDataRate Rx Clock

1 0 64X DataRate Rate

1 1 Reserved
Reserved
Reserved

0 0 16X Data Rate

0 1 32XDataRate Tx Clock

1 0 64XDataRate [ Rate

1 1 Reserved
0 0 One Stop Bit
0 1 Two Stop Bits Tx Stop
1 0 One Stop Bit, Shaved Bits
1 1 Two Stop Bits, Shaved

Figure 9. Channel Mode Register,
Address: 00001

Transmitter
o 0 0 o Asynd1romus} Mode

Asynchronous Mode

ID15|D14ID13|D12]D11ID10I D9 I D8 | D7 I DSI Dsl D4

| o[ e[ or o]

)

Receiver
0 0 0 1 Extemal Sync } Mode

Reserved

0 0 0 1 Reserved } Trasmitter

Reserved

Figure 10. Channel Mode Register, External Sync Mode *
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Address: 00001
ID15|D14ID13|D12|D11|D10I D9 I D8 I D7 l D6 | D5 I D4 I D3 I D2 I D1 I Do I

Receiver
o 0 1 o0 Isocl'mms} Mode
Reserved
' Transmitter
o 0o {1 o Isodwnous} Mode
Reserved
Tx Two Stop Bits
Reserved
Figure 11. Channel Mode Register, Isochronous Mode
Address: 00001 .
[oreore]oore]or]oro] oo [ os [ o7 [ oe [ s | o4 [ 05 [ 02 | o7 [ ]
. Receiver
) o o 1 1 Asynchronousmthcv} Mode
Rx Extended Word
Reserved
Transmitter
0o 0 1 1 Asynd\ronouswithcv} Mode
CV Polarity
Tx Extended Word

0 0 One Stop Bit

0 1  Two Stop Bit Tx

1 0 No Stop Bit Stop Bits
1 1 Reserved

Figure 12. Channel Mode Register, Asynchronous Mode
with Code Violation (MIL STD 1553)
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Address: 00001

ID15|D14ID13ID12|D11ID‘IOI D9 I D8 I D7 I DGI D5 I D4 I D3 ID2 I D1 I DOI

i 0 0

) Receiver
0 ‘ Monosync} M

Rx Short Sync Character

Rx Sync Strip

Reserved

o 1 0 0 Monosync} Sz‘?:mmer

Tx Short Sync Character

Tx P ble Enable

Reserved

Tx CRC on Undemun

Figure 13. Channel Mode Register, Monosync Mode

Address: 00001
ID15ID14LD13ID1ZID11ID10| DQl D8 l D7I D6 I DSJ 041 D3 l D2 l D1 I DO]
o 1

" Receiver
o 1 Blsync} Mode

Rx Short Sync Character

Rx Sync Strip

Reserved

: Transmitter
o 1 0 1 Bmym}Mode

Tx Short Sync Character

Tx Pro o Enabl
L

0 0 SYNI Tx )
0 1 SYNO/SYN1 Undermun
1 0 CRC/SYNi Condition
1 1 CRC/SYNO/SYN1

Figure 14. Channel Mode Register, Bisync Mode
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Address: 00001

ID15ID14ID13ID12|D11ID10| DQI D&I D7 I DGI DSJ D4 [ DﬂD? [ D1J DOJ

Receiver
o 1 1 0 HDLC} Mode
0 O Disabled
0 1 OneByte, No Control Rx Address
1 0 One Byte, Plus Control Search Mode
1 1 Extended, Plus Control
Rx 16-Bit Control
Rx Logical Control Enable
Transmitter
o 1 1 0 HDLC} Mode

Shared Zero Flags

Tx P bie Enable

0 0 Abort Tx
o 1 Extended Abort Underrun
1 0 Flag .
1 1 CRCFlag Condition
Figure 15. Channel Mode Register, HDLC Mode
Address: 00001

|D15[D14ID13ID12|D11|D10l D9 I D8 I D7 I D6 l DSI D4 I D3 l D2 I D1 [DOI

: Receiver
0 1 1 1 Transparent Blsync} Mode
EBCDIC
= Reserved
o' 1 1 1 Transparent Bisync} Lr:g:miﬂer

EBCDIC

Tx P ble Enable
0 0 SYN Tx
0 1 DLE/SYN Underrun
1 0 CRC/SYN Condition
1 1 CRC/DLE/SYN

Figure 16. Channel Mode Register, Transparent Bisync Mode
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Address: 00001
|D1slo14lo13|mz|m1lmol Do I DBI o7 I D6 l DSI D4 I D3 I DZI D1 | ool

I l I I Receiver
1.0 0 0 NBIP { Mode

0 0 16XDataRate

0 1 32XDataRate | RxClock

1 0 64X Data Rate Rate

1 1 Reserved
Rx Parity on Data
Reserved

Transmitter

1 0 0 o0 NBlP}Mode

16X Data Rate

32X Data Rate Tx Clock
64X Data Rate Rate
Reserved

—-awoo0
—“o=o

Tx Parity on Data

Tx Address Bit

Figure 17. Channel Mode Register, NBIP Mode

Address: 00001
ID15ID14ID13ID12ID11ID10I Dsl D8 l D7l DGI Dsl D4 l Dal Dzl D1 I DOJ

|11
1 0 0 1 802.3}3:'.:"6'
Rx Address Search
' Reserved
1 0 o 1 sgop3 [ lransmiter
Reserved
Tx CRC on Underrun

Figure 18. Channel Mode Register, 802.3 Mode
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Address: 00001
kis Duknahmlbn]mo'm I Derml DGI DS'I ml usl Dzl D1 IDOI

Receiver
o 0 Reserved} Mode )

-

Transmitter

1
| Reserved
0  Slaved Monosync } Mode

1.1 0

Tx Short Sync Character

Tx Active on Received Sync

Reserved

Tx CRC on Underrun

Figure 19. Channel Mode Register, Slaved Monosync Mode

/

Adciress: 00001
ImslDulmslmzlonlmol osl oal o7|ne| DSI nalos I nel D1 | DO]

- ’ ‘ Receiver
1 1 1 0 Fleserved} Mode :
Reserved
1 1 1 o0 HDLCLoop} L’:d"g"‘”e’
Shared-Zero Flags
Tx Active on Poll
0 0 Abort :
0 1 Extended Abort Tx Underrun
1 0 Flag Condition
1 1 CRCFlag

Figure 20. Channel Mode Register, HDLC Loop Mode
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Address: 00010

IP15]E410131012ID11ID10I D9 le I D7I DGI D5 I 04103 I DEJ D1 LDOJ

I— /RXACK (RO0)
/TXACK (RO)
0 0 0 8Bis
0o 0 1 1Bit
N 0 1 0 2Bis
0 1 1 3Bits HDLC Tx Last
1 0 0 4Bis Character Length
1 0 1 5Bis
1 1 0 68is
1 1 1 7Bis
Reserved
Loop Sending (R0)
©On Loop (RO)
0 0 Both Edges
0 1 Rising Edge Only ;
1 0 Faling Edge Only DPLL Adjust/Sync Edge
1 1 AdjustSync Inhibit
Clock Missed Latched/Unlatch
Clocks Missed Latched/Unlatch
DPLL in Sync/Quick Sync
RCC FIFO Clear (W0)
RCC FIFO Valid (R0)
RCC FIFO Overflow (R0)

Figure 21. Channel Command/Status Register
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Address: 00011

ID15|D14|D13|D12ID11IDEl DQLDGlD7JEG I D5 I D4 I D3 l D2 LD1J£)0I

- - O

_-o=0

| R
Wait for Rx DMA Trigger
0 0 No Status Block
0 1 One Word Status Block Rx Status
1 0 Two Word Status Block Block Transfer
1 1 Reserved
Tx Shaved Bit Length
(Async Only)
0 0 AllZeros
0 1 AllOnes Tx Preamble
1 0 Alernating 1 and 0 Pattem
1 1 Alternating 0 and 1
' (Al Sync)
0 0 8Bis
0 1 16Bits Tx Preamble
1 0 32Bits Length
1 1 64Bits
Reserved
Wait for Tx DMA Trigger
No Status Block

One Word Status Block Tx Status
Two Word Status Block Block Transfer
Reserved

Figure 22. Channel Control Register
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Address: 00100

ID15ID14ID13ID12ID11ID1OI D9 l D8 I D7I Ds I D5 l D4| D3 I D2 l D1 I DOI

L

Figure 23. Port Status Register

/Port Bit 0 (RO)
Port Bit 0 Latched/Unlatch
/Port Bit 1 (R0)
Port Bit 1 Latched/Unlatch
/Port Bit 2 (RO)
Port Bit 2 Latched/Unlatch
/Port Bit 3 (RO)
Port Bit 3 Latched/Unlatch
/Port Bit 4 (R0)
Port Bit 4 Latched/Unlatch
/Port Bit 5 (R0)
Port Bit 5 Latched/Unlatch
/Port Bit 6 (RO)

Port Bit 6 Latched/Unlatch

/Port Bit 7 (R0)
Port Bit 7 Latched/Unlatch
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Address: 00101
ID15ID14ID13|D12|D11|010| DQl D8 l D7 l De I D5 l D4 l D3 I D2| D1 I DOI

0 0 3-State Output
0 1 Reserved Port Bit 0
1 0 Output0 Pin Control
1 1 Outputt
0 0 3-State Output
0 1 Reserved Port Bit 1
, 1 0 Outputo Pin Control
1 1 Output1
0 0 3-State Output
0 1 Reserved Port Bit 2
1 0 Output0 Pin Control
1 1 Outputt
0 0 3-State Output
0 1 RxTSA Gate Output Port Bit 3
1 0 Oulputo Pin Control
1 1  Outputi
0 0 3-State Output
0 1 TxTSA Gate Output Port Bit 4
1 0 Outputo Pin Control
1 1 Outputi
0 0 3-State Output
0 1 RxSync Output Port Bit 5
1 0 Oulputo Pin Control
1 1 Outputt
0 0 3-State Output
0 1 Frame Sync input Port Bit 6
1 0 Output0 Pin Control
1 1 Outputt
0 0 3-State Output
0 1  TxComplete Output Port Bit 7
1 0 Outputo Pin Control
1 1 Outputi

Figure 24. Port Control Register




Address: 00110

|D15ID14ID13|D12|D11ID‘IOI D9I D8 I D7 I DGI D5 I D4 I D3 I D2 I D1 I»DOJ

I— Test Data <0>

Test Data <1>
Test Data <2>

Test Data <3>

Test Data <4>

Test Data <5>

Test Data <6>

. Test Data <7>

Test Data <8>

Test Data <9>

Test Data <10>

Test Data <11>

Test Data <12>

Test Data <13>

Test Data <14>

Figure 25. Test Mode Data Register

Test Data <15>
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Address: 00111

|D15|m4]o13|mz|m1lmo[w I Delml D6 I D5 | D4 I 03] D2 I D1 I DOI

e ek A S A A L A E EdESm QOO0 OO OO0 OO COCO

O R - R R R R =R = X - T O O S~ NP —r=Y

J I e = R - R = T G =~ - T S QU g SISy P

M OO 4400 A H 004 SO0O0 A —EOOL 2002 =00~ =+00

S, OQOH OB OAO RO~ O wO=LO=" 0000 =0=-0=0O-0

Null Address

High Byte of Shifters
CRC Byte 0

CRC Byte 1

Rx FIFO (Write)

Clock Multiplexer Outputs
CTRO and CTR1 Counters
Clock Multiplexer Inputs
DPLL State

Low Byte of Shifters

CRC Byte 2

CRC Byte 3

Tx FIFO (Read)
Reserved

VO and Device Status Latches
Internal Daisy Chain
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Rx Count Holding Register’
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Figure 26. Test Mode Control Register

Test
Register
Address
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Address: 01000

[]o]od]ore]or]ore] 5% ] oo [ o7 [oe [ o5 [+ [ oo [ o2 [ o [ o]

—_-_oo0

-0 -0

-—-0o0
-0 =0

Disabled
Disabled
/RxC Pin
/TxC Pin

0 0 0 Disabled
0 0 1 /RxCPin
0 1 0 /TxCPin
0 1 1 DPLL Output Receive Clock
1 0 0 BRGOOutput Source
1 0 1 BRG1Output
1 1 0 CTROOutput
1 1 1 CTR1 Output
0 0 O Disabled
0 0 1 /RxCPin
0 1 0 /TxCPin
0 1 1 DPLLOutput Transmit Clock
1 0 0 BRGOOutput Source
1 0 1 BRG1 Output
1 1 0 CTRO Output
1 1 1 CTR1 Output
0 0 BRGO Output
0 1 BRG1 Output DPLL Clock
1. 0 /RxCPin Source
1 1 /TxCPin
0 0 CTROOutput
0 1 CTR1 Output BRGO Clock
1 0 /RxCPin Source
1 1 /TxCPin
0 0 CTROOutput
0 1 CTR1 Output BRG1 Clock
1 0 /RxCPin Source
1 1 /TxCPin
Disabled :
Disabled CTRO Clock
/RxC Pin Source
/TxC Pin
CTR1 Clock
Source

Figure 27. Clock Mode Control Register
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Address: 01001
|D15|D14|D13ID12|D11|D10| DQI D8 I D7 I D6 I D5 I D4 I D3 I DZI D1 I DOI

, l—— BRGO Enable
BRGO Single Cycle/Continuous
0 0 3-State Output
0 1 RxAcknowledge input /RxACK
1 0 Output0 Pin Control
1 1 Outputi
BRG1 Enable
BRG1 Single Cycle/Continuous
0 0 3-State Output
0 1 TxAcknowledge input /TxACK
1 0 Outputo Pin Control
1 1 Ouputi
0 0 0 Disabled
0 1 NRZNRZI DPLL
1 0 Biphase-Mark/Space Mode
1 1 Biphase-Level
0 0 32xClock Mode
0 1 16x Clock Mode DPLL Clock
1 0 8xClock Mode Rate
1 1 Reserved
Accept Code Violations
CTR1 Rate Match DPLL/CTRO
32x Clock Mode

16x Clock Mode CTRO Clock
8x Clock Mode Rate
4x Clock Mode

—-—00
_A O -O =

Figure 28. Hardware Configuration Register
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Address: 01010

ID’E‘ID“"D"’ID‘ZID"IDﬂ DQl DsJ D;[DGI D5 I D4 , 03| D2 I D1 I ool .

l— IV <0>

IV <1>
IV <2>
IV <3>
IV <4>
IV <5>
IV <6>
IV <7>
IV <0> (RO)

0 0 0 None

0 0 1 Device Status

0 1 0 VOStatus

0 1 1 TransmitData Modified

1 0 0 Transmit Status Vector (R0)

1 0 1 ReceiveData

1 1 0 Receive Status

1 1 1  NotUsed
IV <4> (RO)
IV <5> (RO)
IV <6> (RO)
IV <7> (RO)

Figure 29. Interrupt Vector Register
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Address: 01011

|D15|D14|D13|D12ID11|D10| DQI D8 l D7 I DGJ D51D4103 IBZ hﬁ lDO

0 0 0 InputPin
0 0 1 RxClock Output
0 1 0 RxByte Clock Output
0 1 1 SYNCOutput /RxC Pin
1 0 0 BRGOOutput Control
1 0 1 BRG1Output
1 1 0 CTROOulput
1 1 1 DPLLRxOutput
0 0 0 InputPin
0 0 1 TxClock Output
0 1 0 TxByte Clock Output
0 1 1 TxComplete Output /TxC
1 0 0 BRGOOutput Pin Control
1 0 1 BRG1Output
1 1 0 CTR1Output
1 1 1 DPLL Tx Output
0 0 TxDataOutput
0 1 3-State Output TxD Pin
1 0 Ouputo Control
1 1 Outputi
0 0 3-State Output
0 1 RxRequest Output /RxREQ
1 0 Output0 Pin Control
1 1 Outputt
0 0 3-State Output
0 1 TxRequest Output /TXREQ
1 0 Output0 Pin Control
1 1 Output1
0 0 /DCD Input
0 1 /DCD//SYNC Input { /DCD
1 0 Outputo Pin Control
1 1 Outputi
0 0 /CTSinput
0 1 /CTSnput /ICTS
1 0 Output0 Pin Control
1 1 Output1

Figure 30. 1/O Control Register
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Address: 01100

[l [refore]or[or] o[ o7 [ e [ [ e[ os [ 1]

I— Device Status IE
VO Status IE
Transmit Data IE
Transmit Slntus IE

Recei Dala IE

Receive Status IE

0 0 Nult Command
0 1 NulC d IE C d
1 0 ResetlE . (Wo)
1 1 SetlE .
Reserved
o 0 o0 Al
o 0 1 Al
0 1 0 VO Status and Above
0 1 1 Transmit Data and Above VIS
1 0 0 Transmit Status and Above Level
1 0 1 Receive Data and Above
1 1 0 Receive Status Only
1 1 1 None
vis
NV
DLC
MIE

Figure 31. Interrupt Control Register
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Address: 01101

lD15ID14ID13ID12ID11|D1OI Do l

DGID7|DGlD5ID‘LD@|02ID1lDiI

l—- Device Status IP

VO Status IP

Transmit Data IP

0 0 Null Command
0 1 ResetlPand IUS IP Command
1 0 ResetlP wo)
1 1 SetiP
0 0 Null Command :
0 1 NulC | US C d
1 0 ResetlUS (WO0) ' )
1 1 SetlUs

Figure 32. Daisy-Chain Control Register

T it Status IP
Receive Data IP
Receive Status IP

Device Status IUS
VO Status IUS
Transmit Data IUS
Transmit Status IUS
Receive Data IUS
Receive Status IUS
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Address: 01110 ‘ ’
ID15'D14|D13 Dj‘ZID11lD10l DQID@I D7| D6 I DSI D4I DSl D2 I ﬁiDOJ
I—- + BRGO ZC Lalched/UnlI.alch

BRG1 ZC Latched/Unlatch

DPLL SYNC Latched/Uniatch
RCC Overflow Latched/Unlatch

/CTS (RO)

/CTS Latched/Unlatch

/DCD (RO)

. ' /DCD Latched/Unlatch

/TxREQ (R0O)

/TXREQ Latched/Unlatch

/RXREQ (RO0)

/RxREQ Latched/Unlatch '

TC (RO)

/TxC Latched/Unlatch

/RxC (RO)

/RxC Latched/Unlatch

Figure 33. Miscellaneous Interrupt Status Register
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Address: 01111
ImsloulmsﬁzlD11|o1oL09] Del D7I D6 I DSJ D4 [ Dal D2 I D1 | DOI

I— BRGOZC IE
BRG1ZC IE
DPLL SYNC IE
RCC Overflow IE
0 0 Disabled
0 1 Rising Edge Only ICTS
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 O Disabled
0 - 1 Rising Edge Only /DCD
1 0 Falling Edge Only Interrupts
1 1 Both Edges
0 O Disabled
0 1 RisingEdgeOnly | /TxREQ
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 0 Disabled
0 1 Rising Edge Only ' | /RxREQ
1 0 Falling Edge Only Interrupts
1 1 BothEdges
0 O Disabled
0 1 _ Rising Edge Only TxC
1 0 Falling Edge Only Interrupts
1 1 BothEdges
Disabled

Rising Edge Only /RxC
Falling Edge Only Interrupts \
Both Edges

-—-0 0
-0 =0

Figure 34. Status Interrupt Control Register
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Address: 1x000

[e]oors]oreorore] o5 [ oo [ o7 [ oo [ [ o¢ [ oo [ o2 [ o1 0]

I—- RxDAT <0> (R0)

RxDAT <1>,(R0)

RxDAT <2> (RO)
RxDAT <3> (R0)

RxDAT <4> (RO)

RxDAT <5> (R0)

RxDAT <6> (R0)

RxDAT <7> (R0)

RxDAT <8> (R0)

RxDAT <9> (R0)

RxDAT <10> (R0)

RxDAT <11> (R0)

RxDAT <12> (R0)

RxDAT <13> (R0)

: RxDAT <14> (R0)

RXDAT <15> (R0)

Figure 35. Receive Data Register

120



Address: 10001

ID15ID14|013|D12|D1‘IID101 DQJ Dil D7J DGI D5 I DAIDSI DZI D1 I DOI

0 0 Disable Inmediately
0 1 Disable After Reception Rx
1 0 Enable Without Auto-Enables Enable
1 1 Enable With Auto-Enables
0 0 0 8Bis
0 0 1 1Bt
0 1 0 2Bits
0 1 1 3Bits Rx Character
1 0 0 4Bits Length
1 0 1 5Bits
1 1 0 San
1 1 1 7Bits
:
Rx Parity Enable
0 0 Even
0 1 Odd Rx Parity
1 0 Space Sense
1 1 Mark
Reserved
Rx CRC Enable
Rx CRC Preset Value
0 0 CRC-CCITT
0 1 CRC-16 Rx CRC
1 0 CRC-32 Polynomial
1 1  Reserved
© 0 0 NRZ
0 0 1 NRZB
0 1 0 NRZI-Mak
0 1 1 NRZkSpace Rx Data
1 0 0 Biphase-Mark Decoding
1 0 1 Biphase-Space
1 1 0 Biphaselevel ’
1 1 1 Diff. Biphase-Level

Figure 36. Receive Mode Register
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Address: 10010

IDﬂDMlDwIDIZlDHIDwI DQl D8 I D7 I D6 l DSI D4 I D3 I D2 l D1 I DOI

_r Lt D O R Pt b 00000 OO O m—

B = = I I T SR N I~ R

= QOO = OO0 == OO0 = =00 =m—

B L B - R - D - R - =

Null Command

Reserved

Preset CRC

Enter Hunt Mode

Select Timeslot Assignment
Select FIFO Status

Select FIFO Interrupt Level
Select FIFO Request Level
Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

I— Rx Character Available (RO)

Rx Overrun

Parity Error

CRC/Framing Error (R0)

Rx CV/EOT/EOF

Rx Break/Abort

Rx Idle

Exited Hunt

Short Frame/CV Polarity (RO)
Residue Code 0 (R0O)
Residue Code 1 (R0)

Residue Code 2 (R0)

Command (WO0)

First Byte in Error (RO)

Second Byte in Error (R0)

Figure 37. Receive Command Status Register
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Address: 10011

ID15ID14ID13ID12'D11ID10| DQI DSIB7| DBI D5I D4| D3 | DZI D1 I DOI

I—— TCOR Read Count/TC

Rx Overrun IE

Parity Error |E
. Status on Words

Rx CV/EOT/EOF IE

Rx Break/Abort IE

Rx Idle IE

Exited Hunt IE

Rx FIFO Control and Status
(FilVInterrupt/DMA Level)

Figure 38a. Receive Interrupt Control Register

Address: 10011

ID15|D14ID13ID12|D11|D10| D9 I D8 I D7 I Dé I D5 l D4l DGI DZI D1 I Do I

I—— TCOR Read Count/TC

Rx Overrun IE

Parity Error |E

Status on Words

Rx CV/EOT/EOF |E

Rx Break/Abort IE

Rx Idle [E

Exited Hunt IE

0

Timeslot (0-127)

Figure 38b. Receive Interrupt Control Register




Address: 10011

ID15ID14|D13ID12 D11|D10[D9 I D8 I D7 I Dé liS] D4 | D3 I DZI D1 I DOI

l——— TCOR Read Count/TC

Rx Overrun IE

Parity Error IE

Status on Words

Rx CV/EOT/EOF IE

Rx Break/Abort IE
Rx idle IE
Exited Hunt IE
1(Wo0)
0 0 O O NoSlot(Disabled)
0 0 0 1 1Slot
0 0 1 0 2Slots
0 0 1 1 3Slots
0 1 0 0 4Slots
0 1 0 1 5Slots
0 t 1 0 6&Slts
0 1 1 1 7Slots ! Concatenated
1 0 0 0 8Slots Slots (W0)
1 0 0 1 9Slots
1 0 1 0 10Slots
1 0 1 1 11Slots
1 1 0 0 12Slots
1 1 0 1 13Slots
1t 1 1 0 14Slots
i 1 1 1 15Slots )
0 0 O NoOffset
0 0 1 7Clocks Offset
0 1 0 6Clocks Offset
0 1 1 5Clocks Offset Slot Offset
1 0 0 4Clocks Offset (Wo)
1 0 1 3 Clocks Offset
1 1 0 2Clocks Offset
1 1 1 1Clock Offset

Figure 38c. Receive Interrupt Control Register
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Address: 10100

[eloforforlor[or] oo ] [ [oe [ o= [ o [ 55 [ o2 [ o [ ]

I—- RSYN <0>

RSYN <1>
RSYN <2>
RSYN <3>

RSYN <4>

RSYN <5>

RSYN <6>

RSYN <7>
RSYN <8>

RSYN <9>

RSYN <10>

RSYN <11>
RSYN <12>

RSYN <13>

RSYN <14>

Figure 39. Receive Sync Register

RSYN <15>

125



Address: 10101,

[Flofofo]or]oe] oo [ [or [ oo [ e [ oo [ o+ 0]

L

Figure 40. Receive Count Limit Register

RCL <0>
RCL <1>
RCL <2>

‘RCL <3>

RCL <4>
RCL <5>
RCL <6>
RCL <7>
RCL <8>
RCL <9>
RCL <10>
RCL <11>
RCL <12>

'RCL <13>

RCL <14>
RCL <15>
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Address: 10110

ID15ID14|D13ID12|D11ID!OI D9 I D8 I D7| D6 I DSI D4I D3 I DZI D1 I DO]

L— RCC <0> (R0)

RCC <1> (R0)

RCC <2> (RO)
RCC <3> (RO)

RCC <4> (R0)

RCC <5> (R0)
RCC <6> (R0)
RCC <7> (R0)

RCC <8> (R0)

RCC <9> (R0)

RCC <10> (R0)

RCC <11> (R0)

" RCC <12> (R0)

RCC <13> (R0)

'RCC <14> (R0)

. RCC <15> (R0)

Figure 41. Receive Character Count Register
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Address: 10111

ImslnmlmslmzluﬂImol Bs] Dal wl osl D5 I D4I Dsl D2 I o1 I Dpl

|_ TCO <0>

. TCO <1>
TCO <2>
TCO <3>

TCO <4>

TCO <5>

TCO <6>

TCO <7>

TCO <8>

TCO <9>

_TCO<10>

TCO <11>

TCO <12>

TCO <13>

TCO <14>

Figure 42. Time Constant 0 Register

TCO <15>
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Address: 1x000

o15]o14fo13[p12f11]010] Do | 8 f 07 | 06 [ 05 | D4 [ 03 | D2 | 1 | D0 |

I— TxDAT <0> (W0)

TxDAT <1> (WO)
TxDAT <2> (W0)
TXDAT <3> (W0)

TXDAT <4> (WO)

TXDAT <5> (WO)

TXDAT <6> (WO)

TxDAT <7> (WO)

TxDAT <8> (W0)

TxDAT <9> (W0)

TXDAT <10> (W0)

TXDAT <11> (WO0)

TXDAT <12> (W0)

TXDAT <13> (WO)

TXDAT <14> (WO)

Figure 43. Transmit Data Register

TxDAT <15> (W0)
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Address: 11001

\

[eloowoeon [ e oo [o7 oo [ o [ 52 o2 [ o+ [ 0]

P Y- - X

__, OO =200

- O O=-O~=0O

0 0 Disable immediately
0 1 Disable After Transmission Tx
1 0 Enable Without Auto-Enables Enable
1 1 Enable With Auto-Enables
0 0 0 8Bis
o o0 1 1 Bit
0 1 0 2Bis
0 1 1 3Bits Tx Character
1 0 0 4Bis Length
1 0 1 5Bis
1 1 0 6Bis
1 1 1 7Bis
Tx Parity Enable
0 0 Even
0 1 Odd Tx Parity
1 0 Space Sense
1 1 Mark
Tx CRC on EOF/EOM
Tx CRC Enable
Tx CRC Preset Value
0 0 CRc-CcCITT
0 1 CRC-16 Tx CRC
1 0 CRC-32 Polynomial
1 1  Reserved
NRZ
NRzB
NRZI-Mark
NRZI-Space Tx Data
Biphase-Mark Encoding
Biphase-Space
Biphase-Level

Diff. Biphase-Level

Figure 44. Transmit Mode Register
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Address: 11010
lD15lDMID!alD1leﬂlD10| DQI D8 I D7 IDS I Dsl D4 I DSI 02101 I Dol

I-— Tx Butfer Empty (R0)
Tx Undi
Al Sent (R0)
Tx CRC Sent
Tx EOF/EOT Sent
Tx Abort Sent
Tx idle Sent
Tx Py ble Sent
0 0 O SYNC/Flag/Normal
0 0 1 Attemating1and0
0 1 0 AllZeros
0 1 1 AlOnes Tx idie Line
. 1 0 0 Reserved Condition
1 0 1 Altemating Mark and Space
1 1 0 Space ‘ '
1 1 1 Mak
Reserved
0 0 0 O NullCommand ’\
0 0 0 1 Reserved
0 0 1 0 PresetCRC
0 0 1 1 Reserved
0 1 0 0 Select Timeslot Assignment
' 0 1 0 1 Select FIFO Status
0 1 1 0 Select Interrupt Level
0 1 1 1 Select Request Level Transmit
1 0 0 0 SendFrame/Message Command (W0)
1 0 0 1 SendAbort
1 0 1 0 Reserved ’
1 0 1 1 Reserved
1 1 0 0 ResetDLE Inhibit
1 1 o 1 Set DLE Inhibit
1 1 1 0 Reset EOF/FEOM
1 1°1 1 SetEOFEOM J

Figure 45. Transmit Command/Status Register
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Address: 11011

ID15|D14|D13|012]D13|D1o| bél D8 | D7ID6| D§| D4 I Dal DZI D1'| DOI

Figure 46a. Transmit Interrupt Control Register

Address: 11011

ID15ID14|D13|D12|D11|D10I 09I D8 I D7 I D6 I DSI D4 I DBI D2 I D1 I DOI

|—— TC1R Read Count/TC

Tx Overrun [E

Wait for Send Command
Tx CRC Sent [E

Tx EOF/EOT Sent IE

Tx Abort Sent IE

Tx Idle Sent IE

Tx Preamble Sent IE

Tx FIFO Control and Status
(Fill/interrupVDMA Level)

L——' TC1R Read Count/TC

Tx Underrun IE

Wait for Ser;d Command
Tx CRC Sent IE

Tx EOF/EOT Sent IE

Tx Abort Sent IE

Tx Idle Sent IE

Tx Preamble Sent IE

o

Figure 46b. Transmit Interrupt Control Register

Timeslot (0-127)
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Address: 11011

ID15ID14|D13ID12|D11|010| ml D8 I D7I D6 l D5 l D4 I D3 I UZI D1 | DOI

X=X =-X=]

—- A OO =S =00

L, OS OO =0

I— TC1R Read Count/TC

Tx Underrun IE

Wait for Send Command
Tx CRC Sent IE

Tx EOF/EOT Sent IE

Tx Abort Sent IE

Tx Idle Sent IE

Tx P ble Sent IE

1(W0)
0 0 0 0 NoSlot(Disabled) \
0 0 0 1 1St
0 0 1 0 2Slts
0 0 1 1 3Slts
0 1 0 0 4Slts
0 1 0 1 5Slots
0 1 1 0 6Slts
o 1 1 1 7Slts Concatenated
1 0 0 0 8Slts Slots (W0)
1 0 0 1 9Slts
1 0 1 0 10Slots
1 0 1 1 11Slots
1 1 0 0 12Slots
1 1 0 1 13Slots .
1 1 1 0 148Slots J i
1 1 1 1 15Slots
No Offset
7 Clocks Offset
6 Clocks Offset
5 Clocks Offset Slot Offset
4 Clocks Offset (Wo)
3 Clocks Offset
2 Clocks Offset
1 Clock Offset

Figure 46¢c. Transmit Interrupt Control Register
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Address: 11100

ID15|D14|D13ID12|DIIID10I D9 I D8 I D7I DGI D5 I D4 l Dal DZI D1 I Do I

I'— TSYN <0>

TSYN <1>
TSYN <2>
TSYN <3>

TSYN <4>

TSYN <5>

TSYN <6>

TSYN <7>

TSYN <8>

TSYN <9>

TSYN <10>

TSYN <11>

TSYN <12>

TSYN <13>

TSYN <14>

Figure 47. Transmit Sync Register

TSYN <15>
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Address: 11101

ID15[D14ID13|D12ID11|D10I DQI DGl D7l DGl D5| D4 l D3 I DZI D1 I DOI

I_ TCL <0>

TCL <1>
TCL <2>
TCL <3>

TCL <4>

TCL <5>

TCL <6>

TCL <7>

TCL <8>

TCL <9>

TCL <11>

TCL <12>

TCL <13>

TCL <14>

Figure 48. Transmit Count Limit Register

TCL <15>

TCL <10>
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Address: 11110

ID15lD14ID13ID12ID11|D10| D9 I D8 I D7| Dé I D5 I D4 I D3 I D2 I D1 I DOI

Figure 49. Transmit Character Count Register

L—— TCC <0> (RO)

TCC <1> (RO)
TCC <2> (RO)
TCC <3> (RO)
TCC <4> (RO)
TCC <5> (RO)
TCC <6> (RO)
TCC <7> (RO)
TCC <8> (RO)
TCC <9> (RO)
TCC <10> (R0)
TCC <11> (R0)
TCC <12> (RO)
TCC <13> (R0)
TCC <14> (RO)
TCC <15> (RO)
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Address: 11111

ID15ID14ID13ID12|D11ID10I DQI DBI D7 I DGl D5 I D4I DSI D2 I D1 l DOI

I— TC1 <0>

TC1 <1>
TC1 <2>

TC1 <3>

TC1 <4>

TC1 <5>

TC1 <6>

TC1 <7>

TC1 <8>

TC1 <9>

TC1 <10>

TC1 <11>

TC1 <12>

TC1 <13>

TC1 <14>

Figure 50. Time Constant 1 Register

TC1 <15>
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Address: None *

Flodooeon o] [ ] o [oo [ [ [ ] o2 [ o [ 0]

I— RCC <0>

Rx Overrun

Parity Error

CRC Envor

Rx CV/EOT/EOF

0

0

0

Short Frame/CV Polarity

Residue Code 0

idue Code 1

I

idue Code 2

o

(=]

First Byte in Error

* Refer to Figure 22 (Channel Control Register)
Bits 6-7 for Access Method

Figure 51. Receive Status Block Register

S d Byte in Error

138



Address: None *
|D15|D14|D13|D12|D11|D1ol D9 l D8 I D7 I D6 I D5 I D4 I D3 I DZI D1 I Dol

| | _L Reserved
0

0 0 8Bils
0 0 1 1Bt
0 1 0 2Bis
0 1 1 3Bits HDLC Tx Last
1 0 0 4Bis Character Length
1 0 1 5B8its
1 1 0 6Bits
1 1 1 7Bits

Reserved

Tx Submode 0

Tx Submode 1

Tx Submode 2

Tx Submode 3

+* Refer to Figure 22 (Channel Confrol Register)
Bits15-14 for Access Method

Figure 52. Transmit Status Block Register
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Address: None *

[o=[oora]re]oro1e] o9 ] oo ] o7 ] o5 o5 | o4 [ 0% | 2| o1 [ 0]

| ‘— Shift Right Addresses
Double-Pulse INTACK

16-Bit Bus
*

0

Reserved

3-State All Pins

* Mustbe programmed as zero.

S Address for 8-BitBus

P

Figure 53. Bus Configuration Register

MUSC TIMING

The MUSC interface timing is similar to that found on a
static RAM, except thatitis much more flexible Up to eight
separate timing strobe signals are present on the inter-
face: /DS, /RD, /WR, /PITACK, /RxACKA, /RxACKB,
/TXACKA and /TXACKB. Only one of these timing strobes
may be active at any time. Should the external logic

activate more than one of these strobes at the same time
the MUSC will enter a pre-reset state. This state is only
exited by a hardware reset. Do not allow overlap of timing
strobes. The timing diagrams, beginning on the nextpage,
illustrate the different bus transactions possible, with the
necessary setup, hold and delay times.

ABSOLUTE MAXIMUM RATINGS

Voltages on all pins

With respect to VSS ...cccoovvvviveiececiens -03Vto+7.0V
Voltages on all inputs

with respect to VSS ......ccocvviiiien e -0.3V to Vcc +0.3V
Operating Ambient

Temperature .......ccooveeevvennnn. See Ordering Information
Storage Temperature ............cceeveenenee -65°C to +150°C

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanentdamage to the device.
This is a stress rating only; operation of the device at any
condition above those indicated in the operational sec-
tions of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods
may affect device reliability.
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STANDARD TEST CONDITIONS

The DC Characteristics and Capacitance section below
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND
Positive current flows into the referenced pin. Standard
conditions are as follows:

+45V <V, <+55V
GND =0V
T, as specified in Ordering Information

+5V

2K -

From Output O °
Under Test
. 50pF == 250 uA

\ 4

Figure 54. Standard Test Load

CAPACITANCE
Symbol Parameter Min Max Unit Condition
Cn Input Capacitance 10 pF Unmeasured Pins
out Output Capacitance 15 pF Returned to Ground
Cwo Bidirectional Capacitance 20 pF :
Note:
f= 1 MHz, over specified temperature range. Unmeasured pins returned to ground.
MISCELLANEOUS Transistor Count - 100,000
DC CHARACTERISTICS
Z16C33
Symbol Parameter Min Typ Max Unit Condition
Vi Input High Voltage 22 Ve +0.3 \'%
‘A Input Low Voltage -0.3 0.8 \
Voul Output High Voltage 2.4 Vo lg=-1.6mA
Vow?  Output High Voltage V0.8 v low= 250 pA
Vo Output Low Voltage 0.4 Vo lg=+20mA
I Input Leakage +10.00 pA 04 <V <+24V’
lo ~  Output Leakage +10.00 pA 0.4 < Vg, < +2.4V
let Ve Supply Current 7 50 ) MA V=5V V, =48VV, =02V
Note:

Ve = 5V £ 10% unless otherwise specified, over specified temperature range.

:

.M
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AC CHARACTERISTICS

Z16C33
/ No  Symbol Parameter Min  Max Units  Note

1 Teye Bus Cycle Time 160 ns
2 TwASI /AS Low Width 40 ‘ns
3 TwASh /AS High Widlh 90 ns
4 TwDSI /DS Low Width 70 ns
5 TwDSh /DS High Width 60 ns
6 TdAS(DS) /AS Rise 10 /DS Fall Delay Time 5 ns
7 "TdDS(AS) /DS Rise to /AS Fall Delay Time 5 ns
8 TdDS(DRa) /DS Fall to Data Active Delay 0 ns
9 TdDS(DRv) /DS Fall to Data Valid Delay 85 ns
10 TdDS(DRn) /DS Rise to Data Not Valid Delay 0 ns
1 TdDS(DRz) /DS Rise to Data Float Delay 20 ns
12 TsCS(AS) /CS to /AS Rise Setup Time 15 ns
13 ThCS(AS) /CS to /AS Rise Hold Time . 0 ns
14 TsADD(AS) Direct Address to /AS Rise Setup Time 15 ns 11
15 ThADD(AS) Direct Address to /AS Rise Hold Time 5 ns 1]
16 TsSIA(AS) /SITACK to /AS Rise Setup Time 15 ns .

17 ThSIA(AS) /SITACK to /AS Rise Hold Time 5 ns
18 TSAD(AS) Address to /AS Rise Setup Time 15 ns
19 ThAD(AS) Address to /AS Rise Hold Time 5 ns
20 TsRW(DS) R//W to /DS Fall Setup Time 0 ns
21 ThRW(DS) RI/W to /DS Fall Hold Time 25 ns
22 TsDSf(RRQ) /DS Fall to /RxREQ Inactive Delay 60 ns [4]
23 TdDSr(RRQ) /DS Rise to /RXREQ Active Delay 0 ns
24 TsDW(DS) Write Data to /DS Rise Setup Time 30 ns
25 ThDW(DS) Write Data to DS Rise Hold Time 0 ns
26 TdDSH(TRQ) /DS Fall to /TXREQ Inactive Delay 65 ns [5]
27 TdDSH(TRQ) /DS Rise to /[TxREQ Active Delay 0 ns
28 TwRDI /RD Low Width ' 70 ns
29 TwRDh /RD High Width 60 ns
30 . TdAS(RD) /AS Rise to /RD Fall Delay Time 5 ns
31 TdRD(AS) /RD Rise to /AS Fall Delay Time 5 ns
32 TdRD(DRa) /RD Fall to Data Active Delay 0 ns
33 TdRD(DRv) /RD Fall to Data Valid Delay 85 ns
34 TdRD(DRn) /RD Rise to Data Not Valid Delay 0 ns
35 TdRD(DRz) /RD Rise to Data Floal Delay 20 ns
36 TdRDI(RRQ) /RD Fall to /RXREQ Inactive Delay 60 ns [4]
37 TdRDr(RRQ) /RD Rise to /RxREQ Active Delay 0 ns
38 TWWRI /WR Low Width 70 ns
39 TwWRh /WR High Width 60 ns
40 TdAS(WR) /AS Rise to /WR Fall Delay Time 5 ns
41 TAWR(AS) /WR Rise to /AS Fall Delay Time 5 ns
42 TsDW(WR) Write Data to /WR Rise Setup Time 30 ns
43 ThDW(WR) Write Data to /WR Rise Hold Time 0 ns
44 TdWRKTRQ) /WR Fall to /TXxREQ Inactive Delay - 65 ns [5]
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AC CHARACTERISTICS

Z16C33
No Symbol Parameter Min Max Units Note
45 TdWRr(TRQ) /WR Rise to /TxREQ Active Delay 0 ns
46 TsCS(DS) /CS to /DS Fall Setup Time 0 ns 2]
47 ThCS(DS) /CS to /DS Fall Hold Time 25 ns 2]
48 TsADD(DS) Direct Address to /DS Fall Setup Time 5 ns [1.2]
49 ThADD(DS) Direct Address to /DS Fall Hold Time" 25 ns [1,2]
50 TsSIA(DS) /SITACK to /DS Fall Setup time 5 ns 12]
51 ThSIA(DS) /SITACK to /DS Fall Hold Time 25 ns ° [2]
52 TsCS(RD) /CS to /RD Fall Setup Time 0 ns [2)
53 ThCS(RD) /CS to /RD Fall Hold Time 25 ns 12]
54 TsADD(RD) Direct Address to /RD Fall Setup Time 5 ns [1.2]
55 ThADD(RD) Direct Address to /RD Fall Hold Time 25 ns [1.2]
56 TsSIA(RD) /SITACK to /RD Fall Setup Time 5. ns 2]
57 ThSIA(RD) /SITACK to /RD Fall Hold Time 25 ns 12]
58 TsCS(WR) /CS to /WR Fall Setup Time 0 ns 12}
59 ThCS(WR) /CS to /WR Fall Hold Time 25 ns 2]
60 TsADD(WR) Direct Address to /WR Fall Setup Time 5 ns [1.2]
61 ThADD(WR) Direct Address to /WR Fall Hold Time 25 ns’ [1.2]
62 TsSIA(WR) /SITACK to /WR Fall Setup Time 5 ns 2]
63 ThSIA(WR) /SITACK to /WR Fall tlold Time 25 ns [2]
64 TwRAKI /RxACK Low Width 70 ns
65 TwRAKh /RxACK High Width 60 ns
66 TdRAK(DRa) /RxACK Fall to Data Active Delay 0 ns
67 TdRAK(DRv) /RxACK Fall to Data Valid Delay 85 ns
68 TdRAK(DRn) /RXACK Rise to Data Not Valid Delay 0 ns
69 TdRAK(DRz) /RxACK Rise to Data Float Delay 20 ns
70 TdRAKf(RRQ) /RxACK Fall to /RxREQ Inactive Delay 60 ns [4]
71 TdRAKr(RRQ) /RxACK Rise to /RxREQ Active Delay 0 ‘'ns
72 TwTAKI /TXACK Low Width 70 ns
73 TwTAKh /TXACK High Width 60 ns
74 TsDW(TAK) Write Data to /TxACK Rise Setup Time 30 ns
75 ThDW(TAK) Write Data to /TXACK Rise Hold Time 0 ns
76 TATAKI(TRQ) /TxACK Fall to /TXxREQ Inactive Delay 65 ns 5]
77 TATAKr(TRQ) /TXACK Rise to /TxREQ Active Delay 0 ns
78 TdDSHRDY) /DS Fall (Intack) to /RDY Fall Delay 200 ns
79 TdRDY(DRv) /RDY Fall to Data Valid Delay 40 ns
80 TdDSr(RDY) /DS Rise to /RDY Rise Delay 40 ns
81 ‘ TsIlEI(DSI) |El to /DS Fall (Intack) Setup Time 60 ns
82 ThIEI(DSI) IEl to /DS Rise (Intack) Hold Time 0 ns
83 TdIEI(IEO) IEl to IEO Delay 60 ns
84 TdAS(IEO) /AS Rise (Intack) to IEO Delay 60 ns
85 TdDSI(INT) /DS Fall to /INT Inactive Delay 200 ns
86 TdDSI(Wf) /DS Fall (Intack) to /WAIT Fall Delay 40 ns -
87 TdDSHWr) /DS Fall (Intack) to /WAIT Rise Delay 200 ns
88 TdW(DRv) /WAIT Rise to Data Valid Delay 40 ns

[ —————

B pe s
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AC CHARACTERISTICS

Z16C33
No Symbol Parameter Min Max Units Note
89 TdRDf(RDY) +/RD Fall (Intack) to /RDY Fall Delay 200 ns
20 TdRDr(RDY) /RD Rise to /RDY Rise Delay 40 ns
N TsIEKRDI) IEl to /RD Fall (Intack) Setup Time 60 ns
92 ThIEI(RDI) IEl to /RD Rise (Intack) Hold Time 0 ns
93 TARDI(INT) /RD Fall (Intack) to /INT Inactive Delay 200 ns
94 TdRDI(W) /RD Fall (Intack) to /WAIT Fall Delay 40 ns
95 TdRDI(Wr) /RD Fall (Intack) to /WAIT Rise Delay 200 ‘- ns
96 TwPIAI /PITACK Low Width 70 ns
97 TwPIAh /PITACK High Width 60 ns
98 TAAS(PIA) /AS Rise to /PITACK F all Delay Time 5 ns
99 TAPIA(AS) /PITACK Rise to /AS Fall Delay Time 5 ns
100 TdPIA(DRa) /PITACK Fall to Data Active Delay 0 ns
101 TdPIA(DRn) /PITACK Rise to Data Not Valid Delay 0 ns
102  TdPIA(DRz) /PITACK Rise to Data Float Delay 20 ns
103  TslEI(PIA) IEl to /PITACK Fall Setup Time 60 ns
104 ThIEI(PIA) IEl to /PITACK Rise Hold Time 0 ns
105 TdPIA(IEO) [PITACK Fall to IEO Delay 60 ns
106 TAPIA(INT) /PITACK Fall to /INT Inactive Delay 200 ns
107 TdPIAf(RDY) /PITACK Fall to /RDY Fall Delay 200 ns
108  TdPIAr(RDY) /PITACK Rise to /RDY Rise Delay 40 ns
109  TdPIA(WI) [PITACK Fall to /WAIT Fall Delay 40 ns
110  TdPIA(Wr) /PITACK Fall to /WAIT Rise Delay 200 ns
111 TASIA(INT) /SITACK Fall to IEO Inactive Delay 200 ns [2]
112 TwSTBh' /Strobe High Width 60 ns [3]
113 TwRES! /RESET Low Width 170 ns :
114 TwRESh /RESET High Width 60" ns
115  TdRES(STB) /RESET Rise to /STB Fall 60 ns [3]
116 TdDSHRDY) /DS Fall to /RDY Fall Delay 50 ns
117 TdWRI(RDY) /WR Fall to /RDY Fall Delay 50 ns
118  TdWRr(RDY) /WR Rise to /RDY Rise Delay 40 ns
119  TdRDKRDY) /RD Fall to /RDY Fall Delay 50 ns
120  TdRAKKRDY) /RXACK Fall to /RDY Fall Delay 50 ns
121 TdRAKr(RDY) /RxACK Rise to /RDY Rise Delay 40 ns
122 TdTAKf(RDY) /TXACK Fall to /RDY Fall Delay 50 ns
123 TdTAKr(RDY) /TxACK Rise to /RDY Rise Delay 40 ns
Notes:

[1] Direct address is any of PS, Df/C or AD15-AD8 used as an address bus.
[2] The parameter applies only when /AS is not present.

[3] Strobe (/STB) is any of /DS, /RD, /WR, /PITACK, /RxACK or /TXACK.

[4] Parameter applies only if read empties the receive FIFO.

[5] Parameter applies only if write fills the transmit FIFO.
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/RESET \
N

®

/sTB

T

Figure 55. Reset Timing

/STB !\ [

()
(s

®

O;
\

Figure 56. Bus Cycle Timing

Note:
/STB is any of the following: /DS, /RD, WR, /PITACK, /RXACK, or [TXACK.

/RXACK Sk I N\
enY (68 e
{&4) {65}
ADO-AD15 f
N ,
® ®&—=
@ - @—
/RXREQ T\
MWAIT/RDY
(Wait) )
/WAIT/RDY \
(Ready)

' Figure 57. DMA Read Cycle
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/TXACK

ADO-AD15

/TXREQ

/WAIT/RDY
(Wait)

/WAIT//RDY
(Ready)

-

@;<®

®

®

_/
_/

™

&

Figure 58. DMA Write Cycle
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S
PS, D/IC )( K
/SITACK ]‘:x 'P
IAS X ’Z<—@_> - \ /
-—(2)— — )
RIW . !\
&— —t®
/DS ) ’s‘
\;\DD—AD15 )( , ? ¢
(1t |@< A
/RXREQ

/WAIT//RDY
(Wait) /
/WAIT//RDY )
(Ready) / \: /

®

Figure 59. Multiplexed /DS Read Cycle

147




cs );I’ ?(
® —® ‘
PS, DIIC X K
/SITACK f ’P
IAS _\‘ ’Z \ / ’
@ [+ - @
W \ 1/ |
DS ' S( ) \_
ADO-AD15 ' X‘ X ‘ );t

®

/WAIT/RDY
(Wait) /
/WAIT/RDY /
(Ready)

)

Figure 60. Multiplexed /DS Write Cycle
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/cs

PS, D//C

/SITACK

IAS

/RD

ADO-AD15

/RxREQ

WAIT/RDY
(Wait)

/WAIT/RDY
(Ready)

T L

71

O [~—@— - ©)
:St jl | \—
DA i
0 M@~ @
/| -
| ‘ (® 3
7 \ [
@ t——®— -

Figure 61. Multiplexed /RD Read Cycle
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. /CS

A

®

S Al :F(
N

/SITACK d

@ -

IAS —\ | \__—/—

3

©

®
®

ADO-AD15 X A ‘ )gf
K - X

/MXREQ « / \
/WAIT/RDY
(Wait) /
AWAIT/RDY
(Ready) / \K

Figure 62. Multiplexed /WR Write Cycle
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/ICS

PS, D//C

/SITACK

RIW

/DS

ADO-AD15

/RXREQ

/WAIT//RDY
(Wait)

AWAIT//RDY
(Ready)

9

iyd

LU

e

4

®

AN

©
>

@ ~—o—
G
_/ \ /|

Figure 63. Non-Multiplexed /DS Read Cycle
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PS, D/IC

/SITACK

RIW

/DS

ADO-AD15

/TXREQ

MWAIT/RDY
(Wait)

MWAIT/RDY
(Ready)

2

)
®

7

T

9

J ®L®x@><

N

"

®

C

®

®

®

27

_/

_/

O\

416
p4

Figure 64. Non-Multiplexed /DS Write Cycle

152



/CS

PS, DIIC

/RD

X
@ .
/SITACK \
i @
- ¥

\ A

4

®

g
©
>

ADO-AD15
@ @]
(),
(%)
/RXREQ
-
/WAIT/RDY
(Wait)
/WAIT//RDY \
(Ready) L
13 . (70).
~—(9 ® ®

Figure 65. Non-Multiplexed /RD Read Cycle
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s X ?(
PS, D/IC X X
. ® ®
/SITACK ﬂ }
MR Sk ’Z
ADO-AD15 X{ X
~—@—] [

/TXREQ

/WAIT/RDY
(Wait)

/WAIT//RDY
(Ready)

Figure 66. Non-Multiplexed /WR Write Cycle
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IAS

ISITACK

/DS

ADO-AD15

MWAIT/RDY
(Wait)

AWAIT//RDY
(Ready)

/INT

/ \_/
® _ -~
@ le|—
\
® ® | @
_/ h /
® [ @
). X X
| - ®

AT

®

/

®

Figure 67. Multiplexed /DS Interrupt Acknowledge Cycle
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/AS f

/SITACK \.

mD s

®

ADO-AD15

1

O, i He
WAIT/RDY \ l A
(Wait) . —(®—
{5

/WAIT/RDY
(Ready)

®
®

IE!

xkk

X
L
IEO 8’( S

® Q)

ANT /

®

Figure 68. Muitiplexed /RD Interrupt Acknowiedge Cycle
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IAS

/PITACK

ADO-AD15

WAIT/RDY
(Walt)

/WAIT/RDY
(Ready)

IEl

IEO

/INT
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r
' 4
N
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O, 1 (o9-

® T

jl

@

Figure 69. Multiplexed Pulsed Interrupt Acknowledge Cycle




/SITACK \
K

/DS !S ‘

®
)

©

ADO-AD15

7.8
>

WAIT/RDY /
(Wait) , \
AWAIT//RDY /
(Ready) \‘
. V.
IEO )f-
K
/INT ‘ /

® L ®@

@
®

®

Figure 70. Non-Multiplexed /DS Interrupt Acknowledge Cycle
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/SITACK \l
)
N
/RD s '?{
K
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(1)
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ADO-AD15 . { )y'
A i ¥ K
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)
WAIT/RDY
(Walt) }
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®
/WAIT//RDY \
(Ready) -
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e X f K
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IEO \l
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®

Figure 71. Non-Multiplexed /RD Pulsed interrupt Acknowledge Cycle
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JPITACK . ’\‘ | ’Z ' \

0
S
ADO-AD15 : f )f
K K
o0 o I
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WAIT//RDY A
(Ready) k /
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IEl X )
K
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IEO X \
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® ®
4
/INT /
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9
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/WAIT/RDY \ 4
(Wait)

Figure 72. Non-Multiplexed Pulsed Interrupt Acknowledge Cycle
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Figure 73. Multiplexed Double-Pulse Intack Cycle
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ADO-AD15

/WAIT//RDY
(Ready)

/WAIT/RDY
(Wait)
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Figure 74. Non-Multiplexed Double-Pulse Intack Cycle
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/RxC, /TxC
Receive

RxD

/DCD as
/SYNC
External

/TxC, /RxC
Transmit

TxD

/RxC

TxC

" ICTS,
/DCD

/DCD as
/SYNC
Input

@*I T—ro B

Al X
X X

\ / \_

—(— | (19)
N
®
@
/ " 4
Vi N /

Figure 75. Z16C33 General Timing
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AC CHARACTERISTICS
Z16C33 General Timing

No Symbol* Parameter Min Max Units  Note
1 TsRxD(RxCr)  RxD to /RxC Rise Setup Time (x1 Mode) 0 ns 1]
2 ThRxD(RxCr)  RxD to /RxC Rise Hold Time (x1 Mode) 40 ns 11 .
3 T§Rxd(Rfo) RxD to /RxC Fall Setup Time (x1 Mode) 0 ns [1.3]
4 ThRxD(RxCf)  RxD to /RxC Fall Hold Time (x1 Mode) A 40 ns [1,3]
5 TsSy(RxC) /DCD as /SYNC to /RxC Rise Setup Time 0 ns [1]
6 ThSy(RxC) /DCD as /SYNC to /RxC Rise Hold Time (x1 Mode) 40 ns 1
7 TdTxCf(TxD) [TxC Fall to TxD Delay 50 ns 12]
8 TdTxCr(TxD)  /TxC Rise to TxD Delay 50 ns [2,3]
9 TwWRxCh /RxC High Width 40 ns

10 TwRxCl /RxC Low Width 40 ns

11 TcRxC /RxC Cycle Time 100 ns

12 TwTxCh /TxC High Width 40 ns

13 TwTxCl /TxC Low Width 40 ns

14 ° TcTxC /TxC Cycle Time ) 100 . ns

15 TwkxT /DCD or /CTS Pulse Width 70 ns

16 TWSY /DCD as /SYNC Input Pulse Width 70 ns
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/RxC, /TxC
Receive

/RxREQ
Request

/RxC as
Receiver

Output

/INT

/RxC, /TxC
Transmit

/TXREQ

/TxC as
Transmitter
Output

/INT

ICTS, /DCD,
/TXREQ,
/RxREQ

/INT

Figure 76. Z16C33 System Timing
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4

AC CHARACTERISTICS

Z16C33 System Timing ,
No Symbol . Parameter Min Max Units  Note
1 TdRXC(REQ)  /RxC Rise to /RxREQ Valid Delay ' 100 ns [2]
2 . TdRxC(RxC) /TxC Rise to /RxC as Receiver Output Valid Delay 100 ns [2]
3 TdRxC(INT) /RxC Rise to /INT Valid Delay : 100 ns [2]
4 TdTXC(REQ)  /TxC Fall to /TXREQ Valid Delay 100 ns 121
5 TdTxC(TxC) /RxC Fall to /TxC as transmitter Oulput Valid Delay - 100 ns
6 TATXC(INT) /TxC Fall to /INT Valid Delay 100 ns [2]
7 TAEXT(INT) /CTS, /DCD, /TxREQ, /RxREQ transition

to /INT Valid Delay 100 ns’

Notes:

. .
[1] /RxC is /RxC or [TxC, whichever is supplying the receive clock.
[2] /TxC is /TXC or [RxC, whichever is supplying the transmit clock.
[3] Parameter applies only to FM encoding/decoding
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N ZilOs

PRELIMINARY PRODUCT SPECIFICATION

216G35

CMOS ISCC™ INTEGRATED SERIAL
COMMUNICATIONS CONTROLLER

FEATURES
| Low power CMOS technology

m Two general-purpose SCC channels, four DMA
channel; and a Universal Bus Interface Unit.

m Software compatible to the Zilog CMOS SCC

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

m  Four gigabyte address range per DMA channel

m  Flyby DMA transfer mode

W Programmable DMA channel priorities

®m Independent DMA register set

B A Universal Bus Interface Unit pfoviding a simple
interface to most CPUs with a multiplexed or non-
multiplexed bus; compatible with 680x0 and 8x86
CPUs.

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

m 8-bit data supporting highflow byte swapping
®m 10 and 16 MHz timing

m 68-pin PLCC

Supports all Zilog CMOS SCC features:

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

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

M, 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.

B 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.

B 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.

®m Local Loopback and Auto Echo modes

® Supports T1 digital trunk

m  Enhanced SDLC 10x19 Status FIFO for DMA support

m  Full CMOS SCC register set

GENERAL DESCRIPTION .

The Z16C35 ISCC is a CMOS superintegrated 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
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GENERAL DESCRIPTION (Continued)

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 (Figure 1).

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

The ISCC handles asynchronous formats, synchronous
byte-oriented protocols such as' IBM Bisync, and syn-
chronous bit-oriented protocols such as IHDLC and IBM
SDLC. This versatile device supports virtually any serial
datatransfer application (terminals, printers, diskette, tape
drives, etc.).

The device can generate and check CRC codes in any
synchronous 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 1/0.

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

IEl

"The DMA cell consists of four DMA channels; one for

transmit and one forreceive toand from each SCC channel,
respectively. The cycle time for each DMA transfer is 400
ns for the 10 MHz version. There is no idle cycle between
DMA transfers.

The DMA cell adopts a simple fly-by mode DMA transfer,
allowing easy programming of the DMA cell and yet
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 confirm the bus interface type being
implemented.

Note: All Signals with a preceding front slash, "/", are active
Low, e.g.: B/W (WORD is active Low); /B/W (BYTE is
active Low, only); /N//S (NORMAL and SYSTEM are both
active Low).

IEO ==

' 1
! 1
! IEl y l
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T i }+——> ch 1A
[ Control Signals SCC 1 anne
Control Signals <—'—>' [ |
'——————‘\ [&—— Channel B
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X Request :
1
I B |
1
AD15-ADO ! '
. 5 f
X JINT 4 Channel DMA
! d
! i
: > &—+—— /BUSACK
. .
: —) |
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: IEO 1
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Figure 1. Block Diagram
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Figure 2. Pin Assignments

PIN DESCRIPTION

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

/CTSA, /CTSB. Clear To Send(inputs, active Low). If these
pins are programmed as Auto Enables, aLowonthe inputs

enables the respective transmitters. If not programmed as-

Auto Enables, they may be used as general-purpose
inputs. Both inputs are Schmitt-trigger buffered to ac-
commodate slow rise-time inputs. The SCC cell detects
pulses on these inputs and can interrupt the CPU on both
logic level transitions.

/DCDA, /DCDB. Data Carrier Detect (inputs, active Low).
These pins function as receiver enables if they are pro-
grammed for Auto Enables; 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 pulses on these pins and caninterruptthe CPU
on both logic level transitions.

/DTRA, /DTRB. Data Terminal Ready(outputs, active Low).
These outputs follow the state programmed into the
DTR bit.

IEL. Interrupt Enable In(input, active High). IElis used with
IEO to form an interrupt daisy chain when there is more

than one interrupt driven device. A high IEl indicates that

no other higher priority device has an interrupt under

service or is requesting an interrupt. The SCC cell has a

higher interrupt priority than the DMA cell.

IEO. Interrupt Enable Out(output, active High) IEQis High
only if IEl 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). IEQ 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 an interrupt. Note that /INT
is pulled high and is not an open-drain output.
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~PIN DESCRIPTION (Continued)

/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 chainis 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 programmed
to accept a stalus acknowledge, a single pulse acknowl-
edge, oradouble pulse acknowledge. Thisis programmed
in the Bus Configuration Register (BCR). The double pulse
acknowledge is compatible with 8x86 family micropro-
CEessors.

PCLK. Clock (input). This is the master SCC and DMA
clock used to synchronize internal signals. PCLK isa 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 severalmodes 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 | ow)
When the Request To Send (RTS) bitin Write Register 5 is
set, the RTS signal goes Low. When the RTS bit is 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 olf, 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,
active 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 io CTS and DCD. In this mode,
transitions on these lines affect the state of the Synchronous/
Hunt status bits in Read Register 0 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 to receive clock cycles after the
lastbitin the synchronous characterisreceived 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 synchronous condition is not
latched These outputs are aclive each time a synchroni-
zation pattern is recognized (regardless of character
boundaries). In SDLC mode, the pins act as oulputs and
are valid on receipt of a flag.”

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

/TRxCA, MRxCB. Transmit/Receive Clocks (inputs or
outputs, active Low). These pins can be programmed in
several differentmodes of operation. TRXC may supply the
receive clock or the transmit clock in the input mode 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 not used when the ISCC is bus master.

AD15-AD0. Data bus (bidirectional, 3-state). These lines
carry data and commands to and from the ISCC.

/RD. Read (bidirectional, active Low). When the ISCCis 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 vector
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 I/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-ADO 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-AD0bus Datais writteninto
the ISCC by the external system on the Low to High /DS
transition. Data is read from the ISCC by the external
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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 dala 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/MW. Read/Write (bidirectional) Read polarity is High and
write polarity is Low. When the ISCC is bus master, R//W
indicates the data direction of the current bus transaction,
andis stable from when AS1s High until the bus transaction
ends Whenthe ISCCis notin controlof the system bus and
the external system is transferring information to or from
the ISCC, R//W is a status inpul used by the ISCC to
determine if data is entering or leaving on the AD15-AD0O
busduring /DStime. Insuch a case, Read (High) indicates
that the system is requesling data from the ISCC and Write
(Low) indicates that the system is presenting data to the
ISCC. The only timing requirements for R//W as aninput 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 indicaling that data is being requested from the
addressed location or device, and Write indicating that
data is being presented to the addressed location or
device.

JUAS. Upper Address Strobe (Output, active Low) This
signal is used if the 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

IAS. Lower Address Strobe (Bidirectional, active Low)
When the ISCC is bus master, this signal when an output,
is used as a lower address strobe for AD15-ADO lItis used
In conjunction with UAS since the address 1s 32-bits This
signal and /UAS are used by the DMA cell when it is bus
master. When ISCC is not bus master, this signal is used
in the multiplexed bus modes to latch the address on the
ADlines. The /AS signal is not used in the non-multiplexed
bus modes and should be tied to Vcc in these cases.

/WAIT//RDY. Wait/Ready(bidirectional, active Low) Itmay
be programmed to function either as a Wait signal or
Ready signal during the BCR write When the BCR is
written to Channel A (A1/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 1o Channel B (A1/A//B Low), this signal
functions as aREADY 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 Wait/RDY signal indicates 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 (the DMA cell has taken
control of the bus), the /Wait//RDY signal functions as a
WAIT or READY nput. Slow memories and peripheral ’
devices can assert WAIT toextend /DS during bus transfers
Similarly, memories and peripherals use READY toindicate
thatits 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 If the /BUSACK is
inactive before the DMA transfer is completed, the current
DMA transfer is aborted.

/BUSREQ. Bus Request(output, active Low) Thissignalis
used by the DMA to obtain the bus from the CPU

AO/SCC//DMA. DMA Channel/SCC Seleclt/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 1s used in
conjunction with A1/A//B pin output to identify which DMA
channelis active This information can be used by the user
to determine whether to issue a DMA abort command

AOQ/SCC//IDMA and A1/A//B output encodmg is
shown below

A1/AIB AO/SCC//IDMA DMA channel
1 1 RxA
1 0 TxA
0 1 RxB
0 0 xB

A1/A/B. DMA Channel/Channel A/Channel B (bidirec-
tional) This signal, when used as input, selects the SCC
channelinwhich 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 s 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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FUNCTIONAL DESCRIPTION

The functional capabilities of the ISCC are described in
three blocks: the SCC cell, the DMA cell, and the Bus
Interface Unit (BIU). Each of the blocks are described
independently in the following sections with the ISCC

architecture shown in Figure 3. Please refer to the ISCC
Technical Manual for a detailed description of the func-
tions outlined here.

Baud Rate .
DMA A ¥
Channel 0 = } SerialData
‘—N ChannelA je—vo
, I 10X 19 %sfr:l:nnelmod(s
DMA nterna ch Channel A Frame -
annel 1 — i
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Figure 3. Block Diagram of ISCC Architecture

SCC Cell Data Communications Capabilities. The ISCC
provides two independent full-duplex programmable
channels for use in any common asynchronous or syn-
chronous data communications protocol. The ISCC is built
from Zilog'sindustry standard SCC core and is compatible
with designs using Zilog's SCC to receive and transmit
data (Figure 4).

Asynchronous Modes. Send and Receive can be accom-
plished independently on each channel with five to eight
bits per character, plus optional even or odd parity. The
transmitters can supply one, one-and-a-half, or two stop
bits per character and can provide a break output at any
time. The receiver break-detection logic interrupts the
CPU both at the start and at the end of a received break.
Reception is protected from spikes by a transient spike-
rejection mechanism that checks the signal one-half a bit
time after a Low level is detected on the receive data input
(RxDA or RxDB in Figure 2). If the Low does not persist
(e.g., a transient), the character assembly process does
not start.

Framing errors and overrun errors are detected and bullered
together with the partial character on which they occur.

Vectored interrupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a built-in checking
process avoids the interpretation of a framing error as a
new start bit: a framing error results in the addition of one-
half a bit time to the point at which the search for the next
start bit begins.

The ISCC does notrequire symmetric transmit and receive
clock signals - a feature allowing use ol the wide variety of
clock sources. The transmitter and receiver can handle
data at a rate supplied to the receive and transmit clock
inputs. In Asynchronous modes, the SYNC pin may be
programmed as an input used for functions such as
monitoring a ring indicator. \

Synchronous Modes. The ISCC supports both byte-ori-
ented and bit-oriented synchronous communication.
Synchronous byte-oriented protocols can be handled in
several modes, allowing character synchronization with a
6-bit or 8-bit synchronous character (Monosync), and 12-
bit synchronization pattern (Bisync), or with an external
synchronous signal Leading sync characters can be
removed without interrupting the CPU.
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FUNCTIONAL DESCRIPTION {Continued)

Five or 7-bit synchronous characters are detected with
8- or 16-bit patterns in the ISCC by overlapping the larger

5 Bits

~

pattern across multiple incom'ing synchronous characters
as shown in Figure 5. .

I Isynclsync] | sywc | para | pata | pata | opara |

L J
Y ,

16

Figure 5. Detecting 5- or 7-Bit Synchronous Characters

CRC checking for Synchronous byte oriented modes is
delayed by one character time so that the CPU may
disable CRC checking on specific characters. This permits
the implementation of protocols such as 1BM Bisync

Both CRC-16 (X16 + X15 + X2 +1) and CCITT (X16 + X12
+ X5 +1) error checking polynomials are supporied. Fither
polynomial may be selected in all Synchronous modes.
Users may presetthe CRC generator and checkertoalt 1's
orall0's. The ISCC also provides a feature that automatically
transmits CRC data when no other data is available for
transmission. This allows for high speed transmissions
under DMA control, with no need for CPU intervention at
the end of a message. When there is no data or CRC to
send in Synchronous modes, the transmitter inserts
6-, 8-, or 16-bit synchronous characters, regardless of the
programmed character length.

The ISCC supports Synchronous bit-oriented protocols,
such as SDLC and HDLC, by performing automatic flag
sending, zero insertion, and CRC generation. A special
command is used to abort a frame in transmission At the
end of a message, the ISCC automatically transmits the
CRC and trailing flag when the transmitter underruns The
transmitter may also be programmed to send an idle line
consisting of continuous flag characters or asteady marking
condition.

If a transmit underrun occurs in the middle of a message,
an external/status interrupt warns the CPU of this status
change so thatan abortmay beissued. The ISCCmay also
be programmed to send an abort itself in case of an
underrun, relieving the CPU of this task. One to eight bits
per character canbe sent, allowing reception of amessage
with no prior information about the character structure in
the information field of a frame.

The receiver automatically acquires synchronization on
the leading flag of a frame in SDLC or HDLC and provides
a synchronization signal on the SYNC pin (an interrupt can
also be programmed). The receiver can be programmed
to search for frames addressed by a single byte (or four
bits within a byte) of a user-selected address or to a'global
broadcast address. In this mode, frames not matching
either the user-selected or broadcastaddress are ignored.
The number of address bytes can be extended under
software control. Forreceiving data, aninterrupt on the first
received character, or an interrupt on every character, or
on special condition only (end-of-frame) can be selected
The receiver automatically deletes all 0's inserted by the
transmitter during character assembly. CRC is also cal-
culated and is automatically checked to validate frame
transmission. At the end of transmission, the status of a
received frame is available in the status registers. InSDLC
mode, the ISCC must be programmed to use the SDLC
CRC polynomial, but the generator and checker may be
preset to all 1's or all 0's. The CRC is inverted before
transmission and the receiver checks against the bit pat-
tern 0001110100001111.

NRZ, NRZI or FM coding may be usedin any 1xmode. The
parity options available in Asynchronous modes are
available in Synchronous modes.

SDLC Loop Mode. The ISCC supports SDLC Loop mode
in addition to normat SDLC. In an SDLC Loop, there is a
primary controller station thatmanages the message traffic
flow on the loop and any number of secondary stations In
SDLC Loop mode, the ISCC performs the functions of a
secondary station while an ISCC operating in regular
SDLC mode acts as a controller (Figure 6).
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Figure 6. An SDLC Loop

A secondary station in an SDLC Loop is always listening to
the messages being sent around the loop and, in fact,
passes these messages to the rest of the loop
by retransmitting them with a one-bit-time delay. The
secondary station places its own message on the loop only

at specific times. The controller signals that secondary

stations can transmit messages by sending a special
character, called an EOP (End Of Poll), around the loop.
The EOP character is the bit pattern 11111110. Because
of zeroinsertion during messages, this bit patternis unique
and easily recognized.

When a secondary station has a message to transmit and
recognizes an EOP on the line, 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 sequence. The secondary
station now places its message on the loop and terminates
the message with an EOP. Any secondary stations further
down the loop with messages to transmit appends their
messages to the message of the first secondary station by
the same process. Any secondary stations without mes-
sages to send merely echo the incoming message and are
prohibited from placing messages on the loop (except
upon recognizing an EOP.)

SDLC Loop mode is a programmable option in the ISCC.
NRZ, NRZI, and FM coding may all be used in SDLC
Loop mode

SDLC FIFO. The ISCC's ability to receive high speed
back-to-back SDLC frames is maximized by a 10-bitdeep
by 19-bit wide status FIFO. When enabled (through WR 15,
bit D2), it provides the DMA the ability to continue to
transfer data intomemory so that the CPU can examine the

message later. For each SDLC frame, a 14-bit byte count

and 5 status/error bits are stored. The byte count and
status bits are accessed through Read Registers 6 and 7.
Read Registers are only accessible when the SDLC FIFO
is enabled. The 10x19 status FIFO is separate from the 3
byte receive data FIFO. ‘

Notes on the SDLC FIFO. When using the SDLC FIFO
enhancment in channel B, it is necessary to enable the
enhancmentin channel A. There is no special requirement
to enable the enhancement in channel A only , or to use it
in both channels. Designs using only one channel should,
therefore, use channel A.

When an SDLC frame is received with an abort condition,
the byte counter in the FIFO enhancment is not reset.
Therefore, after the abort is received, a dummy frame
consisting of a flag should be sent by the transmitter. This
resets the byte counter for the next frame. The aborted
frame has abyte count which includes the byte count of the
next dummy frame.

Baud Rate Generator. Each channel in the ISCC contains
a programmable baud rate generator. Each generator
consists of two.8-bit time constant registers that form a 16-
bit time constant, a 16-bit down counter, and a flip-flop on
the output producing a square wave. On startup, the flip-
flop on the outputis setin a High state, the value in the time

" constant register is loaded into the counter, and the

counter starts counting down The output of the baud rate
generator toggles upon reaching 0, the value in the time
constant register is loaded into the counter, and the
process is repeated. The time constant may be changed
at any time, but the new value does not take effect until the
next load of the counter.

The output of the baud rate generator may be used as
either the transmit clock, the receive clock, or both. It can
also drive the Digital Phase-Locked Loop (see next
section).

If the receive clock or transmit clock is not programmed to
come from the TRxC pin, the output of the baud rate
generator may be echoed out via the TRxC pin.

The following formula relates the time constant to the baud
rate where PCLK or RTxC is the baud rate generator input
frequency in Hertz. The clock mode is 1, 16, 32, or 64, as
selected in Write Register 4, bits D6 and D7. Synchronous
operationmodes should select 1 and Asynchronous should
select ¥6, 32 or 64.

PCLK or RTxC Frequency
Time Constant = -2
2(Baud Rate)(Clock Mode)

175




FUNCTIONAL DESCRIPTION (Continued)

Digital Phase-Locked Loop. The ISCC contains a Digital
Phase-Locked Loop (DPLL) to recover clock information
from a data stream with NRZI or FM encoding. The DPLL
" is driven by a clock that is nominally 32 (NRZI) or 16 (FM)
times the data rate: The DPLL uses this clock, along with
the data stream, to construct a clock for the data. This
clock is then used as the ISCC receive clock, the transmit
clock, or both.

For NRZI encoding, the DPLL counts the 32x clock to
create nominal bit times. As the 32x clock is counted, the
DPLL is searching the incoming data stream for edges
(either 1100, orOto 1). Whenever an edge is detected, the
DPLL makes a count adjustment (during the next counting
cycle), producing a terminal count closer to the center'of
the bit cell.

For FM encoding, the DPLL still counts from 0 to 31, but
with a cycle corresponding to two bit times. When the DPLL
is locked, the clock edges in the data stream should occur
between counts 15 and 16 and between courits 31 and 0.
The DPLL looks for edges only during a time centered on
the 15 to 16 counting transition.

The 32x clock for the DPLL can be programmed to come
from either the RTxC input or the output of the baud rate

generator. The DPLL output may be programmed to be
echoed out of the ISCC via the TRxC pin (if this pin is not
being used as an input).

Data Encoding. The ISCC may be programmed to encode
and decode the serial dala in four different ways (Figure 7).
InNRZ encoding, a 1is represented by a High level and a
O is represented by a Low level. In NRZI encoding, a 1 is
represented by no change in level and a 0 is represented
by a change in level In FM1 (more properly, bi-phase
mark), a transition occurs at the beginning of every bit cell.
A 1is represented by an additional transition at the center
of the bit cell and a 0 is represented by no additional
transition at the center of the bit cell. In FMO (bi-phase
space), a transition occurs at the beginning of every bit
cell. A O is represented by an additional transition at the
center of the bit cell, and a 1 is represented by no
additional transition at the center of the bit cell. In addition
to these four methods, the ISCC can be used to decode
Manchester (bi-phase level) data by using the DPLL in the
FM mode and programming the receiver for NRZ data.
Manchester encoding always produces a transition at the
center of the bit cell. If the transition is 0 to 1, the bitis a 0.

_If the transition is 1 to O, the bitis a 1.

Figure 7. Data Encoding Methods

Auto Echo and Local Loopback. The ISCC is capable of
automatically echoing everything it receives. This feature
is useful mainly in Asynchronous modes, but works in
Synchronous and SDLC modes as well. In Auto Fcho
mode, TxDis RxD. Auto Echomode can be used with NRZI
or FM encoding with no additional delay because the data
‘streamis not decoded before retransmission. In Auto Echo

¢

mode, the /CTS input is ignored as a transmitter enable
(although transitions on this input can still cause interrupts
if program‘me‘dyto do’so). In this mode, the transmitter is
actually bypassed and the programmer is responsible for
disabling transmitter interrupts and /WAIT//REQUEST on

transmit. ‘
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The ISCC is also capabile of local loopback. In this mode
TxD is RxD is just like Auto Echo mode. However, in t ocal
Loopback mode the internal transmit data is tied to the
internal receive data and RxD is ignored (except o be
echoed out via TxD). The /CTS and /DCD inputs are also
ignored as transmit and receive enables. However, tran-
sitions on these inputs can still cause interrupts. l.ocal
Loopback works in Asynchronous, Synchronous and SDLC
modes with NRZ, NRZ| or FM coding of the data stream.

DMA Core. The ISCC contains four independent lly-by
mode DMA channels. Each of the ISCC's transmit and

receive channels has a DMA channel dedicated 1o it to
move data to-and-from memory. The DMA channels are
dedicated to the transmit and receive FIFO's, and there-
fore, can not be used for device initialization. Each DMA
has a 32-bit address and a 16-bit byte counter. The DMA
address may be incremented or decremented providing
flexibility in doing block transfers.

See the 1/O Interface Capabilities Section tor more details
on the DMA features.

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 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 writés the BCR, a non-multiplexed bus is selected.

When the ISCC is initialized for non-multiplexed operation,
register addressing for the ISCC cell s (with the exception
of WRO0 and RRO0), accomplished as follows. Programming
the write registers requires two write operations and réading
theread registers requires both a write and aread operation.
The first write is to WRO which contains four bits that point
to the selected register (note 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 of the registers in the SCC cell of the ISCC, including the
data registers, are accessed in this fashion. The pointer
register is automatically cleared after the second read or
write operation so that WRO (or RRO) is addressed again.
Note that when the DMA is not used to address the data,
the data registers must be accessed by pointing to Reg-
ister 8. This is in contrast to the Z8530 which allows direct
addressing of the data registers through the C/D pin.

When the ISCC is initialized for non-multiplexed operation,
regisler addressing for the DMA cell (with the exception of
CSAR) is accomplished as follows and is completely
independent of the SCC cell register addressing.
Programming the wrile registers requires two write
operations and reading the read registers requires both a
write and a read operation. The first write is to the Com-
mand Status Address Register (CSAR) which contains five
bits that point tothe selected register (CSARbits 4-0). 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 of the registers in the DMA cell of the ISCC may be
accessed in this fashion, The pointer bits are automatically
cleared after the second read or write operation so that
CSAR is addressed again.

When the ISCC is initialized for multiplexed bus operation,
all registers in the SCC cell are directly addressable with
the register address occupying AD5 through AD1, or AD4
through ADO (Shift Left/ Shift Right modes). Two additional
pins, AO/SCC//DMA and A1/A//B control the channel A/B
register selection and the SCC channel /DMA selection
Refertothe AO/SCC//DMA and A1/A//Bpin descrlptlons for
the encoding of these signals.

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 0 (WRQ), bits 1 and 0O (Figure 9-1).

The programming of the Shift Left/Shift Right modes for the
DMA cellis accomplished inthe BCR, bitO. In this case, the
shiftfunction 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 modeis selected, Write.Hegister
0 (WRQ0) takes on the form of WRO in the Z8030 (Figure 9).

All data transfers to and from the ISCC are done in bytes
even though the data can, at special times, occupy the
lower or upper byte of the 16-bit bus. When accessed as
aperipheral device(i.e., when the ISCCis nol a bus master
performing DMA transfers), all bus transactions are on the
lower 8 bits' of the bus with the following exception

s
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FUNCTIONAL DESCRIPTION (Continued)

When the ISCC registers are read, the byte data is present
on both the lower 8 bits of the bus and the upper 8 bits of
the bus. Datais accepted only on the lower 8 bits of the bus
except in certain DMA transfers.

During DMA transfers, data may be transferred to or from
the ISCC on the upper 8 bits of the'bus for odd or even byte
transfers. During DMA transfers to memory fromthe ISCC,
byte data only is transferred and the data appears on both
the lower 8 bits and is replicated on the upper 8 bits of
the bus.

During DMA transfers to the ISCC from memory, byte data
only is transferred and normally data is accepted only on
the lower 8 bits of the bus. However, the byte swapping

feature may be used to elect on which byte of the bus the
datais accepted. 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 bit in the BCR. If Byte
Swap Select is a 1, then even address bytes (transfers
where the DMA address has AQ equal 0) are transferred on
the lower 8 bits of the bus and odd address bytes (transfers
where the DMA address has AO equal 1) are transferred on
the upper 8 bits of the bus. If Byte Swap Selectis.a 0, then
even address bytes (transfers where the DMA address has
A0 equal 0) are transferred on the upper 8 bits of the bus
and odd address bytes(iransfers where the DMA address
has AO equal 1) are transferred on the lower 8 bits of
the bus.

/O INTERFACE CAPABILITIES

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

Polling. In this mode all interrupts and the DMA’s are
disabled. Three status registers in the SCC are automati-
cally updated whenever any function is performed. For
example, end-of-frame in SDLC mode sets a bit in one
of these status registers. With polling, the CPU must
periodically read astatus register until the register contents
indicate the need for some CPU action to be taken Only
one register in the SCC needs to be read; depending on
the contents of the register, the CPU either reads data,
writes data, or satisfies an error condition. Two bits in the
register indicate the need for data transfer. An alternative
is to poll the Interrupt Pending register to determine the
source of an interrupt. The status for both SCC channels
resides in one register.

Interrupts. When the ISCC responds to'an Interrupt Ac-
knowledge signal (INTACK) from the CPU, an interrupt
vector is placed on the data bus. Both the SCC and the
DMA contain vector registers. Depending on the source of
interrupt, one of these vectorsis returned. either unmodified
or modified by the interrupt status to indicate the exact
cause of the interrupt.

Each of the six sources in interrupts 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 bit is set
for any given source of interrupt, then that source can
request interrupts. The only exception to this rule is when

the associate Master Interrupt Enable (MIE) bit is reset,
then no interrupts are requested. Both the SCC and the
DMA have an associated MIE bit. The IE bits in the SCC are
write only, but the IE bits in the DMA are read write.

The ISCC provides for nesting of interrupt sources with an
interrupt daisy chain using the IEl, IEO, and INTACK pins.
As amicroprocessor peripheral, the ISCC may requestan
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 device
places the vector on the data bus.

Inthe ISCC, the IP bit signals a need for interrupt servicing.
When an IP bitis 1 and the IEl inputis High, the /INT signal
is activated, requesting an interrupt. Inthe SCC, if the IE bit
is not set, then the IP for that source can never be set. The
IP bits in the DMA are set independent of the IE bit.

The 1US bits signal that an interrupt request is being
serviced. If an IUS is set, 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 IEO output of the
ISCC being pulled Low and propagated to subsequent
peripherals. Internally, the SCC is higher priority than the
DMA. An IUS bit is set during an Interrupt Acknowledge
cycle if there are no higher priority devices requesting
interrupts.

Within the SCC portion of the ISCC there are three types of
interrupts' Transmit, Receive, and External/Status. Each
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s interrupttypeis enabled under program control with Chan-
nel A having higher priority than Channel B, and with
Receive, Transmit, and External/Status interrupts prioritized
in that order within each channel. When the Transmit
interrupt is enabled, the CPU is interrupted when the
transmit buffer becomes empty. This implies that the
transmitter had a data character written into it to make it
empty. When enabled, the receiver interrupts the CPU in
one of three ways:

1. Interrupt 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 on Special Condition Only, are typically used
when doing block transfers with the DMA. A Special
Receive Condition is one of the following: receiver overrun,
framing error in Asynchronous mode, end-of-frame i