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DESCRIPTION

The SC26C94/SC68CI4 quad universal
asynchraonous receiver/transmitter
(QUART) combines four enhanced
Signetics industry-standard UARTs with
an innovative interrupt scheme that can
vastly minimize host processar
overhead. Itis implemented using
Signetics’ high-speed CMOS process
that combines small die size and cost
with low power consumption.

The operating speed of each receiver
and transmitter can be selected
independently at one of eighteen fixed
baud rates, a 16X clock derived from a
programmable counteritimer, or an
external 1X or 16X clock. The baud rate
generator and counterftimer can operate
directly from a crystal or from external
clock inputs. The ability to independently
program the operating speed of the
receiver and transmitter make the Octal
UART particularly attractive for
dual-speed channel applications such as
clustered terminal systems.

Each receiver is buffered with eight
character FIFOs (first-in-first-out
memories) and one shift register to
minimize the potential for receiver
overrun and to reduce interrupt
overhead in interrupt driven systems. In
addition, a handshaking capability is
provided to disable a remote UART
transmitter when the receiver buffer is
full. (RTS control)

The SC26C94/SC68CY4 provides a
pawer-down mode in which the oscillator
is stopped and the register contents are
stored. This results in reduced power
consumption on the order of several
magnitudes. The Octal UART is fully
TTL compatible and operates from a
single +5V power supply.

SC26C94/SC68C94

Quad universal asynchronous
receiver/transmitter (QUART)

FEATURES
® Four Signetics industry-standard
UARTs
® Eight byte receive FIFOs for each
UART
® Programmable data format:
- 5 to 8 data bits plus parity
- Odd, even, no parity or force parity
— 1, 1.5 or 2 stop bits programmable
in 1/16-bit increments
® Baud rate for the receiver and
transmitter selectable from:

— 18 fixed rates: 50 to 38.4K baud
Non-standard rates to 230.4K baud

~ User-defined rates from the
programmable countertimer
associated with each block

- External 1X or 16X clock

® Panty, framing, and overrun error
detection

® False start bit detection
® Line break detection and generation
® Programmable channel mode

- Normai {full-duplex), automatic

echo, local loop back, remote
loopback

® Eight byte transmit FIFOs for each
UART

® Programmable interrupt priarities

® |dentification of highest priority
interrupt

® Global interrupt register set provides
data from interrupting channel

® Vectored interrupts with
programmable vector format

® |ACKN and DTACKN signals

® Built-in baud rate generator with
choice of 18 rates
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PIN CONFIGURATIONS

Vee
A[5:0] —]
CEN —] [~ DACKN
RON — [-— 1acKkN
WRN —]
D[7:0— — Ran
RESET — — 10080
— 101aa
X1:CLK — — 1020
x2 —] [— 103sd
RDa-d —] [ Toad
Vss

& Four {0 pins per UART for modem
controls, clocks, etc.

® Power down mode
® High-speed CMQOS technology
® 52-pin PLCC and 48-pin DIP

® Commercial and industrial
temperature ranges available

® On-chip crystal oscillator
® TTL compatible
® Single +5V power supply

® Two multifunction programmable
16-bit counter/timers

¢ 1MHz 16X mode operation
® 45ns data bus release time
® “Watch Dog” timer for each receiver
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ORDERING INFORMATION

PACKAGES Ve = 45V £10%, Ta = 0°C to +70°C

Ve = +5V £10%, Ta = —40°C to +85°C

Plastic Dual in-Line Package SC26C94C1N48

SC26C94A1IN4B

Plastic Leaded Chip Carrier SC26C94C1A52

SC26C94A1A52

NOTE:
Pin Grid Array (PGA) package version is available from Philips Components Military Division.

PIN CONFIGURATIONS
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BLOCK DIAGRAM
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PIN DESCRIPTION

MNEMONIC TYPE NAME AND FUNCTION

CEN 1 Chip Select: Active low input that, in conjunction with RDN or WRN, indicates that the control processor is trying
to access a QUART register.

AS50 | Address Lines: These inputs select a SC26C94/SC88C94 register to be read or written by the control processor,

D7:0 IO | 8-bit Bidirectional Data Bus: Used by the control processor te read and write SC26C94/SC68C94 registers.

RDN | Read Strobe: Active lowinput. When this line is asserted simultaneously with CEN, the SC26C94/SC68C94 places
the contents of the register selected by A{5:0] on the D[7:0] lines.

WRN 1 Write Strobe: Active low input. When this line is asserted simultaneously with CEN . the SC26C94/SC&8C94 writes

the data on D[7:0] into the register selected by A[5:0].

DACKN (o] Data ACKnowledge: Active low, open-drain output to the control processor, whichis asserted subsequentto aread
or write operation. For a read operation, assertion of DACKN indicates that register data is valid on D[7:0). Fora
write operation, it indicates that the data on D[7.0] has been captured into the indicated register. This signal
corresponds to READYN on 80x86 processors and DTACKN on 680x0 processors.

IRON o] Interrupt Request: This active low open-drain outputto the control processor indicating that one or more of the UART
channels has reached an interrupt value which exceeds that pre-programmed by host software. The IRQN can be
used directly as a 680x0 processor input, it must be inverted for use as an 80x86 interruptinput  This signal requires
an external pull-up resistor.

IACKN | Interrupt ACKnowledge: Active low input indicating that the cantrol processor is acknowledging an interrupt re-
questedby this device The SC26C94:SC68C94 responds 1o the assertion of this signal by placing an interrupt veclor
on D{7:0] and asserting DACKN

TDa-d @] Transmit Data: Senal outputs from the four UARTs
RDa-d { Receive Data: Serial inputs to the four UARTs/
1/00a-d o] Input/Output 0: Amulti-useinputor output signal for each UART. These pins can be used as general purpose inputs,

Clear to Send inputs, 1X or 16X Transmit Clock outputs or general purpose outputs. Change-of-state detection is
provided for these pins

1’Ola-d 170 Input/Output 1: A multi-use input or output signal for each UART. These pins can be used as general purpose or
1X or 16X transmit clock inputs, or general purpose 1X or 16X receive clock outputs Change-of-state detection is
provided for these pins. In addition, ¥O1a and 1/O1¢ can be used as Counter/Timer inputs and I/01b and I/O1d can
be used as Counter/Timer outputs.

1:02a-d lle] Input/Output 2: Amulti-use input or output signal for each UART. These pins can be used as general purpose inputs,
1X or 16X receive clock inputs, general purpose outputs, RTS output or 1X or 16X receive clock outputs.

1/03a-d e} Input’Output 3: Amulti-useinputor output signal foreach UART. These pins can be used as general purpose inputs
1X or 16X transmit clock inputs, general purpose outputs, or 1X or 16X transmit clock outputs

RESET | Master Reset: Active high reset for the SC26C94/SC68C94 logic Must be asserted at power-up, may be asserted
at other times that the system is to be reset and restarted Registers reset. MR pointer, CIR, IRQN. DTACKN, IVR
Interrupt Vector, Power Down, Test registers, FIFO pointers, Baud rate generator, Error Status, Watch Dog Timers,
IMR, Change of State detectors, counter/timer to tmer, Transmitter and Receiver controliers

X1CLK | Crystal 1 or Communication Clock: This pin can be connected to one side of a3.6864MHz or a 7. 3728MHz crystal,
or can be connected to a TTL-level clock with the same frequency.

X2 o] Crystal 2: If a crystal is used. this pin should be connected to its other terminal  If a TTL-level clock is apphed 1o
X1, this pin should be left unconnected.

BLOCK A
COUNTER/TIMER
INTEBFLiJFSACE 1O PORT CONTROL 2 BAUD

RATE
GENERATOR
A{5:0] ¥ UARTS A/B

D[7°0)
INTERRUPT CONTROL
DACKN <— BLOCK B

e | -+
JACKN ——™ UARTS C/D
10 CONTROL
1O PORT CONTROL

Figure 1. Channel Architecture

*
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Table 1. QUART Reglsters

A50 READ (RDN = Low) WRITE {WRN = Low)
000000 Mode Reglster a [MR0a, MR1a, MR2a) Mode Ragister a (MROa, MR1a, MR2a)
000001 Status Register a (SRa} Clock Select Register a (CSRa}
000010 Resorved Command Register a (CRa)

000100 Recelive Holding Register a (RxFIFOa) Transmit Holding Register a (TxFIFOa)
001000 Input Port Change Reg ab (IPCRab) Auxihary Controi Reg ab (ACAab)
000101 Interrupt Status Reg ab (ISRab) Interrupt Mask Reg ab (IMRab)
000110 Counter/Timer Upper ab (CTUab) Counter/Timar Upper Reg ab {CTURab)
000111 Counter/Timer Lower ab {CTLab) Counter/Timer Lower Reg ab (CTLRab)
001000 Mode Register b (MROb, MR1b, MA2b) Mode Register b (WROb, MR1b, MR2b}
001001 Status Register b (SR1b, SA2b) Clock Select Register b (CSRb, CSRb)
0a1010 Reserved Command Regster b (CAb)
001011 Receive Holding Register b (RxFIFOb) Transmt Holding Register b (TxFIFOb)
001100 Output Pont Register ab (OPRab) Output Port Register ab (OPRab)
00111 Input Port Register ab (IPRab) VO Port Register a (IOPRa)
001110 Stan Counter ab O Port Register b (IOPRb)
001111 Stop Counter ab Resarved
010000 Mode Ragister c (MROC, MR1c, MR2c) Mode Regsster ¢ (MROc, MR1c, MA2c)
010001 Stalus Register c (SRc) Clock Select Register c (CSRc)
010010 Reserved Command Register ¢ (CRe)
010011 Receive Holding Regisler ¢ {RxFIFOC) Transma Holding Regster ¢ (TxFIFOc)
010100 Input Port Change Reg cd (IPCRcd) Auxiliary Control Aeg cd (ACRcd)
010101 Interrupt Status Reg cd (ISRcd) Interrupt Mask Reg cd {IMAcd)
010110 Counter/Timer Upper cd {CTUcd) Counler/Timer Upper Reg cd (CTURcd)
010111 Counter/Timar Lower cd (CTLcd) Counter/Timer Lower Reg od (CTLRcd)
011000 Mode Register d (MADd, MR1d, MR2d) Mode Register d (MAOd, MA10. MA2d)
011001 Stalus Register d (SAd) Clock Selact Register d {CSRd)
011010 Resarved Command Register d (CRd)
onon Receive Holding Register d (AxFIFOa} Transmil Holding Register d {TxFIFOd)
011100 Output Por Register cd (OPRod) Qutput Port Register cd (OPRcd)
011101 Input Porl Register cd (IP Rcd) VO Port Register ¢ ({OPRc)
011110 Start Counter cd O Port Register d (KOPAd)
onm Stop Counter cd Reserved
100000 Bidding Control Register a (BCRa} Bidding Control Regster a (BCRa)
100001 Bidding Control Register b (BCRb) Biading Control Register b (BCRb)
100010 Bidding Control Register ¢ (BCRc) Bidding Control Register ¢ (RCRc)
100011 Bidding Control Regisier d (BCRd) Biading Control Register d (BCRd)
100100 Reserved Power Down
100101 Reserved Power Up
100110 Aeserved Disabie DACKN
100111 Resarved Enable DACKN
101000 Current Interrupt Register {CIR) Reserved
101001 Globa! Interrupl Channel Reg (GICR) Interrupt Vector Register (IVR)
101010 Global Int Byle Count Reg (GIBCR) Update CIR
101011 Global Recsive Holding Reg (GRxF IFQO) Global Transmit Holding Reg {GTxFIFC)
101100 Interrupt Control Register (ICR) interrupt Control Register (ICR)
101101 Resarved Test 3
101101 Reserved Set X1/CLK Normal
101111 Reserved Set X1/CLK to divide by fwo
110000-111000 | Reserved Reserved
111001 Test Mode Test Mode
111010111111 Reserved Reserved
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FUNCTIONAL BLOCKS

The QUART is composed of four Signetics
industry-standard UARTs, each having a
separate transmit and receive channel.

The Basic UART cells in the QUART are
configured with 8-byte Receive FIFOs and
8-byte Transmit FIFOs. Hardware supports
interrupt priority arbitration based on the
number of bytes available in the transmit and
receive FIFOs. Attempts to push a full FIFO
or pop an empty FIFO do not affect the count.

Baud Rate Generator

The baud rate generator used in the QUART
is the same as that used in other Signetics
industry standard UARTs. It provides 18
basic Baud rates from 50 baud to 38,400
baud. It has been enhanced to provide to
provide other baud rates up to 230,400 baud
based on a 3.6364MHz clock. With a
7.272B0OOMHz clock 460,800 baud is
available.

BLOCK DIAGRAM

As shown in the block diagram, the QUART
consists of; data bus buffer, interrupt control,
operation control, timing, and four receiver
and transmitter channels. The four channels
are divided into two different blocks, each
block independent of the other (see Figure 1)

Channel Blocks

There are two blocks (Figure 1), each
containing two sets of receiver/transmitters.
In the following discussion, the description
applies to Block A which contains channels a
and b. However, the same information
applies to ali channel blocks.

Data Bus Buffer

The data bus buffer provides the interface
between the external and internal data buses.
itis controlled by the operation controf block
to allow read and write operations to take
place between the controlfing CPU and the
QUART.

Operation Control

The operation control logic receives operation
commands from the CPU and generates
appropriate signals to internal sections to
control device operation. It contains address
decoding and read and write circuits to permit
communications with the control processor
via the data bus buffer. The functions
performed by the CPU read and write
operations are shown in Table 1.

Mode registers (MR} 0, 1 and 2 are accessed
via an address counter. This counter is set to
one (1) by reset for compatibility with other
Signetics UARTs. itis setto O viaa
command to the Command Register (CR)
The address counter is incremented with
each access to the MR until it reaches 2 at
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which time it remains at 2. Alf subsequent
accesses to the MR will be 1o MR2 until the
MR counter changed by a reset or an MR
counter command.

The Mode Registers control the basic
configuration of the UART channels. There is
one for each UART. (Transmitter/receiver
pair)

Timing Circuits

The timing block consists of a crystal
oscillator, a baud rate generator, a
programmable 16-bit counter/timer for each
block, and two clock selectors.

Oscillator

The crystal oscillator operates directly from a
3.6864MHz crystal connected across the X1/
CLK and X2 inputs with a minimum of
external components |t an external clock of
the appropriate frequency is available. it may
be connected to X1/CLK. If an external clock
is used instead of a crystal, X1 must be
driven and X2 left floating as shown in Figure
8. The clock serves as the basic timing
reference for the baud rate generator (BRG),
the counter/timer, and other internal circuits.
A clock frequency, within the limits specified
in the electrical specifications, must be
supplied even if the internal BRG is not used

Baud Rate Generator

The baud rate generator cperates from the
ascillator or external clock input and is
capable of generating 18 commonly used
data communications baud rates ranging
from 50 to 38.4K baud. Thirteen of these are
available simultaneously tor use by the
receiver and transmitter. Eight are fixed, and
one of two sets of five can be selected by
programming ACR(7]. The clock outputs from
the BRG are at 16X the actua! baud rate The
counter/timer can be used as a timer to
produce a 16X clock for any other baud rate
by counting down the crystal clock or an
external clock. The clock selectors allow the
independent selection, by the receiver and
transmitter, of any of these baud rates or an
external timing signal.

Counter/Timer (C/T)

The counter timer is a 16-bit programmable
divider that operates in one of three maodes.
counter, timer, time out. In the timer mode it
generates a square wave. In the counter
mode it generates a time delay. In the time
out made it monitors the time between
received characters. In this mode it is acting
as a programmable watch dog timer.

The C/T uses the numbers loaded into the
Counter/Timer Lower Register (CTLR) and
the Counter/Timer Upper Register (CTUR) as
its divisor.
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There are two counter/timers in the QUART;
one for each DUART. The counter/timer
clock source and mode of operation (counter
or timer) is selected by the Auxiliary Control
Register bits 6 to 4 (ACR[6:4]). The output of
the counter/timer may be used for a baud
rate and/or may be output to the 1/0 pins for
some external function that may be totally
unrelated to data transmission. The
counter/timer also sets the counter/timer
ready bit in the Interrupt Status Register
{ISR) when its output transitions from 1 to 0.

A register read address is reserved to start
counter/timer command and a second
register read address is reserved to issue a
stop command. The START command
always loads the contents of CTUR, CTLR, to
the counting registers. The STOP command
always resets the ISR{3] bit in the interrupt
status registers. See Table 1.

Timer Mode

In the timer mode a symmetrical square wave
is generated whose half period is equal in
time to division of the selected counter/timer
clock frequency by the 16-bit number foaded
in the CTLR CTUR. Thus, the frequency of
the counter/timer output will be equal to the
counter/timer clock frequency divided by
twice the value of the CTUR CTLR. While in
the timer mode the ISR bit 3 (ISR([3}) will be
set each time the counter/timer transitions
from 1to 0. (High to low) This continues
regardless of issuance of the stop counter
command. ISR[3] is reset by the stop
counter command. NOTE: Reading of the
CTU and CTL registers in the timer mode is
not meaningful

Counter Mode

In the counter mode the counter/timer counts
the value of the CTLR CTUR down to zero
and then sets the ISR[3] bit and sets the
counter/timer output from 1 to 0. It then rolis
over to 65,365 and conlinues counting with
no further observable effect.

Reading the C/T in the counter mode outputs
the present state of the C/T. it the C/T is not
stopped, a read of the C/T may resultin
changing data on the data bus.

Timeout Mode

The timeout mode uses the received data
stream to control the counter. Each time a
received character is transferred from the
shift register to the RxFIFO, the counter is
restarted. If a new character is not received
before the counter reaches zero count, the
counter ready bitis set, and an interrupt can
be generated This mode can be used to
indicate when data has been left in the Rx
FIFO for more than the programmed time
lim#t. If the receiver has been programmed to
interrupt the CPU when the receive FIFO is
full, and the message ends before the FIFO
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is full, the CPU will not be interrupted for the
remaining characters in the RxFIFQ.

By programming the C/T such that it would
time out in just over one character time, the
above situation could be avoided. The
processor would be interrupted any time the
data stream had stopped for more than one
character time. NOTE: This is very similar to
the watch dog timer controlled by MRO. The
difference is in the programmability of the
delay time.

This mode is enabled by writing the
appropriate command to the command
register. Writing an ‘Ax’ to CRA or CRB will
invoke the timeout mode for that channel.
Writing a ‘Cx’ to CRA or CRB will disable the
umeout mode. The timeout mode should only
be used by one channel at a time.

The timeout mode disables the regular
START/STOP counter commands and puts
the C/T into counter mode under the control
of the received data stream. Each fime a
received character is transferred from the
shift register to the RxFIFO, the C/T is
stopped after one C/T clock, reloaded with
the value in CTUR and CTLR and then
restarted on the next C/T clock. If the C/T is
allowed to end the count betore a new
character has been received, the counter
ready bit, ISR{3], will be set. If IMR[3] is set,
this will generate an interrupt. Since receiving
a character restarts the C/T, the receipt of a
character after the C/T has timed out will
clear the counter ready bit, ISR[3], and the
interrupt. Invoking the ‘Set Timeout Mode On’
command, CRx="Ax’, will also clear the
counter ready bit and stop the counter until
the next character is received.

The counter timer is controlled with six
commands: Start/Stop C/T, Read/Write
Counter/Timer lower register and Read/Write
Counter/Timer upper register. These
commands have slight differences depending
on the mode of operation. Please see the
detail of the commands under the CTLR
CTUR Register descriptions

Receiver and Transmitter

The QUART has four full-duplex
asynchronous receiver/transmitters. The
operating frequency for the receiver and
transmitter can be selected independently
from the baud rate generator, the
counter/timer, or from an external input.

Registers associated with the
communications channet are the mode
registers (MRO, MR1 and MR2) Clock Select
Register (CSR). Command Register (CR),
Status Register (SR), Transmit FIFO
(TxFIFOQ), and the Receive FIFO (RxFIFO).
The transmit and receive FIFOs are each

November 12, 1990

eight characters deep. The receive FIFO
also stores three status bits with each
character.

Transmitter

The transmitter accepts parallel data from the
CPU and converts it to a serial bit stream on
the TxD output pin It automatically sends a
start bit followed by the programmed number
of data bits, an optional parity bit, and the
programmed number of stop bits. The least
significant bit is sent first. Following the
transmission of the stop bits, if a new
characler is not available in the TxFIFC, the
TxD output remains high and the TxEMT bit
in the SR will be set to 1. Transmission
resumes and the TxEMT bit is cleared when
the CPU loads a new character in the
TxFIFO In the 16X clock mode, this also re-
synchronizes the internal 1X transmitter clock
so that transmissicn of the new character
begins with minimum delay

The transmitter can be forced to send a break
{continuous Low condition) by issuing a start
break command via the CR. The break is
terminated by a stop break command. f the
transmitter is disabled, it continues operating
until the characters currently being
transmitted and the character in the TxFIFO,
if any, are completely sent out. Characters
cannot be loaded in the TxFIFO while the
transmitter is disabled

Receiver

The receiver accepts serial data on the RxD
pin, converts the serial input to parallel
format, checks for start bit, stop bit. parity bit
(if any), or break condition, and presents the
assembled character to the CPU. The
receiver looks for a High-to-Low
{mark-to-space) transition of the start bit on
the RxD input pin if a transition is detected,
the state of the RxD pin is sampled again
each 16X clock for 7-1/2 clocks (16X clock
mode) or at the next rising edge of the bit
time clock (1X clock mode).

1f RxD is sampled High, the start bitis invalid
and the search for a vahd start bit begins
again I RxD 1s still Low, a valid start bit is
assumed and the receiver samples the input
This continues at one bit time intervals, at the
theoretical center of the bit. until the proper
number of data bits and the parity bit (if any)
have been assembled, and one stop bit has
been detected The data is then transferred
to the RxFIFO and the RxRDY bitin the SR
is set 1o a one. If the character length is less
than eight bits, the most significant unused
bits in the RxFIFO are set to zero.

After the stop bit 1s detected, the receiver wili
immediately look for the next start bit
However, it a non-zero character was
received without a stop bit (i e. framing error)
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and RxD remains low for one-half of the bit
period after the stop bit was sampled, then
the receiver operates as if a new start bit
transition had been detected at that point
{one-half bit ime after the stop bit was
sampled). The parity error, framing error and
overtun error (if any) are strobed into the SR
at the received character boundary, before
the RxRDY status bit is set.

it a break condition is detected (RxD is low
far the entire character including the stop bit),
only one character consisting of all zeros will
be loaded in the FIFO and the received break
bitin the SR is set to 1. The RxD input must
return 1o a high condition for two successive
clock edges of the 1X clock (internal or
external) before a search for the next start bit
begins.

RECEIVER FIFO

The RxFIFO consists of a first-in-first-out
(FIFO) with a capacity of eight characters
Data is loaded from the receive shift register
into the top-most empty position of the FIFO
The RxRDY bit in the status register (SR} is
set whenever one or more characters are
available to be read, and a FFULL status bit
is setif all eight stack positions are filled with
data. The number of filled positions is
encoded Into a 3-bit value. This value is sent
to the interrupt bidding logic where itis used
to generate an interrupt. A read of the
RxFIFO. outputs the data at the top of the
FIFO After the read cycle, the data FIFO and
its associated status bits are ‘popped’ thus
emptying a FIFO position for new data.

NOTE: The numper of fuleg postions n tha RxFIFO 1s
coded as one (1} less than the actual number. Thus, three
filleo positions s coded as two, 8 filled 1s coded as 7. etc.

In addition to the data word, three status bits
{parity etror, framing error, and received
break) are appended to each data character
in the FIFO. Status can be provided in two
ways, as programmed by the error mode
control bit in the mode register. In the
‘character’ mode, status is provided on a
character-by-character basis. the status
applies only to the character at the top of the
FIFO. In the ‘block' mode, the status provided
in the SR for these three bits is the logical
OR of the status for alf characters coming 1o
the top of the FIFO since the last reset error
command was issued. In either mode,
reading the SR does not affect the FIFO. The
FIFQ is 'popped’ only when the RxFIFO is
read. Therefore, the SR should be read prior
to reading the corresponding data character.

It the FIFO is full when a new character is
received, that character is held in the receive
shift register until a FIFO position is available
It an additional character is received while
this state exists, the contents of the FIFO are
not affected: the character previously in the
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shift register is lost and the overrun error
status bit, SR[4], will be set upon receipt of
the start bit of the new (overrunning)
character.

A “watch dog” timer is associated with gach
receiver. Its interruptis enabled by MRO[7].
The purpose of this timer to alert the control
processor that characters are in the RxFIFO
which have not beenread. This situation
may occur at the end of a transmission when
the last few characters received are not
sufficient to cause an interrupt.

This counter times out after 64 bit times. Itis
reset each time a character is transterred
from the Receive shift register to the RxFIFO.

WAKE-UP MODE

In addition to the normal transmitter and
receiver operation described above, the
QUART incorporates a special mode which
provides automatic “wakeup” of a receiver
through address frame (or character)
recognition for muiti-processor or
multi-station communications. This mode is
selected by programming MR 1{4:3] to ‘11",

In this mode of operation a ‘master’ station
transmits an address character to the several
'slave’ stations on the line. The address
character is identified by setting its parity bit
to 1. The slave stations will usually have
their receivers partially enabled as a result of
setting MR1[4:3] to 11. When the receivers
see a parity bit set to one they will load that
character to the RxFIFO and set the RxRDY
bit in the status register. The user would usu-
ally set the receiver interrupt to occur on
RxRDY as well. (All characters whose parity
bits are set to 0 will be ignored) The local
processor at the slave station will read the
‘address’ character just received. The master
will normally follow an address character(s)
with data characters. Since the data charac-
ters transmitted by the master will have their
parity bits set to zero, stations other than the
addressed one(s) will ignore the data.

A transmitted character consists of a start bit,
the programmed number of data and stop bits
and an “address/data” bit. The parity bitis used
as the address or data indicator. The polarity
of the A/D bit is selected by setting MR1[2] to
zero or ane; zera indicates that the current byte
is data, while one indicates that the current byte
isaddresses. The desired polarity of the A’D bit
{parity) should be programmed befgre the
TxFIFO is loaded.

While in this mode, the receiver continuously
locks at the received data stream, whether it
is enabled or disabled. It disabled. it sets the
RxRDY status bit and loads the character in
the RxFIFO if the received A/D bit is a one,
but discards the received character if the
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received A/D bit is a zero. If enabled, all
received characters are then transferred to
the CPU via the RxFIFQ. In either case, the
data bits are loaded in the data FIFO while
the A/D bit is loaded in the status FIFO
position normatlly used for parity error (SR[5])
Framing error, overrun error, and break detect
operate normally whether or not the receiver
is enabled.

INPUT OUTPUT (1/O) PINS

There are 16 multi-use pins; four for each
UART. These pins are accessed and controlled
via the Input Port Register (IPR), /O Port
Control Register ({(OPCRY), Input Port Change
Register (IPCR), and Output Port Register
(OPR). They may be individually programmed
to be inputs or outputs

1/00x and O 1x pins have change of state
detectors The change of state detectors
sample the input ports every 26 04us and set
the change bit in the IPCR if the pin has
changed since it was last read. Whether the
pins are programmed as inputs or outputs the
change detectors still operation and report
changes accordingly. See the register
descriptions of the /O ports tor the detailed
use of these features.

Interrupt Priority Logic

The interrupt logic compares all active
interrupts in the QUART, periodically
selecting the highest priority interrupt for
comparison to an Iinterrupt Threshold value
User programmable register fields allow the
system programmer to tailor which interrupt
conditions are more important than others.
Programmable interrupt priorities allow timely
response to critical interrupts or simply allow
a single CPU to service a greater number of
interrupt situations than it could using more
conventional methods.

Overview

The interrupt logic produces a numenc code

that identifies the highest priority interrupt

condition currently pending. This code s

compared against a programmable Interrupt

Threshold register which determines whether

the IRQN pin is asserted. If the code is

currently greater than the programmed value,

IRQN is asserted. in the QUART there are

18 interrupt sources:

1. Four receiver data transfer/space filled
functions

2. Four receiver break detected conditions

3. Four transmitter FIFO space available
events

4. Two counter timer interrupls

5. Four change of state detectors

Each interrupt source is enabled or disabled
by the appropriate Interrupt Mask Register
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({IMR) bit as Signetics UARTSs have always
been (the receiver timeout function is enabled
by a bitin the new MRO register). Those
interrupt sources that are enabled provide the
interrupt priority logic with an 8 bit value,
considered as an unsigned integer for
purpases of this discussion. Those interrupt
sources that are disabled do not provide a
value to the arbitration logic. This can be
accomplished by forcing an all zero value of
by inhibiting the EVAL signal, described
below, in the disabled interrupt sources.

This integer (called a “bid" since each
interrupt is vying for attention) is a
concatenation of fixed fields and user
programmabile fields. The fixed fields are
channel number, interrupt type and (for
receiver and transmitter types) byte count
values. During the “bid arbitrauon™ process,
all the bids from enabled saurces are
presented, simultaneausly, to an internal
Interrupt Bus. The bidding system and
formats are discussed in more detail in the
following sections.

The interrupt arbitration logic insures that the
interrupt with the numerically largest "bid”
value will be the only source driving the
Interrupt Bus at the end of the arbitration
period. The winner must continue to drive
the Interrupt Bus long enough to insure
capture by the Interrupt Bus Latches. Atthe
beginning of the next arbitration cycle, all
“enabled bidders" drive their current values
onto the Interrupt Bus.

The value of the winning bid is compared to
the Interrupt Threshold field of the Interrupt
Control register which determines if an
interrupt should be generated by asserting
IRQN Winning bids with values below the
interrupt threshold do not generate an
interrupt.

Priority Arblitration and Bidding
Each of the five “types” of interrupts has
shghtly different “bid" value, as follows:

Receivers
i #revd rEr I 1 [ 1 | Chanﬁl
3 1 1 1 2
Transmitters
[o] #aval [1]o]cChant]
1 3 1 1 2

Break Detect
ﬁogrammable [ [o]o [ chan #J
3 1 2

Change of State

| Programmable [ 0 ] 0 [ 1 [ Chan# |
3 1 1 2

Counter/Timer

[Programmable l 0 ] 1 |0—|71I Chan # [
2 11 1 1 2
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Bits shown above as ‘0" or '1" are hard-wired
inputs to the arbitration logic. Their presence
allows determination of the interrupt type and
they insure that no bid will have a value of all
zeros (a condition that s indistinguishable
from not bidding at all). They also serve to
set a default priority among the
non-receive/transmit types when the
programmable fields are all zeros

The channel number always occupies the two
LSBs. Inclusion of the channel number
insures that a bid value generated will be
unique and that a single “winner" will drive
the Interrupt Bus at the end of the arbitration
interval. The channel number portion of each
UARTs bid is hard-wired with UARTa being
channel number 0 and so forth.

As can be seen above, bits 4.2 of the winning
bid value can be used to identify the type of
interrupt, including whether data was
received correctly or not. Like the Channel
number field, these bits are hard-wired for
each interrupt source

The “# rev'd” and “# avail” fields indicate the
number of bytes present in the receiver FIFO
and the number of empty bytes in the
transmitter FIFO, respectively. For both
these fields, the count is one less than the
actual number of bytes available.

NOTE: When there are zero bytes in the
receiver's FIFO, it does NOT bid. Similarly, a
full transmitter FIFO makes NO bid. In the
case where all bids have been disabled by
the Interrupt Mask Register or as a result of
their byte counts, the active-low Interrupt Bus
wilf return FFh. This value always indicates
no interrupt source is active and IRQN should
be negated.

The high order bit of the transmitter “bid" is
always zero An empty transmit FIFQ is,
therefore, fixed at a lower interrupt priority
than a 5/8 full receive FIFO. Bit4 ofa
receiver bid is the Receiver Error Bit (RER).
The RER is the OR of the parity, framing and
overrun error conditions. The RER does little
to modity the priority of receiver interrupts vs.
transmitter interrupts. It is output to the
Interrupt Bus to allow inclusion of good data
vs. problem data information in the Current
Interrupt Register.

The high order bits of bids for received break,
CoS (Change of State) and Counter/Timer
events are all programmable. By
programming ones in these fields, the
associated interrupt source can be made
more significant than most receiver and all
transmitter interrupts. Values near zero in
these fields makes them lower priority
classes of interrupt.
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As shown in Figure 2, the bid arbitration
process is controlled by the EVAL/HOLDN
signal derived from the oscillator clock.

Receipt of an IACKN signat from the controf
processor latches the latest “winning bid”
from the latched Interrupt Bus into the
Current Interrupt Register (CIR). This logic is
diagrammed in Figure 3.

If the IACKN falling edge of Figure 1 occurs
during EVAL time, the result from the last
arbitration (captured by the Interrupt Bus
latches) is stored in CIR. Otherwise, the next
EVAL pulse is inhibited and the value in the
Interrupt Bus Latches is stored in CIR.

Clearing the Interrupt

Activities which change the state of the ISR
will cause the IRON to assert or negate. In
addition, the accessing of a global or local
RxFIFO or TxFIFO reduces the associated
byte count for transmitter and receiver data
interrupts. If the byte count falls below the
threshold value, the interrupt request is
withdrawn. Other interrupt conditions are
cleared as on previous Signetics UARTS.

Once the interrupts is cleared or its byte
count value is reduced by one of the methods
listed above, a different bidder (or no bidder
at all) will win the on-going arbitration. When
the winning bid drops below the Interrupt
Threshold Register’s value, the IRQN pin wil
negate.

Interrupt Priority Arbitration
Hardware

The hardware that resolves which interrupt
has the highest priority is shown conceptually
in Figure 3. The nsing edge of the EVAL
signal begins an arbitration. All interrupt
sources drive their "bid” onto the active-low
Interrupt Bus. An open drain buffer is
employed at each bit position. Interrupt
sources that are not participating in the
arbitration, 1 e, those that are disabled, do
not assert thewr Interrupt Bus dnivers.

Each interrupt source in the QUART has its
own arbitration logic like that shown in Figure
3. Note that a one in a bit of a bid value
corresponds to a fow on the Interrupt Bus line
to low (1), the result is a low (1) on that
Interrupt Bus bit regardiess of what the other
interrupt sources are doing with respect to
thatline Thus each line acts as a wired OR.

At each bit position, the arbitration logic
compares the value of that bit of its bid value
against the OR'd result on that bit of the
Interrupt Bus. If it did not drive the line to

229

low, but the result on the interrupt bus line
was low, the logic disables less significant
bits, if any, from driving the interrupt bus. In
effect, the logic of all the active interrupt
sources acts together as a combinatorial
network to determine the highest priority
active interrupt. This network is best
understood as acting from the most
significant bit of the interrupt bus, in
sequence down to the least significant bit.
After a suitable setiling time, the value on the
interrupt bus reflects the numerically highest
bid value among the active interrupt sources.
However, while the overall logic network is
settling, the logic at what what proves 1o be
the final winning interrupt source may find
itself temporarily losing at some of the less
significant bits

The winning value is captured on the trailing
edge of EVAL; the pulse with of EVAL must
be long enough for a worst-case combination
of bid values to resolve

Arbitration - Aftermath

At the end of the arbitration, i e . the falling
edge of EVAL, the winning interrupt source I1s
driving its Channel number, number of bytes
(if applicable) and interrupt type onto the
Interrupt Bus. These values are captured
into a latch by the trailing edge of EVAL The
output of this latch is used by the Interrupt
Threshold comparator; the winning value is
captured into another set of latches called the
Current Interrupt Register (CIR) at the time of
an interrupt Acknowledge cycle

The Current interrupt Register and
associated read logic is shown in Figure 3.
Interrupting channel number and the three bit
interrupt type code are readable via the
Internal Data Bus.

The contents of the appropriate receiver or
transmutter byte “counter”, as captured at the
time of IACKN assertion, make up bits 7:5 of
the CIR. If the interrupt type stored in the
Current Interrupt Register is not a receiver or
transmitter data transfer type, the CIR[7:5]
field 1s read as the programmable fields of
their respective bid formats.

The buffers driving the CIR to the DBUS also
provide the means of implementing the

Global Interrupting Channel and Global Byte
Count Registers, described in a later section.

The winning bid channel number and
interrupt type fields can also be used to
generate part of the Interrupt Acknowledge
{IACK) Vector, as defined by the Interrupt
Control Register.
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Interrupt Context

The channel number of the winning “bid” is
used by the address decoders to provide
data from the interrupting UART channel via
a set of Global pseudo-registers. The
interrupt Global pseudo-registers are:

Globat interrupting Byte Count
Global Interrupting Channel
Global Receive Holding Register
4. Global Transmit Holding Register

W=

The first two Global “registers” are provided
by Current Interrupt Register fields as shown
in Figure 3. The interrupting channel number
latched in CIR modifies address decoding so
that the Receive or Transmit Holding
Register for the interrupting channel is
accessed during IO involving the Global
Receive and Transmit Holding Registers.
Similarly, for data interrupts from the
transmitter and receiver, the number of
characters available for transfer to the CPU
or the number of transmit FIFO positions
open is available by reading the Global
Interrupt Byte Count Register. For non-data
interrupts, a read of the Global Interrupt Byte
Count Register yields an undefined value.

In effect, once latched by an IACK, the
winning interrupt channel number determines
the contents of the global registers. All
Global registers will provide data from the
interrupting UART channel.

Interrupt Threshold Calculation
The state of IRQN is determined by
comparison of the winning “bid” value to the
Interrupt Threshold field of the Interrupt
Control Register.

The logic of the bidding circuit is such that
when no interrupt source has a value greater
than the interrupt threshold then the interrupt
is not asserted and the CIR (Current Interrupt
Register) is set to all ones. When one or
more of the 18 interrupt sources which are
enabled via the IMR (Interrupt Mask Register)
exceed the threshold then the interrupt
threshold is effectively disconnected from the
bidding operation while the 18 sources now
bid against each other. The final result is that
the highest bidding source will disable all
others and its value will be loaded to the CIR
and the IRQN pin asserted low. This all
occurs during each cycle of the X1,X2 crystal
clock.

Interrupt Note on 26C94.

For the receivers and transmitters, the
bidding of any particular unit may be held off
unless one of four FIFO fill levels is attained.
This is done by setting the RxINT and TxINT
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bits in MRO and MR1 to non-zero values.
This may be used to prevent a receiver or
transmitter from generating an interrupt
eventhough it s filled above the bid
threshold. Although this is not in agreement
with the idea that each enabled interrupt
source bid withe qual authority, it does allow
the flexibility of giving particular receiver or
transmitiers more interrupt importance than
others.

Receiver interrupt fill level.
Interrupt Condition

1 or more bytes in FIFO
{Rx RDY) detfault

MRO[6] MR1[6]
0 0

0 1 3 or more bytes in FIFO
1 0 6 or more bytes in FIFO
1 1 8 or more bytes in FIFO

(Rx FULL)

MRO[5:4] — Tx interrupt fill level

MRO[5] MRO[4] Interrupt Condition
o o 8 bytes empty
{Tx EMPTY) default
0 1 4 or more bytes empty
1 0 6 or more bytes empty
1 1 1 or more bytes empty
{Tx RDY)

Vectored Interrupts

The QUART respands 1o an Interrupt
Acknowledge (JACK) initiated by the host
MCU by providing an Interrupt Acknowledge
Vector on D7:0  The interrupt acknowledge
cycle is terminated with a DACKN pulse. The
vector provided by the QUART can have one
of the three forms under control of the IVC
control field (bits 1:0 of the Interrupt Control
Register):

With IVC = 00 (IVR only)

l IVR7:0 ]
8
With IVC = 01 (channel number)
[ IVR7:2 [ Chan# |
6 2

With IVC = 10 {type & channel humber)

[ IVR7:5 Type [ Chans |
3 3 2

A code of 11 in the interrupt Vector Control
Field of the ICR results in NO interrupt vector
being generated. The external data bus will
be held in a high impedance state throughout
the IACK cycle. A DACKN will be generated
normally for the 1ACK cycle, however.
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REGISTERS

The operation of the QUART is programmed by
wriing control words into the appropriate
registers. Operational feedback is provided via
status registers which can be read by the CPU.
Addressing of the registers is described in
Table 1.

The bit formats of the QUART registers are
depicted in Table 2.

MRO - Mode Register 0

Mode Register 0 (MR0) is part of the UART
configuration registers. It controls the watch
dog timer and the encoding of the number of
characters received in the RxFIFO. The
lower four bits of this register are not
implemented in the hardware of the chip.
MRO should be set to only 80h or 00h, A
read of this register will return 1111 (Fh) in the
lower four bits. See note in Interrupt
Threshold Calculation

The MRO register is accessed by setting the
MR Pointer to zero (0) via the command
register command 1011 {Bh).

MRO[7]: This bit enables or disables the
RxFIFO watch dog timer.

MRO[7] = 1 enable timer

MRO[7] = O disable timer

MROI[6 4]: These bits should always be set to
zero.

MRQ[3:0]: These bits are not implemented in
the chip. They could be used to control
hardware external to the chip.

MR1 — Mode Register 1

MR1 is accessed when the MR pointer points
to MR1. The pointer is set to MR1 by RESET
or by a set pointer command applied via the
CR After reading or writing MA1, the pointers
are setat MR2

MR1[7] - Receiver Request-to-Send
Control

This bit controls the deactivation of the RTSN
output (MPO) by the receiver. This outputis
manually asserted and negated by
commands applied via the command register.
MR1[7] = 1 causes RTSN to be automatically
negated upon receipt of a valid start bit if the
receiver FIFQ is full. RTSN is re-asserted
when an empty FIFO position is available.
This feature can be used to prevent overrun
in the receiver by using the RTSN output
signal to control the CTS input of the
transmitting device.

MR1[6] — Recelver Interrupt Select 1
This bitis reserved and should be setto 0.
See note in Interrupt Threshold Calculation.
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MR1[5] — Error Mode Select

This bit selects the operating mode of the
three FIFOed status bits (FE, PE, received
break). In the character mode, status is pro-
vided on a character-by-character basis; the
status applies only to the character at the top
ofthe FIFO. In the block mode, the status pro-
videdin the SR for these bitsis the accumula-
tion (logical-OR) of the status for all charac-
ters coming to the top of the FIFO since the
last reset error command was issued.

MR1[4:3] — Parity Mode Select

If ‘with parity’ or ‘force parity’ is selected, a
parity bitis added to the transmittedcharacter
and the receiver performs a parity check on
incoming data. MA1(4:3] = 11 selects the
channel to operate in the special wake-up
mode.

MR1[2] - Parity Type Select

This bit selects the parity type (odd or even)
if the ‘with parity' mode is programmed by
MR 1[4:3], and the polarity of the forced parity
bit if the ‘force parity' mode is programmed.
It has no effect if the 'no parity’ mode is pro-
grammed. In the special ‘wake-up’ mode, it
selects the polarity of the transmitted A/D bit.

MR1[1:0} - Bits Per Character Select
This field selects the number of data bits per
charactertobe transmitted andreceived. The
character length does not include the start,
parity, and stop bits.

MR2 - Mode Register 2

MRz2is accessedwhen the channel MR point-
er points to MR2, which occurs after any ac-
cess to MR1. Accesses to MR2 do not
change the pointer.

MR2[7:6] — Mode Select

The QUART can operate in one of four

modes. MR2[7:6} = 00 is the normal mode,

with the transmitter and receiver operating in-

dependently. MR2[7:6] = 01 places the chan-

nel in the automatic echa mode, which auto-

matically retransmits the received data. The

following conditions are true while in automat-

ic echo mode:

1. Received data is reclocked and
retransmitted on the TxD output.

2. Thereceive clockis used for the transmit-
ter.

3. The receiver must be enabled, but the
transmitter need not be enabled.

4. The TxRDY and TxEMT status bits are in-
active.

5. The received parity is checked, but is not
regenerated for transmission, i.e., trans-
mitted parity bit is as received.

November 12, 1990

Table 2. Reglster Bit Formats
{enz  |mis [Bus |sra [eis [siz2 [su1  Jeiuo |
MRO (Mode Register 0)
Rx
These bits not implemented. May be
W::;h- Rxll,lll‘Tz TxINT Control used for external control
Timer (Reserved for future upgrades)
? - g:: These bits should be set to 0 X x X x
MR1 (Mode Register 1)
RxRTS | RxINT1 E Parit
C:nlr ol S:rl ect M:::; Parity Mode Tay;:ey Bits per Character
0=No Always |0 = Char |00 = With parity 0 =Even Q0 =5
1=VYes setto0 |1 =Block | 01 = Force panty 1=0dd 01=6
10 = No parity 10=7
11 = Special mode 11=8
MR2 (Mode Register 2)
TxRTS cTs . .
Channel Mode Conrol | Enabie Tx Stop Bit Length
00 = Normal 0=05634=08138=1563C=1.813
01 = Auto-echo 0=No 0=No 1=086255=08759=1625D=1875
10 = Local loop 1=Yes 1=Yos |2-06886=0938A=1688E=1938
11 = Remots loop 3=07507=1.0008B=1750F =2.000

NOTE:

CSR (Clock Select Register)

Add 0.5 to values shown above for 0-7, if chann

el is programmed for 5 bits/char.

Receiver Clock Select

Transmitter Clock Select

See text See text
CR (Command Register)
S o Disable | Enable Disable | Enable
Wi s C Tx T Rx Rx
0=No 0=No 0=No 0=No
See text 1 =Yes 1 =Yes 1=Yes 1=Yes
SR (Status Register)
Rec’d. | Framing | Parity | Overrun
Break Error Error Error TxEMT | TxRDY FFULL | RxRDY
0=No 0=No 0=No 0=No 0=No 0=No 0=No 0=No
1=Yes 1 =Yes 1=Yes 1 =Yes 1=Yes 1=VYes 1=Yes 1=Yes
NOTE: .

These status bits are appended to the corresponding data character in the receive FIFO. A read
of the status register provides these bits [7:5] from the top of the FIFO together with bits [4.0].
These bits are cleared by a reset error status command. In character mode, they must be reset
when the corresponding data character is read from the FIFO.
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Two diagnostic modes can also be selected.

MR2[7:6] = 10 selects local loopback mode.

In this mode:

. The transmitter output is internally con-

nected to the receiver input.

Thetransmitclockis used for the receiver.

The TxD output is held high.

. The RxD input is ignored.

. The transmitter must be enabled, but the

receiver need not be enabled.

6. CPU to transmitter and receiver commu-

nications continue normally.

LA

The second diagnostic mode is the remote

loopback mode, selected by MR2[7:6] = 11.

In this mode:

1. Received data is re-ciocked and
retransmitted on the TXD output.

2. The receive clock is used for the
transmitter.

3. Received data is not sent to the local

CPU, and the error status conditions are

inactive

The received parity is not checked and is

notregenerated for fransmission, i.e., the

transmitted parity bitis as received.

. The receiver must be enabled, but the

transmitter need not be enabled

Character framing is not checked, and the

stop bits are retransmitted as received.

A received break is echoed as received

until the next valid start bit is detected.

bl

wm

o

~

When switching in and out of the various
modes, the selected mode is activated at the
completion of ail transmitted and received
characters. Likewise, ifamode is deselected.
the device will switch out of the mode at the
completion of all transmit and/or receive
characters.

MR2[5] - Transmitter Request-to-Send
Control

This bit controls the deactivation of the RTSN
output {(MPO) by the transmitter. This outputis
manually asserted and negated by appropriate
commands issued via the command register.
MR2[5] = 1 causes RTSN to be reset automati-
cally one bit time after the characters in the
transmitshiftregister andin the TxFIFO (it any)
are completely transmitted (includes the pro-
grammed number of stop bits if the transmitter
is notenabled). This feature can be usedto au-
tomatically terminate the transmission as fol-
lows:

1. Program auto-reset mode' MR2[5] = 1.

2 Enable transmitter.

3. Assert RTSN via command

4. Send message.

5. Verify the next to last character of the mes-
sage is being sent by waiting until transmit-
ter ready is asserted Disable transmitter
after the last character of the message is
loaded in the TxFIFO.
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Table 2. Register Bit Formats {Continued)
[euz  |sue [Bus |Bua [Bu3s [Brz Jent [mao |
ACR (Auxiliary Control Register)

BRG Set Counter/Timer Delta Delta Delta Deilta
Select Mode and Source 01b 100b 101a 100a
O=set1 0 =off 0 = off 0 =off 0 = off
1=set2 See text 1=on 1=on 1=0n 1=on

IPCR (Input Port Change Register)
Delta Delta Delta Delta
o1b | 100b | 101a | 100a 10 | 1ook | 101a 100a
0=No 0=No 0=No 0 =No O=low | O=Low | O=tow | O0=1low
1=Yes 1=Yes 1 =Yes 1=Yes | 1=High | 1=High } 1 =High | 1=High
ISR {Interrupt Status Register)
10 Port Delta RxRDY/ Counter Delta RxRDY/
Change | BREAKb | FFULLb | T*RDYP | "poady | BREAKa | FFULLa | T¥RDY2
0 =No 0=No 0 =No 0=No 0=No 0=No 0 =No 0=No
1=VYes 1="Yes 1=Yes 1= Yes 1 =Yes 1=Yes 1=Yes 1=Yes
IMR (Interrupt Mask Register)
IO Port Delta RxRDY/ Counter Delta RxRDY/
Change | BREAKD | FFULLb | T"RO® | Ready | BREAKa | FFULLa | TXRD®
INT INT INT INT INT INT
0 = oft 0 = off 0 = off 0 = off 0 = oft 0 =off 0 =off 0 = off
1=o0on 1=on 1=on 1=o0n 1=o0on 1=0n 1=on 1 =on
CTUR (Counter/Timer Upper Register)
CANs] | CT(14) | CA3] | C/T[12] | CA[11] | C10] CT[9] C/T{8]
CTLR (Counter/Timer Lower Register)
CTi7} CiT[6] C/T[5) C/T[4} C/T{3] CiT[2] C[1] CrT[0]
IPR (Input Port Reglster)
103b 102b 103a i02a 101b 100b 101a 100a
O=low [ O=Low | O=Llow | O=Low | O=Low | O=Low | O=Low | O=Low
1=High | 1=High [ 1=High | 1=High | 1=High | 1 =High | 1 =High | 1 =High

6. The last character will be transmitted and
RTSN will be reset one bit ime after the last
stop bit.

MR2[4] ~ Clear-to-Send Control

The sate of this bit determines ifthe CTSN input
(1O) controls the operation of the transmitter. If
this bitis 0, CTSN has no effect on the transmit-
ter. If this bitis a 1, the transmitter checks the
sate of CTSN each time it is ready to send a
character {fitis asserted (Low), the character
is transmitted. If it is negated (High), the TxD
output remains in the marking state and the
transmission 1s delayed until CTSN goes Low
Changes in CTSN, while a character is being
transmitted do not affect the transmission of
thatcharacter. This feature can be used to pre-
vent overrun of a remote receiver
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MR2[3:0] - Stop Bit Length Select
Thisfield programs the length of the stop bitap-
pended to the transmitted character Stop bit
lengths of9/16to 1 and 1-9/16 to 2 bits, inincre-
menits of 1/16 bit, can be programmed for char-
acter lengths ot 6, 7, and 8 bits. For a character
length of Sbits, 1-1/161t0 2 stop bits can be pro-
grammedinincrements of 1/16 bit. In all cases,
the receiver only checks for a mark condition at
the center of the first stop bit position (one bit
time after the last data bit, or after the parity bit
if parity is enabled). If an external 1X clock is
used for the transmitter, MR2[3] = O selects one
stop bit and MR2{3] = 1 selects two stop bits to
be transmitted.
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CSR - Clock Select Register

The receiver clock is always a 16X dock, ex-
ceptfor CSR[7:4] = 1111, 102x is external input.

Table 3, except as follows:

CSR([7:4] - Receiver Clock Select CSR[3:0] ACR[7]=0 ACR[7] = 1
When using a 3.6864MHz crystal or external  CSR{3:0] — Transmitter Clock Select 1110 103x ~ 16X 103x — 16X
clockinput, this field selects the baudrateclock  This field selects the baud rate clock for the 1111 103x - 1X 103x - 1X
for the receiver as shown in Table 3. transmitter. The field definition is as shown in
Table 3. Baud Rate
Test3=0 Test3=1
CSR[7:4) ACR[7] =0 ACR[7] =1 ACR[7] =0 ACR[7] = 1
0000 50 75 50 450
0001 110 110 110 110
0010 1345 38.4K 1345 230.4K
0011 200 150 200 900
0100 300 300 1800 1,800
0101 600 600 3,600 3,600
o110 1,200 1,200 7,200 7,200
o111 1,050 2,000 1,050 2,000
1000 2,400 2,400 144K 14 4K
1001 4,800 4,800 28 8K 28.8K
1010 7,200 1.800 7.200 1,800
1011 9,600 9,600 57.6K 57.6K
1100 38.4K 19.2K 230.4K 115.2K
1101 Timer Timer Timer Timer
1110 102 - 16X 102 - 16X 102 - 16X 102 - 16X
1111 102 - 1X 102 - 1X 102 - 1X 102 -1X
CR - Command Register 0110 Startbreak. Forces the TxD output 1100  Disable Timeout Mode. This com-

CR is used to write commands to the Octal
UART.

CR[7:4] -~ Miscellaneous Commands
The encoded value of this field can be used to
specify a single command as follows.

0000
0001

No command.

Reset MR pointer. Causes the MR
pointer to point to MR1,

Reset receiver. Resets the receiv-
er as if 2 hardware reset had been
applied. The receiver is disabled
and the FIFO painter is reset to the
first location.

Reset transmitter. Resets the
transmitter as if a hardware reset
had been applied.

Reset error status. Clears the
received break, parity error,
framing error, and overrun error
bits in the status register (SR[7 4]}.
Used in character mode to clear
OE status (although RB, PE, and
FE bits will also be cleared), andin
block mode to clear all error status
after a block of data has been
received

Reset break change interrupt.
Causes the break detect change
bit in the interrupt status register
(ISR[2 or 6]) to be cleared to zero.

0010

0011

0100

0101
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low (spacing). If the transmitter is
empty, the start of the break condi-
tion will be delayed up to two bit
umes. If the transmitter is active,
the break begins when transmis-
sion of the character is completed.
it a character 1s in the TxFIFO, the
start of break 1s delayed until that
character or any others loaded af-
ter it have been transmitted
(TXEMT must be true betore break
begins). The transmitter must be
enabled to start a break

Stop break The TxD fline will go
high (marking) within two bittimes
TxD will remain high for one bit
tme before the next character, it
any, 1s transmitted.

Assert RTSN. Causes the RTSN
output to be asserted (Low).

Negate RTSN Causes the RTSN
output to be negated (High).

Set Timeout Mode On. The regis-
ter in this channel will restart the C/
T as each receive character 1s
transterred from the shift register
to the RxFIFO. The C/T 1s placed
in the counter mode, the START/
STOP counter commands are dis-
abled, the counter is stopped, and
the Counter Ready Bit, ISR[3], is
reset.

Reserved.

o111

1000

1001

1010

1011

233

mand returns control of the C/T to
the regular START/STOP counter
commands. It does not stop the
counter, or clear any pending inter-
rupts. After disabling the timeout
mode, a 'Stop Counter' command
shaould be issued.

Set MR pointer to 0.

Reserved for testing

1101
111x

CRI[3] - Disable Transmitter

This command terminates transmitter opera-
tion and resets the TxRDY and TxEMT status
bits. However, if a character is being trans-
mitted or if a character is in the TxFIFO when
the transmitter is disabled, the transmission of
the character(s) is compieted before assuming
the inactive state.

CR[2] — Enable Transmitter
Enables operation of the transmitter. The
TxRDY status bit will be asserted.

CR[1] - Disable Receiver

This command terminates operation of the
receiver immediately — a character being
received will be lost. The command has no
effect on the receiver status bits or any other
control registers. If the special wake—up mode
1s programmed, the receiver operates even if it
is disabled (see Wake-up Mode).
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CR[0] - Enable Recelver

Enables operation of the receiver. If not in the
special wake-up mode, this also forces the
receiver into the search for start bit state.

SR - Channel Status Register

SR[7] - Received Break

This bit indicates that an alt zero character of
the programmed length has been received
without a stop bit. Only a single FIFO position
is occupied when a break is received; further
entries to the FIFO are inhibited until the RxDA
line returns to the marking state for at least
one-half bit time (two successive edges of the
internal or external 1x clock).

When this bit is set, the change in break bit in
the ISR (ISR[6 or 2}) is set. ISR[6 or 2] Is also
set when the end of the break condition, as
defined above, is detected. The break detect
circuitry is capable of detecting breaks that
originate in the middie of a received character
However, if a break begins in the middle of a
character, it must last until the end of the next
character in order for it to be detected.

SR[6] - Framing Error (FE)

This bit, when set, indicates that a stop bit was
not detected when the corresponding data
character in the FIFO was received. The stop
bit check is made in the middie of the first stop
bit position

SR[5]~ Parity Error (PE)

This bit is set when the ‘with parity’ or ‘force
parity' mode is programmed and the
corresponding character in the FIFO was
received with incorrect parity. In special
‘wake-up mode’, the parity error bit stores the
received A/D bit

SR[4] - Overrun Error (OE)

This bit, when set, indicates that one or more
characters in the received data stream have
been lost. It is set upon receipt of a new
character when the FIFQiis full and a character
is already in the receive shift register waiting for
an empty FIFQO position. When this occurs, the
character in the receive shift register (and its
break detect, parity error and framing error
status, if any) is ost. This bit is cleared by a
reset error status command.

SR[3] - Transmitter Empty (TXxEMT)

This bit will be set when the transmitter under-
runs, i.e., both the transmit holding register and
the transmit shift register are empty. This bit
and TxRDY are set when transmitter is firsten-
abled after a disable transmitter command or
reset.
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itis set after transmission of the last stop bit of
a character, if no character is in the TxFIFO
awaiting transmission. itis resetwhen the TxFl-
FOis loaded by the CPU, or when the transmit-
ter is disabled.

SR[2] - Transmitter Ready {TxRDY)

This bit, when set, indicates thatthe TxFIFQ is
ready to be loaded with a character. This bitis
clearedwhen the TxFIFQis full and is setwhen
the character is transferred to the transmit shift
register. TxRDY is resetwhen the transmitter is
disabled and is set when the transmitter is first
enabled, e.g., characters loaded in the TxFIFO
while the transmitter is disabled will not be
transmitted.

SR[1] - FIFO Full (FFULL)

This bit is set when a character 1s transterred
from the receive shift register to the receive
FIFO and the transfer causes the FIFO to be-
comefull.i.e., all eight FIFO positions are occu-
pied. It is reset when the CPU reads the FIFO
and there is no character in the receive shift
register. {f a character is waiting in the receive
shiftregister because the FIFOis full, FFULL is
not reset after reading the FIFO once.

SR[0] — Receiver Ready (RxRDY)

This bit indicates that a character has been re-
ceived and is waiting in the FIFO to be read by
the CPU. Itis set when the character is trans-
ferred from the receive shiftregister to the FIFO
and reset when the CPU reads the RxFIFO,
and no more characters are in the FIFO.

ACR - Auxiliary Control Register

ACRI[7] - Baud Rate Generator Set Select
This bit selects one of two sets of baud rates
generated by the BRG.

Set1 50, 110, 1345, 200, 300, 600,
105k, 12k, 2 4k, 4.8k, 7.2k, 9 8k,
and 38.4k baud

75, 110, 150, 300, 600, 1.2k, 1.8k,
2.0k, 2.4k, 4.8k, 9.6k 19.2k, and
38.4k baud.

Set 2:

The selected set of rates is available for use by
the receiver and transmitter.

ACR{6:4] - Counter/Timer Mode and Clock
Source Select

This field selects the operating mode of the
counter/timer and its clock source (see Table
4).

Table 4. ACRI[6:4] C/T Clock
and Mode Select
[6:4] Mode Clock Source
0 0 0 |Counter | 1O pin
0 0 1 [ Counter | IO pin divided by 16
0 1 0 [Counter | TxC—1X clock of the
transmitter Aor C
0 1 1 |Counter | Crystal or external
clock (X1/CLK)
divided by 16
100 [Timer 10 pin
101 [Timer 10 pin divided by 16
110 |Timer Crystal or external
clock (X1/CLK)
111 [Timer Crystal or external
clock (X1/CLK)
divided by 16

ACR[3:0] - 101b, IO0b, |O1a, 100a
Change-of-State Interrupt Enable

This field selects which bits of the input port
changeregister (IPCR) cause theinputchange
bit in the interrupt status register, ISR{7], to be
set. If abitis in the "on’ state, the setting of the
corresponding bitin the IPCR will alsc resultin
the setting of ISR[7], which results inthe gener-
ation of an interrupt output if IMR[7] = 1. If a bit
is in the ‘off' state, the setting of that bit in the
IPCR has no effect on ISR[7].

IPCR - Input Port Change
Register

IPCR[7:4] — 101b, 100b, 1013, 100a
Change-of-State

These bits are set when a change of state, as
defined in the Input Port section of this data
sheet, occurs at the respective pins. They are
cleared when the IPCR is read by the CPU A
read of the IPCR also clears ISR(7], the input
change bit in the interrupt status register The
setting of these bits can be programmed to gen-
erate an interrupt to the CPU

IPCR(3:0] - 01b, IO0b, 1013, {00a
Change-of-State

These bits provide the current state of the re-
spective inputs. The information is unlatched
and reflects the state of the inputs pins at the
tume the IPCR 1s read

ISR - Interrupt Status Register
This register provides the status of all potential
interrupt sources. The contents of this register
are masked by the interrupt mask register
(IMR). if a bitin the ISR is a '1" and the corre-
sponding bit in the IMRis alsoa‘1', the INTRN
output is asserted (Low). If the corresponding
bitin the IMR is a zero, the state of the bitin the
ISR has no effect on the INTRN output. Note
that the IMR does not mask the reading of the
ISR; the true status is provided regardless of
the contents of the IMR
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ISR[7] - {0 Change-of-State

This bitis set when achange-of-state occurs at
the IO 1b, IO0b, IO1a, IO0a inputpins. Itis reset
when the CPU reads the IPCR.

ISR[6] — Channel b Change in Break

This bit, when set, indicates that the receiver
has detected the beginning or the end of a
receivedbreak. itis resetwhen the CPU issues
a reset break change interrupt command

ISR[5] - Receiver Ready or FIFO Full
Channel b

The function of this bit is programmed by
MR1[6]. If programmed as receiver ready, it in-
dicates that a character has been received and
is waiting in the FIFO to be read by the CPU. It
is setwhen the character is transferred from the
receive shift register to the FIFO and reset
when the CPU reads the receiver FIFO. If the
FIFO contains more characters, the bit will be
set again after the FIFQ is read.

It programmed as FIFO full, it is set when a
character is transferred from the receive hold-
ing register to the receive FIFO and the transfer
causes the FIFO to become full, i.e., all three
FIFO positions are occupied. It is reset when
FIFQis read and there is no character in the re-
ceivet shift register. If there is a character wait-
ing in the receive shift register because the
FIFOis full, the bitis set again when the waiting
character is transferred into the FIFO.

ISR[4] - Transmitter Ready Channel b
This bit is a duplicate of TxRDY (SR[2]).

ISR[3] — Counter Ready

In the counter mode of operation, this bitis set
when the counter reaches terminal count and
is reset when the counter is stopped by a stop
counter command. Itisinitialized to '0' when the
chip is reset.

In the timer mode, this bitis setonce each cycle
of the generated square wave {every other time
the C/T reaches zero count). The bit is reset by
a stop counter command. The command, how-
ever, does not stop the C/T.

ISR[2] — Channel a Change in Break

This bit, when set, indicates that the receiver
has detected the beginning or the end of a re-
ceived break. Itis reset when the CPU issues
areset break change interrupt command.

ISR[1] ~ Receiver Ready or FIFO Full
Channet a

The function of this bit is programmed by
MR1]6]. It programmed as receiver ready, it in-
dicates thata character has been received and
is waiting in the FIFO to be ready by the CPU.
Itis set when the character is transferred from
the receive shitt register to the FIFO and reset
when the CPU reads the receiver FIFO. If the
FIFO contains more characters, the bit will be
setagain after the FIFOisread If programmed
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as FIFO full, itis set when a character is trans-
ferred from the receive holding register to the
receive FIFO and the transfer causes the FIFO
to become full, i.e., all three FIFO positions are
occupied. It is reset when FIFO is read and
there is no character in the receiver shiftregis-
ter. If there is a character waiting in the receive
shift register because the FIFO is full, the bit is
set again when the waiting character is trans-
ferred into the FIFO.

ISR[0] - Transmitter Ready Channel a
This bit is a duglicate of TxRDY (SR[2])

IMR - Interrupt Mask Register

The programming of this register selects which
bits in the ISR cause an interrupt output. If a bit
in the ISR is a '1" and the corresponding bit in
the IMR1s a ‘1", the INTRN output is asserted
(Low). If the corresponding bit in the IMR is a
zero, the state of the bit in the ISR has no effect
on the INTRN output. Note that the IMR does
not mask reading of the ISR

CTUR and CTLR - Counter/Timer
Registers

The CTUR and CTLR hold the eight MSBs and
eight SBs, respectively, of the value to be used
by the counterftimer in either the counter or
timer modes of operation. The minimum value
which may be loaded into the CTUR/CTLR
registers is H'0002'. Note that these registers
are write-only and cannot be read by the CPU.

In the timer (programmable divider) mode, the
C/T generates a square wave with a period of
twice the value (in clock periods) of the CTUR
and CTLR. If the value in CTUR or CTLR is
changed, the current half-period will not be
affected, but subsequent half-periods will be.
The C/T will not be running until it receives an
inital ‘Start Counter’ command (read at
address A3-A0 = 1110). After this, while in
timer mode, the C/T will run continuously,
Receipt of a subsequent start counter
command causes the C/T to terminate the
current iming cycle and to begin a new cycle
using the values in the CTUR and CTLR

The counter ready status bit (ISR[3))is setonce
each cycle of the square wave. The bit is reset
by a stop counter command read with A3-A0 =
H'F’). The command, however, does not stop
the C/T. The generated square wave is output
on an O pin if it is programmed to be the C/T
output.

In the counter mode, the C/T counts down the
number of pulses loadedin CTURand CTLR by
the CPU. Counting begins upon receipt of a
start counter command Upon reaching the
terminal count H'0000’, the counter ready
interrupt bit (ISR[3]) 15 set The counter
continues counting past the terminal count until
stopped by the CPU. If 1O is programmed to be
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the output of the C/T, the output remains High
untit the terminal count is reached, at which
time it goes Low. The outputreturns to the High
state and ISR[3] is cleared when the counter is
stopped by a stop counter command. The CPU
may change the values of CTUR and CTLR at
any time, but the new count becomes effective
only on the next start counter command. If new
values have not been loaded, the previous
values are preserved and used for the next
count cycle.

In the counter mode, the current value of the
upper and lower eight bits of the counter (CTU,
CTL) may be read by the CPU. it is
recommended that the counter be stopped
when reading to prevent potential problems
which may occur if a carry from the lower eight
bits to the upper eight bits occurs between the
times that both halves of the counter is read.
However. note that a subsequent start counter
commandwill cause the counter to begin a new
count cycle using the values in CTUR and
CTLR.

1/0 LOGIC

Another difference between the QUART and
most other Signetics UART products is that
the QUART has four pins for each channel
which can be inputs or outputs, while
previous Signetics UART devices have
varying number of fixed-direction input pins
and output pins.

IPR (for DUART ab)

[3]20[3a]2a] tb[ob]1a]o0a]
o1 1 1 1111

The state of all eight pins for each DUART

can always be read via the IPR

IPCR (for DUART ab)

[ATbJaObTalala0a] 1p [ ob | 1a | 0a]
1 1 1 1 1 1 1 1

IPR and IPCR are analogous to registers of
the same name in the SCC2698.
{OPCR (for DUART ab)

[ 103x use [ 102x use [ 101x use | I00x use
2 2 2 2

The configuration of O pins as inputs or
outputs in each UART channel is controlled
by a register called JIOPCR {I/Q Port Control
Register). This register generally replaces
the OPCR (Output Port Contral Register) of
previous Signetics UARTs. The coding of the
{OPCR control fields is shown in Figure 4.

OPR (for DUART ab)

[ab[2v[3a]2a[fob[1a]o0a]
1 1 1 1 1 1 1 1

For 10 pins that are selected for output port
control in IOPCR, this register controls their




Philips Components-Signetics Data Communication Products

Preliminary Specification

Quad universal asynchronous receiver/transmitter

(QUART)

SC26C94/SC68C94

state. The OPRs are readiwrite at address
0Ch and 1Ch. ReadAwrite output registers
optimize the changing of some bits without
affecting the state of other bits in the register.

Each of a channel's 4 1/O lines are configured

to be inputs upon reset. Each UART channel
has two inputs, |00 and 101, that are
equipped with change detection. The ACR
(Auxiliary Control Register) controls interrupt

generation by change of state of these inputs.
ACRI[0] enables change of state interrupt on
100a, ACR|[1} on IO1a, ACR{2] on IO0b and
ACR[3] on 1O1b.

IOPCR Control of 103:0 Pins for Each Channel

IOPCR?7 IOPCR6 IOPCRS IOPCR4  IOPCR3 IOPCR2 IOPCR1 {OPCRO
103x Control 102x Control 101x Control 100x Control
00 = GPlor TxC in 00 = GPl or RxC in 00 = (Note 2) 00 = GPlor CTS in
01 = OPR3 out 01 = OPR2 {(Note 1} 01 = OPR1 out 01 = OPRO out
10 = TxC16X out 10 = RxC1X out 10 = (Note 3) 10 = TxC1X out
11 = TxC1X out 11 = RxC16X out 11 = RxC1X out 11 = TxC16X out

RxC16x.

Note 1: Bit 2 of the OPR is the Request to Send function that is affected by the Assert and Negate RTS commands
in CRA or CRB, and by the TxRTS feature if MR2x5 is 1, as well as by writing OPR. The RxRTS function, which is
activated it MR1x7 is 1, does not affect OPR2 but merely blocks the output signal whenever the Rx FIFO is full.

Note 2: As for the other three pins, a 00 value in this field makes the 101 pin an input 101 can always be used as
a General Purpose Input (GP!). 101a and IO1¢ can be used as CTl depending on how ACR6:4 is programmed If
OPCR7:6 is not 00, 101 can be used as TxC depending on how CSRx3 0 1s programmed

Note 3: A 10 value in this field makes IO1b and IO 1d output the CTO signal, and makes 101a and 101¢ output

QUART REGISTERS vs 26988

As shown in Table 1, registers present in the
SCC2698's first four channels are present in
the QUART. Furthermore, they retain the
same addresses and functionally that they
possess in the 2698. Thus, the QUART is
compatible with existing software except for
the multi-purpose /O and some interrupt
related functions.

Revised Formats for Existing
Registers

The function of bit 6 of the MR1 register
(RxINT Select) has been superseded by the
new interrupt priority logic. This bit is now
reserved.

The ACR has analogous but slightly different
functions for bits 3:0 as described in the IO
Logic section.

The new format of the IOPCR, shown above,
does not provide for the power down bit The
power down function is now set by a write to
QUART address 24H: power up is a write to
address 25H.

New Registers Required
Current Interrupt Register (CIR)

| Chan # |

# Bytes J Type
3 3 2

The Channel # field indicates which of the
four UARTSs has the highest priority interrupt
currently outstanding, while the Type field
indicates its source within the UART. The
Type field is encoded as follows:

000 No Interrupt

001 Change of State

x10 Transmit available

011 Receive available, no error
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100 Receiver break change

101 Counter/Timer

111 Receive available, w/errors

With Type = x11, the # Bytes field indicates
the count of received bytes available for
reading, whiie with Type = x10 it indicates the
number of bytes that can be written to the
transmit FIFO. With Type = xOx, the # Bytes
field is undefined.

The CIR 1s Read only at address 28H

Global interrupt Byte Count (GIBC)

00000 [ #Bytes
3

5

The GIBC is not an actual register but simply
outputs the interrupting UART s transmit or
receive byte counter value The count,
accurate at the time IACKN asserts, is
captured in the CIR. The high order 5 bits
areread as '0' The GIBC s read only at
address 2AH

Global Interrupt Byte Count {(GIBC)
Received Data

— 8

Like the GIBC., no physical register
implementation exists The correct receiver's
FIFQO is popped based on the value of the
nterrupting channel field of the Current
Interrupt Register

If a receiver is not the cause of the current
interrupt, a read of the Global RxFIFO will
yield a byte containing all ones and NONE of
the UART channels’ receive FIFOs will be
popped. (IMPORTANT)

The GRxFIFO 1s Read only at address 2BH

Global Transmit Holding Register (GTHR)

‘ Data to be Sent

8

]
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Similar to the GRxFIFO, no physical register
implementation exists. The byte is pushed
into the correct transmitter's FIFO based on
the interrupting channel field of the Current
Interrupt Register.

If a transmitter is not the cause of the current
interrupt, a write to the Global TxFIFQ has no
effect.

The GTxFIFO is Write only at address 2BH

Giobal Interrupting Channel (GICR)

[ 000000 [ Chan# |
6 2

Like the other Global pseudo-registers no
hardware register exists. The Channel
number field of the Current Interrupt Register
padded with leading zeros is output as the
GICR. The GICR is Read only at address
29H.

Interrupt Control (ICR)

I Threshold | wve !
6 2

The Threshold Field is used by the interrupt

comparator to determine if a winning interrupt

“bid” should result in interrupting the control

processor. This field resets to 3Fh.

The {VC field controls what kind of vector the

QUART returns to the contro! processor

during an Interrupt Acknowledge cycle:

00 Output contents of Interrupt Vector
Register

01 Output 6 MSBs of IVR and Channel
number as 2 LSBs

10 Qutput 3 MSBs of IVR and Channel
number and Interrupt Type

11 Disable generation of vector during
IACK cycle

This field reset to 00 and i1s read/wnite at

address 2CH.
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can be read or written at addresses 20-23H.
interrupt Vector (IVR)

Bidding Control Registers {BCRs) interrupt type code and/or Channel code bits

The IVR is write only at address 29H.

Revd Break | StateChange | CT |
3 3 2 [ Aways Used [ with IVC = 0x | wAve > 00]
The 3 MSBs determine the priority of 3 3 2 OPEN ISSUES
Received Break Interrupts; they are reset to Holds the constant bits of the interrupt This specification is Preliminary. Final
001. acknowledge vector. As shown, the three performance values will follow

Bits 4:2 determine the priarity of Change of
Input State interrupts, and are reset to 00.
There is one BCR per UART channel; they

MSBs are always used, while the less
significant bits can be replaced by the

charactenzation AC parameters have been
taken from first fabrication lots

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature range? Note 4 °C
Tsra Storage temperature range —6510 +150 °C
Vee Voltage from Vpp to GND3 -05t0 +7.0 \
Vs Voltage from any pin to ground® -0.510 Vge +0.5 v
Po Power dissipation 1 w
NOTES:
1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device This is a stress raling only and func-

tional operation of the device at these or any other condition above those indicated in the operation section of this specification is not implied.

2 For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature.

3 This product includes circuitry speciically designed for the protection of its internal devices from damaging effects of excessive static charge.
Nonetheless, itis suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4 Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply
range

DC ELECTRICAL CHARACTERISTICS': 2.3

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ Max UNIT
ViL Input low voitage 08 \
Vin Input high voltage (except X1/CLK) 20 \
Vi Input high voltage (X1/CLK) 0.8Vee \
Voo Qutput Low voltage lo, = 4.0mA 04 \
Vou Output High voitage (except OD outputs) loy = 400pA 0.8Vge v
0.9Vcc v
Iy Input current Low, |/O ports Vn=0 -10 LA
[ Input current High, /O ports Vin = Vee 1 pA
l; Input leakage current ViN=0to Voo -1 1 HA
lixs X1/CLK input Low current Viny = GND, X2 = open -100 pA
lix1 X1/CLK input High current Vin = Veo. X2 = open 100 MA
lozw Qutput off current High, 3-State data bus Vin = Vee 10
lozL Qutput off current Low, 3-State data bus ViNn=0 -1 1 pA
ool Open-drain output Low current in off state’ IRQN Vin = Vo -10
looH Open-drain cutput Low current in off state: IRQN Vn=0 1 pA
Power supply current TTL input levels 25°C

lce Operating mode with X1 = 4dMHz 50 mA

Power down mode TBD pA

NOTES:

1. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply
range.

2. All voltage measurements are referenced to ground (GND). For testing. all inputs swing between 0.4V and 2 4V with a transition time of 20ns
maximum. For X1/CLK this swingis between 0.4V and 4.4V. Alitime measurements are referenced atinput voltages of Vy_and V,, as appropriate

3. Typical values are at +25°C, typical supply voltages, and typical processing parameters.
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AC ELECTRICAL CHARACTERISTICS? 2. 3.4 1, - 20°C; V¢ = 5V t 10%, unless otherwise specified

LIMITS
SYMBOL | FIGURE PARAMETER Min | Typ l Max UNIT
Reset timing
tacs 5 | Resetpulse width [ 200 | | ns
10 Port timing®
tpg 6 10 input setup time before RDON Low 0 ns
toy [ 1O input hold time after RON High (¢} ns
Interrupt timing
tg 7 INTRN negated or 1O output High from:
Read RHR (RxRDY/FFULL interrupt) 100 ns
gg'st:tgﬁr(rgrﬁio(zrg:itﬁZZQe interrupt) g\hetgsr::ﬁp:zc :::g; on }gg ::
Reset command (IO change interrupt) pin X1/CLK 100 ns
Stop C/T command (counter interrupt) 100 ns
Write IMR (clear of interrupt mask bit) 100 ns
Clock timing
ek 8 X1/CLK low time/high time 125/100 ns
oLk 8 X1/CLK frequency 20 36864 40 MHz
cre 8 Counter/timer clock high or low time 60 ns
fere 8 Counter/timer clock frequency o" 8 MHz
trx 8 RxC high or low time 30 ns
fax 8 RxC frequency (16X) o 16 MHz
RxC frequency (1X) on 10 MHz
trx 8 TxC tigh or iow time 200 ns
frx 8 TxC frequency (16X) oM 16 MHz
TxC frequency (1X) o 1.0 MHz
Transmitter timing
trxo 9 TxD output delay from TxC low 16X 120 ns
trcs 9 TxD output delay from TxC output ] 50 ns
Receiver timing
tRxs 10 RxD data setup time to RxC high 100 ns
tRXH 10 RxD data hold time from RxC high 100 ns
NOTES:
1. Parameters are valid over specified temperature range. See ordering information table for applicable temperature range and operating supply

range.

2. All voltage measurements are referenced to ground (GND). For testing, all inputs swing between 0.4V and 2.4V with a transition time of 20ns
maximum. For X1/CLK this swingis between 0.4V and 4 4V. Alltime measurements are referenced atinput voltages of Vy_andVy, as appropriate.

B w

conditions for rest of outputs: C| = 150pF.
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Quad universal asynchronous receiver/transmitter
(QUART) SC26C94/SC68C94

AC ELECTRICAL CHARACTERISTICS (PRELIMINARY)? T, = 20°C; Ve = 5V + 10%, unless otherwise specified.

LIMITS
NO. | FIGURE CHARACTERISTIC Min Typ Max UNIT
1 1a Setup: A[5.0] valid to CEN low 10 ns
2 1a Hold: A[5:0] valid after CEN low 30 ns
3 1a Access: Later of CEN low and RON low, to Dnn valid {read) 110 ns
Later of CEN low and (RDN or WRN as applicable) low, to DACKN low 70+2
Normat Operation: X1 edges ns
4 1a From Power Down: 150 ns
S la Earlier of CEN high or RDN high, to Dnn released (read)’ 0 45 ns
6 1a Earlier of CEN high or (RDN or WRN as applicable) high, to DACKN released 0 30 ns
7 1a Earlier of CEN high or (RDN or WRN as applicable) high, in one cycle, to later 55 ns
of CEN low and (RDN or WRN as applicable) low, for the next cycle
8 1a Setup, Dnn valid (write) to later of CEN low and WRN low? -30 ns
9 1a Later of CEN low and WRN low, to eartier of CEN high or WRN high 110 ns
10 1a Hold: Dnn valid (write) after DACKN low. CEN high or WRN high3 0 ns
NOTES:

1. The minimum time indicates that read data will remain valid until the bus master drives CEN and/or RDN 1o high.

2. The fact that this parameter is negative means that the Dnn line may actually become valid after CEN and WRN are both low.

3. In a Write operation, the bus master must hold the write data valid either until drives CEN and/or WRN to high, or until the QUART drives
DACKN to low, whichever comes first.

4. Test condition for interrupt and 10 outputs; C|_ = 50pF, forced current for Vo = 5.3mA; forced current for Vo = 400pA, R = 2.7kQ to Vee.
Test conditions for rest of outputs: C_ = 150pF.

READ CYCLE WRITE CYCLE
Al5:0] *—1—»4—2—* Xf1—>4~2—*
\ A »
CEN \ / 7 8
- 7 9 ™
RON k /
I
7 9
WRN : 7 » ] /|
[€— 3 —» [— 5 — - 8 —= [ 10>
-~ 3 —» lt— 5 —» le— g |—>»] [ 10—
D[7:0] - \
|
: 4 lel— 6 < 4 - [0 —
-« 4 —» e— 4 [—86
o
DACKN \ 4 le— 6
\
Figure 1a. A Read Cycle Followed by a Write Cycle With DACKN
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AC ELECTRICAL CHARACTERISTICS (PRELIMINARY)? T, = 0°C; Ve = 5V + 10%, unless otherwise specified.
LUMITS
NO. | FIGURE CHARACTERISTIC Min Typ Max UNIT

1 1b A[5:0] Setup time to RDN WRN Low 10 ns

2 1b A[5:0] Hold time from RDN WRN Low 30 ns

3 1b CEN Setup time to RDN WRN Low? 0 ns

4 1b CEN Hold time from RDN WRN High? 0 ns

5 1b RDN WRN Pulse width Low 110 ns

6 1b D[7:0] Data Valid after CEN and RDN Low 110 ns

7 ib D[7:0] Data bus floating after RDN or CEN High 45 ns

8 1ib D[7:0] Data bus setup time before WRN or CEN High 75 ns

9 1b D[7:0] Hold time after WRN or CEN High 0 ns

10 1b Time between Reads and/or Writes? 55 ns
NOTES:
1 Timing is illustrated and referenced to the WRN and RDN inputs. The device may also be operated with CEN as the 'strobing” input. CEN and

RDN (also CEN and WRN) are ANDed internally As a consequence, the signal asserted lastinitiates the cycle and the signal negated firsttermi-
nates the cycle.

2. The RDN signal must be negated for tgwo guarantee that any status register changes are valid

3. Consecutive write operations to the command register require at least three rising edges of the X1 clock between writes.

READ CYCLE WRITE CYCLE

A[5:0) *—|—><—zi F|—><— zq

w T\ i\ /
et 3 - e—]
4
— T\ 4
ADN \ /
s > e ‘4
v ) e —
s S

] ¢ —>

D[7:0} \ '8 A —

Figure 1b. A Read Cycle Followed by a Write Cycle Without DACKN
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SC26C94/SC68C94
(QUART)
AC ELECTRICAL CHARACTERISTICS (PRELIMINARY) T, = 0°C; V¢ = 5V £ 10%, unless otherwise specified.
UMITS
NO. | FIGURE CHARACTERISTIC Min Typ Max UNIT
1 1c Df7:0] Valid after IACKN Low 110 ns
10 +2
2 1c DACKN Low after IACKN Low 30 X1 edges ns
3 1c D[7:0] floating after IACKN High 45 ns
4 1c DACKN High after IACKN High 45 ns

INTRN —\ , S ————— 77

1ACKN \
3
1 [— ]
oI7:0] \
2
4
DACKN ™

Figure 1c¢. Interrupt Knowledge (IACKN) Timing

oscin / \ / \___/—\ /_\ f—\_
EVAL/HOLD _/ \_/ \ /_\_
AN ya/iyg

CIR X VALUE FOR THIS INTERRUPT

Figure 2. Interrupt Bid Arbitration Timing.
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INTBUSK7:0

HOLD —l EN INVERTING LATCHES

!

| BYTE COUNT CORRECTION LOGIC |
CURRENT.
1ACK > BYTE COUNT INTERRUPT TYPE CHANNEL | INTERRUPT
REGISTER
READGIBC

READGICR

N NAVAVAVAVAVAVAV L\J/LV\/

D7 D6 05 D4 03 D2 D1 Do
Figure 3. Current Interrupt Register Logic
INTRANLINTRDN, 27K
MPP1a-MPP1h, O O 45V

MPP2a-MPP2h j_ YW
L

+5V
1=5.3mA VoL
1 = 400,.A Vou
Do-D7,
TxDa-TxDh,
MPCa-MPOh
150pF

Figure 4. Test Conditions on Outputs
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RESET
tRes
Figure 5. Reset Timing
RADN
tps ten
10 as Input
WRN AN
pp
10 as Output OLD DATA NEW DATA
Figure 6. 1O Port Timing
WRN N\ M
r
INTERRUPT!
OUTPUT ———— Vg,
RDN / |
YR
INTERAUPT! VoL +0.5V
OUTPUT —— —— VoL

NOTES:

1. Includes IO when used as TxRDY or RxDY,FFULL outputs as well as INTRN.

2. The test for open drain outputs 1s inlandad to guarantee switching of the output transistor. Measurement of this response 15 referanced from the migpoint of the switching signal,
Vu. to a point 0.5V above V. This Poinl Represants Noise Margin That Assures True Switching Has Occurred. Beyond this level, the elfects of external circuttry and test
snvironment are pronounced and can greally affect the resutant measurement.

Figure 7. Interrupt Timing
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tcLK W5V
NOTE:
RESISTOR REQUIRED < ,¢
X1/CLK FOR TTL INPUT
CTCLK
RxC X1
TxC
NC X2
€1z C2= 24pF FOR C, = 20PF SC26C94/SC6CH4
> x1 &
e - 50 TO
- 150 KOHMS
= L xa . _
* _L_ TO INTERNAL CLOCK DRIVERS
64/
3.6864MHz 4pF
NOTE:

C1 and C2 should be based on manuiacturet ‘s specification.
X1 and X2 parasitic capacitance is 1-2pF and 3-5pF, respectively.

TYPICAL CRYSTAL SPECIFICATION
FREQUENCY: 2 - 4MHZ
LOAD CAPACITANCE (C\): 12 - 32pF
TYPE OF OPERATION: PARALLEL RESONANT, FUNDAMENTAL MODE

Figure 8. Clock Timing

1 BIT TIME
(1 OR 16 CLOCKS
TxC
{INPUT)

TxD

tres
TxC

(1X OUTPUT)

Figure 9. Transmit Timing
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(QUART) SC26C94/SC68C94

RxC
(1X INPUT)

trxs 1 taxn

Figure 10. Recelive Timing

TxD | I m I }

TRANS-

| /'—k\ /i—l,li
T ) T/ 1]

v 1 Y I i
D1 D8 D9 START D10 STOP D1 WILL
BREAK BREAK NOT BE
LOADED TO THE |
e~ TRANSMIT FIFO |
oo) |

|
|

RTSNZ
10 2)
CR[7:4] = 1000 CR(7:4] = 1000

NOTES:
1. Timing shown for MR2[4] = 1.
2. Timing shown for MR2[5] = 1.

D12

Figure 11. Transmitter Timing
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wo LI = [mT L= (et (o] | ] | [
- - r
IVER 1 ] by D12 AND D13 LOST
ENABLED | | | l DUE TO RECEIVER DISABLE.
| ! Ly
AXRDY | i [
(SR0) I
.
02 -
FFULL
(SR1) |
|
|
|
:
ADN S = STATUS |
D -DATA
s 2 | prwi S D, \& D s D
D1 | BELOST D2 \D3 D10
OVERAUN DUE TO ¥ RESET BY
(SRa) | OVERRUN | COMMAND
T
I
|
Ars!
1102
|
NOTES;
1 Timing shown lor MA1[7] = 1.
Figure 12. Receiver Timing
MASTER STATION BIT 0 BITS BIT9
ADD1 V1 ‘ | I oo | o] N I I ADDs2} 1| l I
™o L i | I (- | -
TRANSMITTER i |
ENABLED | ‘
' |
TxRDY '
(SR2) P EH
wa U U U W U
(WRITE]
MR1[4:3} = 11 ADDM  MA1[2]=0 Do MA1[2)= 1 ADD#2
MR1[2]= 1
PERIPHERAL STATION
BIT9 BT 9 BITS . BIT 9 BITY
1 T T TT 1T R T T
RAxD [ oI ADDulI ] | Do ol I IAszuI | ul
] [ 1, L RN N il i Lo
RECEIVER | | |
ENABLED ! I ] i |
= | |
AxRDY
(SRO) .
RONWRN | l U/ U H/ N | I | I/'
S = STATUS
MR1 [4:3] = 11 ADD#1 S D D - DATA s D
Do ADD#2
Figure 13, Wake-Up Mode
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