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DESCRIPTION

The SC68CI2 is a pin and function
replacement for the SCC68692 with
added features and deeper fifos. Its
configuration on power up is that of the
SCCE8692. Its differences from the
SCC68692 are: 8 character receiver,

8 character transmit fifos, receiver watch
dog timer, made register 0 is added,
extended baud rate and overall faster
speeds, programmable receiver and
transmitter interrupts.

The Signetics SC68C92 Dual Universal
Asynchronous Receiver/Transmitter
(DUART) is a single-chip CMOS-LSI
communications device that provides
two full-duplex asynchronous
receiverAransmitter channels in a single
package. [t interfaces directly with
microprocessors and may be used in a
polled or interrupt driven system.

remote transmitter when the receiver
buffer is full.

Also provided on the SC68C92 are a
multipurpose 7-bit input port and a
multipurpose 8-bit output port. These
can be used as general purpose /O
ports or can be assigned specific
functions (such as clock inputs or
status/interrupt outputs) under program
control.

The SC68CI2 is available in three
package versions: 40-pin and 28-pin,
0.6" wide, DIPs and a 44-pin PLCC.

FEATURES
® 56800 bus compatible

® Dual full-duplex independent
asynchronous receiverAransmitters

® 8 character fifos for each receiver and
transmitter
The operating mode and data format of
each channel can be programmed
independently. Additionally, each
receiver and transmitter can select its
operating speed as one of eighteen
fixed baud rates, a 16X clock derived
from a programmable counter/timer, or
an external 1X or 16X clock. The baud
rate generator and counter/timer can
operate directly from a crystal or from — 18 tixed rates: 50 to 38.4k baud

external clock inputs. The ability to _ Other baud rates to 230.4k baud at
independently program the operating 16X ’

speed of the receiver and transmitter
make the DUART particutarly attractive
for dual-speed channel applications
such as clustered terminal systems.

® 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
® Programmable baud rate for each

receiver and transmitter selectable
from:

- Programmable user-defined rates
derived from a programmable
counterftimer

— External 1X or 16X clock

® Parity, framing, and overrun error
detection

Each receiver is buffered by eight
character fifos to minimize the potential
of receiver over-run or to reduce
interrupt overhead in interrupt driven
systems. In addition, a flow control
capability is provided to disable a

® False start bit detection

® Line break detection and generation
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Dual asynchronous
receiver/transmitter (DUART)

& Programmable channel mode
-~ Normal (fuli-duplex)
— Automatic echo
— Local loopback
— Remote loopback
® Multi-function 7-bit input port
— Can serve as clock or control inputs
— Change of state detection on four
inputs
* Multi-function 8-bit output port
- Individual bit set/reset capability
— Outputs can be programmed to be
statusvinterrupt signais
® Versatile interrupt system
— Single interrupt cutput with eight
maskable interrupting conditions
~ Qutput port can be configured to
provide a total of up to six separate
wire-ORable interrupt outputs
— Each fifo can be programmed for
four different interrupt levels
— Walch dog timer for each receiver
® Maximum data transfer rates:
1X - 1MB/sec, 16X — 1Mb/sec
® Automatic wake-up mode for multidrop
applications
e Start-end break interrupt/status
® Detects break which originates in the
middle of a character
® On-chip crystal oscillator
® Power down mode
® Receiver timeout mode
e Commercial, industrial and military
temperature range versions
® TTL compatible

® Single +5V power supply
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PIN CONFIGURATIONS
At [T_J 30) veo
w3 [2] 39] 1Pa
a2z [3] 28] 1ps
1Pt [7] [37) 1ACKN
A3 [5] 6] 12
a4 (5] J35] csN
Po [7] [34] RESETN
RWN (8] 33] x2
DTACKN [9] [32] x1cLK
RxDB [1] Dip 31] RxpA
TxD8 [11] [30] TxDA
op1 [12] 29] oo
op3 13| 28] op2
oPs [14] [27) oPa
oP7 [13] [26) oPs
D1 25] Do
03 [17] 23] D2
05 [ig] 23] D4
o7 19| 72] 06
GND [20] [21] INTRN

INDEX
CORNER
(6] [1] figl
] 3]
PLCC
] El
T )
TOP VIEW

PINFUNCTION PIN'FUNCTION
1 NC 23 NC
2 Al 24 INTAN
3 IP3 25 D6
4 A2 2% D4
5 1”1 27 D2
6 A3 28 Do
7 A4 20 OP6
8 IPC 30 OPa
9 AWN 31 OP2
10 DTACKN 32 OPO
11 RxDB 33 TxDA
12 NC 34 NC
12 TxDB 35 RxDA
14 OP1 % XuCLK
15 OP3 a7
16 OPS 38 RESET
17 OP7 39 CSN
18 D1 40 P2
19 D3 41 JACKN
20 D5 42 iP5
2t D7 43 P4
22 GND a4 Voo

ORDERING INFORMATION

DESCRIPTION | V¢ = 45V £10%, Ta = 0 1o +70°C | Vcc = +5V £10%, Ty = -40 1o +85°C
40-Pin Cerdip SC68CO2C 1F40 SCB8CI2E1F40
40-Pin Plastic DIP SCB8CH2C1N40 SCE8CY2E 1N4O
44-Pin Plastic LCC SCBBCY2C 1A44 SC68CI2E1A44
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BLOCK DIAGRAM
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PIN DESCRIPTION

SYMBOL | PINNO. | TYPE NAME AND FUNCTION

Do-D7 25,16,24,17 | 11O Data Bus: Bidirectional 3-State data bus used to transfer commands, data and status between the

23,18,22,19 DUART and the CPU. DO is the least significant bit.

CSN 35 | Chip Enable: Active-Low input signal. When Low, data transfers between the CPU and the DUART are
enabled on DO-D7 as controlled by the R/WN and A1-A4 inputs. When CEN is High, the DUART places
the DO-D?7 lines in the 3-State condition.

R/WN 8 | Read/Write: A High input indicates a read cycle and a low input indicates a write cycle, when a cycle is
initiated by assertion of the CSN input.

Al-A4 1256 I Address Inputs: Select the DUART internal registers and ports for read/write operations.

RESETN 34 | Reset: A Low level clears internal registers (SRA, SRB, IMR, ISR, CPR, OPCR), initalizes the IVR to
hex OF, puts OPO—OP?7 in the High state, stops the counter/timer, and puts Channels A and B in the inac-
tive state, with the TxDA and TxDB outputs in the mark (High) state.

DTACKN 9 o] Data Transfer Acknowledge: 3-State active-Low output asserted in write, read, or interrupt cycles to
indicate proper transfer of data between the CPU and the DUART.

INTRN 21 e} Interrupt Request: Active-Low, open-drain output which signals the CPU that one or more of the eight
maskable interrupting conditions are true.

IACKN 37 | Interrupt Acknowledge: Active-Low input indicating an interrupt acknowledge cycle In response, the
DUART will place the interrupt vector on the data bus and wili assert DTACKN if it has an interrupt pend-
ing.

X1/CLK 32 | Crystal 1: Crystal or external clock input A crystal or clock of the specified limits must be supplied at all
times. When a crystal is used, a capacitor must be connected from this pin to ground (see Figure 7).

X2 33 | Crystal 2: Connection for other side of the crystal. When a crystal 1s used, a capacitor must be con-
nected from this pin to ground (see Figure 7). If X1/CLK is driven from an external source, this pin can be
left open.

RxDA 31 | Channel A Receiver Serial Data Input: The least significant bit is received first. "Mark" is High, “space”
is Low.

RxDB 10 | Channel B Recelve Seriat Data Input: The least significant bitis received first. "Mark™is High, “space”
is Low.

TxDA 30 (o] Channel A Transmitter Serial Data Output: The least significant bit is transmitted first. This outputis
held in the "mark” condition when the transmitter is disabled, idle or when operating in local loopback
mode. “Mark™ is High, “space” is Low.

TxDB 1 o] Channel B Transmitter Serlal Data Output: The least significant bit is transmitted first. This outputis
held in the ‘mark’ condition when the transmitter is disabled, idle, or when operating in local loopback
mode. ‘Mark’ is High, ‘space’ is Low.

OPO 29 (o] Output 0: General purpose output or Channel A reques! to send (RTSAN, active-Low). Can be deacti-
vated automatically on receive or transmit.

OP1 12 Q Output 1: General purpose output or Channel B request to send (RTSBN, active-Low). Can be deacti-
vated automatically on receive or transmit.

opP2 28 o] Qutput 2: General purpose output, or Channel A transmitter 1X or 16X clock output, or Channel A receiv-
er 1X clock output

OoP3 13 (o] Output 3: General purpose output or open-drain, active-Low counter/timer output or Channel B transmit-
ter 1X clock output, or Channel B receiver 1X clock output.

OP4 27 o] Output 4: General purpose output or Channel A open-drain, active-Low, RxRDYAN/FFULLAN output

OoPs 14 o] Output 5: General purpose output or Channel B open-drain, active-Low, RxRDYBN/FFULLBN output.

OoPs 26 o] Output 6: General purpose output or Channel A open-drain, active-Low, TXRDYAN output.

OP7 15 o] Output 7: General purpose output or Channel B open-drain, active-Low, TxRDYBN output.

IPO 7 | Input 8: General purpose input or Channel A clear to send active-Low input (CTSAN).

1P1 4 | Input 1: General purpose input or Channel B clear to send active-Low input {CTSBN).

P2 36 ! Input 2: General purpose input or Channel B receiver external clock input (RxCB), or counter/timer ex-
ternal clock input. When external clock is used by the receiver, the received data is sampled on the rising
edge of the clock

IP3 2 | Input 3: General purpose input or Channel A transmitter external clock input (TxCA). When the external
clock is used by the transmitter, the transmitted data is clocked on the falling edge of the clock.

P4 39 | Input 4: General purpose input or Channel A receiver external clock input (RxCA). When the external
clock is used by the receiver, the received data is sampled on the rising edge of the clock.

IP5 38 1 Input 5: General purpose input or Channel B transmitter external clock input (TxCB). When the external
clock is used by the transmitter, the transmitied data is clocked on the falling edge of the clock.

Vee 40 | Power Supply: +5V supply input

GND 20 I Ground

November 12, 1990

202




Philips Components—Signetics Data Communication Products Preliminary Specification

Dual asynchronous receiver/transmitter (DUART) SC68C92

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature range? Note 4 °C
Ts1G Storage temperature range —-6510 +150 °C
Veo Voltage from Vgc to GND? -05t0+7.0 v
Vs Voltage from any pin to GND? -0.510 Vg +0.5 v
Ps Power dissipation® 750 mwW

NOTES:

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operation section of this specification is not
implied.

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

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

. Parameters are valid over specified temperature range.

. Maximum power dissipation of the chip when outputs are loaded externally. For operating current, see DC Electrical Characteristics.

[S R

LS -

DC ELECTRICAL CHARACTERISTICS': 2.3

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ Max UNIT
ViL Input low voltage 08 v
Vin Input high voltage (except X1/CLK)8 20 \Y
Vin Input high voltage (except X1/CLK)? 25 v
ViH Input high voltage (X1/CLK) 0.8Vge v
Vo Output low voltage oL = 24mA 0.4 \
Vou Output high voltage (except OD outputs)* lon = —400pA Vo 0.5 v
lix1PD X1/CLK input current — power down Viy =0to Vee -10 +10 RA
liLx X1/CLK input low current - operating Vin =0 -75 ] pA
linxs X1/CLK input high current — operating Vin = Vee 0 75 pA
loHxz X2 output high current — operating Vout = Voo, X1 =0 0 +75 YA
lonxzs X2 output high short circuit current — operating Vour =0, X1=0 -10 -1 mA
loxz X2 output low current — operating Vout = 0, X1 =Vge ~75 0
louxzs X2 output low short circuit current — operating and Vourt = Vee, X1 = Ve 1 10 mA
power down

i Input leakage current:
! All except input port pins Vin=0to Vec -10 +10 pA

Input port pins Vi =0to Ve -20 +10 pA
lozn Output off current high, 3-State data bus Vin = Voo 10 HA
lozL Qutput off current iow, 3-State data bus Vin =0V -10 HA
looL Open-drain output low current in off State Vin=0 -10 HA
looH Open-drain output high currentin off State Vin = Vee 10 uA

Power supply current® TTL input levels 10 mA

I Operating mode CMOS input levels 10 mA
ce TTL nput levels 30 mA

Power down mode CMOS input levels TBD MHA

NOTES:

1. Parameters are valid over specified temperature 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 5ns
maximum. For X1/CLK this swing is between 0.4V and 4.4V. All time measurements are referenced at input voltages of 0.8V and 2.0V and
output voltages of 0.8V and 2.0V, as appropriate.

November 12, 1990
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3. Typical values are at +25°C, typical supply voltages, and typical processing parameters

4. Test conditions for outputs: C| = 150pF, except interrupt outputs. Test condition for interrupt outputs: C; = 50pF, R = 2.7kQ2 to Vcc.

5. All outputs are disconnected. Inputs are switching between TTL levels of 2.4V and 0 4V or CMOS levels of Voo —0.2V and Vgg + 0.2V,
6. TA20°C

7. Ta<0°C
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AC CHARACTERISTICS!. 2.4
SYMBOL | FIGURE PARAMETER LIMITS UNIT
Min | Typ® I Max
Reset Timing
taes | RESET pulse width 10 | | [ b
Bus Timing®
tas 234 A1-A4 setup time to CSN Low 10 ns
tAH 2,34 A1-A4 hold time from CSN Low 30 ns
taws 234 RWN setup time to CSN High [¢] ns
tRwH 234 RWN hoidup time to CSN High [ ns
tesw® 234 CSN High pulse width 50 ns
tesp® 234 CSN or IACKN High from DTACKN Low 20 ns
oo 234 Data valid from CSN or IACKN Low 110 ns
toa 2 RDN Low to data bus active® 15 ns
tor 234 Data bus floating from CSN or IACKN High® 45 ns
to 2 ADN High to data bus invalid® 20 ns
tos 234 Data setup time to CLK High 75 ns
ol 234 Data hold time from CSN High 0 ns
toaL 234 DTACKN Low from read data valid 0 ns
tocr 234 DTACKN Low (read cycle) from CLK High 45 ns
tocw 2,34 DTACKN Low (write cyde) form CLK High 45 ns
toar 2,34 DTACKN High from CSN or iACKN High 30 ns
Ipat 234 DTACKN High impedance from CSN or IACKN High 45 ns
tese’ 234 CSN or IACKN setup time to clock High 30 ns
Port Timing®
trs 5 Port input setup time to CSN Low 0 ns
tpy 5 Port input hoid time from CSN High 0 ns
Interrupt Timing
tir 6 INTRN (or OP3—OP7 when used as interrupts) negated from:
Read RHR (RxRDY/FFULL interrupt) 1000 ns
Write THR (TxRDY interrupt) 1000 ns
Reset command (break interrupt) 1000 ns
Stop C/T command (counter interrupt) 10010 ns
Read IPCR (input port change interrupt) 10010 ns
Write IMR {clear of interrupt mask bit) 10010 ns
Clock Timing
tolk 7 X1/CLK High or Low time 80 ns
foLk 7 X1/CLK frequency 1 3.6864 4 MHz
cre 7 CTCLK (IP2) High or Low time 60 ns
fcre 7 CTCLK (IP2) frequency® 100 8 MHz
tRx 7 RxC High or Low time 220 ns
frx 7 RxC frequency (16X)° 100 2 MHz
(1xy° 100 1 MHz
trx 7 TxC High or Low time 220 ns
frx 7 TxC frequency (16X)? 0 2 MHz
(1x)° 0 1 MHz
Transmitter Timing
trxo 8 TxD output delay from TxC Low 120 ns
trcs 8 Output delay from TxC Low to TxD data output 50 ns
Receiver Timing
taxs 9 RxD data setup time to RxC High 100 ns
taxH 9 RxD data hold time from RxC High 100 ns

November 12, 1990
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NOTES:
1

. Parameters are valid over specified temperature range.
2. All voltage measurements are referenced to ground (GND). For testing, ali inputs swing between 0.4V and 2.4V with a transition time of 5ns
maximum. For X1/CLK this swing is between 0.4V and 4.4V. Ali time measurements are referenced at input voltages of 0.8V and 2.0V and
output voltages of 0.8V and 2.0V, as appropriate.

w

. Typical values are at +25°C, typical supply voltages, and typicai processing parameters.

4. Test conditions for outputs: G| = 150pF, except interrupt outputs. Test condition for interrupt outputs: C = 50pF, R = 2.7k 10 Ve
5. This specification will impose maximum 68000 CPU CLK to 6MHz. Higher CPU CLK can be used if repeating bus reads are not performed
Consecutive write operations to the same command register require at least three edges of the X1 clock between writes.

=

. This specification imposes a lower bound on CSN and IACKN Low, guaranteeing that it will be Low for at least 1 CLK period. This require-

ment is made on CSN only 1o insure assertion of DTACKN and not to guarantee operation of the part.

~

This specification is made only to insure that DTACKN is asserted with respect to the rising edge of the X1/CLK pin as shown in the timing

diagram, not to guarantee operation of the part. If the setup time is violated, DTACKN may be asserted as shown, or may be asserted one

clock cycle later.

8. Guaranteed by characterization of sample units.
9. Minimum frequencies are not tested but are guaranteed by design.

10.325ns maximum for T, > 70°C.

BLOCK DIAGRAM

The SC68C92 DUART consists of the following
eightmajor sections: data bus buffer, operation
control, interrupt control, timing, communica-
tions Channels A and B, input port and output
port. Refer to the Block Diagram

Data Bus Butfer

The data bus buffer provides the interface be-
tween the external and internal data buses. it
is controlled by the operation controlblock to al-
low read and write operations to take place be-
tween the controiling CPU and the DUART.

Operation Control

The operation control logic receives operation
commands from the CPU and generates ap-
propriate signals to interal sections to control
device operation. itcontains address decoding
and read and write circuits to permit communi-
cations with the microprocessor via the data
bus buffer. The DTACKN output I1s asserted
during write and read cycles to indicate to the
CPU that data has been latched on a write
cycle, or that valid data is presenton the bus on
aread cycle.

Interrupt Control

A single active-Low interrupt output (INTRN) is
provided which is activated upon the occur-
rence of any of eight internal events. Asso-
ciated with the interrupt system are the
Interrupt Mask Register (IMR) and the Interrupt
Status Register (JSR), the Auxiliary Control
Register (ACRY), andthe Interrupt Vector Regis-
ter (IVR). The IMR may be programmed to se-
lect only certain conditions to cause INTRN to
be asserted. The ISR can be read by the CPU
to determine all currently active interrupting
conditions. When IACKN is asserted, and the
DUART has an interrupt pending, the DUART
responds by placing the contents of the IVR
register on the data bus and asserting
DTACKN.

Outputs OP3—-OP7 can be programmed to pro-
vide discrete interrupt outputs for the transmit-
ter, receivers, and counter/timer.

November 12, 1990

Timing Circuits

The timing block consists of a crystal oscillator,
a baud rate generator, a programmable 16-bit
counter/timer, and four clock selectors The
crystal oscillator operates directly from acrystal
connected across the X1/CLK and X2 inputs.
Itan external clock of the appropriate frequency
is available, it may be connected to X1/CLK
The clock serves as the basic timing reference
for the Baud Rate Generator (BRG), the coun-
ter/timer, and other internal circuits. A clock
signal within the limits specifiedin the specifica-
tions section of this data sheet must always be
supplied to the DUART.

If an external is used instead of a crystal, X1
should be driven using a configuration similar
to the one in Figure 7.

If an external clock is used instead of a crystal,
X1 should be driven using a configuration simi-
lar to the one in Figure 5.

The baud rate generator operates from the os-
cillator or external clock input and is capable ot
generating 18 commonly used data communi-
cations baud rates ranging from 50 to 38.4K
baud. Programming bit0 of MRO to a 1" gives
additional baud rates of 57.6kB, 115.2kB and
230.4kB. These will be in the 16X mode. A
3.6864MHz crystal or external clock must be
used to get the standard baud rate. The clock
outputs from the BRG are at 16X the actual
baudrate. The counter/timer can be usedas a
timer to produce a 16X clock for any other baud
rate by counting down the crystal clock or an ex-
ternal clock. The four clock selectors allow the
independent selection, for each receiver and
transmitter, of any of these baud rates or exter-
nal timing signal.

The Counter/Timer (C/T) can be programmed
touse one of several timing sources asitsinput.
The output of the C/T is available to the the
clock selectors and can also be programmed to
be outputat OP3. In the counter mode, the con-
tents of the C/T can be read by the CPU and
it can be stopped and started under program
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control. [n the timer mode, the C/T acts as a
programmable divider.

Communications

Channels A and B

Each communications channel of the
SC68CI2 compnses a full-duplex asynchro-
nous receivertransmitter (UART). The operat-
ing frequency for each receiver and transmitter
can be selected independently from the baud
rate generator, the counter timer, or from an ex-
ternal input

The transmitter accepts parallel data from the
CPU, converts it to a serial bit stream, inserts
the appropriate start, stop, and optional parity
bits and outputs a composite serial stream of
data on the TxD output pin. The receiver ac-
cepts serial data on the RxD pin, converts this
serial input to paralle! format, checks for start
bit, stop bit, parity bit (if any), or break condition
and sends an assembled charactertothe CPU.

Input Port

The inputs to this unlatched 6-bit port can be
read by the CPU by performing a read opera-
tion at address H'D". A High input results in a
logic 1 while a Low input results in alogic0. D7
will always be read as a logic 1 and D6 will re-
flect the level of IACKN. The pins of this port
can also serve as auxifiary inputs to certain por-
tions fo the DUART logic.

Four change-of-state detectors are provided
which are associated with inputs 1P3, IP2, IP1
and IPO. A High-to-Low or Low-to-High trans-
ition of these inputs, lasting longer than 25 -
50ps, will set the corresponding bit in the input
port change register. The bits are cleared
when the register is read by the CPU. Any
change-of-state can also be programmed to
generate an interrupt to the CPU.

The input port pulse detection circuitry uses a
38.4kHz sampling clock derived from one of the
baudrate generator taps. This resultsina sam-
pling period of slightly more than 25us (this as-
sumes thatthe clock inputis 3.6864MHz). The
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detection circuitry, in order to guarantee that a
true change in level has occurred, requires two
successive samples at the new logic level be
observed. As a consequence, the minimum
duration of the signal change is 25us if the
transition occurs "coincident with the first sam-
ple pulse”. The 50us time refers to the situation
in which the change-of-state is “just missed”
andthe first change-of-state is not detected un-
til 25us later.

Output Port

The 8-bit multipurpose output port can be used
as ageneral purpose output port, in which case
the outputs are the complements of the Output
Port Register (OPR). OPR(n) = 1 resuits in
OP(n) = Low and vice versa. Bits of the OPR
can be individually set and reset. A bitis setby
performing a write operation at address H'E'
with the accompanying data specifying the bits
to be reset (1 = set, 0 = no change). Likewise,
abitis reset by a write at address H'F’ with the
accompanying data specifying the bits to be re-
set (1 =reset, 0 = no change)

Cutputs can be also be individually assigned
specific functions by appropriate programming
of the Channel A mode registers (MRIA,
MR2A), the Channel B mode registers (MR 1B,
MR2B), and the Output Port Configuration
Register (OPCRY}.

OPERATION

Transmitter

The S5C68C92 is conditioned to transmit data
when the transmitter is enabled through the
command register. The SC68C92 indicates
to the CPU thatitis ready to accept a character
by setting the TxRDY bit in the status register.
This condition can be programmed to generate
aninterrupt requestatOP6 orOP7 and INTRN

When the transmitter is initially enabled the
TxROY and TXEMPTY bits will be setin the sta-
tus register. When a character is loaded 10 the
transmit fifo the TXEMPTY bit will be reset. The
TxEMPTY will not set until: 1) the transmit fifo
is empty and the transmit shift register has fin-
ished transmitting the stop bitof the fastcharac-
ter written to the transmit fifo, or 2) the
transmitter is disabled and then re-enabled

The TxRDY bit is set whenever the transmitter
is enabled and the TxFIFO is not full. Data is
transferred from the holding register to transmit
shift register when it is idle or has completed
transmission of the previous character. Char-
acters cannot be loaded into the THR while the
transmitter is disabled.

The transmitter converts the parallel data from
the CPU 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 op-
tional parity bit, and the programmed number of
stop bits. The least significant bit is sent first.
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Following the transmission of the stop bits, ifa
new character is not available in the THR, the
TxD output remains High and the TxEMT bit in
the Status Register (SR) will be setto 1. Trans-
mission resumes and the TxEMT bit is cleared
when the CPU loads a new character into the
THR. Ifthe transmitter is disabled, it continues
operating until the character currently being
transmitted is completely sent out. The trans-
mitter can be forced to send a continuous Low
condition by issuing a send break command.

The transmitter can be resetthrough a software
command. If it is reset, operation ceases im-
mediately and the transmitter must be enabled
through the command register before resuming
operation. If CTS operation is enable, the
CTSN input must be Low in order for the
character to be transmitted. If it goes High in
the middie of a transmission, the character in
the shift register is transmitted and TxDA then
remains in the marking state until CTSN goes
Low. The transmutter can also control the deac-
tivation of the RTSN output. If programmed,
the RTSN output will be reset one bit time after
the character in the transmit shift register and
transmitholding register (if any) are completely
transmitted, If the transmitter has been dis-
abled

Receiver

The SC68C92 is conditioned to receive data
when enabled through the command register
The receiver looks for a High-to-low
(mark-to-space) transition of the start bit on the
RxD nput pin. I a transition is detected, the
state of the RxD pin is sampled 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). If RxD is sampled High, the start bitis
invalid and the search for a valid start bit begins
again. If RxD is still Low, a valid start bit is as-
sumed and the receiver continues to sample
the input atone bit time intervals at the theoreti-
cal center of the bit, until the proper number of
data bits and parity bit (if any) have been as-
sembled, and one stop bit has been detected.
The least significant bit is received first. The
datais then transferred to the Receive Holding
Register (RHR) and the AxRDY bitin the SR is
setto a 1. This condition can be programmed
o generate an interrupt at OP4 or OPS and
INTRN. It the character length is less than 8
bits, the most significantunusedbits inthe RHR
are set 1o zero

Atter the stop bit is detected, the receiver will
immediately look for the next start bit. Howev-
er, if a non-zero character was received without
a stop bit (framing error) 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-halfbit time after the stop bitwas
sampled).
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The parity error, framing error, and overrun er-
ror (if any) are strobed into the SR at the re-
ceived character boundary, before the RxRDY
status bitis set. If a break condition is detected
(RxD is Low for the entire character including
the stop bit), a character consisting of all zeros
will be loaded into the RHR and the received
break bit in the SR is setto 1. The RxD input
must return to a High condition for at least
one-half bit time before a search for the next
start bit begins

The RHR consists of a First-In-First-Out (FIFO)
stack with a capacity of eight characters. Data
is loaded from the receive shift register into the
topmost empty position of the FIFO. The
RxRDY bitin the status register is setwhenever
one or more characters are available to be
read, and a FFULL status bit is set if all eight
stack positions are filed with data. Either ot
these bits can be selectedto cause aninterrupt
A read of the RHR outputs the data at the top
ofthe FIFO After the read cycle, the data FIFO
and Its associated status bits (see below) are
‘popped’ thus emptying a FIFO position for new
data.

In addition to the data word, three status bits
(parity error, framing error, and received break)
are also appendedtoeach datacharacterin the
FIFQ (overrun is not). Status can be provided
in two ways, as programmed by the error mode
control bit in the mode register. In the ‘charac-
ter' mode, status ts provided on a charac-
ter-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 bils is the logical-OR of the status
for all characters coming to the top of the FIFO
since the last ‘reset error’ command was is-
sued. In either mode reading the SR does not
affect the FIFO. The FIFO is ‘popped’ only
when the RHRis read Therefore the status re-
gister should be read prior to reading the FiFO.

If the FIFO is full when a new character is re-
ceived, that character is held in the receive shift
register until a FIFO position is available. Ifan
additional character is received while this state
exits, the contents of the FIFO are not affected;
the character previously in the 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

The receiver can control the deactivation of
RTS. If programmed to operate in this mode,
the RTSN output will be negated when a valid
start bit was received and the FIFO is full
When a FIFO position becomes available, the
RTSN output wili be re-asserted automatically
This feature can be used to preventan overrun,
inthe receiver, by connecting the RTSN output
to the CTSN input of the transmitting device.
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1t the receiver is disabled, the FIFO characters
canberead. However, noadditional characters
can be received until the receiver is enabled
again. If the receiver is reset, the FIFO and all
of the receiver status, and the corresponding
output ports and interrupt are reset. No addi-
tional characters can be received until the re-
ceiver is enabled again.

Timeout Mode

The timeout mode uses the received data
stream to control the counter. Each time a re-
ceived character is transferred from the shift
register to the RHR, the counter is restarted.

If a new character is not received before the
counter reaches zero count, the counter ready
bit is 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 limit. Otherwise, if the re-
ceiver has been programmed to interrupt the
CPU when the receive FIFQ is full, and the
message ends before the FIFO is full, the CPU
may notknow there is data leftin the FIFO. The
CTU and CTL value would be programmed for
just over one character time, so that the CPU
would be interrupted as soon as it has stopped
receiving continuous data. This mode can also
be used to indicate when the serial fine has
been marking for longer than the programmed
time limit. In this case, the CPU has read all of
the characters from the FIFO, but the last char-
acter received has started the count. If there is
no new data during the programmed time inter-
val, the counter ready bit will get set, and an in-
terrupt can be generated.

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. Writinga'Cx' to CRAor
CRB will disable the timeout mode. The time-
out mode should only be used by one channel
at once, since it uses the C/T. CTU and CTL
must be loaded with a value greater than the
normal receive character period. The timeout
mode disables the regular START/STOP
Counter commands and puts the C/T into
counter mode under the control of the received
datastream. Each time a received characteris
transferred from the shift register to the RHR,
the C/T is stopped after 1 C/T clock, reloaded
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with the value in CTU and CTL and then re-
started on the next C/T clock. If the C/T is al-
lowed to end the count before a new character
has been received, the counter ready bit,
ISR[3}, will be set. if IMR[3] is set, this will gen-
erate an interrupt. Since receiving a character
afterthe C/T has timed outwill 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 bitand stop the
counter until the next character is received.

Multidrop Mode

The DUART is equipped with a wake up mode
for multidrop applications. This mode is se-
lected by programming bits MR1A[4:3] or
MR1B{4:3]to ‘11" for Channels A and B, respec-
tively. In this mode of operation, a ‘'master” sta-
tion transmits an address character followed by
data characters for the addressed 'slave’ sta-
tion. The slave stations, with receivers that are
normally disabled, examine the received data
stream and ‘wakeup’ the CPU (by sefting
RxRDY) only upon receipt of an address char-
acter The CPU compares the received ad-
dress lo its station address and enables the
receiver if it wishes to receive the subsequent
data characters. Upon receipt of another ad-
dress character, the CPU may disable the re-
ceiver to initiate the process again

A transmitted character consists of a start bit,
the programmed number of data bits, and Ad-
dress/Data {A/D} bit, and the programmed
number of stop bits. The polarity of the
transmitted A/D bit is selected by the CPU by
programming bit MR1A[2YMR18B{2].
MR1A[2/MR1B([2] = 0 transmits a zero in the
A/D bit position, which identifies the corre-
sponding data bits as data while
MR1A[2YMR1B[2] = 1 transmits a one in the
A/D bit position, which identifies the corre-
sponding data bits as an address. The CPU
should program the mode register prior to load-
ing the corresponding data bits into the THR.

in this mode, the receiver continuously fooks at
the received data stream, whether it is enabled
ordisabled. !f disabled, it sets the RxRDY sta-
tus bit and loads the character into the RHR
FIFO if the received A/D bit is a one (address
tag), but discards the received character if the
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received A/D bitis a zero (data tag). Ifenabled.
all received characters are transferred to the
CPU viathe RHR. In either case. the data bits
are loaded into the data FIFO while the A/D bit
is loaded into the status FIFO position normally
used for parity error (SRA[5] or SRB[5]). Fram-
ing error, averrun error, and break detect oper-
ate normally whether or not the receive is
enabled.

PROGRAMMING

The operation of the DUART is programmed by
writing control words into the appropriate regis-
ters. Operational feedback is provided via sta-
tus registers which can be read by the CPU
The addressing of the registers is described in
Table 1.

The contents of certain control registers are inu-
tializedto zero on RESET. Care should be ex-
ercisedif the contents of a register are changed
during operation, since certain changes may
cause operational problems. For example.
changing the number of bits per character while
the transmitter is active may cause the trans-
mission of an incorrect character. In general,
the contents of the MR, the CSR, and the
OPCR should only be changed while the re-
ceiver(s) and transmitter(s) are not enabled,
and certain changes to the ACR should only be
made while the C/T is stopped.

Mode registers 1 and 2 of each channel are ac-
cessed viaindependent auxiliary pointers. The
pointer is set to MR1x by RESET or by issuing
a ‘reset pointer' command via the correspond-
ing command register. Any read or write of the
mode register while the pointer is at MR1x,
switches the pointer to MR2x. The pointer then
remains at MR2x, so that subsequentaccesses
are always to MR2x unless the pointer is reset
to MR 1x as described above.

Mode, command, clock select, and status re-
gisters are duplicated for each channel to pro-
vide total independent operation and control.
Refer to Table 2 for register bit descriptions.
The reserved registers at addresses H'02' and
H'0A should never be read during normal oper-
ation since they are reserved for internal diag-
nostics
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Table 1.  Register Addressing

A4 A3 A2 A1 READ (RDN = 0) WRITE (WRN = 0)

0 0 0 0 Mode Register A (MROA, MR1A, MR2A) Mode Register A (MROA, MR1A, MR2A)
0 0 0 1 Status Register A (SRA) Clock Select Register A (CSRA)

) 0 1 0 Reserved Command Register A (CRA)

0 0 1 1 Rx Holding Register A (RHRA) Tx Holding Register A (THRA)

0 1 0 0 Input Port Change Register (IPCR) Aux. Control Register (ACR)

(¢} 1 0 1 Interrupt Status Register (ISR) interrupt Mask Register (IMR}

0 1 1 0 Counter/Timer Upper (CTU) C/T Upper Register (CRUR)

0 1 1 1 Counter/Timer Lower (CTL) C/T Lower Register (CTLR)

1 0 0 0 Mode Register B (MR0O8, MR1B, MR2B) Mode Register B (MROB, MR1B, MR2B)
1 0 0 1 Status Register B (SRB) Clock Select Register B (CSRB)

1 0 1 0 Reserved Command Register B (CRB)

1 0 1 1 Rx Holding Register B (RHRB) Tx Holding Register B (THRB)

1 1 0 0 Reserved Interrupt Vector Register (iVR)

1 1 0 1 Input Port Output Port Conf. Register (OPCR)

1 1 1 0 Start Counter Command Set Qutput Port Bits Command

1 1 1 1 Stop Counter Command Reset Output Port Bits Command

REGISTER DESCRIPTIONS

Mode Registers
MRO is accessed by setting the MR pointer to
0 via the command register command D

MROA

MRO{7] ~ This bit controls the receiver watch
dog timer. 0 = disable, 1 = able. When enabled,
the watch dog timer will generate a receiver in-
terrupt it the receiver FIFO has not been ac-
cessed within 64 bit times of the receiver 1X
clock. This is usedto alertthe control processor
thatdata is in the RHR that has not been read.
This situation may occur when the last part of
a message is not large enough to generate an
interrupt.

MRO[6] - Bit 2 of receiver FIFO interrupt level.
This bit along with Bit6 of MR1 sets the fill level
of the 8 byte FIFO that generates the receiver
interrupt.

Interrupt Condition

1 or more bytes in FIFO
(Rx RDY)

0 1 3 or more bytes in FIFO

1

1

MRO[6] MR1[6]
0 0

0 6 or more bytes in FIFO
1 8 or more bytes in FIFO
{Rx FULL)

MRO[5:4] — Tx interrupt fill level.

MRO[S}] MRO[4] Interrupt Condition
0 0 8 bytes empty
{Tx EMPTY)
0 1 4 or more bytes empty
1 0 6 or more bytes empty
1 1 1 or more bytes empty
(Tx RDY)

MRO[3] - Not used. Should be setto 0

MRO[2:1] - Test 1 and Test 2. Used for factory
test. Setto O

MRO[0] - Baud rate extend. 0 = Normal baud
rates. 1 = Extend baud rate. 57.6kB, 115.2kB,
230.4kB.
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Note: MRO[3:0] are notusedinchannel B They
should be set to 0.

MR1A - Channei A Mode

Register 1

MR1A is accessed when the Channel A MR
pointer pointsto MR1 The pointeris setto MR1
by RESET or by a ‘'set pointer' command
applied via CRA. After reading or writing
MR1A, the pointer will point to MR2A.

MR1A[7] — Channel A Receiver
Request-to-Send Control

This bit controls the deactivation of the RTSAN
output (OPO) by the receiver. This outputis nor-
mally asserted by setting OPR[0} and negated
by reseting OPR[0]. MR1A[7] = 1 causes
RTSAN to be negated upon receipt of a valid
start bit if the Channel A FIFO is full. However,
OPR{0)is notresetand RTSAN will be asserted
again when an empty FIFO position is avail-
able. This feature can be used for flow control
to prevent overrun in the receiver by using the
RKRTSAN output signat to control the CTSN input
of the transmitting device.

MR1A[6] — Channel A Receiver

Interrupt Select

This bit selects either the Channel A receiver
ready status (RxRDY) or the Channel A FIFO
full status (FFULL) to be used for CPU inter-
rupts. Italso causes the selected bit to be out-
put on OP4 if it is programmed as an interrupt
output via the OPCR

MR1A[5] - Channel A

Error Mode Select

This bit selects the operating mode of the three
FIFOed status bits (FE, PE, received break) for
Channel A. 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 bits is the accumu-
lation (logical-OR) of the status for all charac-
ters coming to the top of the FIFO since the last
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‘reset error' command for Channel A was is-
sued

MR1A[4:3| ~ Channel A Parity Mode Select
If "with parity” or force parity' is selected a parity
bitis added to the transmutted characterand the
recelver performs a parity check on incoming
dataMR1A[4-3] = 11 selects Channel A to oper-
ale in the special multidrop mode described in
the Operation section.

MR1A[2] - Channel A Parity Type Select
This bit selects the parity type (odd or even) if
the ‘with parity’ mode is programmed by
MR1A[4:3], and the polarity of the forced parity
bit if the ‘force parity’ mode is programmed. |t
has no effect if the ‘no parity’ mode is pro-
grammed. In the special multidrop mode it se-
lects the polarity ot the A/D bit

MR1A[1:0] - Channel A Bits Per Character
Select

This field selects the number of data bits per
character to be transmitted and received. The
character length does not include the start, par-
ity, and stop bits.

MR2A - Channel A Mode

Register 2

MR2A is accessed when the Channel A MR
pointer points to MR2, which occurs after any
access 1o MR1A. Accesses to MR2A do not
change the pointer.

MR2A([7:6] — Channel A Mode

Select

Each channel of the DUART can operate in one

ot four modes MR2A[7:6] = 00 is the normal

made, with the transmitter and receiver operat-

ing independently. MR2A[7°6] = 01 places the

channelin the automatic echo mode, which au-

tomatically retransmits the received data. The

following conditions are true while in automatic

echo mode:

1. Received data Is reclocked and retrans-
mitted on the TxDA output.
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2. The receive clock is used for the transmit-
ter.

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

4. The Channel A TxRDY and TxEMT status
bits are inactive.

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

6. Character framing is checked, but the
stop bits are retransmitted as received.

7. Areceived break is echoed as received
until the next valid start bit is detected.

8. CPU to receiver communication continues
normally, but the CPU to transmitter link is
disabled.

Two diagnostic modes can also be configured

MR2A[7:6] = 10 selects local loopback mode.

In this mode:

1. The transmitter output is internally con-
nected to the receiver input

2. The transmit clock is used for the receiv-
er.

3. The TxDA output is held High.
4 The RxDA input is ignored.

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

6. CPU to transmitter and receiver communi-
cations continue normally

The second diagnostic mode is the remote

loopback mode, selected by MR2A[7:6] = 11.

In this mode:

1. Received data is reclocked and retrans-
mitted on the TxDA output.

2 The receive clock is used for the transmit-
ter

3. Received data is not sent to the local
CPU, and the error status conditions are
inactive.

4. The received parity is not checked and is
not regenerated for transmission, i.e.,
transmitted parity is as received.

5. The receiver must be enabled.

6. Character framing 1s not checked, and the
stop bits are retransmitted as received

7 Avreceived break is echoed as received
until the next valid start bitis detected.

The user must exercise care when switching
into and out of the vanous modes. The se-
lected mode will be activated immediately upon
mode selection, even if this oceurs in the middle
of a received or transmitted character Like-
wise, if a mode is deselected the device will
switch out of the mode immediately. An excep-
tion to this I1s switching out of autoecho or re-

mote loopback modes: if the de-selection
occurs just after the receiver has sampled the
stop bit (indicated in autoecho by assertion of
RxRDY), and the transmitter is enabled, the
transmitter will remain in autoecho mode untd
the entire stop has been retransmitted.

MR2A[5] — Channel A Transmitter Re-
quest-to-Send Control

This bit controls the deactivation of the RTSAN
output (OPQ) by the transmitter. This output is
normally asserted by setting OPR[0] and ne-
gated by resetting OPR[0]. MR2A[5] = 1
caused OPR([0] to be reset automatically one
bit ime after the characters in the Channel A
transmitshiftregister and in the THR, ifany, are
completely transmitted including the pro-
grammed number of stop bits, 1f the transmitter
is notenabled. This feature can be used to au-
tomatically terminate the transmission of a
message as follows:

1 Program auto-reset mode: MR2A[5] = 1.

. Enable transmitter
. Assert RTSAN OPRI0] = 1
Send message.

Disable transmitter after the last character
is loaded into the Channel A THR.

6. The last character will be transmitted and
OPR[0] will be reset one bit time after the
last stop bit, causing RTSAN to be
negated

Table 2.  Register Bit Formats
BIT 7 BIT6 BIT5 BIT4 BIT3 BIT 2 BIT 1 BITO
MROA Rx WATCH RxINT (2) TxINT (1:0) DON'T TEST1 TEST 2 BAUD RATE
MROB DOG CARE EXTEND
0 = Disable Setto 0 Setto O Setto 0 0 = Normal
1 = Enable 1 = Extend
NOTE:
MROB(3:0} are not implemented. When writing to MROB set them to 0. A read of MROB[3.0] returns 1111.
BIT7 BIT6 BIT S BIT 4 BIT 3 BIT 2 BIT 1 BITO
RxRTS RxINT ERROR PARITY BITS PER
CONTROL SELECT MODE PARITY MODE TYPE CHARACTER
MR1A 0=No 0 = RxRDY 0 = Char 00 = With Parity 0 =Even 00=5
MR1B 1=Yes 1 = FFULL 1 = Block 01 = Force Parity 1 = Odd 01=6
10 = No Parity 10=7
11 = Multidrop Mode 11=8
BIT7 BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
TxRTS CTS .
CHANNEL MODE CONTROL ENABLE Tx STOP BIT LENGTH
00 = Normal 0=No 0=No 0=0.5863 4=0813 8=1.563 Cc=1813
MR2A 01 = Auto-Echo 1=Yes 1=Yes 1=0625 §=0875 9=1625 D=1875
MR2B 10 = Local loop 2=0.688 6 =0938 A=1688 E=1038
11 = Remote loop 3=0.780 7 =1.000 B=1750 F=2.000
NOTE:

*Add 0.5 to values shown for 0 — 7 if channel is programmed for 5 bits/char
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Table 2.  Register Bit Formats (Continued)

BIT? BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BITO
RECEIVER CLOCK SELECT TRANSMITTER CLOCK SELECT
ggg; See Text See Text
8IT7 BIT6 BIT S BIT 4 BIT3 BIT 2 BIT 1 BITO
MISCELLANEOUS COMMANDS DISABLE Tx ENABLE Tx | DISABLE Rx | ENABLE Rx
CRA See Text 0 =No 0=No 0=No 0=No
CRB 1 =VYes 1=Yes 1= Yes 1="VYes
BIT?7 BIT6 BIT5 BIT4 BIT3 BIT 2 BIT1 BITO
RECEIVED FRAMING PARITY OVERRUN
BREAK® ERROR* ERROR* ERROR TxEMT TxRDY FFULL RxRDY
SRA 0=No 0= No 0 =No 0=No 0 =No 0 =No 0 =No 0 =No
SRB 1=Yes 1=Yes 1 =Yes 1 =VYes 1=VYes 1= Yes 1=VYes 1=Yes
NOTE:

* These status bits are appended to the corresponding data character in the receive FIFO. A read of the status provides these bits (7:5) from

the top of the FIFQ together with bits (4:0) These bits are cleared by a “reset error status” command. In character mode they are discarded
when the corresponding data character is read from the FIFO

BIT 7 BIT6 BITS BIT4 BIT3 BIT 2 BIT 1 BITO
oP7 oP6 oPs5 oPa oP3 oP2
OPCR 0-OPR[7] | 0-OPRS] | 0-OPR[5] | 0-OPR{| 00 - OPR(3] 11 - OPR2]
1=TxRDYB | 1= TxRDYA | 1- R«RDY/ | 1= RxRDY: 01 = C/T QUTPUT 01 = TXCA(16%)
FFULLB FFULLA 10 = TxCB(1x) 10 = TXCA(1x)
11 = RxCB(1%) 11 = RxCA(1x)
BIT7 BIT6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
BRG SET COUNTER/TIMER DELTA DELTA DELTA DELTA
SELECT MODE AND SOURCE IP3 INT 1P2 INT iP1INT IPO INT
ACR 0-set B - of 0 - Off 0= Of 0-off
1=set2 See Table 4 1=0n 1=0n 1=0n 1=0n
BIT 7 BIT6 BIT5 BIT4 BIT 3 BIT 2 BIT1 BITO
DELTA DELTA DELTA DELTA
e P2 P1 e iP3 1P2 IP1 1PO
IPCR 0= No 0=No 0=No 0 =No 0=Low 0=Llow 0=Low 0=Low
1=Yes 1="Yes 1=Yes 1=Yes 1 = High 1 = High t = High 1 = High
BIT 7 BITG BITS a4 BIT3 BIT 2 BIT1 BITO
IN PORT DELTA RxRDY/ COUNTER DELTA RxRDY/
CHANGE | BREAKB | FFULLB TxROYE READY BREAKA | FFULLA TxRDYA
ISR 0=No 0 =No 0 =No 0=No 0 =No 0=No 0=No 0=No
1=Yes 1=Yes 1=Yes 1=VYes 1=VYes 1=VYes 1=Yes 1=VYes
BIT7 BIT6 BITS BIT4 BT 3 BIT 2 BIT 1 BITO
IN PORT DELTA RXRDY/ COUNTER DELTA RXRDY/
CHANGE | BREAKB | FFULLB | T*RDYE READY | BREAKA | FFULLA | TXRDVA
INT INT INT INT INT INT
IMR 0= off 0-Of o-of 0-off 0-of 0 -of 0- Off 0-Off
1=0n 1=0n 1=0n 1=0n 1 =0n 1 =On 1=0n 1=0n
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Table 2. Register Bit Formats (Continued)

BIT7 BiTe BITS BIT4 BIT3 BIT 2 BIT1 BITO
CrT[15] C14] CIT[13] CIT[12) C1) CIT[10] CIT[9) CT(8)]

CTUR
BIT?7 BIT6 BITS BIT 4 BIT3 BIT 2 BIT 1 BIT0
Cmn C/T[6] CIT[5] CITI4) C/T(3] cr[2] C/T[1] C/T[0]

CTLR
BIT7 BIT6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
IVR[7] IVR[6] IVR[5] VR[4] IVR[3] IVR[2] IVR[1] IVR[0]

IVR

MR2A[4] - Channel A Clear-to-Send
Control

Ifthis bitis 0, CTSAN has no effecton the trans-
mitter. 1f this bit is a 1, the transmitter checks
the state of CTSAN (IPO) each time it is ready
to send a character. If IPO is asserted (Low),
the character is transmitted. !f it is negated
(High), the TxDA output remains in the marking
state and the transmission is delayed until
CTSAN goes low. Changesin CTSAN while a
character is being transmitted do not affect the
transmission of that character..

MR2A[3:0] - Channel A Stop Bit Length
Select

This field programs the length of the stop bitap-
pended to the transmitted character. Stop bit
lengths of 9/16 to 1 and 1-9/16 to 2 bits, in in-
crements of 1/16 bit, can be programmed for
characteriengths of 6, 7, and 8 bits. Forachar-
acter lengths of 5 bits, 1-1/16 to 2 stop bits can
be programmed in increments of 1/16 bit. in all
cases, the receiver only checks for a ‘mark’
condition at the center of the first stop bit posi-
tion {one bit ime after the last data bit, or after
the parity bit is enabled).

If an external 1X clack is used for the transmit-
ter, MR2A[3] = O selects one stop bit and
MR2A[3] = 1 selects two stop bits to be
transmitted

MR1B - Channel B Mode
Register 1

MR1B 1s accessed when the Channel B MR
pointer points to MR1 The pointeris setto MR1
by RESET or by a ‘set pointer’ command
applied via CRB. After reading or writing
MR1B, the pointer will point to MR2B

The bit definitions for this register are identical
to MR1A, except that all control actions apply
to the Channel B receiver and transmitter and
the corresponding inputs and outputs.

MR2B - Channel B Mode

Register 2

MR2B is accessed when the Channel B MR
pointer points to MR2, which occurs after any
access to MR1B. Accesses to MR2B do not
change the pointer.

The bit definitions tor mode register are identi-
cal to the bit definitions for MR2A, except that

all control actions apply to the Channel B re-
ceiver and transmitter and the corresponding
inputs and outputs.

CSRA - Channel A Clock Select
Register

CSRA[7:4] - Channel A Receiver Clock
Select

This field selects the baud rate clock for the
Channel A transmitter. The field definition is
shown in Table 3.

CSRA[3:0] — Channel A Transmitter Clock
Select

This field selects the baud rate clock fot the
Channel A transmitter. The field definitionis as
shown in Table 3, except as follows:

Baud Rate

CSRA[3:0] ACR[7]=0 ACR[7]=1

110 1P3-16X 1P3-16X
1 1P3-1X IP3-1X

The transmitter clock is always a 16X clock ex-
cept for CSRA[3:0] = 1111.

Table 3. Baud Rate
MRO[0] = 0 MRO[0] = 1
CSRA[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 134.5 1345 1345 230 4K
001t 200 150 200 900
0100 300 300 1800 1800
0101 600 600 3600 3600
0110 1,200 1,200 7200 7,200
0111 1,050 2,000 1,050 2,000
1000 2,400 2,400 14.4K 14.4K
1001 4,800 4,800 28.8K 28.8K
1010 7,200 1,800 7,200 1,800
101 9,600 9,600 §7.6K 57 6K
1100 38.4K 19.2K 230.4K 115 2K
1101 Timer Timer Timer Timer
1110 1P4-16X 1P4-16X 1P4-16X 1P4-16X
111 1P4-1X 1P4-1X IP4-1X IP4-1X

NOTE: The recsiver clock is always a 16X clock except for CSRA[7°4] = 1111.
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CSRB - Channel B Clock Select
Register

CSRBJ[7:4] — Channel B Receiver Clock
Select

This field selects the baud rate clock for the
Channel B receiver. The field definition ts as
shown in Table 3, except as follows:

Baud Rate

CSRB{7:4] ACR[7]=0 ACR[7]=1

110 IP6-16X IP6-16X
1111 1P6-1X IP6-1X

The receiver clock is always a 16X clock except
for CSRB(7:4] = 1111,

CSRB[3:0] - Channel B Transmitter Clock
Select

This field selects the baud rate clock for the
Channel B transmitter. The field definitionis as
shown in Table 3, except as follows:

Baud Rate

CSRB[3:0] ACR(7]=0 ACR[7] =1

1110 IP5—16X 1P5-16X
111 1P5-1X IP5—1X

The transmitter clock is always a 16X clock ex-
cept for CSRB(3:0] = 1111.

CRA - Channel A Command
Register

CRA is a register used to supply commands to
Channel A. Multiple commands can be speci-
fied in a single write to CRA as long as the com-
mands are non-conflicting, e.g., the ‘enable
transmitter’ and ‘reset transmitter’ commands
cannot be specified in a single command word.

CRA[7:4] - Miscellaneous Commands

The encoded value of this field may be used to
specify a single command as follows:

0000 No command.

0001 Reset MR pointer. Causes the Channel
A MR pointer to point to MR1.

Reset receiver. Resets the Channel A
receiver as if a hardware reset had been
applied. The receiver is disabled and
the FIFO is flushed.

Reset transmitter. Resets the Channet
A transmitter as it a hardware reset had
been applied.

Reset error status. Clears the Channel
A Received Break, Parity Error, and
Overrun Error bits in the status register
(SRA[7:4]). Used in character mode to
clear OE status {although RB, PE and
FE bits will also be cleared) and in block
mode to clear all error status after a
block of data has been received

Reset Channel A break change inter-
rupt. Causes the Channel A break de-
tect change bit in the interrupt status
register (ISR[2}) to be cleared to zero

0010

0011

0100

0101
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0110 Start break. Forces the TxDA output
Low (spacing). If the transmitter is
empty the startof the break condition will
be delayed up to two bit imes. |f the
transmitter is aclive the break begins
when transmission of the character is
completed. Ifa characteris in the THR,
the start of the break will be delayed until
that character, or any other loaded
subsequently are transmitted  The
transmitter must be enabled for this
command to be accepted.

Stop break. The TxDA line will go High
(marking) within two bittimes. TxDA will
remain High for one bit time before the
next character, if any, is transmitted.
Assert ATSN. Causes the RTSN output
to be asserted (Low).

Negate RTSN. Causes the RTSN out-
put to be negated {High).

Set Timeout Mode On. The receiver in
this channel will restart the C/T as each
receive character is transferred from the
shift register to the RHR. The C/T is
placedin the counter mode, the START/
STOP counter commands are disabled,
the counter is stopped, and the Counter
Ready Bit, ISR[3], is reset.

Set MR pointer to 0.

Disable Timeout Mode. This command
returns control of the C/T to the regular
START/STOP counter commands. it
does not stop the counter, or clear any
pending interrupts.  After disabling the
timeout mode. a "Stop Counter’ com-
mand should be issued

Not used

Power Down Mode On In this mode,
the DUART oscillator is stopped and all
functions requiring this clock are sus-
pended. The execution of commands
other than disable power down mode
(1111} requires a X1/CLK. While in the
power down mode, do not issue any
commands to the CR except the disable
power down mode command. ltis rec-
ommended that the transmitter and re-
ceiver be disabled prior to placing the
DUART into power down mode This
command s in CRA only. Design Note:
The part will not output DTACKN while
in power down mode. Use automatic
DTACKN generation

Disable Power Down Mode. This com-
mandrestarts the oscillator. Afterinvok-
ing this command, wait for the oscillator
to start up before writing further com-
mands to the CR  This command is in
CRA only.

CRA[3] - Disable Channet A

Transmitter

This command terminates transmitter opera-
tion and reset the TxDRY and TXxEMT status
bits However, if a character is being trans-
mitted or if a character is in the THR when the
transmitter is disabled, the transmission of the

ot

1000

1001

1010

101

1100

1101
1110

11t

212

character(s) is completed before assuming the
inactive state.

CRA[2] - Enable Channel A

Transmitter

Enables operation ofthe Channel A transmitter.
The TxRDY status bit will be asserted.

CRA[1] — Disable Channel A Receiver

This command terminates operation of the re-
ceiver immediately — a character being re-
ceived will be lost. The commandhas no effect
on the receiver status bits or any other control
registers. |t the special multidrop mode is pro-
grammed, the receiver operates even ifitis dis-
abled. See Operation section.

CRA[0] - Enable Channel A Receiver
Enables operation of the Channel A receiver.
If not in the special wakeup mode, this also
forces the receiver into the search for start bit
state.

CRB - Channel B Command
Register

CRB is a register used to supply commands to
Channel B. Multiple commands can be speci-
fiedin a single wnte to CRB as long as the com-
mands are non-conflicting, e.g., the ‘enable
transmitter’ and ‘reset transmitter’ commands
cannotbe specified in a single command word.

The bit definitions for this register are identical
to the bitdefinitions for CRA. with the exception
of comamnds "Ex" and “Fx" which are used for
power downmade These two commands are
not used in CRB  All other contro! actions that
apply to CRA also apply to CRB.

SRA - Channel A Status
Register

SRA[7] — Channel A Received Break

This bit indicates that an all 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 to the marking state for at least one-ha'fa
bit time (two successive edges of theinternal or
external 1X clock).

When this bit is set, the Channel A ‘change in
break' bit in the 1SR (ISR{2]) 1s set. ISR[2] is
also setwhen the end of the break condition, as
defined above, is detected.

The break detect circuitry can detect breaks
that originate in the middle of a received char-
acter. However, if a break begins in the middle
of a character, it must persist until at least the
end of the next character time in order for it to
be detected.
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SRA[6] - Channel A Framing Error

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 middle of the first stop
bit position.

SRA[5] - Channel A Parity Error

This bitis setwhen the ‘with parity' or ‘force par-
ity’ mode is programmed and the correspond-
ing character in the FIFO was received with
incorrect parity. In the special multidrop mode,
the parity ervor bit stores the received A/D bit.

SRA[4] - Channel A Overrun Error

This bit, when set, indicates that one or more
characters in the received data stream have
beenlost. [tis setuponreceiptofanew charac-
ter when the FIFO is full and a character is al-
ready in the receive shift register waiting for an
empty FIFO position. When this occurs, the
character in the receive shift register (and its
break detect, parity error and framing error sta-
tus, if any) is lost. This bitis cleared by a ‘reset
error status’ command.

SRA[3] - Channel A Transmitter Empty
(TXEMTA)

This bitwill be setwhen the Channet A transmit-
ter underruns; i.e., both the Transmit Holding
Register (THR) and the transmit shift register
areempty. tis setafter transmission of the last
stop bit of a character if no character is in the
THR awaitingtransmission. Itis resetwhen the
THRisloaded by the CPU orwhen the transmit-
ter is disabled.

SRA[2] - Channel A Transmitter Ready
{TxRDYA)

This bit, when set, indicates that the THR is
empty and ready to be loaded with a character.
This bit is cleared when the THR is loaded by
the CPU and is setwhen the character is trans-
ferred to the transmit shift register. TxRDY is
resetwhen the transmitteris disabled and is set
when the transmitter is firstenabled, e.g., char-
acters loaded into the THRwhile the transmitter
is disabled will not be transmitted.

SRA[1] - Channel A FIFO Full (FFULLA)
This bit is set when a character is transferred
from the receive shift register 1o the receive
FIFO and the transfer causes the FIFO to be-
comefull,i.e., alleight FIFO positions are occu-
pied. Itis reset when the CPU reads the RHR.
Ifacharacteris waiting in the receive shiftregis-
ter because the FIFQ is full, FFULL will not be
reset when the CPU reads the RHR.

SRA[0] - Channel A Receiver Ready
(RxRDYA)

This bit indicates that a character has been re-
ceived and is waiting in the FIFO to be read by
the CPU. itis setwhen the character is trans-
ferred from the receive shift to the FIFO and re-
set when the CPU reads the RHR, if after this
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read there are not more characters still in the
FIFO.

SRB - Channel B Status

Register

The bit definitions for this register are identical
ta the bit definitions for SRA, except that all sta-
tus applies to the Channel Breceiver and trans-
mitter and the corresponding inputs and
outputs.

OPCR - Output Port
Configuration Register

QPCR[7] - OP7 Output Select

This bit programs the OP7 output to provide

one of the foliowing:

— The complement of OPR{7].

- The Channel B transmitter interrupt output
which is the complement of TxRDYB,
When in this mode OP7 acts as an
open-drain output. Note that this output is
not masked by the contents of the IMR.

OPCR[6] - OP6 Output Select

This bit programs the OP& output 1o provide

one of the following:

- The complement of OPR([6].

— The Channel A transmitter interrupt output
which is the complement of TXRDYA.
When in this mode OP# acts as an
open-drain output Note that this output is
not masked by the contents of the IMR.

OPCRJ[5] — OP5 Output Select

This bit programs the OP5 output to provide

one of the following:

— The complement of OPR([S]

— The Channel B transmitter interrupt output
which is the complement of ISR{5]. When
in this mode OPS5 acts as an open-drain
output. Note that this outputis not masked
by the contents of the IMR.

OPCRY{4] — OP4 Output Select

This field programs the OP4 output to provide

one of the following:

— The complement of OPR[4].

— The Channel A receiver interrupt output
which is the complement of ISR[1]. When
n this mode OP4 acts as an open-drain
output. Note that this output is not
masked by the contents of the IMR.

OPCR[3:2] — OP3 Output Select

This bit programs the OP3 output to provide

one of the following:

— The complement of OPRI[3].

- The counter/timer output, in which case
OP3 acts as an open-drain output. In the
timer mode, this output is a square wave at
the programmed frequency. in the counter
mode, the output remains High until termi-
nal count is reached, at which time it goes
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Low. The output returns to the High state
when the counter is stopped by a stop
counter command. Note that this output is
not masked by the contents of the IMR.
The 1X clock for the Channel B transmitter,
which is the clock that shifts the trans-
mitted data. |f data is not being trans-
mitted, a free running 1X clock is output.
The 1X clock for the Channel B receiver,
which is the clock that samples the re-
ceived data. |f data is not being received,
a free running 1X clock is output.

OPCR[1:0] - OP2 Output Select

This field programs the OP2 output 1o provide

one of the following:

~ The complement of OPR[2].

- The 16X clock for the Channel A transmit-
ter This s the clock selected by
CSRA[3:0], and will be a 1X clock if
CSRA[3:0] = 1111

— The 1X clock for the Channel A transmitter,
which is the clock that shifts the trans-
mitted data If data is not being trans-
mitted, a free running 1X clock is output.

— The 1X clock for the Channel A receiver,
which is the clock that samples the re-
ceived data 1f data is not being received,
a free running 1X clock is output

SOPR - Set the Output Port Bits
(OPR)

SOPR([7:0] - Ones in the byte written to this
register will cause the corresponding bit posi-
tions in the OPR to set to 1. Zeros have no
effect.

ROPR - Reset Output Port Bits
(OPR)

ROPR[7:0] - Ones in the byte written to the
ROPR will cause the corresponding bit posi-
tions in the OPR to set to 0. Zeros have no
effect.

ACR - Auxiliary Contro!
Register
ACR[7] — Baud Rate Generator Set Select

This bit selects one of two sets of baud rates to
be generated by the BRG.

Set1: 50, 110, 134 5, 200, 300, 600,
1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k,
and 38.4k baud.

Set 2 75, 110, 1345, 150, 300, 600, 1.2k,

1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and
19.2k baud.

The selected set of rates is available for use by
the Channel A and Breceivers and transmitters
as described in CSRA and CSRB. Baud rate
generator characteristics are given in Table 4.
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Table 4.  Bit Rate Generator
Characteristics
Crystal or Clock =
3.6864MHz
NORMAL | ACTUAL
BAUD 16x CLOCK | ERROR (%)
RATE (kHz)
50 08 0
75 12 0
110 1.759 —0.069
1345 2153 0.059
150 24 0
200 32 0
300 48 )
600 96 0
1050 16.756 -0.260
1200 19.2 0
1800 28.8 0
2000 32.056 0.175
2400 38.4 0
4800 76.8 0
7200 115.2 0
9600 153.6 0
19.2k 307.2 0
38.4k 614.4 o
NOTE:

Duty cycle of 16x clock is 50% + 1%.

ACR[6:4] - Counter/Timer Mode And
Clock Source Select

This field selects the operating mode of the
counter/timer and its clock source as shown in
Table 5.

Table5. ACR [6:4] Field
Definition
[6:4] | MODE CLOCK SOURCE

000 | Counter | External (IP2)

001 | Counter | TxCA — 1x clock of
Channel A transmitter
010 | Counter | TxCB - 1x clock of
Channel B transmitter
011 | Counter | Crystal or external clock
{x1/CLK) divided by 16

100 | Timer External (IP2)

101 | Timer External (IP2) 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] - IP3, IP2, IP1, IPO
Change-of-State Interrupt Enable

This field selects which bits of the input port
change register (IPCR} cause the input change
bit in the interrupt status register {ISR[7]) to be
set. ifa bitis in the 'on’ state the setting of the
corresponding bitin the IPCR will also resultin
the setting of ISR{7}, which results in the gener-
ation of aninterrupt output if IMR[7] = 1 Ifabit
isin the ‘off" state, the setting of that bit in the
IPCR has no effect on ISR[7].
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IPCR - Input Port Change
Register

IPCR[7:4] - IP3, IP2, IP1, IPO
Change-of-State

These bits are set when a change-of-state, as
defined in the input port section of this data
sheet, occurs atthe respective inputpins. They
are cleared when the IPCR s read by the CPU.
A read of the IPCR aiso clears ISR([7). theinput
change bitin the interrupt status register The
sefting of these bits can be programmed to
generate an interrupt to the CPU.

IPCR[3:0] - IP3, IP2, IP1, IPO
Change-of-State

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

ISR - Interrupt Status Register
This register provides the status of ali 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 bitin the IMRis also a1’ the INTRN
output will be asserted (Low). If the corre-
sponding bit in the IMR is a zero, the state of
the bit n the ISR has no effect on the INTRN
output. Note that the IMR does not mask the
reading of the ISR — the true status will be pro-
vided regardless of the contents of the IMR.
The contents of this register are initialized to
00,4 when the DUART s reset.

ISR{7] - Input Port Change Status

This bitis a1 when a change-of-state has oc-
curred at the IPO, IP1, IP2, or IP3 inputs and
thatevent has been selected to cause an inter-
rupt by the programming of ACR[3.0]. The bit
is cleared when the CPU reads the IPCR.

ISR[6] - Channel B Change In Break

This bit, when set, indicates that the Channel B
receiver has detected the beginning or the end
of a received break. It is reset when the CPU
issues a Channel B ‘reset break change inter-
rupt’ command.

ISR[5] — Channei B Receiver Ready

or FIFO Full

The function of this bit is programmed by
MR1B[6]. !f programmed as receiver ready, it
indicates that a character has been received in
Channel B and s waiting in the FIFO to be read
by the CPU. It is set when the character is
transterred from the receive shitt register to the
FIFO and resetwhen the CPU reads the RHR
It after this read there are more characters still
in the FIFO the bit will be set again after the
FIFQ is ‘popped'. It programmed as FIFO full,
itis setwhen a character is transferred from the
receive holding register to the receive FIFO and
the transfer caused the Channel B FIFO to be-

214

cometull;i.e., all three FIFO positions are occu-
pied. Itis reset when the CPU reads the RHR
Ifacharacteris waitingin the receive shiftregis-
ter because the FIFO is full, the bit will be set
again when the waiting character is loaded into
the FIFO.

ISR[4] - Channel B Transmitter Ready
This bitis a duplicate of TxRDYB (SRB({2]).

ISR[3] — Counter Ready.

In the counter mode, this bit is set when the
counter reaches terminal count and is reset
when the counter s stopped by a stop counter
command

Inthe timer mode, this bitis setonce each cycle
ofthe generated square wave (every other time
thatthe counter/timer reaches zera count) The
bit is reset by a stop counter command. The
command, however, does not stop the counter:
timer.

ISR[2] — Channel A Change in Break

This bit, when set, indicates thatthe Channel A
receiver has detected the beginning or the end
of a received break. It is reset when the CPU
issues a Channel A ‘reset break change inter-
rupt’' command.

ISR[1] - Channel A Receiver Ready Or
FIF