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XR68C681

CMOS Dual Channel
UART (DUART)
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FEATURES

o Two Full Duplex, Independent Channels
® Asynchronous Receiver and Transmitter

o Quadruple-Buffered Receiver, Dual Buffered
Transmitter

® Programmable Stop Bits in 1/16 Bit Increments

o |[nternal Bit Rate Generators with 23 Different Bit
Rates

e Independent Bit Rate Selection for Each Transmitter
and Receiver

e External Clock Capability

e Maximum Bit Rate: 1X Clock - 1Mb/s,
16X Clock - 125Kb/s

e Normal, AUTOECHO, Local LOOPBACK and
Remote LOOPBACK Modes

o Multi-function 16 Bit Counter/Timer

e Interrupt Output with Eight Maskable Interrupt
Conditions

September 1999-2

e |[nterrupt Vector Output on Acknowledge
® 8 General Purpose Outputs

® 6 General Purpose Inputs with Change of States
Detectors on Inputs

e On-chip Oscillator for Crystal Q\

e Standby Mode to Reduce Op g Power

e Compatible with the Motor C68681 and the

Signetic SCC68692 Dew@s

® Advanced CMOS Loy@wer Technology
2
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APPL|CAT|@@$Q
o Multin@ia

e S to Rarallel/Parallel to Serial Converter

@QE&&Modem Communication Systems
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GENERAL DESCRIPTION
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The EXAR Dual Universal Asynchronous ReceivgsandQ’ The XR68C681 device offers a single IC solution for the
Transmitter (DUART) is a data communicatio evi 68000 family of microprocessors
that provides two fully independent f dé‘e The DUART is fabricated using advanced two layer metal,
asynchronous communications channels Q ngle with a high performance density EPI/CMOS 1.8 process
package. The DUART is design éfo in  toprovide high performance and low power consumption,
microprocessor based systems and ;‘ @Jsed ina  andis packaged in a 40 pin DIP or a 44 pin PLCC.
polled or interrupt driven environm 3 ‘
‘0
ORDERING INFORMATION é(\
l o
&‘f’in ¢ Operating Pin Operating
Part No. c e Temperature Part No. Package Temperature
Range Range
XR68C681CJ 44 PLCC 0°C to +70°C XR68C681N 40 CDIP -40°C to +85°C
XR68C681J 44 PLCC -40°C to +85°C XR68C681CP 40 PDIP 0°C to +70°C
XR68C681P 40 PDIP -40°C to +85°C
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Logic
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OPCR
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Status Register Status Register 09
Channel A Channel B Input Port ‘\Q Output Port
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Overbar indicates Non-compliaéblllbér D-883 Product.
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sgre 1. Block Diagram of the XR68C681 DUART Device
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PIN CONFIGURATION

XR68C681
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PIN DESCRIPTION QO 60
@. a
Pin Number Pin Number Symbol Type |Des tio@‘
44 pin PLCC 40 pin DIP
(44p ) | (40 pin DIP) ,@\ J‘\(Q
1 NC O‘.NO @\mect.
2 1 Al bb @B of Address Input. This input, along with address inputs, A2 - A4
\ e used to select certain registers within the DUART device during
#Q o\. read and write operations with the CPU.
3 2 IPS\o e Input Port 3. General purpose input or the external clock input for
"/} Channel A Transmitter (TXCA)
(TXEM I
>
4 3 d 2 Q\' | Address Input.
5 4 ‘K ?& | Input Port 1. General purpose input. This input can be configured to
Q)Q é&ﬁ) be the Active-low Channel B Clear-to-Send Input (CTSB).
6 3 Address Input.
5&‘06 A | dd p
7 6 A4 | MSB of Address Input. This input, along with Address Inputs, A1 -
A3 are used to select certain registers within the DUART device.
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PIN DESCRIPTION (CONT'D)

22 EXAR

Pin Number Pin Number Symbol Type |Description
(44 pin PLCC) (40 pin DIP)
8 7 IPO | Input Port 0. General purpose input. This input can also be
(CTSA) configured to be the Active-low channel A Clear-to-Send Input
(CTSA).

9 8 R/W | Read/Write Input. If this input is high while CS is low, then the
CPU is performing a READ cycle with the DUART. If this input
is low, while TS is low, then the CPU is pe inga WRITE
cycle with the DUART.

10 9 DTACK (6] Data Transfer Acknowledge. Thre e, active low: The
DUART asserts DTACK in order to the CPU that the
present READ or WRITE operatiop iSsnearly complete. The
68000 family of CPUs requires tpidssignal from its peripheral
devices, in order to quickly angroperly complete a READ or
WRITE cycle.

If the DUART assg DT Ug during a READ operation, it indi-
cates (to the CP requested data is on the data bus.
If DTACK is ass ing an Interrupt Acknowledge cycle,
the DUART | for 9 the CPU that the contents of the IVR
(Interrupt ster) are available on the data bus.
If the DU erts the DTACK during a WRITE cycle, it is
|nform| U that the data, on the data bus, has been
Iatch t(@ data bus buffer of the DUART device.
11 10 RXDB | erlal Data Input- Channel B. The least S|gn|f|cant
of character is received first. If an external receiver
zClo specified, the received data is sampled on the rising
@ edQ®’of this clock.
12 NC ‘500 d o Connect
¢
13 11 TXDB O Q.Q' Transmitter Serial Data Output - Channel B. The least signif-
Q* X, icant bit of the channel is transmitted first. This outputis held in
& ) the marking (high) state when the transmitter is idle, disabled,
(o) eb or operating in the local LOOPBACK mode. If an external clock
\\ 0 is specified, the transmitted data is shifted out of the TSR
(¢) ’b‘ (Transmitter Shift Register) on the falling edge of this clock.
14 12 6 (éf O Output 1. A general purpose output. This output can also be
é) B) configured as the active-low channel B Request-to-Send output
Q 5 (RTSB).
15 1@0 \'b' OP3 (0] Output 3. A general purpose output. This output pin can also
b‘b (TXCB) be configured to be the channel B Transmitter 1X Clock output
(TXCB), the channel B Receiver 1X Clock output (RXCB), or as
(RXCB) an active-low, open-drain Counter/Timer Ready Output
C/T_RDY (CTT_RDY).
16 14 OP5 6] Output 5. A general purpose output. This output pin can also
(RXRDY/ be configured to be the open-drain, active-low channel B
RXRDY/FFULL output, active-low.
FFULL_B)
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PIN DESCRIPTION (CONT'D)

Pin Number Pin Number Symbol Type |Description
(44 pin PLCC) | (40 pin DIP)
17 15 OoP7 (0] Output 7. A general purpose output. This output pin can also
TYRDY A be configured to be the open-drain active low channel A
(TXRDY_A) TXRDY output.
18 16 D1 1/0 Three State Data Bus.
19 17 D3 1/0 Three State Data Bus. \
20 18 D5 /0 | Three State Data Bus. éo
21 19 D7 1/0 MSB of Eight Bit Three State Dat . All transfers be-
tween the CPU and DUART take pl over the data bus (con-
sists of pins DO - D7). The bus i (pree stated when the CS
input is high, except during an@ cycle.
22 20 GND Ground. Reference 6\
23 NC No Connect. \ $Q
24 21 INTR (6] Interrupt Re@ @ctlve Low, Open-Drain. INTR is asserted
upon the o re of one or more of the chip’s maskable
interrupti o ions. This signal will remain asserted
throug terrupt service routine and will be negated
once, @a c ition(s) causing the interrupt request has been
eli %
25 22 D6 I/0 &re&@ate Data Bus.
3
26 23 D4 Q| ThkdE State Data Bus.
&
27 24 D2 &D ('hree State Data Bus.
O L
28 25 DO o @ LSB of the Eight Bit Three State Data Bus. All transfers
ﬂ between the CPU and QUART take place over this bus. The
Q N bus is three-stated when the CS input is high, except during an
é e; TACK cycle.
29 26 & (0] Output 6. A general purpose output. This output pin can also
&—@r be configured to be an active-low, open-drain channel A
Q%' TXRDY output (TXRDY_A)
0
30 27 ‘ (0] Output 4. A general purpose output. This output pin can also
Q QRXRDY/ be configured to be an open-drain channel A RXRDY/FFULL
(/ b’ output (active-low).
&‘Q X[ FFULL A)
b‘b
31 28 OP2 (0] Output 2. A general purpose output. This output pin can also
(TXCA_1X) be configured to be either 1X or 16X clock output for the chan-
- nel A transmitter.
(TXCA_16X)
32 29 OPO o] Output 0. A general purpose output. This output pin can also
(RTSA) be configured to be the active-low Channel A Request-to-Send
Output (RTSA).

ARV VAL S
5

™

TOM




XR68C681

22 EXAR

A A LA

PIN DESCRIPTION (CONT'D)

Pin Number
(40 pin DIP)

Pin Number
(44 pin PLCC)

Symbol Type

Description

33 30 TXDA

34 NC

35 31 RXDA |

36 32 X1/CLK lorO

37 33 X2 |

38 34

IR
YV
&

N

39 35

4.

40 36

41

Transmitter Serial Data Output. Channel A. The least signif-
icant bit is transmitted first. This output is held in the marking
(high) state when the transmitter is idle, disabled, or operating
in the local LOOPBACK mode. If external clock is specified,
the transmitted data is shifted out of the TSR (Transmitter Shift
Register) on the falling edge of the clock.

No Connect.

Receiver Serial Data Input. Channel e least significant
bit is received first. If an external recei@Mclock is specified,
the received data is sampled on the@ g edge of the clock.

Crystal Output or External CIocgnput This pin is the con-
nection for one side of the crys Qand a capacitor to ground
when the internal oscillator i, d. If the oscillator is not used,
an external clock signal muﬁsupplied at this input.

In order for the XR@ evice to function properly, the user
must supply a s equencies between 2.0 MHz and
4.0 MHz. Thi r uir nt can be met by either a crystal oscil-
lator or by t TTL-compatible clock signal.

Crystal | &nnectlon for one side of the crystal (Opposite
of X1/ oscillator is used, a capacitor must also be

con ed thls pin to ground. This pin must be left open if
ock is supplied at X1/CLK.
&%st
R, ISR, OPR, OPCR), initializes the IVR to OF ¢, stops
ounter/Timer, places the output port pins, OPO - OP7 in

& logic “high” state, and places both serial channels in the
active state with the TXDA and TXDB output marking (high).

eset A low on this pin clears internal registers (SRA,

Chip Select. Active low. The data bus is three-stated when
CSis high. Transfers between the CPU and the DUART via DO
- D7 are enabled when CS is low.

Input 2. General purpose input. This input can also be config-
ured to be C/T external clock input, or the channel B Receiver
Clock Input (RXCB).

Interrupt Acknowledge. Active Low. This inputis the CPU’s

response to the interrupt request issued by the DUART device.
When the CPU asserts this input, it indicates that the DUART’s
interrupt request is about to be serviced, and that the very next
bus cycle will be an interrupt acknowledge cycle. The DUART
will respond to the CPU’s interrupt acknowledge by placing the
contents of the Interrupt Vector Register (IVR) on the data bus

(DO - D7).
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PIN DESCRIPTION (CONT'D)

XR68C681

Pin Number Pin Number Symbol Type |Description
(44 pin PLCC) | (40 pin DIP)

42 38 IP5 | Input 5. General purpose input. This input can also be config-

(TXCB) ured as the channel B transmitter external clock input (TXCB).
43 39 IP4 | Input 4. General purpose input. This input can also be config-

(RXCA) ured as the channel A Receiver External Clock Input (RXCA).
44 40 Vce
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DC ELECTRICAL CHARACTERISTICS 1.2.3
Test Conditions: TA =0 - 70°C, Vcc = 5V +5% unless otherwise specified.

Symbol | Parameter Min Typ Max Unit Conditions
ViL Input Low Voltage 0.5 0.8 \%
VIH Input High Voltage 2.0 Vce \%
VIH Input High Voltage (Military) 2.2 \% TA = -55°C to 125°C
VIHXA1 Input High Voltage (X1/CLK) 4.0 Vce \Y
VoL Output Low Voltage 0.4 \% loL=2.4mA
VOH Output High Voltage 2.4 \ loy = -406yA
liL Input Leakage Current -25 25 uA VIN=0 O‘Sc
lILSEL Select Pin Leakage Current -30 +30 uA VIN 0 Vce
IX1L X1 Input Low Current -20 uA \/@0
IxaL X2 Input Low Current -7 mA <9
IXIH X1 Input High Current 20 MA\Q VIN = Vce
IX2H X2 Input High Current 20 VIN = Vce
ILL Data bus Tri-State Leakage Current -10 &6 A VO = 0to Vce
loc Open Drain Output Leakage Current -10 \\ uA VO = 0to Vce
lcca Power Supply Current* 6 \°1éQ mA Active Mode
Iccs Power Supply Current* 3‘06” nﬂo mA Standby Mode
Notes )

O
1.parameters are valid over the specified temperature and operatin@p I&nges. Typical values are 25°C, V¢ =5V and typical

processing parameters.
2. All voltages are referenced to ground (GND). For testing, irfsi levels are 0.4V and 2.4V with a transition time of 20ns
maximum. All time measurements are referenced at inpN a f 0.8V and 2.0V as appropriate. See Figure 31.

3-For prime grade N, P, J, L, M, ML, Ve = 5V + 10% ©
4.Measured operating with a 3.6864MHz crystal and w&l(}in o@ts open.
Y

00
«,&

™
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AC ELECTRICAL CHARACTERISTICS 1. 2.3
Test Conditions: TA=0- 70°C, Vcc = 5.0V +5% unless otherwise specified.

Symbol | Parameter | Min | Typ | Max | Unit | Conditions
Rest Timing (See Figure 32)
tRes | RESET Pulse Width | 10 | | | us |
Read, Write and Interrupt Cycle Timing (Figure 33, Figure 34, Figure 35)
tas A1-A4 Setup Time to CS Low 10 ns
tAH A1-A4 Hold Time from CS High 0 ns
tRWS R/W Setup Time to CS Low 0 ns
tRWH R/W Setup Time from CS High 0 ns Q\
tcsw | CS High Pulse Width 4 5 90 ns é
tcsp CS or TACK High from DTACK Low 20 ns Q'
toD Data Valid from CS or TACK Low® 175 ns \é
toF a_atﬁ Bus Floating from CS or TACK 10 100 ns <9
g
tDs Data Setup Time to CS Low 0 ns"\Q
tDH Data Hold Time from CS Low 125 ’\0 &5
tDAL DTACK Low from Read Data Valid 0 \‘9 ‘\ ns
toaH | DTACK High from CS or TACK High \(\1 Q! ns
tDAT DTACK High Impedance from CS or é» 1 ns
TACK High el.0
tcsc CS or TACK set up time to “High”” 80 ,‘OQ :\ ns
Port Timing (Figure 36) ‘\‘ XQV
tPs Port Input Setup Time to CS Low or 0 ) Qv ns
R/W High SMe
tPH Port Input Hold Time from CS High a\ ns
tPD Port Output Valid from R/W, CS High (}' A 400 ns
Interrupt Output Timing (Figure 37) 6\? Qv
tiR INTR or OP3-OP7 when used as | LQ. 300 ns
rupts High from: 300 ns
Clear of Interrupts Status Bits i %&
IPCR
Clear of Interrupt Mask in @R \Q
Clock Timing (Figure 38) 0 \
toLK X1/CLK (External) or @“ Time 100 ns
tcLK X1/CLK Crystal oré\ ?trequency 2.0 3.684 7.372 MHz
tcTe Counter/Tlme er % lock High or 100 ns
Low Time (I
tcTe Counter/Timer Exémal Clock 0 7.372 MHz
Frequency

ARV VAL S TOM
9



XR68C681 22 EXAR
o/ /[

AC ELECTRICAL CHARACTERISTICS 1. 2.3 (CONT'D)
Test Conditions: TA=0- 70°C, Vcc =5.0V +5% unless otherwise specified.

Symbol | Parameter | Min | Typ | Max | Unit | Conditions
Clock Timing (Figure 38)
tRTX RXCn and TXCn (External) High or 220 ns
Low Time 8
fRTX RXCn and TXCn (External) Frequency
16X 0 16.0 MHz
1X 0 1.0 MHz
Transmitter Timing (Figure 39) N
tTXD TXD Output Delay - TXC (External) 350 ns Q\
Low é
trcs TXD Output Delay - TXC (Internal) 150 ns Q’
Output Low \
Receiver Timing (Figure 40) 6\
tRXS RXD Data Setup Time to RXC 240 ns N
(External) High ‘\Q
tRXH RXD Data Hold Time from RXC 200 §
(External) High O

1O
Notes Q $

1. parameters are valid over the specified temperature and operating supply ra& : ﬁlpical values are 25°C, V¢ =5V and typical
processing parameters. 6

2. All voltages are referenced to ground (GND). For testing, input signal@ve ﬁe 0.4V and 2.4V with a transition time of 20ns
maximum. All time measurements are referenced at input voltages . d 2.0V as appropriate. See Figure 31.
3-AC test conditions for outputs: CL = 50pF, RL = 2.7k to V. ’\

4.Consecutive write operations to the same register require at Iea@ r gjges of the X1 clock between writes.
5.This specification imposes a 6 MHz maximum 68000 clock fre cyi@ read or write cycle follows immediately after the previous
read or write cycle. A higher 68000 clock can be used if thi n e case.
6.This specification imposes a lower bound on CS and @pw ranteeing that they will be low for at least one CLK period.
7-This parameter is specified only to insure DTACK is as&d respect to the rising edge of X1/CLK as shown in the timing dia-
e

gram, not to guarantee operation of the part. If the 56 up time is violated, DTACK may be asserted as shown or may be

asserted one clock cycle later.

d

, asserted one clock | Q g |

The minimum high time mustbe atleast 1.5times 1/%5( period and the minimum low time must be atleast equal to the X1/CLK
period if either channel’'s Receiver is operatingQ ext&p | 1X clock mode.

Spei\@ tio%re subject to change without notice
&L

N}
ABSOLUTE MAXIMUM RATIN@QQOQ

DC Supply Voltage ...... N 7V
Storage Temperature . ,\(\. . .\‘b. . -65°C to 150°C
All Voltages with respecﬁo d? ...-0.5Vto+7V

1. stresses above those listed under the Absolute Maximum Ratings may cause permanent damage to the device. Thisis a stressrat-
ing only, and functional operation of the device at these or any other conditions above those indicated in the “Electrical Characteris-
tics” section of this specification is notimplied. Exposure to absolute maximum rating conditions for extended periods may affect
device reliability.

2.This productincludes circuitry specifically designed for the protection of its internal devices from damaging effects of excessive stat-

ic charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltage larger than the rated
maximum.

P re 20 S J g S S TOM
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SYSTEM DESCRIPTION

The XR68C681 consists of two independent, full-duplex
communication channels; each consisting of their own
Transmitter and Receiver. Each channel of the DUART
may be independently programmed for operating mode
and data format. The DUART is designed to interface with
the 68000 Family of microprocessors with minimal
external components. The operating speed of each
receiver and transmitter may be selected from one of 23
internally generated fixed bit rates, from a clock derived
from an internal Counter/Timer, or from an externally
supplied 1x or 16x clock. The bit rate generator (the
source of the 23 different fixed bit rates) can operate
directly from a crystal connected across two pins or from
an external clock. The ability to independently program
the operating speed of the receiver and transmitter of
each channel makes the DUART attractive for split speed
channel applications such as clustered terminal systems.

Receiver data is quadrupled-buffered and the Transmitter
data is dual-buffered via on-chip FIFOs in order to
minimize the risk of receiver overrun and to reduce
overhead in interrupt driven applications. The DUART
also provides a flow control capability to inhibit
transmission from a remote device when the buffer of the
receiving DUART is full, thus preventing loss of data.

The DUART also provides a general purpose 1@
Counter/Timer (which may also be

used(é
programmable bit rate generators), a multi-purp bQ’

input port and a multi-purpose 8 bit output portb ng

PRINCIPLES OF OPERATION

Figure 1 presents an overall block e

f the 68C681
DUART. As illustrated in the t?lé? di m, the DUART

consists of the following majo c@al blocks:
Data Bus Buffer &‘QQ’ ‘i\.‘b

Interrupt Control b

Input Port

Serial Communications Channels A and B
Operation Control

Timing

Output Port

ARV VAL S
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A. DATA BUS BUFFER

The data bus buffer provides the interface between the
internal (within the chip) and external data buses. It is
controlled by the operation control block to allow data
transfers to take place between the host CPU and the
DUART.

B. OPERATION CONTROL BLOCK

The control logic of the operation control block receives
operating commands from the CPU and generates proper
signals to the various sections of \q DUART. The
operation control block functions a& user interface to
the rest of the device. Specifi it is responsible for
DUART register address ding, and command
decoding. Therefore all co nds to set baud rates,
parity, other communicati rotocol parameters, start or
stop the Counter/Timer'Q2eading a “status register’ to
monitor data cp mun' ion performance are processed
via the oper. ol block.

The ope ’?On &ntrol block will control DUART
d upon the following input signals:

perfo
t& ﬁaeglster Select) bits: A1 - A4
\@ ut

ROSET

& TreVDUART includes a Data Transfer Acknowledge

'TACK) output which is asserted during data transfer
ycles in order to inform the CPU that the requested
operation has been completed. An asserted DTACK
signal indicates, to the CPU, that the input data has been
latched, by the DUART data bus buffer, during a write
cycle; that the requested data (from the DUART) is on the
data bus and is valid during a read cycle, or that the
interrupt vector is on the data bus during an interrupt
acknowledge cycle.

When using the 6800 family processor, the XR-88C681
DUART data bus buffer should be used in lieu of this
device. Forinformation on how to interface a 6800 Family
Processor to the XR-88C681 device, please see the
XR-88C681 data sheet.

B.1 DUART REGISTER ADDRESSING

The addressing of the internal registers of the DUART is
presented in Table 1. Please note that some of the
registers are “Read Only” and others are “Write Only”.
Each channel is provided with the following dedicated
(addressable) registers.

™
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Command Register

Mode Registers (MR1 and MR2)
Status Register

Clock Select Register

Receiver Holding Register (RHR) and Transmit
Holding Register (THR)

Additionally, the DUART contains the following registers
that support/control both channel pairs.

Interrupt Status Register (ISR)

Interrupt Mask Register (IMR)

Masked Interrupt Status Register (MISR)
Interrupt Vector Register (IVR)

Aucxiliary Control Register (ACR)

P re 20 S J g S S
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Finally, the DUART contains additional registers that
support functions other than serial data communication,
such as the parallel ports and the counters/timers.

Output Port Control Register (OPCR)

e Input Port Configuration Register (IPCR)

e Counter/Timer Upper Byte Regist%\(CTUR)
e Counter/Timer Lower Byte Rq_eer (CTLR)

e Output Port Register (OP&

o
O ~AY
S
06\ \\;
NI
O

™
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Read Mode Registers Write Mode Registers
Address Register Name Symbol Register Name Symbol
(HEX)
00 Mode Register, channel A MR1A, MR2A Mode Register, MR1A, MR2A
channel A
01 Status Register, channel SRA Clock Select Register, CSRA
channel A
02 Masked Interrupt Status MISR Command Register, CRA
Register channel A
03 Rx Holding Register, RHRA Tx Holding Register, THRA
channel A channel A Q\
04 Input Port Change IPCR Auxiliary Control Register é ACR
Register Q.
05 Interrupt Status Register ISR Interrupt Mask Register \§ IMR
06 Counter/Timer Upper CTU Counter/Timer Upper. & CTU
Byte Register Byte Reglster Q
07 Counter/Timer Lower CTL Counter/Timer CTL
Byte Register Byt@e
08 Mode Register, channel B MR1B, MR2B Mode , annel B MR1B, MR2B
09 Status Register, channel SRB @( Register, CSRB
nel B
0A RESERVED oémand Register, CRB
< K channel B
0B Rx Holding Register, RHRB %o Holding Register, THRB
channel B Q bz channel B
oC Interrupt Vector Register IVR & Q Interrupt Vector Register IVR
oD Input Port \ & Output Port Configuration OPCR
Register (OPO - OP7)
OE Start Counter/Timer ééC Set Output Port Bits SOPBC
Command b Command
OF Stop Counter/Timer *0 QB Clear Output Port Bits 1 COPBC
Command Q Command
\ 9
Table@ D RT Port And Register Addressing
Note:

The shaded blocks are not Read

Q‘b
‘Q\.
N

ARV VAL S
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/@ @sters but rather, “Address-Triggered” Commands.
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Table 1 indicates that each channel is equipped with two
“Mode Registers”. Associated with each of these “Mode
Register” pairs is a “Mode Register” pointer or MR pointer.
Upon chip/system power up or RESET each MR pointer is
“pointing to” the channel MR1n register. (Please note that
the suffix “n” is used at the end of many of these register
symbols in order to refer, generically, to either channels A
or B). However, the contents of the MR pointer will shift
from the address of the MR1n register to that of the MR2n
register, immediately following any read or write access to
the MR1n register. The MR pointer will continue to “point

issued by writing the appropriate data to the appropriate
channel’'s command register. Therefore, both mode
registers, within a given channel, have the same logical
address. The features and functions of the DUART that
are controlled by the mode registers are discussed in
detail in Section G.3.

B.2 COMMAND DECODING

Each channel is equipped with a command register. In
general, the role of these command registers are to
enable/disable the transmitter, le/disable the

to” the MR2n register until a hardware reset occurs or  receiver, along with facilitating series of other
untii a “RESET MR POINTER” command has been miscellaneous commands. T it format for each
invoked. The “RESET MR POINTER” command can be =~ command register is presente ow.
09
‘t
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 | Bit 2@9‘ Bit 1 Bit 0
Miscellaneous Commands Enable/Dlsame@tter Enable/Disable Receiver
See Following Text 00 = No Change
01 = Enable Rx
10 = Disable Rx
N&Valld 11 = Not valid
6\ t use) (do not use)

Table 2. cOmmani&g@&r - CRA, CRB

The function of the lower nibble of the command reg q’}?
disable the transmitter and/or receiver.

The upper nibble of the command register is

defines the commands associated with th
commands 116 through B¢ effects onI
through F¢ effects system (or chip)

08’ &
S (\Q’
QQ @9
NI

[@ﬁtlon

P re 20 S J g S S

14

Iy straight-forward. This nibble is used to either enable or

tQavoke a series of miscellaneous commands. Table 3

Q) \bble of the command registers. Please note that the upper nibble
érmance of command register’s channel.

However, commands C16

™
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Bit 7 Bit 6 Bit 5 Bit 4 |Description

0 0 0 0 Null Command:

0 0 0 1 Reset MRn Pointer: Causes the channel’s MRn pointer to point to MR1n.

0 0 1 0 Reset Receiver: Resets the individual channel receiver as if a hardware reset has
been applied. The Receiver is disabled and the FIFO is flushed.

0 0 1 1 Reset Transmitter: Resets the individual channel transmitter as if a hardware reset
had been applied. The TXDn output is forced to a high level.

0 1 0 0 Reset Error Status: Clears the Received Break (RB), Parity Error (PE), Framing

Error (FE) and Overrun Error (OE) status bits, SR[7:3].

Specifically, if the error mode, for a particular channel is set at “Block” error mode,

this command will reset the all of the receiver error indicators in thisstatus register.
In the block error mode, once either a PE, FE, OE or RB occu error will con-
tinue to be flagged in the channel status register, until this c él nd is issued.

If the Error Mode, for a particular channel is set at “Chara rror Mode, then the
contents of the Status Register for PE, FE and RB are r ed on a character by
character basic. In the “Character” Error Mode, the state ®f these indicators is
based only upon the character that is at the top of th R.

The OE indicator is always flagged as a “Block” Eg ode indicator, and requires
this command to be reset. ()

0 1 0 1 Reset Break Change Interrupt: Clegaé{me@nel‘s break change interrupt status
bit.
X,

0 1 1 0 Start Break: Forcesthe TXDn og&yt'lo he transmitter must be enabled to start
a break. If the transmitteris e A rt of the break may be delayed up to two

bit times. If the transmitter is a&e, break begins when the transmission of

those characters in the THR j o@led, viz., TXEMP must be true before the

break will begin. N
0 1 1 1 Stop Break: The TXDn¥e w@o high within two bit times. TXDn will remain high
for one bit time befor n haracter, if any, is transmitted.

1 0 0 0 Set Rx BRG Selec te%hit: Sets the channel’s “Receiver BRG Select Extend
Bit” to “1”. (e.g\ 1)

1 0 0 1 Clear Rx BRG\@IE «tend Bit: Clears the channel’s “Receiver BRG Select
Extend Bit". (9-g.

1 0 1 0 Set Tx B elel) Extend Bit: Sets the channel’s “Transmitter BRG Select Ex-
tend Bit d.

1 0 1 1 Clear, BI@‘Select Extend Bit: Clears the the channel’'s “Transmitter BRG Se-
Iect,@ Pit” to “1”.

1 1 0 0 X&Sta y Mode (Channel A): When this command is invoked via the channel A

0

(o]

N[y

r/Timer and additional circuits to place the DUART in the standby (or lower

Qad register, power is removed from each of the transmitters, receivers,
Er) mode. Please note that this command effects the operation of the entire

(o) p. Normal operation is restored by a hardware reset or by invoking the “SET AC-
A WNFIVE MODE” command.
1 1 0 "( 1 &@’[ Set Active Mode (Channel A): When this command is invoked via the channel A
‘Q‘J 7 | command register, the DUART is removed from the standby mode and resumes
& \(5\' normal operation.
1 1 1 Qo Reserved
1 1 1 1 Reserved

Table 3. Miscellaneous Commands, Upper Nibble of all Command Registers, Unless Otherwise Specified.

™
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In addition to the commands which are available through
the command registers, the DUART also offers
“Address-Triggered” commands. These commands are
listed in Table 1, DUART PORT AND REGISTER
ADDRESSING”; and are further identified by being
“shaded” in . Specifically, these commands are:

START COUNTER/TIMER COMMAND
STOP COUNTER/TIMER COMMAND

SET OUTPUT PORT BITS COMMAND
CLEAR OUTPUT PORT BITS COMMAND

Each of these commands are invoked by either reading or
writing data to their corresponding DUART addresses as
specified in Table 1.

For example, the START COUNTER/TIMER COMMAND
is invoked by the procedure of reading DUART address
OE16. Please note that this “Read Operation” will not
result in placing the contents of a DUART register on the
data bus. The only thing that will happen, in response to
this procedure; is that the Counter/Timer will initiate
counting. For a detailed discussion into the operation of
the Counter/Timers, please see Section D.2.

Another example of an “Address-Triggered” commands
is the “SET OUTPUT PORT BITS 17 Command. This
command is invoked by performing a write of data to
DUART address OE16. When the user invokes thls
command , he/she is setting certain bits (to “1”) withi

OPR (Output Port Register). All other bits, within the R

O

22 EXAR

The state of the output port pins are complements of the
individual bits within the OPR. Hence, if OPRI[0] is set to
“1”, the state of the corresponding output port pin, OPO, is
now set to alogic “0”. Consequently, one can think of the
“SET OUTPUT PORT BITS” command as the “CLEAR
OUTPUT PORT PINS” command. For a more detailed
discussion into the operation of the output ports, please
see Section F.

C. INTERRUPT CONTROL BLOCK

The interrupt control block allows tt?\ser to apply the
DUART in an “Interrupt Driven’ vironment. The
DUART includes an Interrupt uest output signal
(INTR) is provided which ma@e programmed to be
asserted upon the occurrenge of any of the following

events: O
.\Q
e Transmit Ho!? Regé@r A or B ready

® Receive RQster A or B ready

° Rece;v,e:élF or B Full

o Sta@r f Received Break in Channels A or B
I'?g'o unter/Timer Count Reached

\ h@e of State on input pins, IPO, IP1, IP2, IP3

errupt control block consists of an Interrupt Status
3@|Ster (ISR), an Interrupt Mask Register (IMR),
sked Interrupt Status Register (MISR) and an Interrupt

ector Register (IVR). Table 4 lists these registers, and

(not specified to be set), are not changed. 60 00 their address location (within the DUART).
0 Q%
Q\ Al Address Location
Register Description < \o (in DUART Address Space)
ISR Interrupt Status Registe\t’ \" 0516 (Read Only)

IMR Interrupt Mask Regisé’ é

MISR @us&egister

IVR Interrupt Vecto‘gagiﬁﬁr

Masked Interrupt

0516(Write Only)
0216(Read Only)
0C16

Qﬁ ‘be‘

O XS
Table& L@ng and Brief Description of Interrupt Control Block Registers

The role and purpose of each of these registers are
defined as follows:

C.1 Interrupt Status Registers (ISR)

The contents of the ISR indicates the status of all potential

P re 20 S J g S S
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interrupt conditions. If any bits within these registers are
toggled “high”, then the corresponding condition has or is
occurring. In general, the contents of the ISR will indicate
to the processor, the source or the reason for the interrupt
request from the DUART. The bit-format of the ISR
register is presented as follows.

™
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
Input Port Delta Break RXRDY/ TXRDYB Counter Delta Break RXRDY/ TXRDYA
Change B FFULLB Ready A FFULLA
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 =Yes 1 =Yes 1=Yes
Table 5. Interrupt Status Register - (ISR) Bit Format

The meaning behind each of these bits is defined below.

ISR[7]: Input Port Change of State:

If this bit is at a logic “1”, then a “change of state” was
detected atthe IPO - IP3 pins. The user would service this
interrupt by reading the IPCR (if ISR[7] = 1). ISRI[7] is
cleared when the CPU has read the IPCR. By reading the
IPCR, the user will determine:

o The individual Input Port pin that changed state

e The final state of the monitored input ports, following
the Change of State.

For a detailed description of the IPCR, please see
Section E.

Please note that in order to enable this interrupt condition,&

the user must do two things:

1. Write the appropriate data to the lower nibble of t@
Auxiliary Control Register, ACR[3:0]. Inthiss

user is specifying which input pins should tn@g“%b

“Input Port Change” interrupt request.
2. Write a logic “1” to IMR[7]. 0
ISR[6] Delta Break Indicator - Chanr&\B é
When this bit is set, it indicates that cgh n%l B receiver
has detected the beginning or e f ceived break.
This bit is cleared (or reset) & n CPU invokes a
channel B “RESET BRE H E INTERRUPT”

command. For more | fOn into the DUART’s
response to a BREAK ¢ |ti<8bplease see Section G.2.

ARV VAL S
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ISR[5] RXRDYB/FFULLB - Chann eceiver
Ready or FIFO Full

The function of this bit is cted by programming
MR1B[6]. If programmedias the Receiver Ready
indicator (RXRDYB), it‘&icates that at least one
character of data is in the N®RB and is ready to be read by
the CPU. Thig gjt is &Nhen a character is transferred
from the rez&e d &t register to RHRB and is cleared
when the @uds RHRB. If there are still more
characte B after the read operation, the bit will be
set ag@a rRHRB is “popped”.

Ift it |§&ogrammed as FIFO Full indicator (FFULLB),
en a character is transferred from the RSR to
d the transfer causes RHRB to become full. This
@cleared when the CPU reads RHRB; and thereby
ping” the FIFO, making room for the next character. If
character is waiting in the RSR because RHRB is full,
this bit will be set again after the read operation, when that
character is loaded into RHRB.

ISR[4] TXRDYB - Channel B Transmitter Ready

This bit, when set, indicates that THRB is empty and is
ready to accept a character from the CPU. The bit is
cleared when the CPU writes a new character to THRB;
and is set again, when that character is transferred to the
TSR. TXRDY is set when the transmitter is initially
enabled and is cleared when the transmitter is disabled.
Characters loaded into THRB while the transmitter is
disabled will not be transmitted.

™
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ISR[3] Counter Ready

In the TIMER mode, the C/T (Counter/Timer) will set
ISR[3] once each cycle of the resultant square wave
(available at the OP3 pin). ISR[3] will be cleared by
invoking the “STOP COUNTER” command. Bear in mind,
that in the TIMER mode, the “STOP COUNTER”
command will not stop the C/T.

In the COUNTER mode, this bit is set when the C/T
reaches the terminal count (0000) 16 and is cleared when
the C/T is stopped by a “STOP COUNTER” command.
When the Counter/Timer is in the COUNTER mode, this
command will stop the counter.

ISR[2]: Delta Break Indicator - Channel A

Assertion of this bit indicates that the channel A receiver
has detected the beginning or end of a Received Break
(RB). This bitis cleared when the CPU invokes a channel
A “RESET BREAK CHANGE INTERRUPT” command.
For more information into the DUART’s response to a
BREAK condition, please see Section G.2.

ISR[1] RXRDYA/FFULLA - Channel A Receiver
Ready or FIFO Full

The function of this bit is selected by programming
MR1A[6]. If programmed as the Receiver Read
indicator (RXRDYA), this bitindicates that there is at Ie
one character of datain RHRA, and is ready to be re y

the CPU. This bit is set when a character is tra
from the RSR to RHRA and is cleared when
reads (or “pops”) RHRA. Ifthere are still mor ar,

22 EXAR

in RHRA after the read operation, the bit will be set again
after RHRA is “popped”.

If this bit is programmed as the FIFO (RHR) full indicator
(FFULLA), it is set when a character is transferred from
the RSR to RHRA and the newly transferred character
causes RHRA to become full. Itis cleared when the CPU
reads RHRA. If a character is waiting in the RSR because
RHRA is full, this bit will be set again after the read
operation, when that character is loaded into RHRA.

ISR[0]: Channel A Transmﬂteﬁ?gy
This bit, when set, indicates tgl HRA is empty and is
ready to accept a character, f the CPU. The bit is

cleared when the CPU write;?a new character to THRA,;
and is set again, when t aracter is transferred to the

TSR. TXRDY is set8hen the transmitter is initially
enabled and | a@when the transmitter is disabled.
Characters &I to THRA while the transmitter is

disabled VQL r@@ transmitted.

C.2 |@,§rr8¢ Mask Register (IMR)

upt mask register is a “Write Only” register

ant
Qélc @nables the user to select the conditions that will

the DUART to issue an interrupt request to the
In other words, the use has the option of

eSSor.
sking or blocking certain conditions from causing the

UART to issue an interrupt request. Therefore, the
bit-format of the IMR is essentially the same as the ISR.
However, for completeness, the bit format of the IMR is
presented in the following table.

Bit 7 Bit 6 Bit 5\.\' Q‘Blt 4 Bit 3 Bit 2 Bit 1 Bit 0
Input Port Delta Break RX /| R TXRDYB Counter Delta Break RXRDY/ TXRDYA
Change B F L%\, Ready A FFULLA

0 = Off 0 = Off (3: 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off

1=0n 1=0n Q1 n 1=0n 1=0n 1=0n 1=0n 1=0n

&‘(‘e' Q@
b‘b
Table 6. IMR Bit Format

P re 20 S J g S S
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If the user wishes to enable a certain interrupt, he/she
should write a “1” to the bit, within the IMR, corresponding
to that interrupt condition. Likewise, to disable or mask
out a certain condition causing an interrupt, the user
should write a “0” to the bit location corresponding to that
condition. To enable all interrupts the user would write
FFh (all “1”s) to this register.

Please note that IMR is a “write-only” register, and
therefore, cannot be read by the processor.

C.3 Masked Interrupt Status Register (MISR)

The contents of the MISR register is basically the results
of ANDing the ISR and IMR together.

MISR Content = [ISR Contents]e [IMR Contents]

One limitation of interrupt routines that rely on reading the
ISR is that the bits within the ISR can toggle “high” due to
their corresponding conditions whether or not they are
enabled by the IMR. Therefore, the user, following
reading the interrupt status register, will have to make
provisions for; and execute a “bit-by-bit” AND of the ISR
and IMR contents. Since the IMR is a “Write Only” register
and cannot be read by the processor, the contents of the
IMR will have to be stored is system memory, for later
recall. The additional hardware and software overhead

required to suport this activity can be eliminated via use of &

the MISR.

2

C.4 Interrupt Vector Register, IVR

The 68000 family of microprocessors
vectored-interrupt processing. Specmc§/
interrupt servicing, the DUART will re the
interrupt acknowledge signal, from the @ éplacmg
the contents of the IVR on the data bu @ad by the
CPU. During normal operation, the fthe IVR is
related to a location in memory, € appropriate
interrupt service routine (for t{ |wupt|ng DUART)

resides.

Therefore, in vectored int t
of the IVR accomplish two hi

|cat|ons, the contents

1. Identify the peripheral components requesting the
interrupt.

2. Allow the CPU to determine the location of;, and
branch program control to the location, in program
memory, that contains the appropriate interrupt
service routine for the interrupting DUART.

ARV VAL S
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Consequently, during initialization of the DUART, the user
will have to load the IVR with a hexadecimal numbers of
values between 4016 (64)10 through FF16 (25510),
inclusively. This is the range of the values, in the 680x0’s
exception vector table, that have been reserved for “User
Interrupt Vector”. The memory location of the “DUART”
interrupt service routine can be found by multiplying the
contents of the IVR by 4. Hence, the user should take
care to make sure that the interrupt service routine starts
at [Contents of IVR] ¢ 4 in program memory.

The XR68C681, like many other 68 S\eries peripheral
devices are designed such that th & ault contents of
their IVR (following a RES ondition) is OF1e.
Consequently, if, during an “int@ﬂ acknowledge” cycle
(see the next section) the CPU%gads the value OF16 from

the DUART; and “Uninitializainterrupt Vector” exception
will be generated. Q

C.5 Limitation é@%UART Interrupt Structure

The interrup@ offered by the DUART allows the
user to E@ e DUART to generate interrupts in
response n THR and RHR (FIFO) conditions; the
“Cour@T inder Ready” condition, and to changes in the
brea@co on (at the Receiver). However, aside from
1 ‘D@ Break Condition”, the DUART’s interrupt
does not allow for interrupt requests due to

r problems such as Parity Error (PE), receiver
@rrun Error (OE), or Framing Error (FE). The DUART
o does not offer the user the ability to configure one of

&he output ports to relay the occurrence of any of these

o" O

conditions. The user is, therefore, recommended to
“validate” the receive data by frequently reading the
status register; and checking for any non-zero upper
nibble values. This is especially the case if the user has
set the error mode to “Character” (MR1n[5] = 0).

C.6 Servicing DUART Interrupts

The 68000 family of microprocessors supports
vectored-interrupt processing. In vectored-interrupt
processing, the peripheral device, responsible for
requesting the interrupt, will identify itself to the
microprocessor, during the “Interrupt Acknowledge”
cycle. Once the microprocessor knows which peripheral
device is requesting the interrupt, the microprocessor will
determine the location of the appropriate interrupt service
routine in memory, and branch program control to that
location.

The advantage of using “Vectored-Interrupt” processing
over “Polled-Interrupt” processing is significant in

™
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time-critical applications using many peripherals devices.
In “Polled-Interrupt” processing, upon the detection of the
interrupt request, the microprocessor will have to go
through and poll each and every peripheral device in
order to determine the device causing the interrupt. Only
after this polling procedure is completed can the

appropriate interrupt service routine. The time required to
poll each of these peripheral devices adds to the interrupt
latency period over and above that which would occur
during vectored-interrupt processing.

Figure 2 presents a simple illustration of how to interface
the DUART to a 68000 processor for interrupt service

microprocessor branch program control to the  considerations.
&
\)
Interrupt > IPLO \
INTR > Priority > PLT (\9
Encoder o ‘Q
> TP 9\
O ~AY
Function < ‘% Q
ACK |« Code < C1$
Decoder P X\
< 6‘
0.0 | < g ™ oo -
DTACK K
XR68C681 MC68000 Processor
*0
Figure 2. Si é Illétranon Depicting the Interfacing of the
X!Q C DUART to a 68000 Processor
®) Q,Q’

N 85@
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Figure 3 presents a more detailed schematic of the
XR68C681 device interfacing to a 68000 microprocessor.
This figure shows only the interrupt processing portion of
the microprocessor/DUART interface. The address
decoding circuitry for address bus bits A0O8 - A23 is not
included. This circuit consists of an “Interrupt Priority
Encoder” (SN74LS148), and two 3-line-to-8-line
decoders (SN74LS138). For discussion purposes, one of
these SN74LS138 devices are labeled “TACK Decoder”
and the other is labeled “I/O Chip Select Decoder”. In this
figure, the DUART has an interrupt priority level of 4
(1002).

A functional description of this circuit follows. If the
DUART requires service from the CPU, it will assert the
active-low, open-drain, output signal, INTR. When this
signal toggles “low” the interrupt priority encoder
(SN74LS148) will generate the appropriate interrupt
priority level and present this priority level to the CPU. In
this case, the interrupt priority level is 4 (IPL2 =0, IPL1 =
1, IPLO = 1). In response to the priority level 4 interrupt
request, the CPU will check the interrupt mask bits (of its
own internal status register) in order to determine the
present interrupt priority level. If the present interrupt
priority level is 4 or less; the CPU will acknowledge and
begin service of this new DUART interrupt request. If the

present interrupt priority level is 5 or greater, the DUART’s&

interrupt request will not be serviced until completion of
higher priority interrupts. Once the microproc
decides to service this particular interrupt reque
do so by asserting all of the Function Code outp

1,FC1=1,FCO0 = 1), in order to indicate that t

cycle will be an interrupt acknowledge cycle éﬂally,
whenever the 68000 CPU is interrupted, illétput on
address bits Ao1, Ao2, and Ao03, the inteq' :gprity level,
while address bits Ao4 - A23 are all\fﬁ to logic one
I

level. Therefore, the CPU will ackb this DUART
interrupt request by setting Ao1 0,A03=1, and
Ao4- A23 = 1. Once all of the Code outputs are
set, the NAND gate (74LS |I sert one of the enable

inputs of the “TACK Dec& ditionally, the Address
Strobe output (AS) will soon Kgrasserted in order to start
the next bus cycle. Once it is asserted, the other enable
input of the IACK decoder will also be asserted. When the
two enable inputs are asserted, the TACK decoder will
assert the output labeled “IACK4, thereby asserting the
TACK input of the DUART. In parallel with the TACK4
signal being asserted, the address bits, Aos - A23, are
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routed through an address decoder (not shown).
However, if all of these address bits are at logic “1” level,
the “I/O Chip Select Decoder” will also be enabled. In this
figure, the output labeled CS0 will be asserted, thereby
asserting the CS input of the DUART. Please note that the
DUART does not require that it's CS input be asserted in
order to respond to an “Interrupt Acknowledge” cycle.
The DUART only requires that its “IACK” input be
asserted.

In response to the assertion of the IACK
will place the contents of the |
Register) on the data bus (DO - D,
by the CPU. Once the DUART placed the contents of
the IVR on the data bus, it will éQeﬂ the DTACK output in
order to inform the CPU tha @‘@ta is ready to be read from

input, the DUART
nterrupt Vector
here it can be read

the data bus. The CPU en execute this “read” in a
manner identical with other read cycle. Once this
w e CPU will negate AS output

ACK input of the DUART); and the
egate the DTACK output to the CPU.
output has been negated, the interrupt

cycle j Ieted, and the next several read and write
cycl@ WIKQ(GW be dedicated to servicing the DUART

up

“read” cycle isy
(thereby ne

ft QSGI’ had properly initialized the IVR, with values

&leng between 64 (4016) and 255 (FF16), the CPU will

ultiply this value by 4, in order to determine the location,
|n memory, of the DUART interrupt service routine.
Afterwards this address location will be loaded into the
program counter (of the CPU) and the CPU will branch
program control to this location. Obviously, the user must
ensure that the appropriate interrupt service routine
exists at the location in system level memory. If the user
has failed to initialize the IVR, its contents will be (by
default) OF16. The XR68C681 device, like many other
68000 series peripherals are designed to have the default
value of their interrupt vector registers to be OF16. If,
during the interrupt cycle, the CPU reads OF16 from the
DUART IVR, the CPU will multiply this value by 4, and will
branch program control to the “Uninitialized Interrupt
Vector” exception service routine, located at 03C16 in
memory.

When the CPU has properly serviced the interrupt and the
condition(s) causing the interrupt request(s) from the
DUART have been eliminated, the INTR output from the
DUART will be negated.

™
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RW RW
DTACK p g DTACK
D00 - D07 |« 4 b—— RQ7 v »| DO - D7 \
cC
3 p— TRQ6 é
I 2 P— RQ
IPLO p——d 9 1b IRQ5 3 IRQ4 o W
IPL1T p—————q 7

13 p—— TRQ3 [ACK4
12 p— IRQ2
11 3—10 IRQT

FCo SN74LS148 A2
FC1 A3
Fc2 || Ad
74LS10 oS
AS g r XR68C681
A01 - AO7 }) J) Kg
4 5 7p— CS7
A01
9p— CS6
202 A0S | 4 /0 chip 1ob— o8
o A0B Select o
A07 Decoder 11— CS4
A08 - A23 12p— CS3
13p— CS2
- 14pb— TST
MC68000 To A §s Q From Address — 15—
Deco: Cii' Decoding Circuitry SN74LS138 CSo

Figure 3. Detaile@chératics of the XR68C681 Interfacing to the 68000 Processor
NOY

Q
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Figure 4 presents a timing diagram depicting the sequence of events that will occur at the DUART/CPU interface, during
an interrupt bus cycle.

XR68C681

—INTR —\ /_

R 7
FCO - FC2 / \ &
AO1 - AO3 > < >_< éq_ 3
AO4 - A23 e \—< é\(;\‘

TACK \ / \a‘, QQ?\
DO - D7 ( VECTOR >' \Q\"Q éé
DTACK \ 006 o

Figure 4. XR68C681/6 0%@ Interrupt Cycle Timing

\@

00 o D. TIMING CONTROL BLOCK
9)

The objectives of the interrupt service routine o 4
. Quickly identify the condition causing t% @rrupt

Interrupt Service Routine

The timing control block allows the user to specify the bit
rates that he/she wishes to transmit and receive data at
each channel. The timing control block consists of the

request. é following elements:
2. Quickly service the interrupt r\gfatlng the @ Oscillator Circuit

condition causing the Interrupt. Q \ e Bit Rate Generator
In order to identify the cause ?‘ue |&rrupt the CPU e 16 bit Counter/Timer
must read the interrupt st rewister (or Masked o 4 _ External Input Pins (to clock the Transmitters
Interrupts Status Register) o T.. The coptents of and Receivers, directly)
the ISR identifies the ¢ io causing the interrupt .

it format of the ISR and o Two Clock Select Registers (32:1 MUXs)

request. Section C.1 defin
discusses how to clear each of the bits within the ISR.

ARV VAL S
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IP4 IP3
(RXCA)  (TxCA)
Preset Registers |—t 32:1
(CTUR, CTLR) > MUx [>TxCA
TXCA
TXCB \
g 3 3
Counter > —» RxCA
ACR[4-6] >
A2 | 321
Pl MUX [—>»TxCB
| Divide by 16 | ’\6_069_)
< >
6\ é | 32:1 |5 ReCB
X1/CLK — K »| MUX
Oscillator Bit Rate [\
X2 €— Circuit Generator ’\OIPS ? P2
T QT @ (RXCB)
ACR[7] @0 Q’Q
O &
$ S
O L

Figure 5. BlockQ
O
\\o‘ 3
& 2
A oV
_ . Q"
Figure 5 presents a block dia 1@1 %@e timing control
block for the XR68C681 devic& [2)

or‘%\@block is discussed in

o

Each element of the timi
the following section.

D.1 Oscillator Circuit:

A crystal oscillator is typically connected externally
across the X1/CLK and X2 pins. The oscillator circuit
(within the chip) functions as the load for the resonant
(crystal) oscillator, and buffers the resulting oscillating
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signal, for use by the bit rate generator, and
Counter/Timer. A crystal or TTL signal frequency of
between 2 MHz and 4 MHz is required for proper
operation of the DUART. However, a crystal or TTL signal
frequency of 3.6864 MHz is required for the generation of
standard bit rates by the bit rate generator (See Table 3).
Figure 6 presents a recommended schematic for the
XTAL oscillator circuitry. If the user desires to run
numerous DUARTs from a single crystal oscillator,
Figure 7 presents an approach and the necessary
circuitry to accomplish this objective.
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C1: 10pF + (Stray < 5pF)

C2: 10pF + (Stray < 5pF)

R1: 100

R2: 100 R1

AW

—:I_ XR68C681 \
RS

— CG—— - @Q
3.6864MHz VVVY x i 2\3?
)
O ~AY
FO

Figure 6. A Recommended Schematic for th&\x@scillator Circuitry

Note: ‘

O
The useralso has an option to drive the oscillator circuitwitha TTLinp n ﬁ,@ieu of using a crystal oscillator. Ifthisapproachis
used, the TTL must be driven into the X1/CLK pin, and the X2 pir\ t b@\eft floating.

Parallel Resonant Crystal

Q
If the user desires to run numerous DUARTSs from a singl| s@yscillator, Figure 7 presents an approach and the

necessary circuitry to accomplish this objective. @ Q
O &
ML

» &
© &

@Q éo\éescesl

N @

(O
NG =
Q) 6 3.684MHz

&‘Q \'b Vi 74HC14
b‘b | | » 10Xt inputs of
| [ other DUARTSs

)

1

Figure 7. A Recommended Schematic to Drive Multiple DUARTs From the Same Crystal Oscillator
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D.2 Bit Rate Generator

The BRG (Bit Rate Generator) accepts the timing output
of the oscillator circuit and generate the clock signal for 23
commonly used data communication bit rates ranging
from 50 bps up to 115.2 Kbps. Please note that the BRG
will only generate these standard bit rates if the oscillator
circuit is running at 3.6864 MHz. Additionally, the actual
clock frequencies output from the BRG are at 16 times
these rates.

The user can select one of two different sets of bitrates, to
be generated from the BRG. This selection is made by
setting or clearing ACR[7]. A listing of these sets of bit
rates, from the BRG, is presented in the discussion of the
Clock Select Registers (CSRs) in Section D.5. A block
diagram of the BRG circuitry is presented in Figure 8

O
&S

CSRA[Z:
. &:1 MUX —>»RxCA
N v
RE
6 » CSRA[3:0]
!
ACRI7] QQ’ &o
L S
QQ ée 32:1 MUX L3 TxCA
X1/CLK ——» Oscillator Bit Rate o N
X2 < Circuit chann l§\ i
& CSRB([7:4]
GE <
8)
*Q* o\q. 32:1 MUX [——» RrxCB
O
&
60 \® CSRB[3:0]
(o) Q,Q’
Q\ O v
&‘QQ’ \@9 32:1 MUX —>» TxCB

Figure 8. Block Diagram of the Bit Rate Generator

Portion of the Timing Control Block
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D.3 Counter/Timer

The timing control block also contains a 16 bit
Counter/Timer (C/T). The C/T is a programmable 16 bit
down-counter which can use one of several timing
sources as its input. Figure 9 presents a block diagram of
the circuitry surrounding the C/T. The selection of these
timing sources for the Counter/Timer can be made by
writing the appropriate data to ACR[6:4] (Auxiliary Control

Register bits 6 through 4). Please see Table 7 for the
relationship between the Counter/Timer mode, and the
timing source contents of bits ACR[6:4]. The C/T output
is available to the clock select registers for use as a
programmable bit rate generator for both transmitters and
receivers.

Oscillator
Circuit
Preset Registers Q\
(CTUR, CTLR) é
Divide by 16 l @Q.
o
—> SRA and CSRB
‘\ 11 MUXs
P2 ’ 6
L Counter/Timer * 6 Q’
Divide by 16 Q\ Q
TXCA
TXCB
<
&o
<
o &
Figure 9. A &k gram of the Circuitry
Associ the Counter/Timer
S
& \Q'
Bit6 | Bit5 [ Bit4 | C/TMode [¢{% 0O Timing Source
0 0 0 Counter \}ExterMal Input - IP2
0 0 1 Counter (y A 1X - Clock of channel A Transmitter
0 1 0 Cou e"&l’XCB 1X - Clock of channel B Transmitter
0 1 1 nge%@ X1/CLK Input Divided by 16
1 0 0 me External Input - IP2
° 1 v
1 0 1 4® TIRger External Input - IP2, Divided by 16
1 1 0 imer X1/CLK Input
1 1 1 Timer X1/CLK Input Divided by 16

Table 7. ACR[6:4] Bit Field Definition - C/T
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D.3.1 Timer Mode:

Please note that of the two C/T Modes, the timer mode is
the only mode which is relevant to the function of bit rate
selection. However, for completeness, the counter mode
is also discussed below.

Inthe timer mode, the C/T acts as a programmable divider
and generates a square wave whose period is twice the
value (in clock periods) of the contents of the
Counter/Timer registers, CTUR and CTLR. The C/T can
be used as a programmable bit rate generator in order to
produce a 16X clock for any bit rate not provided by the
BRG. The squarewave, originating from the C/T is output
on output port pin, OP3.

Ifthe C/T is programmed to operate in the timer mode, the
frequency of the resulting C/T square wave can be
expressed as follows:

C/T Output Frequency =

fsts
2+ ([CTUR]* 28 +

[CTLRY])

where:

fsts = The frequency of the selected timing source (See
Table 7)

[CTUR] = the contents of the CTUR register in decimal

form &

[CTLR] = the contents of the CTLR register in decir@\
form (}' o
Since the C/T output is handled as a 16X clock

the DUART circuitry, the resulting bit rate i oa@
eéeb‘( te,

frequency of the C/T output signal. Therefor
derived from the C/T can be expressed a

Bit Rate =
&
iy

CT& registers may be
r@egm to take effect at

fsts
32+ ([CTUR] - 28 +

The contents of the CTUR
changed at any time, bu Q@I
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the next half cycle of the square wave. The C/T begins
operation using the values in CTUR/CTLR upon receipt of
the address-trigger “START COUNTER” command (See
Table 1.).

The C/T then runs continuously. A subsequent “START
COUNTER” command causes the C/T to terminate the
current timing cycle and begin a new timing cycle using
the current values stored in CTUR and CTLR. The
COUNTER READY status bit, in thg Interrupt Status
Register (ISR[3]), is set once eac %6 of the square
wave. This allows the use of /T as a periodic
interrupt generator, if the co is programmed to
generate an interrupt via th terrupt Mask Register

cleared by issuing the

(IMR). ISRC37 can b
address-triggered “STOR UNTER” command (See

Table 1). In the TIME de, however, the command
does not actualabst e C/T.
\}
O

D32 C T,

In the&ﬁrﬁ:

START COUNTER”

ODE

mode, the C/T counts down the number of
into CTUR/CTLR, beginning at the receipt
command. The

0'@OU&'ER/READY status bit (ISR[3]) |s set upon

eing FFFF4g) until it is stopped by the CPU via a “STOP
COUNTER” command. If OP3 is programmed to be the
output of the C/T, the output will remain high until the
terminal count is reached, at which time the output goes
low. Itthen returns to the high state and ISR[3] is cleared
when the C/T is stopped (via the “STOP COUNTER”
command). A “START COUNTER” command while the
counter is running restarts the counter with the values in
CTUR/CTLR. The CPU may change the contents of
CTUR or CTLR at any time but the new count takes effect
only after the subsequent START COUNTER command.
If new values are not programmed the previous values
are preserved and used for the next cycle.

™
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D.4 External Inputs

The DUART allows for some of the Input Port pins (IP2 -
IP5) to be used as direct external inputs to the timing
control block as timing sources for the transmitters and
receivers of both channels. Please note that the user can
specify whether a clock signal, applied to one of these
external inputs, is a 1X or a 16X clock signal; via the clock
select registers (see below). For a more detailed
discussion on the input port pins and their function, please
see Section E.

D.5 Clock Select Registers, CSRA and CSRB

In Figure 5, the Clock Select Registers (CSRs) are the
32:1 MUX’s. The clock select registers are the means that
the user can select which clock signals will drive the
transmitters and receivers of both channels. The CSRs
allow the user to select the 23 different standard bit rates
from the BRG, the Counter/Timer output, or to use an
external input as the timing source for the transmitters
and receivers. Table8 and Table 9 present the
relationship between the contents of the CSRs and the
clock source driving the transmitters@\i receivers.

ZoN
IR

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 | Bit 2 Bit O
Receiver Clock Select Transmitter C@c}Select
See Table 9 Se.ec®le 9
9\'1
Table 8. Bit Format of the Clock Select Registe,'@%sg\zand CSRB
\“ \;‘?’
Field Q,

CSR[7:4] ACR[7] = 0 (Bit Rate Set #@‘ Ak ACR[7] = 1 (Bit Rate Set #2)

CSR[3:0] X=0 X AQ" X=0 X=1
0 0 0 0 50 6\‘075 v 75 50
0 0 0 1 110 6\ @ 110 110
o | o | 1 0 134.5 C}' {845 134.5 134.5
0 0 1 1 200 6 G 150 150 200
0 1 0 0 300 *o o 3600 300 3600
0 1 0 1 600 Q 14.4K 600 14.4K
0 1 1 0 o 28.8K 1200 28.8K
0 1 1 1 2% ‘0 57.6K 2000 57.6K
1 0 0 0 6024% 115.2K 2400 115.2K
1 0 0 1 Aéb 4800 4800 4800
1 0 1 0 Q Q200 1800 1800 7200
1 0 1 &Qc \‘b 9600 9600 9600 9600
1 1 0 0 b‘b 38.4K 19.2K 19.2K 38.4K
1 1 0 1 Timer Timer Timer Timer
1 1 1 0 External - 16X External - 16X External - 16X External - 16X
1 1 1 1 External - 1X External - 1X External - 1X External - 1X

Table 9. Bit Format of the Clock Select Registers CSR[3:0] and CSR[7:4]
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Please note that Table 6 calls for the user to specify the
following parameters:

® ACR][7] - the most significant bit (MSB) of the Auxil-
iary Control Register

o X - The Extend bit

ACRJ[7] is the MSB of the auxiliary control register, and
can easily be programmed by writing 1xxxxxxxb or
Oxxxxxxxb to the ACR, in order to set or clear,
respectively.

(Note: the b suffix denotes a binary expression. x =don’t care
value).

X - The Select Extend bit

Each transmitter and receiver, within the DUART has an
extend bit that can be set or cleared by writing the
appropriate data to the channel’s command register.
Although this information can be found in Table 1
Table 10 summarizes these commands, and their effect

on the extend bits.
\@\

Register Contents Resulting Action \e
Command Register A, CRA 0816 Set Rx BRG Select Extend Bit (X = *6\
Command Register A, CRA 0916 Clear Rx BRG Select Extend Bit & 0)
Command Register B, CRB 0A16 Set Tx BRG Select Extend Bit 1)
Command Register B, CRB 0B16 Clear Tx BRG Sel%@te& X=1)

K

Table 10. Command Register Contr Qve&the Extend Bit

Note: if the user programs either nibble of the Clock
Select Register (CSRn[7:4] or CSRn[3:0]) with values
ranging from 016to C16, then the user is using the BRG as
a source for timing. However, these standard bit ra
(presented in Table 9) apply only if the X1/CLK p
drivenwith a 3.6864 MHz signal. If a signal with a &
frequency (fo) is applied to the X1/CLK pin,

DUART channel is running at the following b

Actual Baud Rate =

0

o é
[Table 9 Baud Rate Valy
3.6864 MHZ\)

provided that fo is between 2.0 4 0 MHz.

Additionally, as in the case &tar&d baud rates, the
actual frequency of the ¢ 8 |g@wnl be 16 times these
values. b‘b

1X vs 16X Clock Signals

The terms “1X Clock” and “16X Clock” have been applied
throughout this text. Therefore, it is important to discuss
their meaning and significance. A “16X Clock”
over-samples the received serial data by a factor of 16.

P re 20 S J g S S
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er, eepa “1X Clock” only samples the signals once per
It d. From this, one should correctly conclude that
er accuracy (lower bit error rates) are achieved via

owing paragraphs will clarify the reasons.

ﬁ use of the 16X clock in lieu of the 1X clock. The
I

A receiver in one of the DUART channels is clocked by a
local timing source (from the timing control block). [f this
receiver is active and is receiving data from a remote
serial transmitter, that transmitter is also clocked by its
own local timing source. Hence, there is no guarantee
that the clock frequency for the receiver is exactly the
same as that for the remote transmitter. This is a
characteristic of  asynchronous serial data
communication.  Although the receiver and remote
transmitter have been programmed to receive and
transmit data at exactly the same baud rate, sufficient
differences in the frequencies of the two clock sources
(local receiver and remote transmitter) can contribute to
bit errors in the receiving process, as presented in the
following discussion.

Suppose that we have a serial data transmission system
as depicted in Figure 10 This system consists of aremote
transmitter (Tx), and a local receiver (Ry).

™
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Transmitter Receiver
TX Rx
Tx Clock Rx Clock
Figure 10. Example of a Serial Data Transmission System @

Let us further assume that the receiver is clocked by a  per bit period. Figure 11 &asents the results of this
source that is slightly faster than that of the transmitter, phenomenon. . Q
and that the receiver is only sampling the serial data once 9\

L]

2
2

X
F&
Figure 11. Receiver (1)&an@$?ng, if the Ry clock is slightly faster
Q‘ h he Ty clock.
{ *A\O
O
X @

Figure 11 shows that the phase re S i@oetween the receiver drift. If there is no correction for receiver drift,
receiver’'s sampling point and al data bit is  there will be many errors in the transmission and

changing. In this case, the r veﬁee sampling each reception of this serial data, as depicted below in
serial data bit, earlier and eaMer iGythe bit period, with Figure 12.
each successive data bit. @é Womenon is known as

b‘b

™
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Received Data 0 1 0

Actual Data 0 1 0

0
&S

Figure 12. lllustration of an Error Due to Receiver Drift. 9\

Figure 12 shows the receiver sampling an eight bit string
of data with bit pattern 0101010. It is interesting to note
that, in this figure, the receiver sampled 01010010. It
should be noted that receiver drift can also be a problem if
the local receiver is slower than the remote transmitter
clock.

In general the bit-error-rate, for this “uncorrected” system
is a function of the timing differences between the Ty and

Ry local clock signals. However, in order to correct for@

receiver drift and to minimize the BER during seriarlé?
transmission, many UARTs in the market place, e y
receiver oversampling of the START bit. Wha}) h|€’
feature is employed, the receiver, upon detectjQe’ o i@e
START bit, will begin oversampling this S {?’by
some integer factor. Typically, for mos% ) day
UARTS, this over-sample factor is 16. @ éBCG&
X ‘0
¥ (2
& o
o' @
NPy
)

<
NI
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device also aceoy @fes 16X receiver oversampling of
the START s T, efore, in these devices, when the
receiver ’ﬁ!ct occurrence of a START bit, it (the
receive '%I in oversampling this START bit by a
factor gi 6. {HOwever, after seven 16X clock periods has
, @ receiver will assume this point (within the
T Ajf)’ to be the mid point of the bit period, and will
sq@versampling of the START bit, and of the
u uent data. From this point, through the end of the
o) cter, the receiver will sample the serial data stream

he 1X rate. Stated another way, once the receiver has
eached what it believes to be the mid-point of the START
bit, the receiver will, from that point, begin sampling the
serial data at 1-bit period intervals (see Figure 13). After
the receiver has received the STOP bit, it will await the
occurrence of the START bit. Once the START bit has
been detected, this oversampling procedure is repeated.

™
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Chosen as
the Midpoint
of the Bit

<
1 Bit Period
)\ 4

7- 16X clock
periods

Figure 13. The Typical Sampling Pattern of each Receivq&,
within the XR68C681 Device.

The oversampling technique mitigates many of the serial
data bit errors by attempting to adjust the receiver
sampling point, to near the midpoint of the bit periods, on a
character to character basis. This approach is successful
for two reasons:

1. It offers periodic correction to the Receiver sampling
point.

2. It limits the Receiver drift phenomenon (between@

sampling point adjustments) to typically at most 1?9\
bits (8 bit character + parity and STOP bits). (}'

Therefore, if the user selects to receive data ata r
of 9600 baud; upon detection of the STARODbi
receiver will begin sampling the data at (QQ Xi6) =
153,600 Hz.  However, once the c% has
oversampled up to the 7th 153.6 kHz e, it will
mark this location as the midpoint of thg,ST. bit. From
this point on, the 153.6 kHz clock sigial isgiVided by 16 to

generate the sample clock (960@ 2) the remaining
data and overhead bits of the ra6 s

The XR68C681 device *'gs ,Krm user the option to
declare an external inpﬂ& o] gnal as either a 1X or
16X clock signal. Whenever user is given a choice to
use either the 1X or 16X clock signal (per the Clock Select
Registers), the user is advised to always use the 16X
clock, in order to mitigate the effects of receiver drift. The
user is further advised never to use the 1X clock features
of the DUART, unless the incoming serial data stream is
synchronous with the receiver (1X) clock.
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ples using the Timing Control

D.7 Applicelg{?E

Block L\ $

In ordeg?%a?ghe roles of the assets within the timing
cig thre
&)

contr e examples are included.

%Q?p@: Using the BRG

u@e that the user wishes to receive and transmit data
atgate of 115.2kbps via channel A. The user must do the
owing.

1. Use a 3.6864 MHz crystal oscillator across the
X1/CLK and X2 pins; or driving a 3.6864 MHz TTL
signal into the X1/CLK pin (with the X2 pin floating).

2. Write 0A1g to Command Register A.

This step will set the Transmitter BRG Select Extend
bit (X = 1).

3. Write 0816 to Command Register A.

This step will set the Receiver BRG Select Extend bit
X=1).

4. Write 1xxxxxxxb to ACR.

This step selects “Bit Rate” Set #2 per Table 9 of this
data sheet.

Where the b suffix denotes a binary expression, and x
denotes a “don’t care” value for the binary expression.

5. Write 881 to CSRA.

This step sets the receive and transmit bit rate for
channel A to 115.2kbps (per Table 8 and Table 9).
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Example B: Programming the Bit Rate via the
Counter/Timer

Suppose the user wishes to transmit and receive data at
62.5kbps via channel B. Please note that this particular
bit rate is not offered by the BRG. In this case the user can
do the following.

1. Drive a 4 MHz TTL signal into the X1/CLK pin, while
the X2 pin is left floating.

2. Write 001 to CTUR and 021 to CTLR.

This steps results in the C/T generating a square wave
of frequency =4 MHz/2-[2] =1 MHz.

3. Write 110b to ACR[6:4].

This will set the C/T into the timer mode, and select the
Timing source for the C/T to be the X1/CLK input.

4. Write DD4gto CSRB.

This will specify that the timing source for the receiver
and transmitter of channel B will be derived from the
C/T. Please note that when the DUART is
programmed in this configuration, the C/T output
represents a 16X over sample of the Transmitted and
Received data. Therefore, the chip circuitry will divide
the 1 MHz square wave by 16, just like for clock signals
originating from the BRG.

Thus: Bit Rate = 1 MHz/16 = 62.5kbps.
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Example C: Using the External Input Ports

Suppose that, in addition to running channel B at
62.5kbps (see Example B), he/she wants to Transmit and
Receive data at 1Mbps via channel A.

The user needs to perform all of the steps presented in
Example B, along with the following:

1. Write xxxx01xxb to the OPCR
Configuration Register).

(Output  Port

This step allows the 1 MHz square wave from the C/T to
be output on OP3.

2. Externally connectthe OP3 pi
Thereby applying a 1 MHz
two input pins.

e IP3and P4 pins.
re wave into these

N

3. Write FF1g to CSRA. (\(9

This step will specify the timing source for the
Transmitter ag Receqiv€r of channel A will be derived
from input p 3@1d IP4, respectively. Additionally,

this step al DUART hardware to presume that
these |n gl are 1X signals. Hence, there is no
dIVISIO this signal. Therefore, the bit rate of
cha t1Mbps

te that if the user were to apply this example,
S ould be responsible for ensuring that the
g serial data stream is synchronous with the 1

& (1X) clock signal; in order to minimize bit errors.
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D.8 Explanation of Clock Timing Signals

The purpose of this section is to explain the Data Sheet specification on the Timing Control Block parameters. In the
past, this subject has been the source of considerable confusion by numerous users.

Limits
Symbol Parameter Min. Typ. Max. Units
tok X1/CLK (External) High or Low Time 100 ns
fok X1/CLK Crystal or External Frequency 2.0 3.6864 4.0 MHz
tcte Counter/Timer External Clock High or Low Time - 100 ns
IP2 Input \
fote Counter/Timer External Clock Frequency - IP2 0 @ MHz
Input Q-
tRTX RXC and TXC (External) High or Low Time - via 220 \e ns
IP2, IP3, IP4 and IP5 N
fRTX RXC and TXC (External) Frequency - via P2, Q
IP3, IP4, and IP5 O
fRTX - 16X 16X e 09 2.0 MHz
frr - 1X 1X N Q 1.0 MHz

meter specifications, in the

“AC ELECTRICAL CHAR

Table 11. The XR68C681 Data Sheet presents the fo @
A

tcLk - X1/CLK (External) High or Low Time

The DUART employs dynamic logic throughout much of
its circuitry. Therefore, tek tetc, and fict limits are neede
order to ensure that the device will function properly

the signal applied at the X1/CLK pin must resi
high and low states.

Qounter/Tlmer External Clock Frequency - IP2
p{@

|s parameter places an upper limit on the input

Counter/Timer. The spec basically states that a signal
with frequency up to 4.0 MHz can be applied at the 1P2

parameter places a lower limit on the amount of t (o) frequency being applied to the IP2 pin, for use by the
dsat &
\.

Q

foLk - XL/CLK Crystal High or Low T.é éo

h equencies
her crystal
. refore the use

.0 z at this input.

tere - Counter/Timer E@n %&)ck High or Low

Time - IP2 Input

This parameter specifies the ran@
permissible at the X1/CLK inp
oscillator or applied TTL input si
can only apply between 2.0 a

This parameter places a Iower limit on the amount of time
that the signal, being applied to the IP2 pin for use by the
Counter/Timer, can reside at the high and low states.
Please note that this limit has no relationship with the
parameter tgTy, which is another spec associated with the
IP2 input.
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35

pin, and still be properly handled by the Counter/Timer.
This spec is not related to the parameter tgTx, which also
specifies limits on signals applied to IP2 or other input
pins, for use at the external clock source for transmitter
and receivers.

trTx - RXC and TXC (External) High or Low Time -
via IP2, IP3, IP4 and IP5

This spec places a lower limit on the amount of time that a
signal, being applied at the general purpose input pins,
IP2 - IP5, for use as the transmitter and receiver clock
source, can reside at the high or low state. This spec has
no relationship to tctg, even though it is also applies to
input pin 1P2.
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frTx - RXC and TXC (External) Frequency - via IP2,
IP3, IP4, and IP5

This spec places limits on both the 1X and 16X external
signals that are to be used to clock the transmitters and
receivers. Ifthe user wishes to use a 1X clock, he/she can
only apply a signal with frequencies up to 1.0 MHz. This
input will results in a bit rate of 1Mbps (see Example C). If
the user wishes to use a 16X clock, he/she can only apply
a signal with frequencies up to 2.0MHz. Since this 2.0
MHz clock signal is a 16X signal, this will result in a
maximum bit rate of 125kbps.

In summary, the DUART timing control block gives the
user the ability to generate virtually any baud rate that he
or she desires. The timing control block gives the user
access to the following resources:

o 23 different standard bit rates via the BRG.

o The Counter/Timer, which can be configured to gen-
erate bit rates which are not available from the BRG.

® Inputs to the Timing Control Block (via some input
port pins) which allows the use of external clock sig-
nals to generate a custom bit rate.
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E. INPUT PORT

The input port can be used as a general purpose input or
the DUART can be programmed to use some of these
inputs for special functions. The current state of the
inputs to this unlatched port can be read by the CPU by
reading the IP register (for the states of IPO - IP5). A high
input signal at the IPR[n] pin results in a logic “1” in the
IPR[n] bit position, within the IP register. Likewise, a “low”
input signal at the IPn pin results in alogic “0” in the IPR[n]
bit position, within the IP register. Q

Q.

E.1 Alternate Functions f0r® Input Port

Table 12 describes the ApStnate uses for the Input Port
pins, such as clgck ingyfts and data flow control signals,
and includw ri&ummary on how to program the
alternate funistio read of the IP registers will show the
logic steﬂ@a pin, regardless of its programmed
functio {

NS
O
O O

6®
o
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Input
Port

Alternate Function(s)

Approach to Program Alternate Functions

IPO

IP1

IP2

IP3

IP4

IP5

CTSA: Clear to Send (CTS) input for channel A.
Note: this input is Active Low, for the CTS function.

CTSB: Clear to Send (CTS) input for channel B.
Note: This input is Active Low for the CTS function

CT1_EX: Counter/Timer 1 External Clock Input.
RXCB: External Clock input for Receiver channel B

TXCA: External Clock input for Transmitter channel A
RXCA: External Clock input for Receiver channel A

TXCB: External Clock input for Transmitter channel B

°
N

IPO can be programmed to function as the CTSA input
by setting MR2A[4] =1. For a more detailed discussion
on this function, please see Section G.3

IP1 can be programmed to function as the CTSB input
by setting MR2B[4] =1. For a more detailed discussion
on this function, please see Section G.3

IP2 can be programmed to function as the external
clock input for the Counter/Timer by setting ACR[6:4] =
[0, 0, 0]. For a more detailed discussion into the effect
of this action please see Section D

IP2 can also be programmed to f
clock input for the receiver of ¢,
CSRBJ[7:4] =[1, 1,1, 0] fort

=[1, 1,1, 1] for the 1X Clocl\\

nction as the external
er of channel A by setting
r the 16X Clock, or CSRA[3:0]

on as the external

IP3 can be programmed

clock input for the tran

CSRA[3:0] =1, 1,1,

=[1,1, 1, 1] for the
L)

IP4 canﬁro &med to function as the external
o

clock in r receiver of channel A by setting
, 1,1, 0] for the 16X Clock, or CSRA[7:4]

CSR I§
= r&?&?@or the 1X Clock.

Sk

}) %{ t for the transmitter of channel B by setting

programmed to function as the external

C,
SR8[3:0] = [1, 1, 1, 0] for the 16X Clock, or CSRB[3:0]
WL 1, 1] for the 1X Clock.

Table 12. Listing of Altern

%
%

E.2 Input Port Configuration Registers (IPCF%Q 00

Q
The Input Port Configuration Register is a I@d&ﬂy
register that supports the following two fun ans- 8
1. Toletthe user know which of the fouéut

pins : 1

IPO - IP3, has changed logic state, i\l' kl@ last read
of this register. ¥ > 2.

v ov'
a\§u@on for the Input Port Pins

Consequently, the Input Port Configuration Register is
functionally divide into two sections:

Bits 7 - 4: “Change in Logic State” Identification bits.
Bits 3- 0: The current state of Input Pins IPO - IP3.

2. To let the user know the curr

four input pins.

\?o&@ tate of these
\
Q &

The bit format of the Input Port Configuration Register is
presented below in Table 13.

Bit 7 Bit 6&(\‘A\'bsit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Delta IP3 Delta IP2*  [N\®Delta IP1 Delta IPO IP3 IP2 IP1 IPO
0=No 0=No 0=No 0=No 0 =Low 0 =Low 0 =Low 0 =Low
1=Yes 1 =Yes 1 =Yes 1=Yes 1 = High 1 = High 1 = High 1 = High

Table 13. Bit Format of the Input Port Configuration Register (IPCR)

A brief discussion of each bit-field, within this register follows.
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Bits 7 - 4: “Change in Logic State” Identification Bits

These bit-fields are “Reset Upon Read” and are controlled by “Change of State Detectors”. These “Change of State
Detectors” are provided for input pins IPO through IP3. If these “Change of State Detectors” detect a change in logic
state in any of these four input pins, then they will identify the “toggling” input by setting the corresponding “Delta” bit-field
(within the IPCR) to “1”. Ifthe “Change of State Detectors” do not detect a change of state, at a particular input, then they
will reflect this by keeping the corresponding bit-field(s) set to “0”.

In other words, if input pin IP3 experiences a change in logic state, then bit 7 will contain a logic “1”.

Bits 3-0: “The Current State of Input Pins IPO - IP3”

These bit-fields are“Read Only” and reflect the current logic state at the IP0O through IP3 input pirg\
In order to enable the “Input Port Change of State” interrupt, one must do the following. Q§

e Write the appropriate data to the lower nibble of ACR. The bit formats for ACR is prese@d below. Please note
that the applicable bits, within the ACR register, are shaded. &)

® The upper nibble of the IPCR will indicate which of the four inputs pins experienc e change of state. The
lower nibble of the IPCR presents the present state of these pins. Therefore, w reading the IPCR, in re-
sponse to the “Change of State” interrupt, the CPU will determine: \0 00
e  The input pin(s) that toggled \"Q $
o The final state of the changing input pin

e  Setting IMR [7] 6\0 QQ’

Q& 0
Bit 7 Bité | Bits | Bit4 \PIt3 O Bit 2 Bit 1 Bit 0
BRG Set Counter/Timer Mode and Source Gﬁelt@% Delta IP2 Delta IP1 Delta IPO
Select 0 IntWupt Interrupt Interrupt Interrupt
0= Set 1 See Table 7 \\ & OFF 0 = OFF 0 = OFF 0 = OFF
1=Set 2 ‘9 A = ON 1= ON 1= ON 1= ON

- OV
Table 14. As?- ,%Qiliary Control Register
O &

Note:

This “two-tiered” interrupt enabling/disabling pQ) \'orthe“lnputChange of State” interrupt allows tremendous flexibility for the
user. Setting or clearing the bitsin ACR[3:C$L? W user to specify exactly which Input Port pins to be enabled (or disabled) for
generating the “Input Port Change of Statﬁ" erw)t. Setting or clearing IMR[7] allows the user to “globally” enable or disable this

interrupt. (¢)
» 5’
S)

\ (\Q’

R 9

<
NI

™
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F. OUTPUT PORT

The DUART consists of an 8 bit parallel output port. The
output port can be used as a general purpose output or
can be used for output timing and status signals by
appropriately programming of the mode registers (MR1A,
B and MR2A, B) and also the output port configuration
register, OPCR. When used to output status signals the
output port pins are open drain, which allows their use ina
wire OR interrupt scheme.

Programming the output port is a little different from the
conventional writes to a typical parallel port or the data
bus. The output port circuitry consists of the Output Port
Register (OPR), and the output port pins themselves.
The contents of the OPR are complements of the actual
state of the output port pins. For example, if the bit OPR[5]
is setto alogic “1”, this will result in the OP5 pin being ata
logic “0”. Likewise, ifthe bit OPR[5] is setto alogic “0”, this
results in the OP5 pin being at a logic “1”. The other thing
that makes programming the parallel port a little odd is the
procedure that one must use to accomplish this feat.
When writing to this parallel output port, one must invoke
one of the two address triggered commands: “SET
OUTPUT PORT BITS” and “CLEAR OUTPUT PORT
BITS.” Itisimportant to note that when invoking the “SET
OUTPUT PORT BITS” command, the user is setting the

bits (to logic “1”) in the OPR. However, this action results&

in setting the corresponding output port pins, to logic 6
due to the complementary relationship between the&t

of the output port pins and the bits in the OPR. Lj is%
when the “CLEAR OUTPUT PORT BITS” co

invoked, the specified bits, within the OPR ar 1o
logic “0”. However, the corresponding outpu( sare

set to the logic “1” state.

&a Power-on
Reset (POR), is all “0”. Therefore f each output

The state of each bit withinthe O &
st
port pin, following a POR is Io

The bits of the OPR can %ge @Ieared individually. A
bit is set by the address‘iNdg “SET OUTPUT PORT
BITS” command (see Tableﬁvith the accompanying
data, at the data bus, specifying the bits, within the OPR,
to be set (1 =set, 0 = no change). A bitis cleared by the
address triggered “CLEAR OUTPUT PORT BITS”
command (see Table 1) with the accompanying data, at
the data bus, specifying the bits to be reset (1 = cleared, 0
= no change).
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F.1 Writing Data to the OPR/Output Port Pins

As mentioned earlier, the state of the OPR and
consequently, the output port pins is controlled by two
“Address Triggered” commands.

e Set Output Port Bits Command

e (Clear Output Port Bits Command
The procedure and effect of using thegse commands are
discussed in the following section. QQ

F.1.1 SET OUTPUT PORT BI&OMMAND

The actual procedure used tgyjnvoke the “SET OUTPUT
PORT BITS” command the same as writing the
contents on the data b 'g 7 - DO) to DUART Address
OEq¢ for (OP7 - r every “1” that exists within the
latched con’@? data bus, the corresponding bit,
W|th|nthe0 is ttoaloglc “high”. For every “0” that is
present bus and is written to DUART Address
OE'S, tlést e\of the corresponding bit, within the OPR is
unc

ou@»state this another way as: For every “1” that is
sé¥on the data bus, during the use of the “SET

T PORT BITS” command, the corresponding
&%ut port pinis set to a logic “low”. And for every “0” that
esent on the data bus, during this command, the state

of the corresponding output port pin is unchanged.

For example:

Suppose that the content of the OPR are OPR[7:0] = [0, O,
0,0,1,1,1,1]. Hence, the state of the output port pins are
as follows:

[OP7,0P6, OP5, OP4, OP3, OP2, OP1, OPQ] =
0,0,0,0]

If we write the following to DUART Address OEqg;
[D7,...,.D0] =[1,1,1,1,0,0, 0, 0]; the resulting state of the
output port register bits follows:

OPR[7:0] =[1,1,1,1,1,1,1,1].

Consequently, the state of the output port pins are as
follows:

[OP7, 0P8, OP5, OP4, OP3, OP2, OP1, OPQ] =
0,0,0,0]

This example of the “SET OUTPUT PORT BITS”
command is illustrated in Figure 14.

[111’1’17

[Oa Oa 01 07

™
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State of Output Port Pins (OP7 - OP0Q)

initial OPR(7:0] [ o] o oJo [ 1] 1] 1] 1] [1[1]1]1]ofo] o] o

DataBus, 07-D0 [1]1]1 [1JoJ o] o] o] ==>>[ oDuARTAddressoEn |

§
RS
&Q'

Final OPR[7:0] [ 1[4 [+ [+ [+]1]1] 1] [ of of ofofof of o QOT
9\%
Figure 14. lllustration of the “SET OUTPUT PORT BLQ and and its
Effect on the Output Port Register and the State of C&put Port Pins.

6 i

In summary, for the “SET OUTPUT PORT BITS” the he corresponding OPR register bit, and in

command; ate of the output port pin is unchanged.

Dn = 0; results in no change for OPR[n], nor output port %r gmple:

pin OPn. @ Syppose that the contents of the Output Port Register,
_q. . aqn . =[1,1,1,1,1,1,1, 1]. Consequently, the state of the

grllr:j,“gfsults in OPR[n] = “1”, and output port pin, \g\ utput port pins are:

O 00 [OP7, OP6, OP5, OP4, OP3, OP2, OP1, OP0] = [0, 0, 0, 0,

F.1.2 CLEAR OUTPUT PORT BITS COMMA\‘D) Q. 0.0.0,0]
If we were to write [D7,...,D0] =[1,1,1,1,0,0,0, 0] to
g 5& | DUART address OF 16, the resulting contents of the output
similar

The procedure for invoking this comma%ﬁ port register will be:
to that for “SET OUTPUT PORT BR[S* G@MMAND”; OPR[7:0] = [0, 0, 0,0, 1, 1, 1, 1]

except that the user now writes to D&ﬂ dress OF 16 _ _ _
for [OP7,...,0PQ]. 6 X Further, the resulting state of the output port pins will be:

()
For every “1” that is “writtﬁ(ot s address, the [OP7,0OP6,0PS, OP4,0P3, OP2, OP1,0P0] =[1,1,1,1,
s

corresponding bitinthe O SNistedis set to a logic “low” 0,0,0,0]
and the corresponding p@pin, OPnissettoa This example of the “SET OUTPUT PORT BITS
logic “high”. For every “O% %@ written to this address, COMMAND” command is illustrated in Figure 15.

P re 20 S J g S S TOM
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Initial OPR[7:0]

KN OnEE

Data Bus, D7 - DO | 1|1 |1 |1 |o|o|0|0||:>|

Final OPR[7:0]

ol ]

Lofofo]o

State of Output Port Pins (OP7 - OPOQ)

Lofofofofofofo] o

DUART Address OFh |

RIENEEE

oo

O ~AY
O

Figure 15. lllustration of the “CLEAR OUTPU ;Os & Command and its

Effect on the Output Port Register and the

N
0,1,0,1] (€)

O
In summary, for the “CLEAR OUTPUT P@ &S

command; o\'
Dn = 0, results in no change for OPR[n] & no&ange in

the state of the output port pin, OPn. X, ‘Q)
Dn =1, results in OPR[n] =0, and ?th &rresponding
output port pin to a logic ‘1. @ Q;Q'
Qg
¢ @
NS
A b‘b
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T T
g:he Output Port Pins.

R

*,

(o 4

[OP7,0P6, OP5, OP4, OP3, OP2, OP1, OPO] =1 ,6(1,1,0&F.2 Output Port Configuration Register (OPCR)

The output port pins can be used as general purpose
output pins, or they can be configured to be used in
alternate functions. Table 15 lists the alternate functions
of each of the output port pins.
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Output Port

Alternate Function(s)

OPO

OP1

OoP2

OP3

OP4

OP5

OP6

OoP7

RTSA:
tion.

RTSB:
tion.

TXCA_16X Output: Channel A 16X Transmitter Clock Output:
TXCA_1X Output: Channel A 1X Transmitter Clock Output.
RXCA_1X: Output: Channel A 1X Receiver Clock Output.

TXCB_1X Output: Channel B 1X Transmitter Clock Output:
RXCB_1X Output: Channel B 1X Receiver Clock Output.

C/T_1_RDY: The Counter/Timer Ready Output for C/T #1.
when used as the Counter/Timer Ready Output.

Note: This output is a@n-Drain output
RXRDY/FFULL_A Output: Channel A Receiver Ready/FIFO Full Indicator. . This is an Open-
Drain output for the RXRDY/FFULL_A function.

RXRDY/FFULL_B Output: Channel B Receiver Ready/FIFO Full IndicatQQ\lote: This is an Open-
Drain output for the RXRDY/FFULL_B function. N

TXRDY_A Output: Channel A Transmitter Ready Indlcator ThIS |s@pen Drain output for the
TXRDY_A function.

TXRDY_B Output: Channel B Transmitter Ready Indica ?T@ an Open-Drain output for the
TXRDY_B function.

Request-to-Send (RTS) output for channel A. Note: This output is Active Low for the RTS func-

Request-to-Send (RTS) output for channel B. Note: This output is Active Low for the RTS func-

A

o

Table 15. Listing of the Alternate Fun@br@r the Output Port

*,
Many of the Alternate Functions of the various output port pin%& @ed by writing the appropriate data to the OPCR.

The bit format of this register follows. Q Q
& g
Bit 7 Bit 6 Bit 5 it 4 6\ Bit 3 | Bit 2 Bit 1 | Bit O
OP7 OP6 OP5 C,OP4 v OP3 OP2
0 = OPR[7] 0 = OPRI[6] 0 = OPR[5] ﬂg oeﬁ[4] 00 = OPR([3] 00 = OPR[2]
1=TXRDYB 1= TXRDYA 1= RXRDY/O @XRDY/ |01 = C/T #1 Output 01 = TXCA (16X)
FFULLB & F\, LLA 10 = TXCB(1X) 10 = TXCA (1X)
11 = RXCB (1X) 11 = RXCA (1X)
\°' N
Table léobb&t Port Configuration Register - OPCR
Note:

MR1n[7] =

OPCR only addresses the alter?te %IOI’IS for output port pins, OP7 - OP2. OPO0 and OP1 assume their RTS roles if either
1 or MR2n[5] = 0s

e mode register bits enables the RTS function. Otherwise, these two ports will only be

general purpose output K
‘b

G. SERIAL CHANNELS A and B

Each serial

P re 20 S J g S S

channel
full-duplex asynchronous receiver and transmitter. The
two channels can independently select their operating
frequency (from the BRG, the C/T, or an external clock) as
well as operating mode. Besides the normal mode in

of the DUART comprises a  which the receiver and transmitter of each channel
operate independently, the DUART can be configured to
operate in various looping modes, which are useful for
local and remote diagnostics, as well as in a wake up

mode used for multi-drop applications.

TEM
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In this section certain symbols will be used to denote
certain aspects of the Transmitter and Receiver. The
definition of some of these symbols follows.

TXDn - Transmitter (Serial) Data Output for Channel n
TXCn - Transmitter Clock Signal for Channel n

RXDn - Receiver (Serial) Data Input for Channel n
RXCn - Receiver Clock Signal for Channel n

This section of the data sheet discusses the resources
that are available to each channel. These resources are
listed below:

® Transmitter (Transmit Holding Register and Transmit
Shift Register)

® Receiver (Receive Holding Register and Receive
Shift Register)

e Status Register
o Mode Register

® Command Register (See Section B.2, Command
Decoding)

Transmitter Clock (from Timi

TXCn

From data bus.
Parallel Data from
the CPU \

® Clock Select Register (See Section D, Timing Con-
trol Block)

G.1 Transmitter (TSR and THR)

The transmitter accepts parallel data from the CPU and
converts it to a serial bit stream where it is output at the
TXDn pin, adding start, stop and optional parity bits as
required by the asynchronous protocol.

Each transmitter consists of a Tra
(TSR) and a Transmit Holding Regi
is actually a 1 byte FIFO. Figure resents a simplified
illustration of the TSR and T;@ The CPU initiates the
transmission of serial data by ing character datatothe
THR. The character wﬂl%\ aded into and processed

it Shift register
HR). The THR

through the FIFO, unt aches the TSR. During the
transition from the TH e TSR, the character data is
serialized and’ tted out of the chip via the TXDn

pin.
\“ \Cs
5\0
G

Transmit Shift Register ———>» TXDn
A A A A AAA Outgoing
Serial Data

Register

Transmit Holding

Figure 16. A Simplified Drawing depicting the Transmit Shift Regis-
ter and the Transmit Holding Register.
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Whenever a transmitter is idle or inactive, the TXDn
output for that particular channel will be continuously
marking (at a logic “high”). However, just prior to the
transmission of a character, the transmitter alerts the
receiver by generating a START bit. The START bit is
basically the TXDn output toggling “low” for one bit period,
following an idle period or the STOP bit of the preceding
character. Immediately after transmission of the START

Transmitter Idle
or Stop Bit

/ 1 0 1

TXDn

bit, the least significant bit of the character will be sent first
followed by progressively more significant bits. If the
communication protocol calls for it, the transmitter will
send a “parity” bit between the most significant bit of the
character and the STOP bit. Figure 17 presents the
waveform (format) of the transmitter (TXDn) output. In
this case, the transmitter is sending 5B¢g, with 8-N-1
protocol (8 bits per character, No-parity, 1-Stop Bit).

f

Start Bit

Figure 17. The Output Waveform of“@
while sending 5D1g (8-N-1

The DUART can be programmed to generate an interrupt
request to the CPU by setting IMR[0] and IMR[4] for
channels A, and B, respectively. In this case, the DUART
would generate an interrupt request anytime atransmittx
THR and TSR are empty of characters. The CPU@
service this interrupt request by writing a character

empty THR.

The transmitter can be enabled or disab wﬁme
command register (see Table 2 in Sectio the
command is issued to disable the trans ér there
are still characters in the THR and T ansmitter
will continue transmitting all of the r inigg*data within
the THR and TSR, until they ar mgietely empty of
characters. No new character§? ttentothe THR

once the DISABLE TRANSMI Fb mmand has been
issued.

‘0*@
NG

P re 20 S J g S S
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Stop Bit

Qfae,éwer (RSR and RHR)

Q’T nctlon of the serial receiver is to receiver serial data

e RXDn input; convert it to parallel data, where it can
e read by the CPU. The receiver is also responsible for

heQ computing and checking parity, if parity is being used.
0

The receiver consists of the Receive Shift Register (RSR)
and a Receive Holding Register (RHR). The RHR is, in
essence, athree byte FIFO. The receiver receives data at
the RXDn pin, where it is processed through the RSR.
Afterwards, the data is converted to parallel format, and is
transferred to the RHR. This character is then processed
through the 3 bytes of FIFO. Once the received character
reaches the top of the FIFQ, it can be “popped” or read by
the CPU; when it reads the RHR. Figure 18 depicts a
simplified drawing of the receiver.

™
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Receive Shift Register

Incoming RXDn

Receiver Clock (from Timing Block)

RXCn

Serial Data

VVVVYVYVYY

RN

> To data bus
To be rea@ﬂ CPU

—>

—> "o

Receive Holding
Register

N\
(;\Q»

Figure 18. A Simplified Drawing of th ‘Qéc QT Shift
Register and Receiver Holdipg\Regigrer
N

The receiver functions by sensing the voltage level at the
RXDn input. When the far-end transmitter is idle, its TXDn

output (and consequently, the RXDn input) i
continuously “marking”. During this period the receiver |
inactive and is not receiving or processing any d
However, when the far-end transmitter sends the ST,

bit, (with its TXDn output toggling “low”), a receiv ck,O
which is 16 times the baud rate (with the16x @

start sampling this START bit. If the receiver

S

that its RXDn input is still “low” after its 7th hen
the receiver hardware considers this si to valid
START bit. If the RXDn input is nq;m w”@t the 7th
sample, the receiver will ignore this 49 d pulse as
“noise”. From this 7th sample on, th&ecdiyer will sample
each successive bit at one bit-, d&ervals (1/baud
rate) with the 1x clock. The 0S this 16x clock is

then two-fold.

‘0*@
NG
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Q \

%that the detected “low” level in the RXDn input
ed a START bit.

gstabllsh the phase relationship between the 1x bit
mpling clock, and the incoming serial data stream.
The idea is to sample each data bit in the middle of its
bit period.

Please note that if a 16X clock is selected for the receiver,
over-sampling procedure occurs with each and every
start bit.

The receiver will continue to sample (and receive) each
bit of the character that follows the START bit, at one-bit
time intervals. Upon reception of the character’s MSB the
receiver will check parity (if programmed) or will sample
for the STOP bit. If the receiver samples a mark condition
at this time and the parity check (if any) was valid; a
successful reception of the character is presumed; and
the receiver will prepare to sense and oversample the
occurrence of the START bit for the next character.

1.

™
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Receiver Errors

If the receiver does not sample a “mark”, at the presumed
time of the STOP bit, a Framing Error (FE) is flagged by
setting, SRn[6] =1. If, upon complete reception of the
character, the subsequent parity check is incorrect, a Parity
Error (PE) is flagged by setting SRn[5] = 1. If the RHR was
full, and another character existed in the RSR; and if more
data enters the DUART via the corresponding RXDn pin;
then the character in the RSR will be overwritten, and a
“Receiver Overrun Error” (OE) condition will be flagged in
the Status Register (SRn[4] = 1). This phenomenon
obviously results in a loss of data.

Finally if the RXDn input is held at the space condition for
an entire character period, and no STOP bit was detected
(STOP bit sampling resulted in a space); a Received
Break condition (RB) is presumed. When this condition is
detected several things happen.

1. The “Received Break” condition is flagged in the
Status Register (SRn[7] = 1).

2. The “Break” character is loaded into the RHR.
However, no further data is received or loaded into the
RHR until the RXDn input returns to the “mark”
condition.

3. The corresponding “Delta Break” interrupt is

requested (if programmed) and flagged in the interrupt Q'

status register. \

Once the RXDn input returns to the “mark” cond@,
subsequent characters will be loaded into the RH@ n
the corresponding “Delta Break” interrupt con n

22 EXAR

once again be requested (if programmed) and flagged in
the interrupt status register.

The DUART can be programmed to generate an interrupt
request to the CPU if a RXRDY (Receiver Ready) or a
FFULL (FIFO Full) condition exists for either channel. A
RXRDY condition exists when at least one character of
data exists within the RHR, and is ultimately waiting to be
“popped” and read by the CPU. The FFULL condition
exists when the RHR is completely full and cannot accept
any new characters from the RSR u \e CPU has read
or “popped” the FIFO. The user elect the interrupt
request to occur due to either (b both) the RXRDY or
FFULL condition via the chan ode registers. These
interrupts are enabled by s@'n IMR[1] and IMR[5] for

channels A and B, respec&ly.
Each channel is equipp@ ith numerous other registers

that are used @rw control and monitoring of these
channels. $e ese registers were discussed in
earlier sgc{ko S e data sheet. However, a detailed

e remainder of these registers are

discussioN
prese&i i6Qh following selection.
({'@M(@‘E\Registers, MR1n and MR2n

Q
de registers, allow the user to specify the protocol
p eters that he/she would like the channel to run at.

se registers also allow the user to configure the
UART channels to engage in modem handshaking

Q" techniques. The bits within each of these registers are

discussed below.

\
Bit5‘n\ Eégxm | Bit 3

Bit 7 Bit 6 Bit 2 Bit 1 Bit O
Rx RTS Rx Interrupt | Error Mpde. 0‘ Parity Mode Parity Type Number of Bits
Control Select Sel\ 'S Select per Character

0=No 0=RxRDY Ochq?ac 00 = With Parity 0 = Even 00=5
1 =Yes 1=FFULL (e )z] 01 = Force Parity 1 =0dd 01=6
‘ Q 10 = No Parity 10=7

Q © 11 = Multi-Drop Mode 11=8

&‘Q

Tabl

&

§b
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17. The Bit Format for Mode Registers MR1A and MR1B
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MR1n for each channel is accessed when the channel’s
MR pointer points to MR1. The pointer is setto MR1n by a
hardware RESET or by a “RESET MR POINTER”

command invoked via the channel’s command register.
After any read or write to MR1, the MR pointer will
automatically point to MR2.

Table 18. The Bit Format for Mode Registers MR2A and{§28

MR21n[7] - Receiver Request to Send Control

Ordinarily, RTS (Request to Send) is asserted or negated
by invoking the “SET OUTPUT PORT BITS COMMAND”
or “CLEAR OUTPUT PORT BITS COMMAND” in the
appropriate manner. However, if MR1n[7] = 1 is set, then
the receiver will have control over the negation of the
RTSn output. Specifically, setting this bit will allow the
receiver to negate RTSn if its RHR is full. This “flow

» : . . . ch
control” technique is useful in preventing receiver overrun@

errors.

@
Figure 24 presents a diagram which illustrate
receiver-controlled request to send conflgurat@w
function. Q’

MR1n[6] - Receiver Interrupt Select o\

This bit selects either the RXRDY statu@&k e FFULL
status bit of the channel to be use criteria for

generating an interrupt request t@éaeeu ISR[1] for

channel A and ISR[5] for chann{QB

Q@e
&\\
N
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Channel Mode Tx RTS CTS Enable Bit Length
Control Tx

00 = Normal 0=No 0=No 0=0.563 8 =1.563
01 = Auto Echo 1=Yes 1=Yes 1=0.625 9=1.625
10 = Local Loop 2=0.688 A=1.688
11 = Remote Loop 3=0.750 =1.750
4 =0.813 9 1.813
5=0.875 é =1.875
6 =0.938 Q_ E =1.938
7 =1.000 ‘; F = 2.000

N

o

9

MR1n[5] - Select

This bitco c st peratlon ofthe three FIFO status bits

(PE,F Break) for the Channel. If this bitis set
to “0’ artlcular channel will operate in the
“Ch rror mode. If this bits is set to “1”, this

&ul&annel will operate in the “Block” error mode.

'Q\ th&‘laracter mode these status bits apply only to the

cter that is currently at the top of the FIFO. In the
k mode, these bits represent the cumulative logical
of the status for all characters coming to the top of the
FIFO since the last “RESET ERROR STATUS” command
for the channel was issued.

MR1n[4:3] - Parity Mode Select

If “WITH PARITY” or “FORCE PARITY” operation is
programmed, a parity bit is added to the transmitted
characters and the receiver performs a parity check on
received characters. See Section H.2 for description of
Multi-Drop Mode operation.

™
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MR1n[2] - Parity Type Select

This bit selects ODD or EVEN parity if “WITH PARITY
MODE” is programmed and the state of the forced parity
bit if the “FORCE PARITY” mode is programmed. In the
multi-drop mode it selects the state of the A/D flag bit.
This bit has no effect if “NO PARITY” is selected in
MR1n[4:3].

MR1n[1:0] - Bits per Character Select
Selects the number of bits to be transmitted and received

in the data field of the character. This does not include
START, PARITY, and STOP bits.

RXCn TXCn

Incoming RXDn

Serial Data q

Receive Holding lg\
Register K ¢)
¥ &
o2 h9

Mode Register 2 (Channels A and B)

MR2n for each channel is accessed when the channel’s
MR Pointer points to MR2n, which occurs after any
access to the channel’'s MR1 register. Subsequent reads
or writes to MR2n does not change the contents of the MR
pointer.

MR2n[7:6] - Channel Mode Select

Each Channel can operate in one of four modes.

e Setting (MR2n[7:6] = 00 configures\hrﬁ channel to
operate in the normal mode ode, the re-
ceiver and transmitter operat ependently.
Figure 19 presents a dlagraQ epicting normal
mode operation.

RS

Qr .@\ Shift Register TXDn > Outgoing Serial

Transmit Holding

& Register

From data bus.
(Parallel data from the CPU)

Figure 19. A Block Diagram Depicting Normal Mode Operation

P re 20 S J g S S
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® Setting (MR2n[7:6] = 01 places the channel in the 1. Received data is transmitted on the channel’s TXD
automatic echo mode, which automatically re-trans- output.
mits the received data. Figure 20 presents a dia- 2. The receiver must be enabled but the transmitter need

gram depicting automatic echo mode operation.

t led.
The following conditions apply while in this mode. not be enab

RXCn TXCn Q\
&

RXDn v A T
Incoming  —————> Receive Shift Register »| Transmit Shift Register —?—» Outgoing Serial

Serial Data Data
w
(N

V' | | Transmit Holding

A

%
e

Register
. . + Av PN
Receive Holding
Register < 6 ‘-ea
N

; S &
¥ O
To data bus o Q’ CPU has no access to
(To be read by the C Q the Transmitter

\ 0
Figure 20. A BIooJéSta m Depicting “Automatic Echo Mode” Operation
3. The channel’s TXRDY andQS(Eﬁstatus bits are 7. CPU to receiver communications operates normally,
inactive. ‘Q \'b' but the CPU to transmitter link is disabled.
4. The received parity is ¢ but is not generated for Each DUART channel can be configured into one of
transmission. Thus, transmitted parity is as received. two diagnostic modes.

5. Character framing is checked but the stop bits are  Local Loopback Mode

transmitted as received.
This mode is selected by setting MR2n[7:6] =

6. Areceived break is echoed as received until the next Figure 21 is a diagram depicting local loopback mode
valid start bit is detected. operation.

™
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& Vcc
)
TXCn
RXDn Receive Shift Register [€ > Transmit Shift Register ——> TXDn
VVVVYVYVYYVYY \
I Trans@ding
L
ter
Receive Holding A e
Register 9\
) S
L)
%

. <

6 N &\Q
&

To data bus q? F!Qm data bus.

(To be read by the CPU) Q | Data from CPU)
Xo) b
\)

Figure 21. A Block Diagram Depicti&@“L | Loopback Mode” Operation
V5
v
$ S
In this mode: 6 ©

)
1. The transmitter output is internally conn d tal'he 4. The channel’'s RXDn input is ignored.
receiver input. >

\ (o) 5. The transmitter is enabled, but the received need not
2. The transmit clock is used for the r&cx?/eg be enabled.
(€) 6. CPU to transmitter and receiver communications
3. The channel’s TXDn output is IS& m\r'&ng (high). continue normally.
o (*/)
Q
NPy
o ©
&‘Q 4
b‘b

P re 20 S J g S S TOM

50



22 EXAR

XR68C681

A A LA

Remote Loopback Mode

This mode is selected by setting MR2n[7:6] = 11.
operation.

RXCn
Incoming RXDn ¢
Serial Data —>{ Receive Shift Register

Figure 22 presents a diagram depicting remote loopback mode

TXCn Q\

Receive Holding
Register

¢ TXD, é .
Outgoing
\$ ) Serial Data

Transmit Shift Register
Transmit Holding

Register

\“ \;‘Z§

5\0

Note: The CPU has no access to the Se Q @wg Remote Loopback Mode.

Figure 22. A Block Diagram Depl@q

0
In this mode:
1. Received data is transmitted on the chan@ &
output

2. Received data is not sent to the
status conditions are not checke$

3. Parity and framing (stop bi
received. $ ‘Q

4. The receiver must be en@gd

5. The received break‘& c@ as received until the

next valid start bit is dete

MR2n[5] - Transmitter Request-to-Send Control

Ordinarily, the RTS (Request to Send) output is asserted
or negated by invoking the “SET OUTPUT PORT BITS
COMMAND” or “CLEAR OUTPUT PORT BITS

ARV VAL S
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\?
the error

ar&ansmltted as

g “&mote Loopback Mode” Operation

<°

COMMAND?” in the appropriate manner by the system
software. However, setting MR2n[5] = 1 allows the
channel transmitter to negate RTS automatically, one bit
time after the characters in the TSR and THR have been
transmitted and are now empty.

Figure 26 presents a diagram illustrate how a
transmitter-controlled request to send configuration
would function.

MR2n[4]

If this bit is a 0, the channels CTSn input (IPO for channel
A, or IP1 for channel B) has no effect on the transmitter. If
the bit is a “1”, the transmitter will check the state of its
CTSn input each time is it ready to send a character. If
CTSn is low (or “true”), the character is transmitted. If
CTSn is high (or negated), TXDn remains in the marking
state and the transmission of the next character is
delayed until CTSn goes low. Changes in the CTSn input

- Clear to Send Control

™
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while a character is being serialized do not affect
transmission of that character. This phenomenon is
further illustrated in Figure 24 and Figure 26

MR2n[3:0] - Stop Bit Length

This bit field programs the duration of the stop bits
appended to each transmitted character. Stop bit
duration of 9/16 to 1 bit time and 1 9/16 to 2 bit times, in
increments of 1/16 bits can be programmed for character
lengths of 6, 7 and 8 bits. For a 5 bit character, the stop bit
duration can be programmed from 1-1/16 to 2 bit times.

If an external 1x clock is programmed for the transmitter
clock (TXCn), MR2n[3] = 0 selects a stop bit duration of
one bit time and MR2n[3] = 1 selects a duration of two bit
times for transmission.

The receiver only checks for mark condition at the center
of the first stop bit (that is, one bit time after the last data or
parity bit is sampled) regardless of the programmed

22 EXAR

a “mark” a “Frame Error” (FE) is flagged in the Status
Register.

G.4 Status Register, SRn

The status register provides the user with status on the
RHR and THR (receiver and transmitter FIFOs,
respectively); and serves to provide the CPU with a
measure of the quality of the reception of data by the
receiver. FIFO status indicators are useful in polled
systems and allows the CPU to check and see if the
Transmitter is empty and/or is rea r data from the
CPU. The FIFO status indicators a dicate whether or
not the RHR has a character, w is waiting to be read
by the CPU, or is full and inca of receiving any more
characters without an ove > The transmitter and
receiver FIFO status indi rs are located in the lower
nibble of the status regi

The upper nibl? of status register alerts the user of
any data re§ io ors. The bit-format of the Status
#Jssion of each bit follows:

transmitted stop bit length. If the receiver does not sample Register'aé
N D
Bit 7 Bit 6 Bit 5 Bit 4 BA@ Qc Bit 2 Bit 1 Bit O
Received Framing Parity Error Overrun .{@Mb‘ TXRDY FFULL RXRDY

Break Error Error 1’\\, \Q

0=No 0=No 0=No 0=No J@" 0a%0 0=No 0=No 0=No

1=Yes 1 =Yes 1 =Yes 1=Yes (Qi Q,Q(es 1 =Yes 1 =Yes 1=Yes

Table 19. The Bit Format h atus Register’s SRA and SRB
Y O
Y
. o oY

SRn[7] Received Break * \Q’
This bit indicates that an all zero cha@g Qf the If the error mode of the channel has been set to
programmed character length was redgwed Without a  “Character” Mode, this bit only applies to the character at

stop bit. Only a single FIFO position j ccmgéd when a
break is received. Additional tran i e FIFO are
inhibited until the RXD line return he

@arking state for
at least half a bit time. This is ( two successive
edges of the internal or externaf 1x@&dck.

When this bit is set, the @n CHANGE IN BREAK
STATUS” bitinthe ISR is sét. bitin the ISR is also set
when the end of the break condition, as defined above, is
detected.

The chip’s break detect logic can detect breaks that begin
in the middle of a character. However, the break must
persist until the end of the next character time in order for it
to be detected.

P re 20 S J g S S
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the top of the RHR. This bit will be cleared if the RXDn
input is brought to a logic “high” level, in the next
character.

If the “Error” mode has been set to “Block” mode, then this
bit, once set will remain asserted until the “RESET
ERROR STATUS” command has been invoked (please
see Table 2).

SRn[6] Framing Error

Following reception of the character bits, and any
associated parity bit, the receiver will check for a “mark”
condition one bit-time following the last data or parity bit.
This “mark” condition is the STOP bit. Ifthe receiver does

™
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not detect a “mark” at this time, the bit is toggled “high”
flagging the occurrence of a Frame Error (FE).

If the error mode has been set to “Character” mode, this
bit only applies to the character at the top of the RHR. If
this bit is set for a given character, it will be cleared if the
STOP bit is properly detected in the next character.

Ifthe “Error” mode has been set to “Block” mode, then this
bit, once set will remain asserted until the “RESET
ERROR STATUS” command has been invoked (please
see Table 2). Please note that if the error mode is “Block”
this bit, in the status register will remain set, for all
subsequent characters, independent of the condition of
these received characters, until the “RESET ERROR
STATUS” command has been invoked.

SRn[5] Parity Error

This bit is set when the “WITH PARITY” or “FORCE
PARITY” modes are programmed and if the
corresponding character in the data FIFO was received
with incorrect parity.

If the error mode has been set to “Character” mode, this
bit only applies to the character at the top of the RHR. If
this bit is set for a given character, it will be cleared if the
received parity is correct in the next character.

Ifthe “Error” mode has been set to “Block” mode, then th|

XR68C681

SRn[3] Transmitter Empty (TXEMT)

This bit is set when the transmitter underruns. It is set
after transmission of the last stop bit of a character and if
there is no character in the THR or TSR awaiting
transmission. This bit is cleared when the transmitter is
disabled, or when the CPU writes a new character to the
THR.

SRn[2] Transmitter Ready (TXRDY)

This bit, when set, indicates that th
ready to accept a character from
cleared when the CPU writes a
and is set when that characte ransferred to the TSR.
TXRDY is set when the trans, r is initially enabled and
is reset when the transr& r is disabled. Characters

R is empty and
CPU. The bit is
haracter to the THR,

loaded into the THR wh e transmitter is disabled will
not be transmlttgj

SRn[1] F|E\@uu$cQFULL)

This bifNs se@hen a character is transferred from the
RSR @) R and the transfer causes it to become full
(i; QII e FIFO positions are occupied). It is reset
\@1 PU reads the RHR. If a character is waiting in

P&écecause the FIFO is full, FFULL will not be reset
w the CPU reads the RHR.

bit, once set will remain asserted until the RES
ERROR STATUS” command has been invoked (pI @n[o] Receiver Ready (RXRDY)
k”

see Table 2). Please note that if the error mode i |s
this bit, in the status register will remain aQ,
subsequent characters, independent of the c&l
these received characters, until the “RES

éo

STATUS” command has been invoked. (
SRn[4] Overrun Error \.\ <
(4] O ’b‘
@e racters in the
se@ipon receipt of a
nd a character is

pty FIFO position.
e RSR is overwritten.

If set, this bit indicates that one or
received data have been lost.
new character when the FIF

already in the RSR waiting ®r a
When this occurs, the ch& er,&

Please note, that unlike the tatus register bits for FE
(Framing Error), PE (Parity Error) and RB (Received
Break), the OE (Overrun Error) indicator is always flagged
on a “Block” error mode basis. The OE condition is never
flagged on a character-to-character basis, and only
cleared whenthe “RESET ERROR STATUS” command is
invoked.
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This bit indicates that at least one character has been
received and is waiting in the FIFO to be read by the CPU.
It is set when a character is transferred from the RSR to
the RHR and is cleared with the CPU reads the last
character currently stored in the FIFO.

Please note that some of the conditions that are flagged
by the status register can also be programmed to
generate an interrupt request to the CPU. However, there
are some conditions that are flagged by the status register
that cannot be programmed to generate an interrupt.
These conditions are listed below:

o SRn[6]
o SRn[5]
e SRn[4] - Overrun Error

Therefore, if system level error-checking is not employed,
the user is recommended to validate each character by
checking the status register.

- Framing Error

- Parity Error

™
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H. SPECIAL MODES OF OPERATION
H.1 RTS/CTS Handshaking H.1.1 Receiver-Controlled RTS/CTS Handshaking

The DUART can be programmed to support RTS/CTS . ] - ]
handshaking, as a means of data flow control with other In this mode, the receiver has the ability to automatically

devices. This section describes two options that the  Negate the RTS output (to the transmitting device).
DUART allows the user in implementing RTS/CTS Specn‘_lcally,. t_hls modg allows thg receiver to negate tlhe
Handshaking. Specifically, these options are: RTS signal if its RHR is full; and, is thereby, very effective

) ) in preventing receiver overrun errors. Figure 23 presents
® Receiver-Controlled RTS/CTS Handshaking a diagram of an example illustrating the operation of the
o Transmitter-Controlled RTS/CTS Handshaking receiver-controlled RTS configuration

. o
Receiving Device Tran ng@ﬂce

% S
RXDA ‘ngxsﬁ’
L O
TXDA 0(,\ & RXDB
] — |
FFULLA -
,@\ &ﬂ‘
l(OP4) 00 0
»
To CPU \o Q’

RTSA

FFULLA { 8) —
[ Oy
>

RXDA

NOY
,(00 @
b‘b
Figure 23. Block Diagram and Timing Sequence of Two DUARTSs
Connected in the Receiver-RTS Controlled Configuration.
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Figure 23 shows two DUART devices, one labled
“Receiving Device” and the other labled “Transmitting
Device”. This example ignores the fact that the
“Receiving Device” has a transmitter and that the
“Transmitting Device” has a receiver. Further, this
example, is using channel A of the “Receiving Device”
and channel B of the “Transmitting Device”.

The example starts with the assumption that the
“Receiving Device” has been programmed such that
MR1A[7] = 1. According to Section G.3, this results in
programming the “Receiving Device” for receiver RTS
control. Additionally, the “Transmitting Device” has been
programmed such that MR2B[4] = 1. According to
Section G.3, the transmitter of channel B of the
“Transmitting Device” has now been programmed to be
under CTSB input control. In this example, the “Receiving
Device” controls the RTSA output signal. This output
signal is fed directly into the CTSB input of the transmitting
device.

If RHRA of the “Receiving Device” is full (as depicted by
the FFULLA output being at a logic “high”), RTSA will
automatically be negated by virtue of the receiver
controlled RTS features. Consequently, the channel B
transmitter of the “Transmitting Device” will have its CTSB
input negated and will not be permitted to transmit any
data to RXDA of the “Receiving Device”.

If the CPU reads (or “pops”) the RHRA of the recewmg&

device, RHRA will no longer be full, and the FFU
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indicator will toggle false. In this case, the FFULLA
indicator is connected to some input port of the CPU. In
response to the FFULLA toggling false, the CPU would
interpret this “negative-edge” of FFULLA as an interrupt
request. The CPU would service this “Interrupt” by
“writing” [D7,...,D0] = [0, O, O, O, O, 0, 0, 1] to DUART
address OEqg. This action executes the “SET OUTPUT
PORT COMMAND” and causes OPR][0] to toggle “high”
and output port pin OPO (or RTSA) to toggle “low”.
Consequently, RTSA is now asserted.

With the RTSA output of the “Receg
asserted the CTSA input of the “T.
now asserted as well, and da
“Transmitting Device” to the
permitted. )

Figure 23 shows the P.Q% input receiving data after
RTSA has been asse;gg owever, in this example, this
newly receivef.b ter now causes RHRA of the
“Receiving 0 be full. The FFULLA indicator
status |s, w rted and RTSA (of the “Receiving

Dewce§ automatically negated via the receiver
contr ?he RTS signal. Therefore, transmission

frc:@@hé B of the transmitting device is, once again,
i ite

9@24 presents a flow diagram illustrating an
ithm that could be used in implementing the
eiver-controlled RTS/CTS handshaking mode.

Device” being
mitting Device” is
nsmission from the
eiving Device” is now

™
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For Receiving Device
MR1A[7] =1

For Transmitting Device @

MR2B[7] = 1
| START | @Q
ASSERT RTSA é\'

Write 01h to QUART Address OEh KX

(This invokes the “SET OUTPUT N 6 Q,
PORT BITS COMMAND” and sets Q

the Output Port pin, OPO to a logic \?\
s Q

Asserted?

«©
RTSA is Au tlca

Negated b e|
Controlle tion.

Figure 24. A FIO%Q Depicting an Algorithm That Could be Used
to Apply v%ver Controlled RTS/CTS Handshaking Mode

60
L @ N\
H.1.2 Transmitter-Contrgl@d Rﬂ /CTS Handshaking

In this mode, the transmébr §Qhas the ability tonegate  this mode allows the Transmitter to negate the RTS
the RTS output (to the ReceiMing Device). Specifically, signal, one bit period after emptying its THR and TSR.
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Transmitting Device

Receiving Device

RTSA P2

(OPO) (RTS-in)

CTSA |¢ oP3

(GORM (CTS-out)

TXDA »| RXDB

TXRDY_A
(OP7)
To CPU Q§
TXRDY_A @
RTSA . Q‘Q_
_ o
CTSA . <
4 Q
RXDA
RN\

Figure 25. Block Diagram and Timing Seque@ce @'

wo DUARTs Connected

in the Transmitter-RTS Con’te e%&)nfiguration.
\)

Figure 25 shows two DUART devices, one labeled Qrarégn’itting Device” and allow it to transmit data to the
“Transmitting Device” and the other, “Receiving Device”. “F@@iving Device”.

This example starts with the assumption that t

“Transmitter Device” has been programmed such t
MR2A[5] = 1 which results
“Transmitting Device” for Transmitter-RTS Con

example further assumes that the “Transmittigy’D
has been programmed such that MR2A[4] = QAcétding
to Section G.3, the transmitter of c el of the

“Transmitting Device” has now been NG a{®1ed to be
under CTSA input control. 00 >

X
In the case of the “Receiving ce”@F2 (RTS-in) has
been programmed to generatdXn * t Port Change of

State” interrupt request to\t@% % he firmware for the
interrupt service routine§\l Aen such that if the IP2
input were to change and | [2] = 0, the CPU would
“write” [D7,..., DO] = [0, O, O, O, 1, 0, O, O] to DUART
address OEqg. In this step, the interrupt service routine
would invoke the “SET OUTPUT PORT BITS
COMMAND”, and in the process toggle OPR[3] to a logic
“high” and the output port pin, OP3, (CTS-out) to a logic
“low”. This would, in turn, assert the CTSA input of the
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in programm"g&(_l’_tg.o

&ce channel A transmitter has emptied both its THR and

SR of data, it will negate the RTSA output, via the
“Transmitter-RTS Control” feature. When the RTSA
output of the “Transmitting Device” is toggled “high”, the
IP2 (RTS-in) is also toggled “high”, thereby generating
another “Input Change of State” interrupt request to the
CPU. With IPCR1[2] = 1, the likely interrupt service
routine would be to “Write” [D7,..., DO] =[0, 0, 0,0, 1,0, 0,
0] to DUART address OF4g. In this step, the Interrupt
service routine would invoke the “CLEAR OUTPUT
PORT BITS COMMAND?”, and in the process toggle OP3
(CTS-out) “high”. This would in turn negate the CTSA
input of the “Transmitting Device” and inhibit the
transmission of data from the channel A of the
“Transmitting Device”.

Figure 26 presents a Flow Diagram which depicts an
Algorithm that could be used to implement the
transmitter-control RTS/CTS handshaking mode. Please
note that the shaded blocks pertain to occurrences within
the “Receiving Device”. Whereas the “White” blocks
pertain to operation within the “Transmitting Device.”

™
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START I

ASSERT RTSA

Generate “Input Port Change of State”

(Write 01H to DUART Address OEh)

A
»| Interrupt (IP2) in Receiving Device

CTSA INPUT IS ASSERTED.
Data transmission is now permitted <&

TOGGLE OP3 (CTS_out) PIN P2 = 1
“LOW” )
(Write 08h to DUART Address OEh) ’

»a
)

)
|S\
TXEMT

Asserted No
?

Yes

RTSA is Automatically Negated by
Receiver Controlled RTS Function.
(OPO toggles “High”)

|

CTSA INPUT IS NEGATED.

Yes

6\ R v
Avg &s ' TOGGLE OP3 (CTS_out) PIN
“HIGH”

A

Data transmission is disabled.

No \

<
L&

06 (Write 08h to DUART Address OFh)

Figure 26. A Flow Diagrit D ting an Algorithm That Could be Used to Realize
e

the Tran\r@

H.2 Multi-drop (8051 9 bit) Modéo Q’}.

Each serial channel of the DUA@ e configured to
operate in a wake up modéyus for multi-drop or
multiprocessor applicatio Ghi ection will first present
the concept of the mu o] de. Followed by, the
function and procedure of ofdrating the DUART in the
multi-drop mode.
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n@ontrolled RTS/CTS Handshaking Mode

H.2.1 Concept of Multi-Drop Mode

This mode is compatible with the serial “Nine bit Mode” of
8051 family microcomputers. In this mode of operation a
“master station”, connected to a maximum of 256 slave
stations is possible, as depicted in Figure 27

™
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Master Device

TXDn

1]

L

RXDn RXDn

00h 0th

RXDn RXDn

02h FFh

Slave Devices

N

Figure 27. An lllustration Depicting the Concept of Multi-Drop I\/@

&

MSB

Figure 28. Bit Format of Character
the Multi-Dro

The “Master Station” communicates to the “S \
Stations” by transmitting a character (typically a byt |th
an “Address/Data” bit flag appended to the en
character. This typically results in nine bits of %n
transmitted for every character byte, as p@s 89 in

Figure 28

When the “Master Station” wants t é’ns a block of
data to one of several slaves, it firspg€ndgtgut an address
e”. address byte

byte that identifies the “Target
differs from a data byte in thai(§te bitis a “1” in an

address byte and a “0” in a\,\ﬁta Wt :
X

An address byte, however, inérrupts all “Slaves” so that
each can examine the received byte to test if it (the
individual slave device) is being addressed. The receiver
ofthe addressed slave will be enabled and will prepare for
reception of the data bytes that follows. The slaves that
were not addressed will leaves their receivers disabled,
and will continue to ignore the data bytes that follows.
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—@TQ
[ €—— 8 Bit Character é@

.QQ)

Address/Data Bit

S&ng Transmitted in

&Qey will be interrupted again when the next address byte

is transmitted by the “Master Device”.

H.2.2 DUART Multi-Drop Operation

A given channel within the DUART is programmed into
the multi-drop mode by setting MR1n[4:3] = “1, 1”. In this
mode, a transmitted character consists of a START bit,
the programmed number of data bits, the Address/Data
(A/D) flag bit; and the programmed STOP bit length. A/D
= 0 indicates that the character is data, while A/D = 1
identifies it as an address.

Transmitter Operation During Multi-Drop Mode

The user/CPU controls the state of the transmitted
character by programming MR1n[2] of the channel prior
to loading the data bits into the THR. Setting MR1n[2] =
“0” results in A/D = “0” and setting MR1n[2] = “1” results in
A/D =“1”. Figure 29 presents a procedural flow diagram
for transmitting characters (Address or Data), while in the
multi-drop mode.
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START

Invoke the “RESET MR
POINTER” command.
(Write 1xh to appropriate
Command Register)

Set A/D Bit to “1”
(Write xxxxx1xx to MR1n
Register)

Transmit Address
Character to Slave Device.
(Write Character to THRn)

Invoke the “RESET MR
POINTER” command.
(Write 1xh to appropriate
Command Register)

§

Set A/D Bit to “0”
(Write xxxxx0xx to MR1n
Register)

Transmit Data Character
to Slave Device.
(Write Character to THRn)

re
C%gters to
% active

Device?

AR
&5

0

Figure 29. A Flow %9

Tra
\° o
> o
Receiver Operation during Mult@ %Nlode

When a channel into the

has bee \grn@nmed i
multi-drop mode, and the re &er bgs been disabled (a

typical configuration), tﬁ will load a character
into the RHR and se ﬁDY indicator (and/or
interrupt) if the A/D bitis “1” (Aedress flag). However, the
character will be discarded if its A/D bit is “0” (Data flag).
Therefore, in response to the RXRDY indicator, the CPU
should then read the received character and determine if
the address that it represents matches that of the CPU. If
the addresses do match, (indicating that it is the “Target
Slave”), then the CPU should enable the receiver, in
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ﬁ'Depmtmg a Procedure That Can be Used to
racters in the Multi-Drop Mode.

preparation for the subsequent blocks of data. Once the
receiver has been enabled the receiver serial data will be
processed as in normal operation. The received
characters are accessible to the CPU by reading the
RHR. The state of the A/D flag bit is available at SRn[5],
the status register bit normally used to indicate “Parity
Error”. Therefore, in conjunction with receiver each new
character, the CPU should continue to monitor SRn[5] in
order to verify that it is a “0” (Data characters).Once the
“Target CPU” detects a new address character, SRn[5]
=1”, it should compare this address with its own. If the

™
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addresses do not match, then this CPU is not the intended
recipient of the next block of data, and now should disable
the receiver. Figure 30 presents a flow diagram depicting

a recommended procedure for handling
characters while in the multi-drop mode.

received

START

A
L

\ 4
Receiver is Disabled

Channel is Commanded
into Multi-Drop Mode.
MR1n[4:3] = [1, 1]

>
N
)

Has
No RXRDY Indicator
been asserted
?

Yes
\ 4

Read in Address
Character from RHRn

\ 4

Does
Newly Received
Address match
CPU Address

Reject Character

Receiver temains Disabled
~

Enable Receiver 9

(Write x2h to the o QQ
Appropriate Channel 9\
Command Rg@'ter
--

A4

Read in,0%) %cter
f R

New Character a

Data Character

SRn[5] =1
?

Figure 30. A{I Qagram Depicting a Procedure That Can
be Used\pReQ(j ive Characters in the Multi-Drop Mode.
X

O
»
H.3 Standby Mode o 0@
3
The DUART may be pIaceQm &y'standby mode to

conserve power when iLs&&at is not required. Upon
reset, the DUART will bENr tQ@yACTIVE OPERATION”
mode. A “SET STANDBY M8DE” command issued via
the channel Acommand register disables all clocks onthe
device except for the crystal oscillator, which significantly
reduces the operating current. In the standby mode, the
only functions which will continue to operate correctly are
reading the input port, writing to the output port and
invoking the “SET ACTIVE MODE” command. The latter,
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also invoked via the channel A command register,
restores the device to normal operation within 25es.
Resetting the transmitters and receivers and writing 00h
into the IMR (Interrupt Mask Register) before going into
the standby mode, is recommended to prevent any
spurious interrupts from being generated. The chip
should be reprogrammed after the “SET ACTIVE MODFE”
command, since register contents are not guaranteed to
remain stable during the standby mode. Active operation
can also be restored via hardware reset.

TEM



XR68C681

22 EXAR

A A LA

. PROGRAMMING

Operation of the DUART is programmed by writing control
words into the appropriate registers, while operational
feedback is provided by status registers which can be
read by the CPU. Register addressing is shown in
Table 1. A hardware reset clears the contents of the SRn,
IMR, ISR, OPR, and OPCR registers and initializes the
IVR to OF 1. During operation, care should be exercised if
the contents of control registers are to be changed, since
certain changes may result in improper operation. For
example, changing the number of bits per character while

data is being received may result in reception of
erroneous character. In general, changes to registers
which control receiver or transmitter operation should be
made only while the transmitter or receiver are disabled,
and certain changes to the ACR should be made only
when the C/T is stopped.

Mode, command, clock select, and status registers are
duplicated for each channel to provide total independent
operation. Table 10 summarizes the it assignments for

each register.
N

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 | Bit O
Rx RTS Rx Int Select | Error Mode Parity Mode Select Parity Select umber of Bits/Char.
Control &)

aX

0=No 0=RXRDY 0= Char. 00 = With Parity 0 = Even, 00=5

1=Yes 1=FFULL 1= Block 01 = Force Parity 1 = 0dgz N 01=6

10 = No Parity 10=7

11 = Multi-Drop Mode g\a-’ ?0 1=8

Table 20. Mode Registers 1: wz\us{ﬁms
Bit 7 Bit 6 Bit 5 Bit 4 Q@Ysé | Bit 2 | Bit 1 Bit 0
Channel Mode Tx RTS CTS Enable Q 6@ Stop Bit Length
Control Tx ) QO
‘nv \Z
00 = Normal 0=No 0=No. \Y & 0h=0.563 8h = 1.563
01 = Auto Echo 1= Yes 1= Yepg\ & th-o62s 9h = 1.625
10 = Local Loop 2h = 0.688 Ah =1.688
11 = Remote Loop o 3h =0.750 Bh =1.750
4h =0.813 Ch=1.813
5h = 0.875 Dh =1.875
ﬂo Q’ 6h = 0.938 Eh=1.938
IQ 7h = 1.000 Fh =2.000
Ta\Q}Z Mode Register 2. MR2A, MR2B
%
Bit7 | Bit6 | & 5 Q}' | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Receiver Cl %%g' Transmitter Clock Select
See @l:ﬁe’g6 See Table 6
&\\ &v

Table 22. Clock Select Registers: CSRA, CSRB
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Bit 7 | Bit 6 | Bit 5 | Bit 4 Bit 3 | Bit 2 Bit 1 | Bit 0
Miscellaneous Commands Enable / Disable Enable / Disable
Transmitter Receiver
See Text in Section B.2. 00 = No Change 00 = No Change
01 = EnableTx 01 = EnableRx
10 = Disable Tx 10 = Disable Rx
11 = Not Valid 11 = Not Valid
(Do Not Use) (Do Not Use)
Table 23. Command Registers: CRA, CRB éo
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 %Itl Bit O
Received Framing Parity Error Overrun TXEMT TXRDY {v\ FFULL RXRDY
Break Error Error
0=No 0=No 0=No 0=No 0=No 9‘ 0=No 0=No
1=Yes 1=Yes 1=Yes 1=Yes 1=Yes \9 3& 1=Yes 1=Yes
Table 24. Status Registers: s\& &é
Bit 7 Bit 6 Bit 5 Bit 4 2) Bit 2 Bit 1 Bit O
it it it it ] @3 &\ it it | it
oP7 OP6 OP5 OP4 X\ oY OP3 OP2
&\
0=0PR{[7] 0=0PR{[6] 0=0PR([5] 0=OPR[4] @ = [3] 00 = OPR[2]
1=TXRDYB 1=TXRDYA 1=RXRDY/ 1=RXRDY/ 1 #1 Output 01 = TXCA (16X)
FFULLB FFULL;\ 1 XCB (1X) 10 = TXCA (1X)
= RXCB (1X) 11 = RXCA (1X)
o" o
Table 25. Outpt@éQ_@onflguratlon Register: OPCR
Bit 7 Bit 6 | Bit 5 \| $t4 Bit 3 Bit 2 Bit 1 Bit O
BRG Set Counter/Timer #1 I\/R'bqané%urce Delta IP3 Delta IP2 Delta IP1 Delta IPO
Select % Interrupt Interrupt Interrupt Interrupt
0 = Sett Seﬁ&yle& 0 = OFF 0 = OFF 0 = OFF 0 = OFF
1 = Set2 o L 1=0N 1=0N 1=0N 1=0ON
Ko Qv
AN
&Q \‘bTabIe 26. Auxilliary Control Register: ACR
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Delta IP3 Delta IP2 Delta IP1 Delta IPO IP3 P2 IP1 IPO
0=No 0=No 0=No 0=No 0 =Low 0 =Low 0 =Low 0 =Low
1=Yes 1 =Yes 1 =Yes 1=Yes 1 = High 1 = High 1 = High 1 = High

Table 27. Input Port Configuration Register , IPCR
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDYB Counter #1 | Delta Break RXRDY/ TXRDYA
Change B FFULLB Ready A FFULLA
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 =Yes 1 =Yes 1=Yes
Table 28. Interrupt Status Register, ISR
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Input Port Delta Break RXRDY/ TXRDYB Counter #1 | Delta Break RXRD TXRDYA
Change B FFULLB Ready A FFU
0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 = Off 0 0 = Off
1=0n 1=0n 1=0n 1=0n 1=0n 1=0n §bn 1=0n
Table 29. Interrupt Mask Register, IMR (\9
)
. . . . . —& . .
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 *‘QBW Bit 1 Bit 0
C/T(15) C/T(14) C/T(13) C/T(12) C/T(11) ;'Q‘CRM) C/T(9) C/T(8)
v
. O O
Table 30. Counter/Timer Upper Byskegéer, CTUR
. . . . Qo . .
Bit 7 Bit 6 Bit 5 Bit 4 .\QY 38 Bit 2 Bit 1 Bit 0
C/T(7) C/T(6) C/T(5) C/T(4) \C C/T(2) C/T(1) C/T(0)
Table 31. Counter/Ti Q@Byte Register, CTLR
*@
Bit 7 Bit 6 Bit 5 ‘1 B ) Bit 3 Bit 2 Bit 1 Bit 0
IVR(7) IVR(6) IVR(5) dmwz. IVR(3) IVR(2) IVR(1) IVR(0)

Tabl Q@ruptVectorReglster IVR
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J. Timing Diagrams

2.0V.

2w
4.0V Test Levels
v Y sy

N
Figure 31. Input and Output Levels for Timing Measurement@

O ~AY
\3
Note: \? o

AC testing inputs are driven at 0.4V for a logic “0” and 2.4V for a logic “1” excg&or 1o 85°C and -55 to 125°C, logic “1” shall be
2.6V. Timing measurements are made at 0.8V for a logic “0” and 2.0V fgga%og

¢
N

O
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INTR —\ /_
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DO - D7 VECTOR r 9\
N
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X1/CLK
C/T CLK

RXC

TXC

C1: 10pF + (Stray < 5pF)
C2: 10pF + (Stray < 5pF)
R1: 100 Ohm
R2: 100 Ohm R1
MW
_IZ_I XR68C681
R2
Sk
3.6864MHz

Parallel Resonant Crystal
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1 Bit Time
(_ (1 or16 C|OCkS)
TXC

(Input)
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XR68C681

44 LEAD PLASTIC LEADED CHIP CARRIER

F

(PLCC)
Rev. 1.00
D
) >
B 45° x H2 45° x H1
o o o o o o o | L ] -
2 1 44
O © 0+
C ]
C ]
O ]
C ]

D D1 [ ] D3 . 6
C 5 SR
O i DR
i 0 A
O 0 - QQ’ 5\0

\ / Xo) b
B 2SSl | S ) | | &
< b ' AN
I~ 3 1 Q o
\ &
& &
¥ O
¢
(o) S MILLIMETERS
symeoL | Q'mpl\ "~ wmax MIN  MAX
A \Q (ﬁ? 0.180 4.19 4.57
AL X ¢@oso 020 2.29 3.05
U
0020  ——. 0.51 —
@1 o013 0021 0.33 053
) BJ;(\ 0026  0.032 0.66 0.81
Ol&k” 0.008  0.013 0.19 0.32
&‘Q D 0.685 0695 1740 17.65
6" Dy 0650  0.656 1651  16.66
D, 0590  0.630 1499  16.00
D3 0.500 typ. 12.70 typ.
e 0.050 BSC 1.27 BSC
H1 0042  0.056 1.07 1.42
H2 0042  0.048 1.07 1.22
R 0025  0.045 0.64 1.14

Note: The control dimension is the inch column
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40 LEAD CERAMIC DUAL-IN-LINE
(600 MIL CDIP)

Rev. 1.00

o T o N e N s N e Y e I s N e N e Y e Y e e N s Y s Y e I I e e N e I |
40 21

1 20
| NN [ NN [ N [y N [ N N [N N U [ NN N N N N NN N N NN NN [ NN Ay )

|
< B |

e &
seating 1y ¥ +Ii+ JL K ; R _7/0J, 7,\,\\“,
’\0&6&0

D' MILLIMETERS

symBoL | o) '_ Q@ MAX MIN _ MAX

A Q B.ﬂ\Q% 0.225 254 572

A & N8 o075 038 191

B \Q’ 0,0.014  0.026 036 066

RGOS AN 0045 0065 1.14 1.65

Y | o008 oots 020 046

PR 1.990  2.090 50.55  53.09

Q | & ! 0550 _ 0.610 1397 1549
&‘QQ' e 0.600 BSC 15.24 BSC
sb' e 0.100 BSC 2.54 BSC

L 0125  0.200 318 508

o] 0° 15° 0° 15°

Note: The control dimension is the inch column
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EXAR Corporation reserves the right to m es to the products contained in this publication in order to im-
prove design, performance or reliability. rporatlon assumes no responsibility for the use of any circuits de-
scribed herein, conveys no license un pan tent or other right, and makes no representation that the circuits are
free of patent infringement. Charts {%ules contained here in are only for illustration purposes and may vary

depending upon a user’s specifi QQ . While the information in this publication has been carefully checked;
no responsibility, however, is a @or inaccuracies.

EXAR Corporation does ng r&on@gnd the use of any of its products in life support applications where the failure or
malfunction of the pro sonably be expected to cause failure of the life support system or to significantly
affect its safety or effec §b Products are not authorized for use in such applications unless EXAR Corporation
receives, in writing, assuran to its satisfaction that: (a) the risk of injury or damage has been minimized; (b) the
user assumes all such risks; (c) potential liability of EXAR Corporation is adequately protected under the circum-
stances.

Copyright 1999 EXAR Corporation
Datasheet September 1999
Reproduction, in part or whole, without the prior written consent of EXAR Corporation is prohibited.
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