


























































































































4.2.7.2 CHANNEL A MISCELLANEQUS COMMANDS — CRAI[6:4]. The encoded value of this
field may be used to specify a single command as follows:

CRA[6:4]
000

001

010

01

100

1

101

110

11

1

Command
No command.
Reset Mode Register Pointer. This command causes the channel A mode register
pointer to point to mode register one.
Reset Receiver. This command resets the channel A receiver. The receiver is im-
mediately disabled, the RxRDY and FFULL bits in the SRA are cleared, and the RxFIFO
pointer is reinitialized. All other registers are unaltered. This command should be used
in lieu of the receiver disable command whenever the receiver configuration is to be
changed, as it places the receiver in a guaranteed known state.
Reset Transmitter. This command resets the channel A transmitter. The transmitter is
immediately disabled and the TxRDY and TXEMT bits in the SRA are cleared. All other
registers are unaltered. This command should be used in lieu of the transmitter disable
command whenever the transmitter configuration is to be changed, as it places the
receiver in a guaranteed known state.
Reset Error Status. This command clears the channel A received break (RB), parity
error (PE), framing error (FE}, and overrun error {OE) flags in the status register

- (SRA[7:4)). This command is used in the character mode to clear OE status (RB, PE,

and FE bits will also be cleared) and is used in the block mode to clear all error status
flags after a block of data has been received.

Reset Channel A Break Change Interrupt. This command causes the channel A break
detect change bit in the interrupt status register {ISR[2]) to be cleared to zero.

Start Break. This command forces the channel A transmitter serial-data output (TxDA)
low (spacing). If the transmitter is empty, the start of the break condition will be
delayed up to two bit times. If the transmitter is active, the break begins when
transmission of the character is completed. If a character is in the transmit holding
register, the start of the break will be delayed until that character or any others loaded
subsequently are transmitted. The transmitter must be enabled for this command to be
accepted. The state of the CTS input is ignored for this command.

Stop Break. The channel A transmitter serial-data output {TxDA) line will go high
{marking) within two bit times. TxDA will remain high for one bit time before the next
character, if any, is transmitted.

4.2.7.3 CHANNEL A TRANSMITTER COMMANDS — CRAI3:2]. The encoded value of this field
specifies commands for the transmitter as follows:

CRA[3:2]

00

0

1

10

1

1

Command
No action is taken. The transmitter stays in its present mode. If the transmitter was
enabled it remains enabled, if disabled it remains disabled.
Enable Transmitter. This command enables operation of the channel A transmitter.
The transmitter-ready status bit will be asserted. -
Disable Transmitter. This command terminates transmitter operation and resets the
transmitter-ready and transmitter-empty status bits. However, if a character is being .
transmitted when the transmitter is disabled, the transmission of the character is com-
pleted before assuming the inactive stats.

Do not use. The result of this is indeterminate.



4.2,7.4 CHANNEL A RECEIVER COMMANDS — CRAI[1:0]. The encoded value of this field
specifies commands for the receiver as follows:

CRA[1:01 Command

00 No action is taken. The receiver stays in its present mode. If the receiver was enabled it
remains enabled, if disabled it remains disabled.

01 Enable Receiver. This command enables operation of the channel A receiver. If the
DUART is not in the multidrop mode, this command also forces the receiver into the
search-for-start bit state.

10 Disable Receiver. This command terminates operation of the receiver immediately — a
character being received will be lost. The command has no effect on the receiver status
bits or any other control register. If the DUART has been programmed to operate in the
local loopback-or multidrop mode, the receiver operates even if it is disabled. Refer to
SECTION 3 OPERATION for further information.

11 Do not use. The result of this is indeterminate.

4.2.8 Channel B Command Register (CRB)

The channel B command register (CRB) is a register used to supply commands to channel B. Multi-
ple commands can be specified in a single write to CRB as long as the commands are non-
conflicting; e.g., the "“enable transmitter’” and ""reset transmitter’’ commands cannot be specified in
a single command word.

The bit definitions for this register are identical to the bit definitions for channel A command
register, except that all control actions apply to the channel B receiver and transmitter and their cor-
responding inputs and outputs.

4.2.9 Channel A Status Register (SRA)

The following paragraphs provide a detailed description of the channel A status register.

4.2.9.1 CHANNEL A RECEIVED BREAK — SRA[7]. This bit indicates an all zero character of the
programmed length has been received without a stop bit. This bit is valid only when the RxRDY bit
is set (SRAL0]=1). Only a single FIFO position is occupied when a break is received; further entries
to the FIFO are inhibited until the channel A receiver serial-data input line returns to the marking
state for at least one-half a bit time (two successive edges of the internal or external 1X clock).

When this bit becomes set, the channel A “‘change in break’’ bit in the interrupt status register
(ISR[2]) is also set. Additionally, ISR[2] is set when the end of the break condition, as defined
above, is detected.

The break detect circuitry can detect breaks that originate in the middle of a received character.
However, if a break begins in the middle of a character it must persist until at least the end of the
next character time in order for it to be detected.



4.2.9.2 CHANNEL A FRAMING ERROR — SRA[6]. This bit, when set, indicates that a stop bit was
not detected when the corresponding data character in the FIFO was received. The stop bit check is
made in the middle of the first stop bit position. This bit is valid only when the RxRDY bit is set
(SRA[0] =1).

4.2.9.3 CHANNEL A PARITY ERROR — SRA[5]. This bit becomes set when the "'with parity”’ or
""force parity’’ mode is programmed by mode register one and the corresponding character in the
FIFO is received with incorrect parity. In the multidrop mode the parity error bit position is used to
store the received address/data bit. This bit is valid only when the RxRDY bit is set (SRA[0]=1).

4.2.9.4 CHANNEL A OVERRUN ERROR — SRAI[4]. This bit, when set, indicates one or more
characters in the received data stream have been lost. It becomes set upon receipt of a new
character when the FIFO is full and a character is already in the receive shift register waiting for an
empty FIFO position. When this occurs, the character in the receive shift register (and its break
detect, parity error, and framing error status, if any) is lost. This bit is cleared by a reset error status
command.

4.2,9.5 CHANNEL A TRANSMITTER EMPTY — SRAI[3]. This bit will be set when the channel A
transmitter underruns; i.e., both the transmit holding register and the transmit shift register are
empty. It is set after transmission of the last stop bit of a character if no character is in the transmit
holding register awaiting transmission. It is cleared when the transmit holding register is loaded by
the CPU or when the transmitter is disabled.

4.2.9.6 CHANNEL A TRANSMITTER READY — SRA[2]. This bit, when set, indicates that the
transmit hoiding register is empty and ready to be loaded with a character. Transmitter ready is set
when the character is transferred to the transmit shift register. This bit is cleared when the transmit
holding register is loaded by the CPU. Transmitter ready is also cleared when the transmitter is dis-
abled and is set when the transmitter is first enabled; i.e., characters loaded into the transmit
“holding register while the transmitter is disabled will not be transmitted.

4.2.9.7 CHANNEL A FIFO FULL — SRA[1]. This bit is set when a character is transferred from the
receive shift register to the receiver FIFO and the transfer causes the FIFO to become full; i.e., all
three FIFO holding register positions are occupied. It is cleared when the CPU reads the receiver
buffer. If a character is waiting in the receive shift register because the FIFO is full, the channel A
FIFO full status bit will not be cleared when the CPU reads the receiver buffer.

4,2.9.8 CHANNEL A RECEIVER READY — SRAIO]. This bit indicates that a character has been
received and is waiting in the FIFO to be read by the CPU. It is set when the character is transferred
from the receive shift register to the FIFO and cleared when the CPU reads the receiver buffer, pro-
viding there are no more characters still in the FIFO after this read.

4.2,10 Channel B Status Register (SRB)

The bit definitions for this register are identical to the bit definitions for the channel A status
register, except the status applies to the channel B receiver and transmitter and their corresponding
inputs and outputs.



4.2.11 Output Port Configuration Register (OPCR)

This register individually configures each bit of the 8-bit paraliel output port for general purpose use
or an auxiliary function serving the communication channels.

4.2.11.1 OP7 QUTPUT SELECT — OPCRI7]. This bit programs the parallel output OP7 to provide
either the complement of OPRI[7] or the channel B transmitter interrupt output, which is the com-
plement of the channel B transmitter ready status bit. When configured for the channel B transmit-
ter interrupt, OP7 acts as an open-collector output and is not masked by the contents of the inter-
rupt mask register.

4.2.11.2 OP6 OUTPUT SELECT — OPCRI6]. This bit programs the paraliel output OP6 to provide
either the complement of OPRI6] or the channel A transmitter interrupt output, which is the com-
plement of the channel A transmitter ready status bit. When configured for the channel A transmit-
ter interrupt, OP6 acts as an open-collector output and is not masked by the contents of the inter-
rupt mask register.

4.2.11.3 OP5 OUTPUT SELECT — OPCRI5]. This bit programs the paralle! output OP5 to provide
either the complement of OPRI5] or the channel B receiver interrupt output, which is the comple-
ment of ISR[B]. When configured for the channel B receiver interrupt, OP5 acts as an open-
collector output and is not masked by the contents of the interrupt mask register.

4.2.11.4 OP4 OUTPUT SELECT — OPCRI4]. This bit programs the parailel output OP4 to provide
either the complement of OPR[4] or the channel A receiver interrupt output, which is the comple-
ment of ISR[1]. When configured for the channel A receiver interrupt, OP4 acts as an open-
collector output and is not masked by the contents of the interrupt mask register.

4.2,11.5 OP3 OUTPUT SELECT — OPCRI3:2]. This field programs the parallel output OP3 to pro-
vide one of the following:

OPCRI[3:2] OP3 Function
00 In this configuration OP3 becomes the complement of OPR[3].
01 In this configuration OP3 provides the counter/timer output. OP3 acts as an open-

coliector output and is not masked by the contents of the interrupt mask register. In
the timer mode, this output is a square wave at the programmed frequency. In the
counter mode, the output remains high until terminal count is reached, at which time it
goes low. The output returns to the high state when the counter is stopped by a stop
counter command. Because the counter/timer, while in timer mode, cannot be stop-
ped, if the counter/timer is to operate in timer mode and its output is programmed to
appear on OP3, OPCR[3:2] should be cleared until the counter/timer has been pro-
grammed for the desired operation.

10 in this configuration OP3 becomes the 1X clock for the channel B transmitter, which is
the clock that shifts the transmitted data. If data is not being transmitted, a free-
running 1X clock is output.

11 in this configuration OP3 becomes the 1X clock for the channel B receiver, which is the
clock that samples the received data. If data is not being received, a free-running 1X
clock is output.
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4.2.11.6 OP2 OUTPUT SELECT — OPCRI[1:0]. This field programs the paraliel output OP2 to pro-
vide one of the following:

OPCRI[1:0] OP2 Function

00 In this configuration OP2 becomes the complement of OPR[2].

01 In this configuration OP2 becomes the 16X clock for the channel A transmitter. This is
the clock selected by CSRA[3:0] and will be a 1X clock if CSRA[3:0]1=1111.

10 in this configuration OP2 becomes the 1X clock for the channel A transmitter, which is
the clock that shifts the transmitted data. A free running 1X clock is always output in
this mode.

1 1 Inthis configuration OP2 becomes the 1X clock for the channel A receiver, which is the
clock that samples the received data. A free running 1X clock is always output in this
mode.

4.2.12 Output Port Register — OPR[7:0]

These bits contain the complement of the logic levels output at the output port pins (OP7-OP0). Bits
of this register are set by performing a bit set command during a write cycle, with data specifying
the bits to be set (one equals set, zero equal no change). Bits of this register are cleared by perform-
ing a bit reset command during a write cycle, with data specifying the bits to be cleared (one equals
reset, zero equals no change).

4.2.13 Auxiliary Control Register (ACR)

The following paragraphs provide a detailed description of the auxiliary control register (ACR).

4.2.13.1 BAUD-RATE GENERATOR SET SELECT — ACRI[7]. This bit selects one of the two sets
of baud rates that can be generated by the baud-rate generator:
Set 1 50, 110, 134.5, 200, 300, 600, 1.05k, 1.2k, 2.4k, 4.8k, 7.2k, 9.6k, and 38.4k baud.
Set2 75, 110, 134.5, 160, 300, 600, 1.2k, 1.8k, 2.0k, 2.4k, 4.8k, 9.6k, and 19.2k baud.

The selected set of rates available for use by the channel A and B receivers and transmitters are
described under 4.2.5 Channel A Clock-Select Register (CSRA) and 4.2.6 Channel B Clock-Select
Register (CSRB). Baud-rate generator characteristics are given in Table 4-6.

Table 4-6. Baud-Rate Generator Characteristics
Crystal or Clock = 3.6864 MHz

Nominal Rate Actual 16X Clock Error Nominal Rate Actual 16X Clock Error
(Baud) {kHz) {Percent) (Baud) (kHz) {Percent)
50 0.8 0 1200 19.2 0

75 1.2 0 1800 28.8 0
100 1.769 ~0.089 2000 32.056 0.175
134.8 2.163 0.059 2400 38.4 0
160 2.4 0 4800 76.8 ]
200 3.2 0 7200 116.2 0
300 4.8 0 9600 153.6 0
600 9.6 0 19.2k 307.2 o]
1050 16.756 —0.260 38.4k 614.4 0

NOTE: Duty cycle of 16X clocks is 50% +1%.
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4.2.13.2 COUNTER/TIMER MODE AND CLOCK SOURCE SELECT — ACRI6:4l. This field selects
the operating mode of the counter/timer and its clock source as shown in Table 4-4.

4.2.13.3 IP3, IP2, IP1, AND IPO CHANGE-OF-STATE INTERRUPT ENABLE — ACRI[3:0]. This field
selects which bits of the input port change register can cause the input change bit in the interrupt
status register (ISR[7]) to be set. If a bit of ACRI3:0] is set to the “enabled’’ state (set to one) and in-
terrupt mask register bit seven is set {IMR[7]=1) to enable input port change interrupts, then the
setting of the corresponding bit in the input port change register by an external transition on that in-
put pin will result in ISR[7] being set and an interrupt output generated. If a bit of ACRC[3:0] is in
the ""disabled’’ state (cleared to zero), the setting of that bit in the input port change register has no
effect on ISRI7].

4.2.14 Input Port Change Register (IPCR)

The following paragraphs provide a detailed description of the input port change register.

4.2.14.1 1P3, IP2, IP1, AND IPO CHANGE OF STATE — IPCR[7:4]. These bits are set when a
change-of-state, a high-to-low or low-to-high transition, lasting longer than 25-50 microseconds,
occurs at their respective input pins. They are cleared when the input port change register is read by
the CPU. A read of the input port change register also clears ISR[7], the input change bit in the
interrupt status register. The setting of these bits can be programmed by the auxiliary control
register to generate an interrupt to the CPU.

4.2.14.2 1P3, 1P2, IP1, AND IPO CURRENT STATE — IPCRI3:0]. These bits provide the current
state of their respective inputs. The information is unlatched and reflects the state of the input pins
at the time the input port change register is read.

4.2.15 Interrupt Status Register (ISR)

This register provides the status of all potential interrupt sources. The contents of this register are
masked by the interrupt mask register. if a bit in the interrupt status register is a one and the cor-
responding bit in the interrupt mask register is also a one, the [RQ output will be asserted. |f the cor-
responding bit in the interrupt mask register is a zero, the state of the bit in the interrupt status
register has no effect on the TRQ output.

Note that the interrupt mask register does not mask the reading of the interrupt status register —
the true status will be provided regardless of the contents of the interrupt mask register. The con-
tents of this register are initialized to 0016 when the DUART is resst.

4.2.15.1 INPUT PORT CHANGE STATUS — ISRI[7]. This bit is a one when a change of state has
occurred at the PO, IP1, IP2, or IP3 inputs and that event has been selected to cause an interrupt by
the programming of ACRI3:0]. This bit is cleared when the CPU reads the input port change
register.

4.2.15.2 CHANNEL B CHANGE IN BREAK — ISRI[6]. This bit, when set, indicates that the channel
B receiver has detected the beginning or the end of a received break. it is reset when the CPU issues
a channel B reset break change interrupt command.



4.2.15.3 CHANNEL B RECEIVER READY OR FIFO FULL — ISRI[5]. The function of this bit is pro-
grammed by MR1BI[6]. If programmed as receiver ready, it indicates that a character has been
received in channel B and is waiting in the receiver buffer FIFO to be read by the CPU. It is set when
the character is transferred from the receive shift register to the FIFO and cleared when the CPU
reads the receiver buffer. If after this read there are more characters still in the FIFO, the bit will be
set again after the FIFO is “popped.” If programmed as FIFO full, it is set when a character is
transferred from the receive shift register to the FIFO and the transfer causes the channel B FIFO to
become full; i.e., all three FIFO positions are occupied. [t is cleared when the CPU reads the receiver
buffer. If a character is waiting in the receive shift register because the FIFO is full, the bit will be set
again when the waiting character is loaded into the FIFO.

4.2.15.4 CHANNEL B TRANSMITTER READY — ISRI4]. This bit is a duplicate of channel B
transmitter ready {SRB[2]).

4.2.15.5 COUNTER/TIMER READY — ISRI3]. In the counter mode, this bit is set when the
counter reaches terminal count and is cleared when the counter is stopped by a stop counter
command.

In the timer mode, this bit is set once each cycle of the generated square wave (every other time
that the counter/timer reaches terminal count). The bit is cleared by a stop counter command. The
command, however, does not stop the counter/timer (see 3.5 COUNTER/TIMER).

4.2.15.6 CHANNEL A CHANGE IN BREAK — ISRI[2]. This bit, when set, indicates that the channel
A receiver has detected the beginning or the end of a received break. It is cleared when the CPU
issues a channel A reset break change interrupt command.

4.2.15.7 CHANNEL A RECEIVER READY OR FIFO FULL .— ISRI[1]. The function of this bit is pro-
grammed by MR1TA[6]. If programmed as receiver ready, it indicates that a character has been
received in channel A and is waiting in the receiver buffer FIFO to be read by the CPU. Itis set when
the character is transferred from the receive shift register to the FIFO and cleared when the CPU
reads the receiver buffer. If after this read there are more characters still in the FIFO, the bit will be
set again after the FIFO is “popped.” If programmed as FIFO full, it is set when a character is
transferred from the receive shift register to the FIFO and the transfer causes the channel A FIFO to
become full; i.e., all three FIFO positions are occupied. It is cleared when the CPU reads the receiver
buffer. If a character is waiting in the receive shift register because the FIFO is full, the bit will be set
again when the waiting character is loaded into the FIFO.

4.2.15.8 CHANNEL A TRANSMITTER READY — ISRI0]. This bit is a duplicate of channel A trans-
mitter ready (SRA[2]).

4.2.16 Interrupt Mask Register {IMR}

This register is used to select which bits in the interrupt status register can cause an interrupt out-
put. If a bitin the ihterrupt_status register is a one and the corresponding bit in the interrupt mask
register is also.a one, the IRQ output will be asserted. If the corresponding bit in the interrupt mask
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register is a zero, the state of the bit in the interrupt status register has no effect on the IRQ output.
Note that the interrupt mask register does not mask the programmable interrupt outputs OP7
through OP3 nor the reading of the interrupt status register.

4.2.17 Count Registers (CUR and CLR)

The count upper register {CUR) and count register (CLR) hold the most-significant byte and the
least-significant byte of the current value in the counter/timer, respectively. These registers should
only be read when the counter/timer is in counter mode and the counter is stopped. See 3.5
COUNTER/TIMER for further information.

4.2.18 Counter/Timer Preload Registers (CTUR and CTLR)

The counter/timer upper register {CTUR) and counter/timer lower register (CTLR) hold the eight
most-significant bits and eight least-significant bits, respectively, of the preload value to be used by
the counter/timer in either the counter or timer modes of operation. The minimum value which may
be loaded into the concatenation of CTUR with CTLR is 000216. Note that CTUR and CTLR are
write-only registers and cannot be read by the CPU.

4.2.19 Interrupt Vector Register (IVR)

This register contains the interrupt vector. When the DUART responds to a valid interrupt
acknowledge (IACK) cycle the contents of this register are placed on the data bus. Upon reset, this
register will contain OF1g, which is the MB8000 exception vector assignment for uninitialized inter-
rupt vectors.
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SECTION b
ELECTRICAL SPECIFICATIONS

This section contains electrical specifications and associated timing information for the MC68681.

5.1 ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit This device contains circuitry to protect
the inputs against damage due to high
S t -0. . . i
upply Voltage Vee 0.5t +60 v static voltages or electric fields; however,
Input Voltage Vin —051t0 +6.0 v it is advised that normal precautions be
Operating Temperature Range Ta 0to +70 °C taken to avoid application of any voltage
Storage Temperature Tstg —65 to +150 °C higher than maximum-rated voltages to
this high-impedance circuit. Reliability of
operation is enhanced if unused inputs
are tied to an appropriate logic voitage
5.2 THERMAL CHARACTERISTICS tevel (e.9., either GND or V.
Characteristic Symbol | Value | Symbol | Value Rating
Thermal Resistance (Still Air} AN 6Jc °C/W
Ceramic, Type L 50 25%
Piastic, Type P
Cu Lead Frame 50 25%
A42 Lead Frame 100 50*
* Estimate

5.3 POWER CONSIDERATIONS

The average chip-junction temperature, TJ, in °C can be obtained from:
TJ=TA+(PpedJA) &)
Where:

TA=Ambient Temperature, °C
8= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+P1/0
PINT=lccx Vce, Watts — Chip Internal Power
P|/0= Power Dissipation on Input and Output Pins — User Determined

For most applications P{/0 < P|NT and can be neglected.

An approximate relationship between Pp and T (if P|;/0 is neglected) is:

PD=K+({Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C)+ 6 a°PD2 {3)

Where K is a constant pertaining to the particular part. K can be determined from equation (3) by
measuring Pp {at equilibrium) for a known TA. Using this value of K the values of Pp and TJ can be
obtained by solving equations (1) and (2) interatively for any value of TA.
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The total thermal resistance of a package (#JA) can be separated into two components, 8¢ and
fCcA., representing the barrier to heat flow from the semiconductor junction to the package (case)
surface (6J¢) and from the case to the outside ambient (dCA). These terms are related by the equa-
tion:

bJA=0JC+OCA (4)

0J¢ is device related and cannot be influenced by the user. However, 8CA is user dependent and
can be minimized by such thermal management techniques as heat sinks, ambient air cooling and
thermal convention. Thus, good thermal management on the part of the user can significantly
reduce 6CA so that § A approximately equals 6 ¢. Substitution of 8¢ for 8JA in equation (1) will
result in a lower semiconductor junction temperature.

Values for thermal resistance presented in this data sheet, unless estimated, were derived using the
procedure described in Motorola Reliability Report 7843, “Thermal Resistance Measurement
Method for MCB8XX Microcomponent Devices,” and are provided for design purposes only. Ther-
mal measurements are complex and dependent on procedure and setup. User derived values for
thermal resistance may differ.

5.4 DC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, Vcc=5.0V +5%)

Characteristic Symbol Min Typ Max Unit
Input High Voitage, Except X1/CLK VIH 2.0 — - \
Input High Voltage, X1/CLK VIH 4.0 — — \
Input Low Voltage ViL — — 0.8 \
Output High Voitage, Except Open-Collector Outputs {IgH= —400 pA) VoH 2.4 — — Vv
Output Low Voltage {Ip|.=2.4 mA) VoL - - 0.4 \Y
Input Leakage Current (Viy=0 to V) IiL -10 — 10 A
Data Bus Hi-Z Leakage Current (Vqt=0to Vi) ILL -10 - 10 A
Open-Collector Output Leakage Current (V=0 to V) loc -10 — 10 uA
Power Supply Current lce - - 160 mA
Capacitance (Vin=5V, TA=25°C, f=1 MHz) Cin — — 15 pF
X1/CLK Low Input Current IX1L mA
Vin=0, X2 Grounded -4.0 -2.0 0
Vin=0, X2 Floated -3.0 -1.5 0
X1/CLK High Input Current IX1H mA
Vin=Vee, X2 Grounded -1.0 0.2 1.0
Vin=Vce, X2 Floated 0 3.5 10.0
X2 Low Input Current ] oL | =100 | —30 0 A
Vin=0, X1/CLK Floated
X2 High Input Current IXoH 0 +30 100 uA
Vin=Vee, X1/CLK Floated




5.5 AC ELECTRICAL CHARACTERISTICS (TA=0°C to 70°C, VCC=5.0 V +5% See Note 1)

Characteristic Symbol Min Max Unit
X1/CLK Frequency (See Note 2) feLK 2.0 4.0 MHz
Counter/ Timer Clock Frequency fcte 0 4.0 MHz
Receiver Clock Frequency {RxC)
16X Clock fRx 0 MHz
1X Clock ¢] 1.0
Transmitter Clock Frequency (TxC}
16X Clock fTx 0 2.0 MHz
1X Clock : ¢] 1.0
NOTES:

1. All voltage measurements are referenced to ground (GND). For testing, alt input signals except X1/CLK swing between 0.4 volt
and 2,4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 voits, Alitime
measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for outputs:

C| = 150 picofarads, Ry =750 ohm to V.
2. To use the standard baud rates selected by the clock-select register given in Table 4-5, the X1/CLK frequency should be set to
3.6864 MHz or a 3.6864 MHz crystal should be connected across pins X1/CLK and X2.

5.6 AC ELECTRICAL CHARACTERISTICS — RESET TIMING (See Figure b-1 and Note 1)
Characteristic Symbol Min Max Unit

RESET Pulse Width tRES 1.0 — us

NOTE 1: All voltage measurements are referenced to ground (GND). For testing, all input signals swing between 0.4 volt and 2.4 volts
with a maximum transition time of 20 nanoseconds. All time measurements are referenced at input and output voltages of 0.8
volt and 2.0 voits as appropriate. Test conditions for non-interrupt outputs: C| = 160 picofarads, R| =750 ohms to V. Test
conditions for interrupt outputs: Ci =50 picofarads, R| =27 kilochms to V¢g.

RESET

r—— tRES ——»]

Figure 5-1. RESET Timing
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5.7 AC ELECTRICAL CHARACTERISTICS — READ CYCLE BUS TIMING

(See Figure 5-2 and Note 1)

Characteristic Symbol Min Max Unit
CS Setup Time to X1/CLK High (See Note 2) (ecse 90 — ns
RS1-RS4 Setup Time to CS Asserted tRSS 10 - ns
R/W Setup Time to CS Asserted RWS 0 - ns
CS Pulse Width Asserted (See Note 3) 1CSWL 206 — ns
Data Valid from CS Asserted DD — 175 ns
DTACK Asserted from X1/CLK High DCR — 126 ns
CS Negated from DTACK Asserted {See Note 3) tcsp 20 - ns
RS1-RS4 Hold Time from CS Negated tRSH 0 — ns
R/W Hold Time from CS Negated tRWH 0 — ns
Data Hold Time from CS Negated thH 0 — ns
Data Bus Floating from CS Negated tDF — 100 ns
DTACK Negated from CS Negated tDAH — 100 ns
DTACK Hi-Z from CS Negated tDAT - 125 ns
CS Pulse Width Negated tcswh |90 - ns

NOTES:

N

«

. All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt

and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All time
measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-interrupt
outputs: C = 150 picofarads, Rj =750 ohms to V. Test conditions for interrupt outputs: Cj =50 picofarads, R| = 27 kilohms to

Vee.

. This specification is made only to insure DTACK is asserted with respect to the rising edge of X1/CLK as shown in Figure 5-2, not to

guarantee operation of the part. If the setup time is violated, DTACK may be asserted as shown, or may be asserted one clock cycle
later.

The tcsp specification is made only to insure that DTACK will be asserted. If TS is negated before DTACK is asserted, DTACK
may not be asserted.

<—tcsc*‘
X1/CLK
—»‘—e—tRSS —>»| |«—1RSH
RS1-RS4
~—>| le—— tRWS —» tRWH
R/W
e tCSwWL > (——l-tCSWH
ﬁ*
[«—1DF—3
e———1tDD——3 [e&— tDH -3
DO-D7
<> ICSD
DTACK
l—tDCR—» le—{DAH
[ €e—1DAT

* S and IACK should be asserted simultaneously.

Figure 5-2. Read Cycle Bus Timing
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5.8 ELECTRICAL CHARACTERISTICS — WRITE CYCLE BUS TIMING:

(See Figure 5-3 and Note 1)

Characteristic Symbol Min Max Unit
CS Setup Time to X1/CLK High {See Note 2} tcse 90 — ns
RS1-RS4 Setup Time to C5 Asserted tRSS 10 - ns
R/W Setup Time to TS Asserted tRWS 0 — ns
CS Pulse Width Asserted (See Notes 3 and 4) tCSwWL 205 — ns
Data Setup Time to X1/CLK High (See Note 4) DS 100 — ns
Data Setup Time to CS Negated (See Note 4) tDSCS 100 - ns
DTACK Asserted from X1/CLK High tDCW — 126 ns
CS Negated from DTACK Asserted (See Note 3) tcsD 20 — ns
RS1-RS4 Hold Time from CS Negated tRSH 0 — ns
R/W Hold Time from CS Negated tRWH 0 - ns
Data Hold Time from CS Negated tDH 0 - ns
DTACK Negated from CS Negated tDAH — 100 ns
DTACK Hi-Z from TS Negated DAT — 126 ns
CS Pulse Width Negated {See Note 5) tCSWH 90 — ns
NOTES:

1

N

w

~

o

All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All time
measurements are referenced at input and output voltages of 0.8 volt and 2.0 volits as appropriate. Test conditions for non-interrupt
outputs: C|_= 150 picofarads, R|_=750 ohms to V. Test conditions for interrupt outputs: C| =50 picofarads, R|_=27 kilohms to

Vee-

. This specification is made only to insure DTACK is asserted with respect to the rising edge of X1/CLK as shown in Figure 5-2, not to

guarantee operation of the part. If the setup time is violated, DTACK may be asserted as shown, or may be asserted one clock cycle
later.

The tcsD specification is made only to insure that DTACK will be asserted. If CS is negated before DTACK is asserted, DTACK
may not be asserted.

During write cycles, data is latched on sither the asserting edge of DTACK or the negating edge of CS, whichever occurs first. if CS
is negated within one clock cycle after CS has been recognized (i.e., first rising edge of X1/CLK where CS is asserted), then
DTACK may not be generated. In this case, data will be latched on the negating edge of CS. Thus, tpg can be ignored but tpgcs
must be observed.

Consecutive write operations to the same command register {CRA or CRB) require at least three transitions of X1/CLK between
write cycles. Typically, a processor is incapable of accessing the same cornmand register a second time prior to three transitions on
the X1/CLK pin.

le ICSC »|
X1/CLK
~—>‘—<—— RSS —> [«—1tRSH
RS1-RS4
€ RWS IRWH
R/W
tcswi > le—1tCSWH
6§*
DSCS > »- 1DH
DO-D7
l—— DS —] »tCSD
DTACK
e tDCW —>] le—tDAH
* CS and TACK should not be asserted simultaneously. [e—DAT

Figure 5-3. Write Cycle Bus Timing
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5.9 AC ELECTRICAL CHARACTERISTICS — INTERRUPT CYCLE BUS TIMING*
(See Figure 5-4 and Note 1)

Characteristic . Symbol Min Max Unit
TACK Setup Time to X1/CLK High {See Note 2) (CsC 90 - ns
TACK Pulse Width Asserted {See Note 3) HAWL 205 — ns
Data Valid from TACK Asserted DD — 175 ns
DTACK Asserted from X1/CLK High IDCR - 1256 ns
JACK Negated from DTACK Asserted (See Note 3) 1CSD 0 — ns
Data Hold Time from IACK Negated tDH 0 - ns
Data Bus Floating from JACK Negated tDF — 100 ns
DTACK Negated from TACK Negated tDAH — 100 ns
DTACR Hi-Z from TACK Negated PDAT - 125 ns

*During IACK cycles, the status of the R/W line is ignored.

NOTES:

1. All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts, All time
measurements are referenced atinput and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-interrupt
outputs: Ci = 150 picofarads, R =750 ohms to V. Test conditions for interrupt outputs: C =50 picofarads, R =27 kilohms to
Vec.

. This specification is made only to insure DTACK is asserted with respect to the rising edge of X1/CLK as shown in Figure 5-2, not to
guarantee operation of the part. If the setup time is violated, DTACK may be asserted as shown, or may be asserted one clock cycle
later.

. The tcsp specification is made only to insure that DTACK will be asserted. If CS is negated before DTACK is asserted, DTACK
may not be asserted.

N

W

}(—ICSC—)|

X1/CLK |

3
S

-« HAWL >
IACK
«—tDF—>]

[€———1DD——— et H—3»

DO-D7 S —

<—>»1 1CSD
DTACK EE———
k—TDCR —» e~ (DAH
*CS and TACK should not be asserted simultaneously. € IDAT >

Figure 5-4. Interrupt Cycle Bus Timing



5.10 AC ELECTRICAL CHARACTERISTICS — PORT TIMING (See Figure 5-6 and Note 1)

Characteristic Symbol Min Max Unit
Port input Setup Time to CS Asserted tps 0 — ns
Port Input Hold Time from CS Negated tpy 0 — ns
Port Output Valid from CS Negated tpp - 400 ns

NOTE 1: All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All
time measurements are referenced at input and output voltages of 0.8 voit and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C| =150 picofarads, Ry =750 ohms to V¢c. Test conditions for interrupt outputs: Ci =50 picofarads,
RL=27 kilohms to V¢(C.

ﬁ*

—] l——1pg —  le—tpH

IPO-IP5

>

OPO-OP7 Old Data New Data

*CS and TACK should not be asserted simultaneously.

Figure 5-5. Port Timing

5.11 AC ELECTRICAL CHARACTERISTICS — INTERRUPT RESET TIMING
{See Figure 5-6 and Note 1)

Characteristic Symbol Min Max Unit
IRQ Negated or OP3-OP7 High from TS Negated When Used as Interrupts From: iR

Read RB (RxRDY/FFULL Interrupt) — 300 ns
Write TB (TxRDY Interrupt) - 300 ns
Reset Command (Delta Break interrupt) - 300 ns
Stop C/T Command (Counter Interrupt) - 300 ns
Read IPCR (Input Port Change Interrupt) — 300 ns
Write IMR {Clear-of-Interrupt Mask Bit) - 300 ns

NOTE 1: All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 voits. All
time measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C| =150 picofarads, R =750 ohms to Vg, Test conditions for interrupt outputs: C| =50 picofarads,
R =27 kilohms to V¢C.

G5 *
(Read or \ /
Write Cycle)
Interrupt
Output®*

*Ei_iand IACK should not be asserted simulianeously.
**RQ or OP3-OP7 when used as interrupt outputs.

Figure 5-6. Interrupt Reset Timing
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5.12 AC ELECTRICAL CHARACTERISTICS — CLOCK TIMING (See Figure 5-7 and Note 1)

Characteristic Symbol Min Max Unit
X1/CLK High or Low Time tCLK 100 — ns
Counter/ Timer Clock High or Low Time tICTC 100 — ns
Receive Clock (RxC) High or Low Time tRx 220 — ns
Transmit Clock (TxC) High or Low Time tTx 220 - ns
Clock Rise Time ty — 20 ns
Clock Fall Time tf — 20 ns

NOTE 1: Ali voltage measurements are referenced to ground (GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts, All
time measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C|_ =150 picofarads, R|_=750 ohms to V¢c. Test conditions for interrupt outputs: C| =50 picofarads,
Ri =27 kilohms to V.

Driving From Crystal: Driving From External TTL-Level Source:

+5V
Series Resonant Crystal

C1: 10-15 pF+ (STRAY <5 pF) 470

t—tCi K —m }<—tCLK_, C2: 05 pF+(STRAY<5 pF)
G T X1/CLK

€ tRx T [ tRx X1/CLK
le— Ty~ }4— tTx — cl I: . Open-Collector +5V

TTL Gat
X1/CLK — MC68681 ates MCB8681
C/T CLK
RxC = 2 470
TxC X2

X2
tr J— —»{ tf le— )
* Typically 3.6864 MHz

NOTE: Board layout should be such that the crystal and capaditor(s) are as close as possible to the pins of the DUART to minimize stray
capacitance. Also, crystal series resistance should be less than 180 ohms.

Figure b-7. Clock Timing

5.13 AC ELECTRICAL CHARACTERISTICS — TRANSMITTER TIMING
(See Figure 5-8 and Note 1)

Characteristic Symbol Min Max Unit
TxD Output Valid from TxC Low ITxD - 350 ns
TxC Low to TxD Output Valid tTCcS — 150 ns

NOTE 1: All voltage measurements are referenced to ground {GND). For testing, all input signals except X1/ CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All
time measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C =150 picofarads, R =750 ohms to V¢g. Test conditions for interrupt outputs: C =50 picofarads,
R =27 kilohms to V¢g.

1 Bit Time
(1 or 16 Clocks)

TxC
{Input)

e

[e——— 1TxD ———3»

TxD x

- tres

TxC
{1X Output)

Figure 5-8. Transmit Timing
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5.14 AC ELECTRICAL CHARACTERISTICS — RECEIVER TIMING (See Figure 5-9 and Note 1)

Characteristic Symbol Min Max Unit
RxD Data Setup Time to RxC High RXS 240 = ns
RxD Data Hold Time from RxC High tRxH 200 — ns

NOTE 1: All voltage measurements are referenced to ground {GND). For testing, all input signals except X1/CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All
time measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C| =160 picofarads, R =750 ohms to V. Test conditions for interrupt outputs: C| =50 picofarads,

Ry =27 kilohms to V¢c.

RxC o
(1X [nput)

| TRXS ~—Imf— 1RXH —>|

RxD

Figure 5-9. Receive Timing

TxD D1 D2 D3 Break

——

D4

Transmitter
Enabled

TxRDY
(SR2)

D6

J
|
|
I
i

o

R
/

DTACKT ! ]
(Write)

|

|
|
|
|
|
]
|
|
|
]
!

D1 D2 D3 Start D4  Stop D5 Will D6
Break Break Not Be |
Transmitted|
CTS2
(IPO) \
ATS3 |
(OPO) (‘
OPR{0)=1 OPR{0) =1

NOTES:

1.1 CSis negated within one clock cycle after CS is recognized, DTACK will not be asserted. In this case the negation of CS will

cause the transitions.
2. Timing shown for MR2(4)=1.
3. Timing shown for MR2(5)=1.

Figure 5-10. Transmitter Timing
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D2 D3 D4 D5 D6 D7 D8

RxD _l D1
Receiver
Enabled

RxRDY
(SRO)

D6, D7, D8 Will Be Lost

!
I
I
!
|
|
!
|
|
I
|

FFull
(SRt}

RxRDY/
FFull
folZM

DTACK?
(Read) )
Status \ Status  Status

D& will Data Data Data

Be Lost b2 |ps b4
Reset By
c

Status Data
N/
D1

Overrun

{SR4) ommand

|
|
I
|
|
|
|
I
I
!
|
|
!
I
l
|
I
|
I
[
|
I
[
[
[

RTS3

(OPO) (V'
OPR{0)=1

NOTES:
1. Shown for OPCR(4) =1 and MR1{6)=0. _
2. If CS is negated within one clock cycle after CS is recognized, DTACK will not be asserted. In this case the negation of CS will
cause the transitions.
3. Timing shown for MR1{7)=1.

Figure 5-11. Receiver Timing
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Master Station

A/D A/D h\{ A/D '\{
T TT1 N I ADDT
%D AE’DH oo 1o] 1 . . N
1 [ l h

N

Transmitter

Enabled
A\ }\(
TxRDY
{SR2)
i\ J\r_._
BTACK] N
{Write)
MR1(4:3)=11 ADD MR1(2}=1 ADD
MRU2=1 1 MR1(2)=0 2
Peripheral Station
A/D A/D A/D k‘r I\ A/D A/D N
T T T T TTTY
RxD 0 AP0 | oo o}l N | A2D=1 : 1] 1
L
| |LJ‘€ | | N
| | l
Receiver | | |
Enabled i | |
| | |
|

RxRDY
{SRO) ’

DTACK!

MR1{4:3) =11 ADD 1 Status Data Status Data
[ — (S —"

DO ADD 2

NOTE 1: If CS is negated within one clock cycle after CS is recognized, DTACK will not be asserted. In this case the negation of TS will
cause the transitions.

Figure 5-12. Wake-Up Mode Timing
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SECTION 6
MECHANICAL DATA AND ORDERING INFORMATION

This section contains the pin assignments, package dimensions, and detailed information to be
used as a guide when ordering the MC68681.

6.1 PIN ASSIGNMENTS

RS1}1 @ N w O vVee
ip3l 2 39(] IP4
RS2[3 38{11P5
P14 37 TACK
RS3[]5 361 1P2
RS4[6 3BATS
ipof 7 341 RESET
R/WIO 8 33 X2
DTACK [ 9 321 X1/CLK
RxDB 10 31{] RxDA
TxDB]11 301 TxDA
opPtQj12 291 OPO
oP3[}13 28{] oP2
oP5[]14 27[oP4
op7[1s 26{J OP6
D1Q1s 253 DO
D317 24102
D5 []18 23[1D4
D7 [1e 22106
GND[}20 21(1RG
6.2 ORDERING INFORMATION
Package Type Frequency (MHz) Temperature Order Number
Ceramic
L Suffix 4.0 0°C to 70°C MC68681L
Plastic
P Suffix 4.0 0°C to 70°C MC68681P
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6.3 PACKAGE DIMENSIONS

P SUFFIX
PLASTIC PACKAGE
CASE 711-03

{gﬁhhhﬂhﬁhhnﬁﬁl"lhhﬁﬁhﬁ
2

O

D B

1 20
LYALVAR VI R AL RLTIR R VLV VLV RV R R v AL RV LY )

i ]

SEATING
PLANE

L SUFFIX
CERAMIC PACKAGE
CASE 71504

& |

~

6-2

M-

NOTES:

. POSITIONAL TOLERANCE OF LEADS (D),
SHALL BE WITHIN 0.25 mm (0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND
EACH OTHER.

DIMENSION L TO CENTER OF LEADS
WHEN FORMED PARALLEL.

DIMENSION B DOES NOT INCLUDE
MOLD FLASH,

g

MILLIMETERS|  INCHES
MIN | MAX | MIN | MAX
51.69 | 52.45 | 2.035 | 2.066
13.72 | 14.22 | 0,640 | 0.560
.94 | 5,08 | 0.155 | 0.200
. 0.56 | 0.014 | 0.022
1,02 | 1.52 ] 0.040 [ 0.080
54 BSC 0,100 BSC
2.16 | 0.065 | 0.085
0.38 | 0.008 | 0.076
. 343 [0.115] 0.135
15,24 BSC 0.600 BSC
00 [ 159 [0 | 180
0.51 | 1.02 | 0.020 | 0.040

=4
=

Zgrzh:\:m‘ncﬂm)’

NOTES:

1. DIMENSIONAIS DATUM.
2. POSITIONAL TOLERANCE FOR LEADS:

0 10.25 (0.010) @ T|[A@®

3. IS SEATING PLANE.

4. DIMENSION “L" TO CENTER OF LEADS
WHEN FORMED PARALLEL.

5. DIMENSIONING AND TOLERANCING
PER ANSI Y14.5,1973.

MILLIMETERS INCHES
MIN_ [MAX | MIN | MAX
50.29 |51.31 | 1.980 | 2.020
1463 [ 1549 [ 0.576 | 0.610
279 | 432 [ 0.110} 0.170
038 | 0.3 } 0.015 | 0.021
076 | 1.52 | 0.030 | 0.060
2.54 BSC .100 BSC
0.20 | 033 [ 0.008 | 0.013
254 | 457 (0,100 ] 0.180
14.99 11566 | 0,690 0.616
- 100 - 100
1,02 | 152 [ 0.040| 0.080

=]
=

ZiZ~|X|—{DmiT|0|m>




APPENDIX
MC2681 AND MC2682

The MC2681 and MC2682 dual asynchronous receiver/transmitters (DUARTSs) are functionally
equivalent to the MC688681 with some minor differences. The description of the MC688681 applies to
the MC2681 and MC2682 except for the areas described below.

A.1 INTRODUCTION

Unlike the MCB8681 which has an M68000 bus interface, the MC2681 and MC2682 have a general
purpose interface which may be used with both synchronous and asynchronous microprocessors.
These devices have a multipurpose 7-bit input port and a multipurpose 8-bit output port. These
ports can be used as general purpose |/0 ports or can be assigned specific functions (such as clock
inputs or status/interrupt outputs) under program control. A block diagram for the MC2681 and
M(C2682 is given in Figure A-1.

The MC2681 and MC2682 differ in that the MC2681 is available in a 40-pin dual-in-line package and
the MC2682 is available in a 28-pin dual-in-line package. This option is given to satisfy system
requirements.

A.1.1 Internal Control Logic

The internal control logic receives operation commands from the central processing unit (CPU) and
generates appropriate signals to the internal sections to control device operation. It contains
address decoding and read and write circuits to permit communications with the microprocessor via
the data bus buffer.

A.1.2 Interrupt Control Logic

A single active-low interrupt output (TRQ) is provided which is activated upon the occurrence of any
‘of eight internal events. Associated with the interrupt system are the interrupt mask register (IMR)
and the interrupt status register {ISR). The IMR may be programmed to select only certain condi-
tions to cause IRQ to be asserted. The ISR can be read by the CPU to determine all currently active
interrupting conditions.

In addition, the DUARTSs offer the ability to program the parallel outputs OP3 through OP7 to pro-
vide discrete interrupt outputs for the transmitters, the receivers, and the counter/timer.
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—>

s —»
RESET ——

RS1-RS4 -{

| = =|

internal Control Logic

4

Timing Logic

X1/CLK

Y

Crystal
Oscillator

X2

Processor
Interface

—

Data Bus
Buffer

DO-D7 0‘

|

Interrupt
Control
Logic

Internal Data Bus

Baud Rate
Generator

Clock
Selectors

Counter/
Timer

External
Interface
Channel A
L,
Tx Buffer TxDA
4 Character
Rx Buffer RxDA
¥
Channel B
2 Character
Tx Buffer || » TxDB
4 Character ¢
Rx Buffer RxDB
1 \
Input Port
Change of

State
Detectors(4)

Y v

IPO-1P6

Output Port

Figure A-1. MC2681 and MC2682 Block Diagram
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A.1.3 Input Port

The inputs to this unlatched 7-bit port (IPO through IP8) can be read by the CPU by performing a
read operation. A high input results in a logic one while a low input results in a logic zero. D7 will
always be read as a logic one. The pins of this port can also serve as auxiliary inputs to certain por-
tions of the DUART logic.

Four change-of-state detectors, also provided within the input port, are associated with inputs IPO,
IP1, IP2, and IP3. A high-to-low or low-to-high transition of these inputs lasting longer than 25 to 50
microseconds (best-to-worst case times) will set the corresponding bit in the input port change
register (IPCR). The bits are cleared when the register is read by the CPU. Also, the DUART can be
programmed so any particular change of state can generate an interrupt to the CPU.

A.2 SIGNAL DESCRIPTION

Table A-1, like that for the MC68681 found in Section 2, Signal Description, provides a quick
reference in determining a signal’s pin number, its use as an input or output, whether it is active
high or low, and the section in which more information can be found about its operation. Note that
the signal description given for the MC68681 applies to the MC2681 and MC2682 except for the
areas described in this appendix.

A.2.1 Reset (RESET)

When active high, this input clears internal registers (SRA, SRB, IMR, ISR, OPR, OPCR), puts
OPO0-0P7 in the high state, stops the counter/timer, and puts channel A and B in the inactive state
with the TxDA and TxDB outputs in the mark (high) state.

A.2.2. Chip Select (CS)

This active low signal, when low, enables data transfers between the CPU and DUART on the date
lines (DO through D7). These data transfers are controlled by write (W), read (R), and the register-
select inputs (RS1 through RS4). When chip enable is high, the DO through D7 data line are placed
in the high-impedance state.

A.2.3 Write Strobe (W)

When this signal and chip enable are low, the contents of the data bus are loaded into the ad-
dressed register. The transfer occurs on the rising edge of the signal.

A.2.4 Read Strobe (R)

When this signal and chip enable are low, the contents of the addressed register are presented on
the data bus. The read cycle begins on the falling edge of the signal.

A.2.5 Parallel Input 6 (IP6) —MC2681 Only

This signal can be used as a general purpose input or a channel B receiver external clock input
{RxCB). When the external clock is used by the receiver, the received data is sampled on the rising
edge of the clock.
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Table A-1. MC2681 and MC2682 Signal Summary

Pin Active Refer to
Signal Name Mnemonic No. Input/Output State Para. No.
Power Supply (+5 V) \ole 40 Input High 2.1
Ground GND 20 Input Low 2.1
Crystal Input or External Clock X1/CLK 32 Input — 2.2
Crystal Input X2 33 Input — 2.3
Reset RESET 34 Input High A.2.1
Chip Select [ 35 input Low A2.2
Write Strobe W '8 Input Low A.2.3
Read Strobe R 9 Input Low A2.4
Register-Select Bus Bit 4 RS4 6 Input High 2.8
Register-Select Bus Bit 3 RS3 5 Input High 2.8
Register-Select Bus Bit 2 RS2 3 Input High 2.8
Register-Select Bus Bit 1 RS1 1 Input High 2.8
Bidirectional-Data Bus Bit 7 D7 19 Input/ Output High 29
Bidirectional-Data Bus Bit 6 D6 22 Input/ Qutput High 2.9
Bidirectional-Data Bus Bit 5 D5 18 Input/Output High 2.9
Bidirectional-Data Bus Bit 4 D4 23 Input/ Output High 2.9
Bidirectional-Data Bus Bit 3 D3 17 Input/OQutput High 2.9
Bidirectional-Data Bus Bit 2 D2 24 Input/Output High 2.9
Bidirectional-Data Bus Bit 1 D1 16 Input/Output High 2.9
Bidirectional-Data Bus Bit 0 DO 25 input/ Output High 2.9
Interrupt Request RQ 21 Output® Low 2.10
Channel A Transmitter Serial Data TxDA 30 Qutput - 2.12
Channel A Receiver Serial Data RxDA 31 Input - 2.13
Channel B Transmitter Serial Data TxDB 1 Output — 2.14
Channel B Recsiver Serial Data RxDB 10 Input — 2.15
Parallel Input 6 (MC2681 Oniy} IP6 37 Input — A.2.5
Parallel Input 5 {MC2681 Only) 1P5 38 Input - 2.18.1
Paraliel Input 4 (MC2681 Only) P4 39 Input — 2.16.2
Parallel Input 3 (MC2681 Only) IP3 2 Input — 2.16.3
Parallel input 2 1P2 36 Input — A2.6
Parallel Input 1 {MC2681 Only} 1P1 4 Input — 2.16.6
Parallel Input O IPO 7 Input — 2.16.8
Paraliel Output 7 (MC2681 Only) oP7 15 Output** - 2.17.1
Parallel Qutput 6 (MC2681 Only) OP6 26 Quiput** - 2.17.2
Parallel Output 5 (MC2681 Only} OP5 14 Output™™ - 2.17.3
Parallel Output 4 (MC2681 Only) OP4 27 Output™™ - 2.17.4
Parallel Output 3 (MC2681 Only) OP3 13 Output** — 2.17.5
Parallel Output 2 {MC2681 Only) OP2 28 Output — 2.17.6
Parallel Qutput 1 OP1 12 Qutput - 2.17.7
Parallel Output O OPO 29 Output - 2.17.8

*Requires a pullup resistor.

**May require a pullup resistor depending upon its programmed function.

A.2.6 Paraliel Input 2 (IP2)

This signal can be used as a general purpose input or a counter/timer external clock input.




A.3. PROGRAMMING AND REGISTER DESCRIPTION

Table A-2 describes the register addresses and address-triggered commands for the MC2681 and
MC2682. The detailed description of each register and its function, given for the MC88681 in Sec-
tion 4 Programming and Register Description, applies to the MC2681 and MC2682.

Table A-2. MC2681 and MC2682 Register Addressing and

Address-Triggered Commands

RS4 | RS3 | RS2 | RS1 Read (R=0) Write (W=0)

0 0 0 0 | Mode Register A (MR1A, MR2A) {Mode Register A (MRTA, MR2A)
0 0 0 1 Status Register A (SRA) | Clock Select Register A {CSRA)
0 0 1 0 | Do Not Access* Command Register A (CRA)
0 0 1 1 Receiver Buffer A (RBA) [Transmit Buffer A (TBA)
0 1 0 0 | input Port Change Register (IPCR) | Auxiliary Control Register (ACR}
0 1 0 1 Interrupt Status Register (ISR) |Interrupt Mask Register (IMR)
0 1 1 0} Counter Mode: Current MSB of Counter  (CUR) | Counter/Timer Upper Register (CTUR)
0 1 1 1 Counter Mode: Current LSB of Counter (CLR} [ Counter/ Timer Lower Register (CTLR)
1 0 9] 0 | Mode Register B {(MR1B, MR2B} |Mode Register B (MR1B, MR2B)
1 0 0 1 Status Register B (SRB) {Clock Select Register B (CSRB}
1 0 1 0 | Do Not Access* Command Register B (CRB)
1 0 1 1 Receiver Buffer B (RBB) | Transmit Buffer B (TBB)
1 1 0 0 | Do Not Access* Do Not Access*

1 1 o] 1 Input Port {Unlatched) Output Port Configuration Register {OPCR)
1 1 1 0 | Start Counter Command* * Qutput Port Bit Set Command* *
1 1 1 1 Stop Counter Command* * Register (OPR) Bit Set Command* *

*This address location is used for factory testing of the DUARTSs and shouid not be read. Reading this Jocation will result in undesired
effects and possible incorrect transmission or reception of characters, Register contents may also be changed.
* # Address triggered commands.

A.4 ELECTRICAL SPECIFICATIONS

This section contains electrical specifications and associated timing information for the MC2681 and

MC2682.

A.4.1 Absolute Maximum Ratings

Rating Symbol Value Unit
Supply Voltage Vee —-0.51t0 +6.0 \
Input Voltage Vin —-0b51t0 +6.0 \i
Operating Temperature Range TA 0to +70 °C
Storage Temperature Tstg —66 to +150 °C
A.4.2 Thermal Characteristics
Characteristic Symbol | Value | Symbol | Value Rating
Thermal Resistance (Stilt Air) fA 8ic °C/IW
MC2681
Ceramic, Type L 50 25%
Plastic, Type P
Cu Lead Frame 50 25*
A42 Lead Frame 100 50*
MC2682
Plastic, Type P
Cu Lead Frame 72 35*
A42 |ead Frame 110 60*

* Estimated.

A-b

This device contains circuitry to protect
the inputs against damage due to high
static voltages or electric fields; however,
it is advised that normal precautions be
taken to avoid application of any voltage
higher than maximum-rated voltages to
this high-impedance circuit. Reliability of
operation is enhanced if unused inputs
are tied to an appropriate logic voltage
level (e.g., either GND or Vce).




A.4.3 DC Electrical Characteristics (TA=0°C to 70°C, Vcc=5.0V +5%) .

Characteristic Symbol Min Typ Max Unit
Input High Voltage, Except X1/CLK* VIH 2.0 — — \
Input High Voitage, X1/CLK {Ses Note 1) VIH 4.0 - — \
Input Low Voltage VIL — = 0.8 \
Qutput High Valtage, Except Open-Collector Cutputs (loy= —400 pA) Vou 2.4 — — \
Output Low Voltage {Ig = 2.4 mA) VoL — — 0.4 vV
Input Leakage Current {V;n=0 to Vi) % =10 = 10 uA
Data Bus Hi-Z Leakage Current (Vot=0 to Vi) L =10 — 10 A
Open-Collector Output Leakage Current (Vqo,t=0 to V) loc - 10 — 10 A
Power Supply Current lce — R 150 mA
Capacitance (Vijp=5V, To=25°C, f=1 MHz) Cin — — 15 pF
X1/CLK Low Input Current IX1¢L mA
Vin=0, X2 Grounded -4.0 -2.0 0
Vi =0, X2 Floated -3.0 -15 0
X1/CLK High Input Current IX1H mA
Vin=V¢e, X2 Grounded -1.0 0.2 1.0
Vin= V¢, X2 Floated 0 3.5 10.0
X2 Low input Current IxoL - 100 -30 0 A
Vin=0, X1/CLK Floated
X2 High Input Current IX2H 0 +30 100 pA
Vin=Vce, X1/CLK Floated
A.4.4 AC Electrical Characteristics (TA=0°C to 70°C, Vcc=5.0V +5%)
Characteristic Symbol Min Max Unit
X1/CLK Freguency* fCLK 2.0 4.0 MHz
CTCLK (IP2) Frequency fcTe 0 4.0 MHz
Receiver Frequency
18X Clock fRx 0 2.0 MHz
1X Clock 0 1.0
Transmitter Frequency
16X Clock fTx 0 2.0 MHz
1X Clack 0 1.0

*To use the standard baud rates sefected by the clock-select register given in Table 4-5, the X1/CLK frequency should be set

3.6864 MHz.

A.4.5 AC Electrical Characteristics —RESET Timing (See Figure A-2)

Characteristic Symbol Min

Unit

RESET Pulse Width . tRES 1.0

us

RESET \

[&e———tRES—»

Figure A-2. RESET Timing
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A.4.6 AC Electrical Characteristics — Bus Timing {See Figure A-3)

Characteristic Symbol Min Max Unit
RS1-RS4 Setup Time to R, W Asserted tRSS 10 — ns
RS1-RS4 Hold Time from R, W Negated tRSH 0 - ns
CS Setup Time to R, W Asserted icg 0 - ns
CS Hold Time from R, W Negated tCH 0 -~ ns
R, W Pulse Width Asserted tRw 206 — ns
Data Valid after R Asserted DD - 175 ns
Data Bus Floating after R Negated tDF — 100 ns
Data Setup Time before W Negated tDs 100 — ns
Data Hold Time after R or W Negated tDy 10 — ns
High Time Between Reads and/or Writes* TRWD 200 = ns

*|f CS is used as the "'strobing”’ input, this parameter defines the minimum high time between one CS and the next. C3 and RIW) are
ANDed internally. Subsequently, the signal asserted last initiates the cycle and the signal negated first terminates the cycle. R must be
negated for tgyD to guarantee that any status register changes are valid. Consecutive write operations to the same command register
require at last three edges of the X1 clock between writes. Typically, a processor is incapable of accessing the same command register

a second time prior to three transitions on the X1/CLK pin.

RS1-RS4 x
—>

1RSS [&— —>» RSH [

/
o —p] tCHI<—

[e——tRW——» |&———tRWD—>]

f

€e—IDF
oD | tDH—>
D0-D7 Not A X
{Read) Float X Valid alid Float
e TRWD—— 3p]

]

DS —fat
——J a— tDH

DO-D7
(Whrite)

Valid

Figure A-3. Bus Timing




A.4.7 AC Electrical Characteristics — Port Timing (See Figure A-4)

Characteristic Symbol Min Max Unit
Port Input Setup Time to R Asserted tps 0 — ns
Port Input Hold Time from B Negated tPH 0 - ns
Port Output Valid from W Negated tpD — 400 ns
R
I E—— tPH—] fae—
IPO-1P6 x
W
1PD -3
OP0-OP7 Old Data x- New Data
Figure A-4. Port Timing
A.4.8 AC Electrical Characteristics — Interrupt Timing (See Figure A-5}
Characteristic Symbol Min Max Unit
TRQ Negated or OP3-OP7 High for R or W Negated When Used as Interrupts From: IR

Read RHR {RxRDY/FFULL Interrupt) - 300 ns
Write THR {TXRDY Interrupt} - 300 ns
Reset Command (Delta Break Interrupt) - 300 ns
Stop C/T Command {Counter Interrupt) - 300 ns
Read IPCR (Input Port Change Interrupt) — 300 ns
Write IMR (Clear-of-Interrupt Mask Bit) — 300 ns

T\ Sl

A

l 2|2 o)

39 A
\l

OP3-OP

Figure A-5. Interrupt Timing
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A.4.9 AC ELECTRICAL CHARACTERISTICS — CLOCK TIMING (See Figure A-6 and Note 1}

Characteristic Symbol Min Max Unit
X1/CLK High or Low Time tCLK 100 ns
Counter/Timer Clock High or Low Time teTe 100 ns
Receive Clock (RxC) High or Low Time 1R« 220 ns
Transmit Clock (TxC) High or Low Time tTx 220 ns
Clock Rise Time ty 20 ns
Clock Fall Time 1f 20 ns

NOTE 1: All voltage measurements are referenced to ground (GND). For testing, all input signals except X1/ CLK swing between 0.4 volt
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All
time measurements are referenced at input and output voltages of 0.8 volt and 2.0 volts as appropriate. Test conditions for non-
interrupt outputs: C| =150 picofarads, Rl =750 ohms to V¢g. Test conditions for interrupt outputs: C =50 picofarads,
R =27 kilohms to V¢c.

Driving From Crystal: Driving From External TTL-Level Source:
+5V

Series Resonant Crystal
C1: 10-15 pF + (STRAY <5 pF)
“« (O K —] “«—ICLK—> C2: 05 pF+(STRAY<H pF)

X1/CLK
[ T W [ tTx — o1 T . Open-Collector
TTL Gates

X1/CLK

X1, CLK = MC2681 MC2681
C'T CLK MC2682 MC2682
RxC - C2
TxC X2
X2

tla— ] Uf

* Typicaily 3 6864 MH,

NOTE: Board layout should be such that the crystal and capacitor(s) are as close as possible to the pins of the DUART to minimize stray
capacitance. Also, crystal series resistance should be less than 180 ohms.

Figure A-6. Clock Timing

A.4.10 AC ELECTRICAL CHARACTERISTICS — TRANSMITTER TIMING
(See Figure A-7 and Note 1)

Characteristic Symbol Min Max Unit
TxD Output Valid from TxC Low . TxD — 360 ns
TxC Low to TxD Qutput Valid ‘ iTCS — 160 ns

NOTE 1: All voltage measurements are referenced to ground (GND}. For testing, all input signals except X1/ CLK swing between 0.4 voit
and 2.4 volts with a maximum transition time of 20 nanoseconds. For X1/CLK, this swing is between 0.4 volt and 4.4 volts. All
time measurements are referenced at input and output voltages of 0.8 volt and 2,0 volts as appropriate. Test conditions for non-
interrupt outputs: C| =150 picofarads, R_.=750 ohms to V¢c. Test conditions for interrupt outputs: C{ =50 picofarads,
R =27 kilohms to V¢c.

1 Bit Time
{1 or 16 Clocks)

TxC
{Input)

[ 1T D ———»

TxD X

<> 17CS

TxC
(1X Output)

Figure A-7. Transmit Timing
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A.4.11 AC ELECTRICAL CHARACTERISTICS — RECEIVER TIMING (See Figure A-8)

Characteristic Symbol Min Max Unit
RxD Data Setup Time to RxC High tRxS 240 — ns
RxD Data Hold Time from RxC High tRxH 200 — ns

RxC
(1X Input)

lae— 1R xS ——Pmpat— tRXH —»]

N\

RxD

Figure A-8. Receive Timing
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L-v

H
TxD D1 D2 D3 4 : | D6
'
I | I
Transmitter ] [ I I
Enabled I | !
! | 1
|
TxRDY I
(SR2) A I\ M i N
| ] ] \ ] L]
— [
Y L
D1 D2 D3 '{ D6
|
CTS! |
(1PO} i
I
BTS2 ®
(OPO) ( 1
OPR(0)=1 OPRID)=1
NOTES:

1. Timing shown for MR2(4)=1.
2. Timing shown for MR2(5)=1.

Figure A-9

. Transmitter Timing




v

RxD | D1

D2

D3

D4

Db

D7

D8

Receiver |
Enabled i

D6, D7, D8 Will Be Lost

RxRDY
(SRO)

FFULL
(SR

RXRDY/
FFULL
(0P5)2

Status Data
., )

Status Data
N 5

Status Data
N v

ey

D2

D3

D4

Status Data
[ —)
D1
D5 Will
Be Lost
Overrun
(SR4)
RTS! 1
(OPO)
OPR{0)=1
NOTES

1. Timing shown for MR1(7)=1.
2. Shown for OPCR(4)=1 and MR{6)=0.

Figure A-10. Receiver Timing

Reset By Command




el-v

TxD

Transmitter
Enabled

TxRDY
(SR2)

W

Receiver
Enabled

RxRDY
(SRO)

R/W

Figure A-11. Wake-Up Mode Timing

Master Station A/D A/D A A/D 4
ADD . 00 }To T ADD 1 4
14 H LA A 21| A
L4 14 L4
[
1 L .
A
MR1{4—-3)=11 ADD1 MR1{2})=0 DO MR1(2)=1 ADD2
MR1(2)=1
Peripheral Station A/D A/D A/D A A/D A/D
H H HIR4 1 rVL’
ho ADD 1 oo lof | ADD 1, o !
1 2
1 i L A /1 i i e A
A
;. S v S —
A A i
l_P U U/ ! ’
MR1{4—3)=11 ADD 1 Status Data Status Data
[ —— (RS
Do ADD2



A.5 PIN ASSIGNMENT

RSTQ1
1P3 2
RS2 [3
iP1 Q4
Rs3[]5
RS4 6
1p0 7
Wils
R Ue

RxDB [J10
TxDB 11
or1 12
op3 13
oP5 [J14
op7 s
D1 16
D3 [17
D5 [18
D7 9
GND 20

39
38
37
36
35
34
a3
32
31
30
29
28
27
2
%5
24
23
2
21

vee

1 1P4

[ 1P5
11P6
[11P2
1S

] RESET
[ X2

1 X1/CLK
[T RXDA
] TxDA
1 oFo
[1oP2

1 0P4

1 0P
[1 DO

1 D2

1 D4

N os
RQ

A.6 ORDERING INFORMATION

Package Type

Ceramic
L Suffix

Plastic
P Suffix

4.0

4.0
4.0

Frequency (MHz)

A-14

MC2682
rRS101 / 28{0Vee
rRS2{]2 271 1P2
rRs3{3 26 1 CS
RS4(4 25 RESET
W55 24 Q%2
RO6 ZSEXWCLK
RxDBE7 22 D RxDA
TxOB([8 21 J TxDA
op109 20 B oPo
D110 19 Do
D311 18 A D2
o512 17 04
D713 16 [JD6
GND[14 15 D RA
Temperature Order Number
0°C to 70°C MC2681L
0°C to 70°C MC2681P
0°C to 70°C MC2682pP



P SUFFIX
PLASTIC PACKAGE
CASE 710-02
(MC2682 Only)

AR AN A AR ANANABARLAN LS AN LW AN
28 15

NOTES:

1.

B
p 1
ATV IRV AL P I A VAL VIRV B A VI P
. e L
[ |
by
HL ‘Gl L_'D SEATING L”M

PLANE

A-15/A-16

s==

POSITIONAL TOLERANCE GF LEADS (D},
SHALL BE WITHIN 0.25mm(0.010) AT
MAXIMUM MATERIAL CONDITION, IN
RELATION TO SEATING PLANE AND

EACH OTHER.

DIMENSION L TO CENTER OF LEADS

WHEN FORMED PARALLEL.

DIMENSION B DOES NOT INCLUDE

MOLD FLASH.

MILLIMETERS | INCHES
DIM! MIN | MAX | MIN | MAX
A_| 36.45 | 37.21 | 1,436 | 1.465
B | 13.72[14.22 | 0640 | 0.560
C | 334 | 508 | 0.166 | 0.200
D | 036 0.56 | 0.014] 0.022
F | 1.02] 1.52 | 0.040 | 0.060
G 2.54 BSC 0.100 BSC
H | 1.65] 2.16 | 0.065] 0.085
J_| 020 038 0.008] 0.015
K | 2827 343 0.115] 0.135
L | 1524 BSC | 0600 BSC
M 00 [ 150 | 09 [ 150
N | 051 1.02 | 0.020]0.040







Internal Control Logic

RS4-RS1
Timing Logic
CSRA
I Channel A Clock Select Register W ]
X1/CLK
CSRB
[ Channel B Clock Select Register W ]
X2
ACR
[Auxiliary Control Register {4 Bits) W]
Counter/Timer Counter Timer
Upper Register Lower Register
{Most Significant {Least Significant
8 Bits) W 8 Bits} W
* Current Count in Counter Mode may be Read
Processor I External
Interface l Interface
Channel A
CRA
[ Command Register w J
MR1A, MR2A
Mode Register 1 R/W
b e o o o — o
Mode Register 2 R/W
SRA
l Status Register R J
TBA
2 Registers
i i i Total
SPTe —DI THRA Transmit Holding Register w
Buffer Transmit Shift Register B TxDA
RB
D7-Do A ~
4--{ RHRA Receive Holding Register (3) R
RHRA (2)
4 Registers I RHRA (1)
Total L Receiver Shift Register [— RxDA
. ;
m
= Channel B
©
Q CRB
2 [ c :
& ommand Register W
= MR1B, MR2B
Mode Register 1 R/W
Mode Register 2 R/W
SRB
I Status Register R ]
188 2 Registers
i - ; Total
—DI THRB Transmit Holding Register W
Interrupt pontro! L Transmit Shift Register B TxDB
Logic RBB
IMR rocer - - FIFO
Interrupt Mask RHRB eceive Holding Register (3) R
. Register w L RHRB
IRQ
ISR 4 Registers [ RHRB (1
IACK Interrupt Status Total I Receive Shift Register — RxDB
— Register
R
ACR*
Auxiliary Control |
Register (4 Bits}
W Input Port
IVR
InterF;upF :/ector IPCR
egister
RIW l input Port Change Register R ]
*Same ACR as in Input Port ACR¥
[ Auxiliary Control Register (4 Bits) W ]
*Same ACR as in Interrupt Control Logic
1P5-1PO
[ Input Port (€ Bits! R
Output Port
OPCR
LOutput Port Configuration Register w J OP7-0P0

V(O( i

GND e

OPR
L Output Port Register (8 Bits) w ]

Figure 4-1. Programming Block Diagram
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