

























































































































































































































































































































































































































































































































































































































































































































































































PACR Mode 2
PACR
543 H2 Control
X X 0 Output pin — interiocked output handshake pro-

tocol.
X X 1 Output pin — pulsed output handshake protocol.

PACR
[ H1 Status Control
0 The H1S status bitis 1 when either the Port B initial or
final output latch can accept new data. It is O when
both latches are full and cannot accept new data.
1 The H1S status bit is 1 when both of the Port B output
latches are empty. It is O when at least one latch is full.

PACR Mode 3
PACR
543 H2 Control
X X 0 Output pin — interlocked output handshake pro-

tocol.
X X 1 Output pin — pulsed output handshake protocol.

PACR

0 H1 Status Control

0 The H1S status bit is 1 when either the initial or final
output latch of Port A and B can accept new data. It is
0 when both latches are full and cannot accept new
data.

1 The H1S status bit is 1 when both the initial and final
output latches of Ports A and B are empty. Itis 0 when
either the initial or final latch of Ports A and B is full.

Port B Control Register (PVBCR) -

7 6 5 4 3 2 1 0

Port B H4 H3 | H3
ot H4 Control Int. | SVCRQ| Stat.

Submode Enable | Enable| Ctrl.

The Port B Control Register specifies the operation of Port B
and the handshake pins H3 and H4. The Port B control
register contains five fields: bits 7 and 6 specify the Port B
submode; bits 5, 4, and 3 control the operation of the H4
handshake pin and H4S status bit; bit 2 determines whether
an interrupt will be generated when the H4S status bit goes
to 1, bit 1 determines whether a service request (interrupt re-
quest or DMA request) will occur; bit O controls the opera-
tion of the H3S status bit. The PACR is always readable and
writeable. There is never a consequence to reading the
register.

All bits are cleared to O when the RESET pin is asserted.

When the Port B submode field is relevant in a mode/sub-
mode definition, it must not be altered unless the H34 Enable
bit in the Port General Control Register is 0. (See Table 2.)

The operation of H3 and H4 and their related status bits is
given below, for each of the modes specified by Port General
Control Register bits 7 and 6. This description is organized
such that for each mode/submode all programmable options
of each pin and status bit are given.

Bits 2 and 1 carry the same meaning in each mode/sub-
mode, and thus are specified only once.

MOTOROLA Semiconductor Products Inc.

PBCR
2 H4 Interrupt Enable

6 The H4 interrupt is disabled.
1 The H4 interrupt is enabled.

PBCR
1 H3 SVCRQ Enable

6 The H3 interrupt and DMA request are disabled.
1 The H3 interrupt and DMA request are enabled.

PBCR Mode 0 Port B Submode 00

PBCR
543 H4 Control

0 X X Input pin — status only.

1 0 0O Output pin — always negated.

1 0 1 Output pin — always asserted.

1 1 0 Output pin — interlocked input handshake pro-

tocol.

1 1 1 Output pin — pulsed input handshake protocol.
PBCR

o H3 Status Control

X Not used.

PBCR ‘Mode 0 Port B Submode 01

PBCR

543 H4 Control

0 X X Input pin — status only.

1 0 0 Output pin — always negated.

1 0 1 Output pin — always asserted.

1 1 0 Output pin — interlocked output handshake pro-

tocol.
1 1 1 Output pin — puised output handshake protocol.

PBCR
_(l H3 Status Control
0 The H3S status bit is 1 when either the Port B initial or
final output latch can accept new data. It is O when
both latches are full and cannot accept new data.
1 The H3S status bit is 1 when both of the Port B output
latches are empty. It is O when at least one latch is full.

PBCR Mode 0 Port B Submode 1X

PBCR
§ 4 § H4 Control

0 X X Input Pin — status only.

1 X 0 Output pin - always negated.

1 X 1 QOutput pin — always asserted.
PBCR

0 H3 Status Control

X Not used

PBCR Mode 1 Port B Submode X0

§_ i i H4 Control

0 X X Input pin — status only.

1 0 0 Output pin — always negated.

1 0 1 Output pin — always asserted.

1 1 0 Output pin — interlocked input_handshake pro-

tocol.
1 1 1 Output pin — pulsed input handshake protocol.




PBCR
0 H3 Status Control
X Not used.

PBCR Mode 1 Port B Submode X1

R

g H4 Control

X Input pin — status only.

0 Output pin — always negated.

1 Output pin — always asserted.

0 Output pin — interlocked output handshake pro-
tocol.

1 Output pin — pulsed output handshake protocol.

- = —olo g
—~ocoxi»2
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PBCR

Q H3 Status Control

0 The H3S status bit is 1 when either the initial or final
output latch of Port A and B can accept new data. Itis
0 when both latches are full and cannot accept new
data.

1 The H3S status bit is 1 when both the initial and final
output latches of Ports A and B are empty. itis 0 when
neither the initial or final latch of Ports A and B is full.

PBCR Mode 2
PBCR
543 H4 Control
X X 0 Output pin — interlocked input handshake pro-
tocol.

X X 1 Output pin — pulsed input handshake protocol.

PBCR
9 H3 Status Control
X Not used.
PBCR Mode 3
PBCR
543 H4 Control
X X 0 Output pin — interlocked input handshake pro-

tocol.
X X 1 Output pin — pulsed input handshake protocol.

PBCR
0 H3 Status Control
X Not used.

Port A Data Register (PADR) — The Port A Data Register
is an address for moving data to and from the Port A pins.
The Port A Data Direction Register determines whether each
pin is an input (0) or an output (1), and is used in configuring
the actual data paths. This is mode dependent and is
described with the modes above.

This register is readable and writeable at all times. Depend-
ing on the chosen mode/submode, reading or writing may
affect the double-buffered handshake mechanism. The Port
A Data Register is not affected by the assertion of the
RESET pin.
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Port B Data Register (PBDR) — The Port B Data Register
is an address for moving data to and from the Port B pins.
The Port B Data Direction Register determines whether each
pin is an input (Q)or an output (1), and is used in configuring
the actual data paths. This is mode dependent and is
described with the modes, above.

This register is readable and writeable at all times. Depend-
ing on the chosen mode/submode, reading or writing may
affect the double-buffered handshake mechanism. The Port
B Data Register is not affected by the assertion of the RESET
pin.

Port A Alternate Register (PAAR) — The Port A Alternate
Register is an alternate address for reading the Port A pins. It
is a read-only address and no other PI/T condition is af-
fected. In all modes and the instantaneous pin level is read
and no input latching is performed except at the data bus in-
terface (see Bus Interface Connection). Writes to this ad-
dress are answered with DTACK, but the data is ignored.

Port B Alternate Register (PBAR) — The Port B Alternate
Register is an alternate address for reading the Port B pins. It
is a read-only address and no other PI/T condition is af-
fected. In all modes the instantaneous pin level is read and
no input latching is performed except at the data bus inter-
face (see Bus Interface Connection). Writes to this address
are answered with DTACK, but the data is ignored.

Port C Data Register (PCDR) — The Port C Data Register
is an address for moving data to and from each of the eight
Port C/alternate-function pins. The exact hardware
accessed is determined by the type of bus cycle (read or
write) and individual conditions affecting each pin. These
conditions are (1) whether the pin is used for the Port C or
alternate function, and (2) whether the Port C Data Direction
Register indicates the input or output direction. The Port C
Data Register is single buffered for output pins and not buf-
fered for input pins. These conditions are summarized in
Table 11.

The Port C Data Register is not affected by the assertion
of the RESET pin.

The operation of the PCDR is independent of the chosen
Pl/T mode.

TABLE 11 — PCOR HARDWARE ACCESSES

Read Port C Data Register

Port C function | Port C function | Alternate Alternate
PCDDR=0 PCDDR=1 function function
PCDDR=0 PCDDR=1
Port C Port C
pin output pin output
register register
Write Port C Data Register
Port C Function | PortC Function | Alternate Alternate
PCDDR=0 PCDDR=1 function function
PCDDR=0 PCDDR=1
Port C Port C Port C Port C
output register, | output register, | output register| output register
buffer disabled | buffer enabled

‘ MOTOROLA Semiconductor Products Inc.
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Note that two additional useful benefits result from this
structure. First, it is possible to directly read the state of a
dual-function pin while used for the non-Port C function. Se-
cond, it is possible to generate program controlled transi-
tions on alternate-function pins by switching back to the
Port C function, and writing to the PCDR.

This register is readable and writeable at all times.

Port Status Register (PSR) —

7 6 5 4 3 2 1 0

H4 | H3 H2 H1

Level| Level | Level | Level H4S | H3S | H2S | H1S

The Port Status Register contains information about hand-
shake pin activity. Bits 7-4 show the instantaneous level of
the respective handshake pin, and is independent of the
handshake pin sense bits in the Port General Control
Register. Bit 3-0 are the respective, status bits referred to
throughout this data sheet. Their interpretation depends on
the programmed mode/submode of the PI/T. For Bits 3-0 a
11s the active or asserted state.

Timer Control Register (TCR) —

7 6 5 4 3 2 1 0

TOUT/TIACK Z.D -
Control Ctrl.

Clock
Control

Timer
Enable

The Timer Control Register (TCR) determines ali operations
of the timer. Bits 7-5 configure the PC3/TOUT and
PC7/TIACK pins for Port C, square wave, vectored inter-
rupt, or autovectored interrupt operation; bit 4 specifies
whether the counter receives data from the Counter Preload
Register or continues counting when zero detect 1s reached,
bit 3 is unused and is read as O; bits 2 and 1 configure the
path from the CLK and TIN pins to the counter controller; bit
0 enables the timer. This register is readable and writeable at
all times.

All bits are cleared to O when the RESET pin is asserted.

TCR
TOUT/TIACK Control

The dual-function pins PC3/TOUT and PC7/TIACK

carry the Port C function.

0 1 X The dual-function pin PC3/TOUT carries the TOUT
function. In the run state it is used as a square wave
output and is toggled on zero detect. The TOUT
pin is high while in the halt state. The dual-function
pin PC7/TIACK carries the PC7 function.

1 0 O The dual-function pin PC3/TOUT carries the TOUT
function. In the run or halt state it is used as a timer
interrupt request output. The timer interrupt is
disabled; thus, the pin is always three-stated. The
dual-function pin PC7/TIACK carries the TIACK
function; however, since interrupt request is
negated, the PI/T produces no response, i.e., no
data or DTACK, to an asserted TIACK. Refer to
Timer Interrupt Cycle section for details. This com-
bination and the 101 state below support vectored
timer interrupts.

765
00 X
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1 0 1 The dual-function pin PC3/TOUT carries the TOUT
function and is used as a timer interrupt request
output. The timer interrupt is enabled; thus, the pin
is low when the timer ZDS status bit is 1. The dual
function pin PC7/TIACK carries the TIACK func-
tion and is used as a timer interrupt acknowledge
input. Refer to the Timer Interrupt Acknowledge
Cycle section for details. This combination and the
100 state above support vectored timer interrupts.

1 1 0 The dual-function pin PC3/TOUT carries the TOUT
function. In the run or halt state it is used as a timer
interrupt request output. The timer interrupt is
disabled; thus, the pin is always three-stated. The
dual-function pin PC7/TIACK carries the PC7 func-
tion.
The dual-function pin PC3/TOUT carries the TOUT
function and is used as a timer interrupt request
output. The timer interrupt is enabled; thus, the pin
is low when the timer ZDS status bit is 1. The dual-
function pin PC7/TIACK carries the PC7 function
and autovectored interrupts are supported.

—_
—_
—_

TCR
4 Zero Detect Control
0 The counter is loaded from the Counter Preload
Register on the first clock to the 24-bit counter after
zero detect, and resumes counting.
1 The counter rolls over on zero detect, then continues
counting.

Bit 3 is unused and is always read as 0.

TCR

21 Clock Control

0 0 The PC2/TIN input pin carries the Port C function and
the CLK pin and prescaler are used. The prescaler is
decremented on the falling transition of the CLK pin;
the 24-bit counter is decremented or loaded from the
Counter Preload Registers when the prescaler rolls
over from $00 to $1F. The Timer Enable bit determines
whether the timer is in the run or halt state.

0 1 The PC2/TIN pin serves as a timer input and the CLK
pin and prescaler are used. The prescaler is
decremented on the falling transition of the CLK pin;
the 24-bit counter is decremented or loaded from the
Counter Preload Registers when. the prescaler rolls
over from $00 to $1F. The timer is in the run state
when the Timer Enable bit is 1 and the TIN pin is high;
otherwise the timer is in the halt state.

1 0 The PC2/TIN pin serves as a timer input and the
prescaler is used. The prescaler is decremented follow-
ing the rising transition of the TIN pin after syncing
with the internal clock. The 24-bit counter is
decremented or loaded from the counter preload
registers when the prescaler rolls over from $00 to-$1F.
The Timer Enable bit determines whether the timer is
in the run or halt state.
The PC2/TIN pin serves as a timer input and the
prescaler is unused. The 24-bit counter is decremented
or loaded from the Counter Preload Registers follow-
ing the rising edge of the TIN pin after syncing with
the internal clock. The Timer Enable bit determines
whether the timer is in the run or halt state.

—_
—_




TCR

0 Timer Enable
0 Disabled.
1 Enabled.

Timer Interrupt Vector Register (TIVR) — The timer inter-
rupt vector register contains the 8-bit vector supplied when
the timer interrupt acknowledge pin TIACK is asserted. The
register is readable and writeable at all times, and the same
value is always obtained from a normal read cycle and a timer
interrupt acknowledge bus cycle (TIACK). When the RESET
pin is asserted the value of $OF is automatically loaded into
the register. Refer to Timer Interrupt Acknowledge Cycle
section for more details.

Counter Preload Register H, M, L (CPRH-L)

7l el sT a3l 271 To
Bit Bit Bit Bit Bit Bit Bit Bit
3| 2| 21] 20| 19| 18|17 |18 CPRH
Bit Bit Bit Bit Bit | "Bit Bit Bit
5| 14|13 12| 11| 0|9 | 8] CPRM
Bit Bit Bit Bir Bit Bit Bit Bit
7 16| 5| 4| 3| 2|1 |0l CPRL

The Counter Preload Registers are a group of three 8-bit
registers used for storing data to be transferred to the
counter. Each of the registers is individually addressable, or
the group may be accessed with the MOVEP .L or the
MOVEP.W instructions. The address one less than the ad-
dress of CPRH is the null register, and is reserved so that
zeros are read in the upper 8 bits of the destination data
register when a MOVEP.L is used. Data written to this ad-
dress is ignored.

The registers are readable and writeable at all times. A
read cycle proceeds independently of any transfer to the
counter, which may be occuring simultaneously.

To insure proper operation of the PI/T Timer, a value of
$000000 may not be stored in the Counter Preload Registers
for use with the counter.

The RESET pin does not affect the contents of these
registers.

Count Register H, M, L (CNTRH-L) —

7 6 5 4 3 2 1 0

Bit Bit Bit Bit | Bit | Bit | Bit | Bit

23| 2| 21| 20| 19| 18] 17| 16| CNTRH
Bit Bit Bit Bit Bit Bit Bit Bit

15| 14] 13] 12| 1] 10| 9 | 8| CNRM
Bit Bit Bit Bit Bit Bit Bit Bit CNTRL

7 6 5 4 3 2 1 0

The count registers are a group of three 8-bit addresses at
which the counter can be read. The contents of the counter
are not latched during a read bus cycle; thus, the data read at
these addresses is not guaranteed if the timer is in the run

>
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state. (Bits 2, 1, and O of the Timer Control Register specify
the state.) Write operations to these addresses result in a
normal bus cycle but the data is ignored.

Each of the registers is individually addressable, or the
group may be accessed with the MOVEP.L or the MOVEP. W
instructions. The address one less than the address of
CNTRH is the nuil register, and is reserved so that zeros are
read in the upper 8 bits of the destination data register when
a MOVEP.L is used. Data written to this address is ignored.

Timer Status Register (TSR) —

7 6 5 4 3 [« 2 1 0

* * * * * * *

208

The Timer Status Register contains one bit from which the
zero detect status can be determined. The ZDS status bit (bit’
0) 1s an edge-sensitive flip-flop that is set to 1 when the 24-bit
counter decrements from $000001 to $000000. The ZDS
status bit is cleared to O following the direct clear operation
(similar to that of the ports), or when the timer is haited.
Note also that when the RESET pin is asserted the timer is
disabled, and thus enters the halt state.

This register is always readable without consequence. A
write access performs a direct clear operation if bit O in the
written data is 1. Following that, the ZDS bit is O.

This register is constructed with a reset dominant S-R flip-
flop so that all clearing conditions prevail over the possible
zero detect condition.

Bits 7-1 are unused and are read as 0.

TIMER APPLICATIONS SUMMARY

This section outlines programming of the Timer Control
Register for several typical examples.

Periodic Interrupt Generator

7 [ 6] 5 4 3 R B
TOUT TIACK 2D Clock Timer
* ~
Control Ctr! Cortrar |Enable
1 X 1 0 3] 00 or X changed

In this configuration the timer generates a periodic inter-
rupt. The TOUT pin is connected to the system'’s interrupt
request circuitry and the TIACK pin may be used as an inter-
rupt acknowiedge input to the timer. The TIN pin may be
used as a clock input. .

The processor loads the Counter Preload Registers and
Timer Control Register, and then enables the timer When
the 24-bit counter passes from $000001 to $000000 the ZDS
status bit is set and the TOUT (interrupt request) pin is
asserted. At the next clock to the 24-bit counter 1t is again
loaded with the contents of the CPR's, and thereafter
decrements. In normal operation, the processor must diréct
clear the status bit to negate the interrupt request (see
Figure 15).




FIGURE 15 — PERIODIC INTERRUPT GENERATOR

}: Run

Timer
Enabie

SFRFFFF

24-Bit
Counter*:

5000000

* Anaoc representatlion of Counter vaiue

Square Wave Generator

- Je Je o]l ] ¢

TOUT TiAlK ZC Crock Timer
Cantre Z * Conto. {Enable

C ! X : C OC or 1x changec

In this configuratior tne timer produces a square wave at
the TOUT pin The TOUT pin 1s connected to the user's cir-
cuitry and the TIACK pinis notused. The TIN pin may be us-
‘ed as a clock mnput

The processor loads the Counter Preload Registers and
Timer Contro! Reaister, and then enables the timer. When
the 24-bit counter passes from $000001 to $000000 the ZDS
status bit 1s set and the TOUT (square wave output) pin 1s
toggled. At the next clock to the 24-bit counter it is again
loaded with the contents of the CPRs, and thereafter
decrements. In thus application there i1s no need for the pro-
cessor 1o direct ciear the ZDS status bit; however, it IS possi-
ble for the processor to svnc itself with the square wave by
clearing the ZDS status bit, then polling it. The processor
may also read the TOUT level at the Port C address

Note that the PC3/TOUT pin functions as PC3 following
the negation of RESET. If used in the square wave con-
figuration a pullup resistor may be required to keep a known
level prior to programming. Prior to enabling the timer,
TOUT 1s high (see Figure 16).

FIGURE 16 — SQUARE WAVE GENERATOR
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Interrupt After Timeout
7 lel s a3 21110

TOUT/TIACK ZD Clock Timer
Control Ctrl * Control En
1 X 1 1 0 00 or 1X changed

In this configuration the timer generates an interrupt after
a programmed time period has expired. The TOUT pin is
connected to the system's interrupt request circuitry and the
TIACK pin may be an interrupt acknowledge input to the
timer. The TIN pin may be used as a clock input.

This configuration is similar to the periodic interrupt
generator except that the Zero Detect Control bit is set. This
forces the counter roll over after Zero Detect is reached,
rather than reloading from the CPRs. When the processor
takes the interrupt it can halt the timer and read the counter.
This allows the processor to measure the delay tme from
Zero Detect (interrupt request) to entering the service
routine. Accurate knowledge of the interrupt latency may be
useful in some applications (see Figure 17).

FIGURE 17 — SINGLE INTERRUPT AFTER TIMEOUT

L !

€ Run {
Timer
Enable

——
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24-Bit

Counter* _\
$000000 =

TOUT ~ ,
TIACK U

* Analog representation of counter value.

Elapsed Time Measurement
Elapsed time measurement takes several forms; two are
described below.
System Clock

7 e[ 5 [ a3 [2]11]0

TOUT/TIACK Z.D. Clock Timer
Control cul.] * Control _|Enable

0 0 X 1 0 0 0 changed

This configuration allows time interval measurement by
software. No timer pins are used.

The processor loads the Counter Preload Registers
(generally with all 1s) and Timer Control Register, and then
enables the timer. The counter decrements until the ending
event takes place. When it is desired to read the time inter-
val, the processor must halt the timer, then read the counter

For applications in which the interval could have exceeded
that programmable in this timer, interrupts can be counted
to provide the equivalent of additional tmer bits. At the end,
the timer can be halted and read (see Figure 18).




FIGURE 18 — ELAPSED TIME MEASUREMENT

o Run 1

Timer
Enabie
——d

SFFFFFF g o == == = o= = = = - — —_—_——-
- Elapsed

u8n Te

Counter”®

5000000 =3
"Analog representation of counter values.

External Clock

7 1615 4 3 2 | 0
TOUT/TIACK Z D Clock Timer
Control Ctrl. | * Control  |Enable

0 0 X 1 0 1 X changed

This configuration allows measurement (counting) of the
number of input pulses occurring in an interval in which the
counter is enabled. The TIN input pin provides the input
puises. Generally the TOUT and TIACK pins are not used.

This configuration is identical to the Elapsed Time
Measurement/System Clock configuration except that the
TIN pin is used to provide the input frequency. It can be con-
nected to a simple oscillator, and the same methods could be
used. Alternately, it could be gated off and on externally and
the number of cycles occurring while in the run state can be
counted. However, minimum pulse width high and low
specifications must be met.

Device Watchdog

7 1 6] 5 4 3 2 |1 0

TOUT/TIACK Z D Clock Timer
Control Cul. | * Control  |[Enable

1 X 1 1 0 0 1 changed

This configuration provides the watchdog function need-
ed in many systems. The TIN pin is the timer input whose
period at the high (1) level is to be checked. Once allowed by
the processor, the TIN input pin controls the run/halt mode.
The TOUT pin is connected to external circuitry requiring
notification when the TIN pin has been asserted longer than
the programmed time. The TIACK pin (interrupt
acknowledge) is only needed if the TOUT pin is connected to
interrupt circuitry.

The processor loads the Counter Preload Register and
Timer Control Register, and then enables the timer. When
the TIN input is asserted (1, high) the timer transfers the con-
tents of the Counter Preload Register to the counter and
begins counting. If the TIN input is negated before Zero
Detect I1s reached, the TOUT output and the ZDS status bit
remain negated. |f Zero Detect is reached while the TIN input
is still asserted the ZDS status bit is set and the TOUT output
is asserted. (The counter rolls over and keeps on counting.)

In either case, when the TIN input is negated the ZDS
status bit is O, the TOUT output is negated, the counting
stops, and the prescaler is forced to all 1s (see Figure 19).
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FIGURE 19 — DEVICE WATCHDOG
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BUS INTERFACE CONNECTION

The PI/T has-an asynchronous bus interface, primarily
designed for use with the MCB8000 microprocessor. With
care, however, it can be connected to synchronous
microprocessor buses. This section completely describes the
PI/T's bus interface, and is intended for the asynchronous
bus designer unless otherwise mentioned.

In an asynchronous system the P/ T CLK may operate at a
significantly different frequency, either higher or lower, than
the bus master and other system components, as long as all
bus specifications are met. The MC68230 CLK pin has the
same specifications as the MC68000 CLK, and must not be
gated off at any time.

The following signals generate normal_read and write
cycles to the PI/T: CS (Chip Select), R/W (Read/Write),
RS1-RS5 (five Register Select bits), D0-D7 (the 8-bit bidirec-
tional data bus), and DTACK (Data Transfer Acknowledge).
To generate interrupt acknowledge cycles PC6/PIACK or
PC7/TIACK is used instead of CS, and the Register Select
pins are ignored. No combination of the following pins may
be asserted simultaneously: CS, PIACK, or TIACK.

READ CYCLES VIA CHIP SELECT

This catagory includes all register reads, _except port or
timer interrupt acknowledge cycles. When CS is asserted,
the Register Select and R/W inputs are latched internallly.
They must meet small setup and hold time requirements with
respect to the asserted edge of CS. (See the AC ELEC-
TRICAL CHARACTERISTICS table.) The PI/T is not pro-
tected against aborted (shortened) bus cycles generated by
an Address Error or Bus Error exception in which it is
addressed.

Certain operations triggered by normal read (or write) bus
cycles are not complete within the time allotted to the bus
cycle. One example is transfers to/from the double-buffered
latches that occur as a result of the bus cycle. If the bus
master's CLK is significantly faster than the Pl/T's the
possibility exists that, following the bus cycle, CS can be




negated then re-asserted before completion of these internal
operations. In this situation the PI/T does not recognize the
re-assertion of CS until these operations are complete. Only
at that time does it begin the internal sequencing necessary
to react to the asserted CS. Since CS also controls the
DTACK response, this ‘bus: cycle recovery time” can be
related to the CLK edge on which DTACK is asserted for that
cycle. The PI/T will recognize the subsequent assertion of
CS three (3) CLK periods after the CLK edge on which
DTACK was previously asserted.

The Register Select and R/W inputs pass through an
internal latch that is transparent when the PIAT can
recognize a new CS pulse (see above paragraph). Since the
internal data bus of the PI/T is continuously enabled for read
transfers, the read access time (to the data bus buffers)
begins when the Register Selects are stabilized internally.
Also, when the PI/T is ready to begin a new bus cycle, the
assertion of CS enables the data bus buffers within a short
propagation delay. This_does not contribute to the overall
read access time unless CS is asserted significantly after the
Register Select and R/W inputs are stabilized (as may occur
with synchronous bus microprocessors).

In addition to Chip Select's previously mentioned duties, it
controls the assertion of DTACK and latching of read data at
the data bus interface. Except for controlling input latches
and enabling the data bus buffers, all of these functions
occur only after CS has been recognized internally and syn-
chronized with the internal clock. Chip Select is recognized
on-the falling edge of the CLK if the setup time is met,
DTACK is asserted (low) on the next falling edge of the CLK.
Read data is latched at the PI/T's data bus interface at the
same time DTACK is asserted. It is stable as long as Chip
Select remains asserted independent of other external condi-
tions. _ ’

From the above discussion it is clear that if the CS setup
time prior to the falling edge of the CLK is met, the PI/T can
consistently respond to a new read or write bus cycle every
four (4) CLK cycles. This fact is especially useful in designing
the PI/T's clock in synchronous bus systems not using
DTACK. (An extra CLK period is required in interrupt
acknowledge cycles, see Read Cycles via Interrupt
Acknowledge.)

In asynchronous bus systems in which the PI/T's CLK dif-
fers from that of the bus master, generally there is no way to
guarantee that the CS setup time with respect to the PI/T
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CLK is met. Thus, the only way to determine that the PI/T
recognized the assertion of CS is to wait for the assertion of
DTACK. In this situation, all latched bus inputs to the PI/T
must be held stable until DTACK is asserted. These include
Register Select, R/W, and write data inputs (see below).

System specifications impose a maximum delay from the
trailing (negated) edge of Chip Select to the negated edge of
DTACK. As system speeds increase this becomes more dif-
ficult to meet with a simple puliup resistor tied to the DTACK
line. Therefore, the PI/T provides an internal active pullup
device to reduce the rise time, and a level-sensitive circuit
that later turns this device off. DTACK is negated asyn-
chronously as fast as possible following the rising edge of
Chip Select, then three-stated to avoid interference with the
next bus cycle.

The system designer must take care that DTACK is
negated and three-stated quickly enough after each bus
cycle to avoid interference with the next one. With the
MC68000 this necessitates a relatively fast external path from
the data strobe to CS going negated.

WRITE CYCLES

In many ways write cycles are similar to normal read cycles
(see above). On write cycles, data at the DO-D7 pins must
meet the same setup specifications as the Register Select
and R/W lines. Like these signals, write data is latched on
the asserted edge of CS, and must meet small setup and
hold time requirements with respect to that edge. The same
bus cycle recovery conditions exist as for normal read cycles.
No other differences exist.

READ CYCLES VIA INTERRUPT ACKNOWLEDGE

Special internal operations take place on PI/T interrupt
acknowledge cycles. The Port Interrupt Vector Register or
the Timer Interrupt Vector Register are implicitly addressed
by the assertion of PC6/PIACK or PC7/TIACK, respectively.
The signals are first synchronized with the falling edge of the
CLK. One clock period after they are recognized the data bus
buffers are enabled and the vector is driven onto the bus.
DTACK is asserted after another clock period to allow the
vector some setup time prior to DTACK. DTACK is negated,
then three-stated as with normal read or write cycle, when
PIACK or TIACK is negated.
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R68560 « R68561

MULTI-PROTOCOL COMMUNICATIONS
CONTROLLER (MPCC)

R68560, R68561

PRELIMINARY
DESCRIPTION FEATURES
The R68560, R68561 Mutti-Protocol Communications Controller e Full duplex synchronous/asynchronous receiver and trans-
(MPCC) interfaces a single serial communications channel to mitter

a 68008/68000 microcomputer-based system using either asyn-
chronous or synchronous protocol. High speed bit rate. auto-
matic formatting, low overhead programming, eight character
buttering, two channel DMA interface and three separate inter-
rupt vector numbers optimize MPCC performance to take full
advantage of the 68008/68000 processing capabilities and
asynchronous bus structure.

In synchronous operation, the MPCC supports bit-oriented pro-
tocols (BOP), such as SDLC/HDLC, and character-oriented pro-
‘tocols (COP), such as IBM Bisync (BSC) in either ASCII or
EBCDIC coding. Formatting. synchronizing, vaiidation angd error
detection is performed automatically in accordance with protocol
requirements and selected options. Asynchronous (ASYNC)
and isochronous (ISOC) modes are also supported. In addition,
modem interface handshake signals are available for general
use.

Control, status and data are transferred between the MPCC and
the microcomputer bus via 22 directly addressable registers and
a DMA interface. Two first-in first-out (FIFO) reqisters, address-
able through separate receiver and transmitter data registers,
each buffer up to eight characters at a time to allow more MPU
processing time to service data received or to be transmitted
and to maximize bus throughput, especially during DMA oper-
ation. The two-channel Direct Memory Access (DMA) intertace
operates with the MC68440/MC68450 DMA Controlier. Three
prioritized interrupt vector numbers separately support receiver,
transmitter and modem intertace operation.

An on-chip oscillator drives the internal baud rate generator
(BRG) and an external clock output with an 8 MHz input crystal
or clock frequency. The BRG. in conjunction with two selectable

prescalers and 16-bit programmable divisor, provides a data bit .

rate of DC to 4 MHz.

The 48-pn R68561 supports word-length (16-bit) operation when
connected to the 68000 16-bit asynchronous bus, as well as
bvte-length (8-bit) operation when connected to the 68008 8-bit
bus. The 40-pin R68560 supports byte-length operation on the
68008 bus.

o Fully implements IBM Binary Synchronous Communications
(BSC) in two coding formats: ASCIl and EBCDIC

e Supports other synchronous character-oriented protocois
(COP), such as six-bit BSC, DDCMP, X3.28, ISO 1S1745,
ECMA-16, etc.

e Supports synchronous bit-oriented protocols (BOP), such as

SDLC, HDLC/ADCCP, X.25, etc.

Asynchronous and isochronous modes

Modem handshake intertace

High speed serial data rate (DC to 4 MHz)

Internal oscillator and Baud Rate Generator (BRG) with pro-

grammable data rate

e Crystal or TTL level clock input and buftered clock output
(8 MHz)

. Direct‘ interface to 68008/68000 asynchronous bus

o Eight-character receiver and transmitter buffer registers

o 22 directly addressable registers for flexible option seiection,
complete -status reporting, and data transfer

e Three separate programmable interrupt vector numbers for
receiver, transmitter and serial interface

¢ Maskable interrupt conditions for receiver, transmitter and
serial intertace.

e Programmable microprocessor bus data transfer: polled.
interrupt and two-channel DMA transfer compatibie with
MC68440/MCE8450

o Clock control register for receiver clock divisor and receiver
and transmitter clock routing

o Selectable ful/half dupiex, autoecho and local loop-back
modes

e Selectable parity (enable, odd, even) and CRC (control fieid
enable, CRC-16, CCITT V.41, VRC/LRC)

ORDERING INFORMATION

Part Number Frequency Temperature Range
R6856 — — 4 MHz 0°C to 70°C

Package: C = Ceramic
P = Plastic

Number of pins: 0
4

40
48

Document No. 68650N06

Product Description Order No. 705
Rev. 1, March 1983
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FIGURE 1. MPCC Block Diagram
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PIN DESCRIPTION

Throughout the data sheet, signais are presented using the terms
active and inactive or asserted and negated independent of whether
the signal is active in the high-voitage state or low-voitage state. (The
active state of each logic pin is described below.) Active low signals
are denoted by a superscript bar. R/W indicates a write is active low
and a read active high.

00-015
DATA —
Bus I
Av-Ad ,.L }
ADDRESS 5T
-l — T | oo
— RE
- Lo [ e
(osios 5% J
ASYNCHRONOUS =
BUS { — g
CONTROL RW Reassn/ .
——— REasst TRANSMITTER
DTACK MPCC INTERFACE
_.—_..EEEE
. TosR 1
— e RECEIVER
ROSR ! } INTERFACE
DMA ) DACK
CONTROL SORE EXTAL
5TC cLoCK
| "_—a T ecx INTERFACE
INTERRUPT — 3
CONTROL JACK GND
FIGURE 2. MPCC Input and Output Signals

A1-A4—Address Lines. A1-A4 are active high inputs used in con-
junction with the CS input to access the internal registers. The
address map for these registers is shown in Tabie 1. A0 is valid only
in byte mode. For 68000 asynchronous bus interface AQ = UDS.

D0-D15—Data Lines. The bidirectional data lines transfer data
between the MPCC and the MPU, memory or other peripheral
device. D0O-D15 are used when connected to the 16-bit 68000 bus
and operating in the MPCC word mode. D0-D7 are used when con-
nected to the 16-bit 68000 bus or the 8-bit 68008 bus and operating
in the MPCC byte mode. The data bus is tnree-stated when CS 1s
inactive. (See exceptions in DMA mode.)

CS—Chip Select. CS low selects the MPCC for programmed trans-
fers with the host. The MPCC is deseiected when the CS input is
inactive in non-DMA mode. CS must.be decoded from the adaress
bus and gated with address strobe (AS).

R/W—Read/Write. R/W controls the direction of data flow through
the bidirectional data bus by indicating that the current bus cycle is
a read (high) or write (low) cycle.

DTACK—Data Transfer Acknowledge. DTACK is an active low
output that signais the compietion of the bus cycle. During read or
interrupt acknowiedge cycles, DTACK is asserted by the MPCC atter
data has been provided on the data bus; during write cycles it is
asserted after data has been accepted at the data bus. DTACK is
ariven high after assertion prior to being tri-stated. A hoiding resistor
1s required to maintain DTACK high between bus cycles.

ﬁlﬁé——Lower Data Strobe/Data Strobe. During a write (R/W
low), the oS positive transition latches data on data bus lines DO-
D7 into the MPCC. During a read (RW high). DS low enables data
trom the MPCC to data bus lines D0-D7.

TEIAO—Upmr Data Strobe/Address Line A0. When intertacing
the R68561 to the 68000 16-bit bus. the data bus UDS signal is
connected to the UDS/AQ input. During a write (RIW iow). the UDS
positive transition latches data on data lines D8-D15 into the MPCC
(word mode only). During a read (R/W high), UDS low enables data
from the MPCC to data bus lines D8-D15 (word mode only). In the
byte mode, UDS is used internally by the MPCC as AO to adaress
a register byte (see Table 1).

When interfacing the R68560 to the 68008 8-bit bus, data bus AQ
line is connected to the UDS/AQ input and is used to access an
internal register byte (see Tabie 1).

ITR-Q.—lmerrupt Roquest.T_he active low ﬁ output requests inter-
rupt service by the MPU. IRQ is driven high after assertion prior to
being tri-stated.

IACK—interrupt Acknowledge. The active low IACK input indi-
cates that the current bus cycle s an interrupt acknowledge cycle.
When IACK is asserted the MPCC places an interrupt vector on the
lower byte (DO-D7) of the data bus.

TDSR—Transmitter Data Service Request. When Transmitter DMA
mode is active, the low TDSR output requests DMA service.

RDSR—Receiver Data Service Request. When receiver DMA mode
1s active, the low RDSR output requests DMA service.

DACK—DMA Acknowliedge. The DACK low input indicates that the
data bus has been acquired by the DMAC and that the requested
bus cycle is beginning.

DTC—Data Transfer Compiete. The DT DTC low input indicates that

a DMA data transfer is complete. DTC in response to a RDSR
mdncates that the data has been successfuny stored in memory. Dic
in response to a TDSR indicates that the data is present on the data
bus for strobing into the MPCC. DTC is used in conjunction with
R/W to increment the TxFIFO or RxFIFO pointer.

DONE—Done. DONE is a bidirectional active low signal. The DONE
signal i1s asserted by the DMAC when the DMA transter count :s
exhausted and there 1s no more data to be transterred, or assenecd
by the MPCC when the status byte foliowing the last character of a
frame (block) s being transterred in response to a RDSR. The DONE
signal asserted by the DMAC in response to a TDSR wili be storec
to track with the data byte (lower byte for word transfer) through tne
TxFIFO

RESET—Reset. RESET is an active low, high impeaance input that
initializes all MPCC functions. RESET must be assened for at least
500 ns to initialize the MPCC.

DTR—Data Terminal Ready. The DTR active low output I1s generai
purpose in nature, and s controlied by the DTRLVL bit in the Seria:
Intertace Control Register (SICR).

RTS—Request to Send. The RTS active low output is generai pur-
pose in nature. and is controlied by the RTSLVL bit in the SICR

CTS—Clear to Send. The CTS active low input positive transitior:
and level are reported in the CTS and CTSLVL buts in the Senai
Intertace Status Register (SISR), respectively.

DSR—Data Set Ready. The DSR active low input negative transi-
tion and level are reported in the DSR and DSRLVL bits in the SISR.
respectively.
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DCD-Data Carrier Detect. The DCD active low input positive tran-
siion and level are reported in the OCD and DCDLVL bits in the
SISR, respectively.

TxD—Transmitted Data. The MPCC transmits serial data on the
TxD output. The TxD output changes on the negative going edge of
TxC.

RxD—Received Data. The MPCC receives serial data on the RxD
nout. The RxD input 1s shifted into the receiver with the positive
going edge of RxC.

TxC—Transmitter Clock. TxC can be programmed to be an input
or an output. When TxC is selected to be an input, the transmitter
clock must be provided externally. When TxC is programmed to be
an output, a ciock is generatea by the MPCC's internal baud rate
generator. The low-to-high transition of the clock signal nominaily
indicates the center of a senal data bit present on the TxD output.

RxC—Receiver Clock. RxC provides the MPCC receiver with
received data timing information. The clock transition from low-to-
high nominally indicates the center of each serial data bit on the RxD
input.

EXTAL—Crystal/Externai Clock Input.

XTAL Crystal Return. EXTAL and XTAL connect an 8 MHz external
crystal to the MPCC internal oscillator. The pin EXTAL may also be
used as a TTL level input to supply a DC to 8 MHz reference timing
from an external clock source. XTAL must be tied to ground when
applying an external clock to the EXTAL input.

BCLK—Buffered Clock. BCLK is the internai oscillator buffered
output available 1o other MPCC devices sliminating the need for
additional crystals.

Vec—Power. 5 V = 5%.

GND—Ground. Ground (Vgs).

gosAa0 J1 48[ iACK
DTACK 2 47 [J [DS/DS
, RxD (] 3 46 () DTC
d D104 45 7] D9
oTRs 44]Cs
DSR 6 43 [ DACK
oco[]7 42 7] GND
p11 s 41 0o
RDSR [ 9 407 D8
A1 10 38 [J o1
GND [ 11 38 [J 02
A4 12 37 [J o3
A2 13 36 ] D4
A3 14 35 [ Ds
RxC []15 34 D6
D12 (16 33 [J D15
T™>c (J17 32707
BCLK [ 18 31 [ RESET
EXTAL (J19 30 CTS
XTAL [ 20 29 [ Vee
D13 21 28 (] D14
RW (O 22 27 [[1 DONE
Ra 23 26 [ TxD
RTS [ 24 25 ;?_D—é'ﬁ'
R68561 Pin Configuration

Ao 40 [J 1ACK
DTACK [ 2 39 BS
rx0 (3 38 ] DTC
DR 4 37[JTS
oSR(]s 36 [] DACK
oco 6 35 ] GND
ROSR(]7 3a[] oo
a1Js 33[] b1
GND (]9 32 o2
A4 10 31[] o3
a1 30 pa
A3[J12 29[] D5
RxC (13 28 [7) D6
Txc []14 27 o7
BeLk [J1s 26 ] RESET
ExTAL 16 25 ] CTs
xTAaL 17 24 7] Ve
RW 18 23 7] DONE
iR 19 227 TxD
RTs Q20 21 [ TOSR

R68560 Pin Configuration
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MPCC REGISTERS

Twenty-four B-bit registers define. control and monitor the data
communications process. These registers and their addresses are
listed in Table 1.

n the word mode. two registers are read or written at a time starting
at an even boundary (AQ is not used in the word mode and 1s implied
1o de 0. in the byte mooce, each register is explicitly addressed
oased on AQ.

Table 2 summarizes the MPCC register bit assignments. A read from
an unassigned location results in a read from the "null register.” The
null register returns all ones for data ang results in a normal bus
cycle. Unused bits of a defined register are read as zeros uniess
otherwise noted.

TABLE 1. MPCC Accessibie Registers

i Address Bits Initialized
Hex by
Register Addr A4 A3 A2 Al A0 Access RESET

Receiver Status Register (RSR) 00 o} 0 0 0 0 R/W Yes
Receiver Control Register (RCR) 01 0 0 0 0 1 R/W Yes
Receiver Data Register (RDR) 02 0 0 0 1 0 R No*
Receiver Interrupt Vector Number Register (RIVNR) 04 0 0 1 0 0 R/W Yes
Receiver Interrupt Enable Regrster (RIER) 05 0 0 1 0 1 RW Yes
Transmitter Status Register (TSR) 08 0 1 0 0 0 RIW Yes
Transmitter Control Register (TCR) 08 0 1 0 0 1 RIW Yes
Transmitter Data Register (TDR) 0A 0 1 0 1 0 'Y No*
Transmitter interrupt Vector Number Reagister (TIVNR) oC 0 1 1 0 0 R'W Yes |
Transmitter Interrupt Enable Register (TIER) [o]0] 0 1 1 0 1 RW Yes i
Serial Interface Status Register (SISR) 10 1 0 0 0 0 R/W Yes
Serial Intertace Control Register (SICR) 11 1 0 0 0 1 R/W Yes
Serial Interrupt Vector Number Register (SIVNR) 14 1 0 1 0 0 R/W Yes
Serial Interrupt Enable Register (SIER) 15 1 0 1 0 1 R/W Yes
Protoco! Select Register 1 (PSR1) 18 1 1 0 0 0 RIW Yes
Protoco! Select Register 2 (PSR2) 19 1 1 0 0 1 RIW Yes
Address Register 1 (AR1) 1A 1 1 0 1 0 RW Yes
Address Register 2 (AR2) 1B 1 1 0 1 1 R/W Yes
Baud Rate Divider Register 1 (BRDR1) 1C 1 1 1 0 0 RW Yes :
Baud Rate Divider Register 2 (BRDR2) 1D 1 1 1 0 1 RW Yes |
Clock Control Register (CCR) 1E 1 1 1 1 0 RW Yes |
Error Control Register (ECR) 1F 1 1 1 1 1 RIW Yes ’
“The data In the registers Is not nitialized, however. the FIFQO pointers are reset to point to the top.
R = Read. W = Write
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TABLE 2. MPCC Register Bit Assignments

HEX 1 BIT NUMBER RESET"
ADDRESS || 7 5 S s 3 2 3 ) VALUE
% ADA £OF 0 CIPERR | FRERR | ROVAN RAB RIDLE 00 Recerver Status

Regster (RSR)
3 Receiver Control
a1 ROSREN DONEEN RSYNEN STRSYN 2ADCMP RABTEN RRES 01 Register (RCR)

Recerver Data
22 RECEIVED DATA (RxFIFQ) ) —_—— Register (RDR)

037 : I v 1 1 I )

Receiver Interrupt Vector
04 RECEIVER INTERRUPT VECTOR NUMBER (RIVN) OF Number Register (RIVNR)
05 R/DA EOF _ C/PERR FRERR ROVRN RA/B _ 00 Receiver Interrupt Enaple

IE 13 € [13 IE IE Register (RIER)
06 1 1 1 1 1 1 1 1 (nulh
07 1 1 1 1 1 1 1 1 (nuit)

Transmitter Status
08 TDRA TFC o] 0 0 TUNRN TFERR 0 80 Register (TSR)

Transmitter Control
09 TEN TODSREN TICS THW TLAST TSYN TABT TRES 01 Register (TCR)

Transmitter Data
0A TRANSMITTED DATA (TxFIFQ) —_— Register (TDR)

08 1 ll 1 I 1 1 1 —[ 1 E 1 1 (null)

Transmitter Interrupt Vector
ocC TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) oF Number Register (TIVNR)
0o TDRA TFC _ — — TUNRN TFERR _ 00 Transmitter interrupt Enable

3 E IE 3 Register (TIER)
0E 1 1 1 1 1 1 1 1 (nutl)
OF 1 1 1 1 1 1 1 1 (nuil)
' Serial interface Status
10 CTS DSR OCD CTSLVL DSRLVL DQDLVL 0 0 00 Register (SISR)

Senal Intertace Contro!

11 RTSLVL OTRLVL -_— -_ - ECHO TEST NRZ! 00 Register (SICR)
12 (NOT USED"") (reserved)
13 (NOT USED"™") (reserved)

Senial Interrupt Vector
14 SERIAL INTERRUPT VECTOR NUMBER (SIVN) OF Number Register (SIVNR)
15 CTS OSR DCD _ 00 Serial Interrupt Enable

IE IE IE . - - - - Register (SIER)
16 1 1 1 1 1 1 1 1 (nuil)
17 1 1 1 1 1 1 1 1 (Pull)
Protoco! Seiect
18 - - - - - - CTLEX | ADDEX 0 Register 1 (PSR1)
STOP BIT SEL CHAR LEN SEL PROTOCOL SEL rotoco!
19 wo/BYT [ole] P ) ' Sel;cta
sB2 $81 ce | cu P3| Ps2 | Pst Register 2 (PSR2)
1A BOP ADDRESS/BSC & COP PAD 00 Address Register 1 (AR1)
18 BOP ADDRESS/BSC & COP SYN 00 Address Register 2 (AR2)

Baud Rate Divider
1C BAUD RATE DIVIDER (LSH) 01 Register 1 (BROR1)

Baud Rate Divider
10 BAUD RATE DIVIDER (MSH) 00 Register 2 (BROR2)

CLK SEL ' Clock Control
1 — -— -— P v T A
13 SCOI 4 CLKO RCLKIN o2 r o 00 Register (CCR)
CRC SEL Error Controi
1F P N PAR _— -—
ARE ODD CTLCRC CRCPRE ore T om 04 Register (ECR)
NOTES:
1. RESET = Register contents upon power up or RESET {— — = undefined). 3. When adaress 03 or OB is addressed in the word mode, the second byte
2. In the word mode. two bytes are addressed with each word access starting of the RxFIFO or TxFIFO is accessed, respectively.

with the even address (R68561 only).
v ** Unused registers may contain random bit vaiues.

— = Read as zero.
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REGISTER DEFINITIONS

RECEIVER REGISTERS

Receiver Status Register (RSR)

[+ 5 | 5] a4 3 2 1 0
RDA | EOF | 0 |C/PERR|FRERR|ROVRN | RA/B | RIDLE

The Receiver Status Register (RSR) contains the status of the
receiver including error conditions. Status bits are cleared by writing
a 1 nto respective positions, by writing a 1 into the RCR RRES bit
or by RESET. If an EOF. C/PERR, or FRERR Is set in the RSR. the
data refiecting the error (the first byte or word in the RxFIFO) must
be read prior to resetting the corresponding status bit in the RSR.
The TRQ output is asserted if any of the conditions reported by the

tatus bits occur and the corresponding interrupt enabie bit in the
RIER is set.

The RSR tormat is the same as the frame status format (see below)
except as noted.

RSR
7 RDA —Receiver Data Available. (RSR only).
0 The RxFIFO 1s empty (i.e., no received data is available).
1 Received data s availabie in the RxFIFO and can be read
via the RDR.

RSR
& EOF —End of Frame.
0 No end of frame or block detected.
1 End of frame or block detected (BOP and BSC).

RSR

5 RHW —Receive Halt Word. (Frame Status only).

0 The last word of the frame contains data on the upper half
(D8-D15) and frame status on the lower half (D0-D7) of the
data bus.

1 The lower half of the data bus (D0-D7) contains the frame
status but the upper half (D8-D15) is blank or invalid.

RSR
4 C/PERR —CRC/Parity Error.
0 No CRC or parity error detected.
1 CRC error detected (BOP, BSC), Parity error detected
(ASYNC, ISOC and COP).

RSR
3 FRERR —Frame Error.
0 No frame error detected.
1 Short Frame or a closing FLAG detected off boundary
(BOP), Frame error (ASYNC, ISOC) or recetver overrun.

RSR

2 ROVRN —Receiver Overrun.

0 No receiver overrun detected.

1 Receiver overrun detected. Indicates that receiver cata was
attempted to be transferred into the RxFIFO when it was
full. resulting 1n loss of received data. The cata that s
already in RxFIFO are not affected and may be read by tne
processor.

RSR
1 RAB —Receiver Abort/Break.
0 Normal Operation.
1 ABORT detected atter an opening flag (BOP). ENQ aetectec
in a block of text data (BSC), or BREAK aetected (ASYNC).

RSR
0 RIDLE —Receiver Idie. (RSR only).
0 Receiver not idle.
1 15 or more consecutive “1's” have been received and the
receiver i1s in an inactive idle state.

Frame Status

For the BSC and BOP protocois which have defined message blocks
or frames, a “frame status” byte will be ioaded into the RxFIFO foi-
lowing the last data byte of each block. !f the MPCC is in word mode
and the last data byte was on an even byte boundary (i.e., there was
an even number of bytes in the message). a blank byte will be ioaceg
into the RxFIFO prior to loading the frame status byte in order to
force the “trame status” byte and the next frame to be on an even
boundary. In the byte mode, the status byte will aiways immediately
follow the last data byte of the block/frame (see Figure 3). The EOF
status in the RSR is then set when the byte/word containing the
frame status is the next byte/word to be read from the RxFIFQ.

In the receiver DMA mode. when the EOF status in the RSR s set.
DONE is asserted to the DMAC. Thus the last byte accessea by the
DMAC 1s always a status byte, which the processor may reac !o
check the validity of entire frame.

The frame status contains all the status contained within the RSR
with the exception of RDA anc RIDLE. But, in addition to the RS~
contents. the frame status byte has a RHW status in bit 5§ wnich
indicates either an even or odd boundary (applicable to wora moce
only). When RHW = Q. the last word of the frame contains gata or
the upper half and status on the lower half of the gata bus !f RHW
= 1, the lower halif of the bus contains status but the upper half is
a blank or invalid byte.
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WORD D15 D8 D7 Do WORD 015 D8 D7 Do
N DATA STATUS N DATA DATA
WORD MopE N+1 NEXT FRAME N+1 BLANK STATUS
(RxHW = 0) N+2 NEXT FRAME
(RXHW = 1)
BYTE D7 Do BYTE o7 Do
M DATA M DATA
BYTE MODE M+1 STATUS M+1 STATUS
M+2 NEXT FRAME M+2 NEXT FRAME
FIGURE 3. BSC/BOP Block/Frame Status Location

Receiver Control Register (RCR)

71 s | s 4 3 2 1| o
‘g RSYNEN | STRSYN | 24DCMP |RABEN |RRES

— |RDSREN | DONEEN

The Receiver Control Register (RCR) selects receiver control options.

RCR
7 —~Not used.
RCR
6  RDSREN —Receiver Data Service Request Enable.
0 Disable receiver DMA mode.
1 Enabie receiver DMA mode.

RCR
5 DONEEN —DONE Output Enable.
o] Disable DONE output.
1 Enable DONE output. (When the receiver is in the DMA
mode, i.e., RDSREN = 1).

RCR
4 RSYNEN —RSYNEN Output Enable. Selects the DSR signal
input or the RSYN SYNC signal output on the
DSR pin.
0  InputDSRonDSR.__
1 Output RSYN on DSR.

RCR
3 STRSYN —Strip SYN Character (COP only).
0 Do not strip SYN character.
1 Strip SYN character.
RCR
2 2ADCMP —One/Two Address Compare (BOP only).
0 Compare one address byte with the contents of AR1.
1 Compare two address bytes with the contents of ARt and
AR2.
RCR
1 RABTEN —Receiver Abort Enabie (BOP only).
0 Do not abort frame upon error detection.
1 Abort frame upon RxFIFO overrun (ROVRN bit = 1 in the

RSR) or CFCRC error detection (C/PERR bit = 1 in the
RSR). If either error occurs, the MPCC ignores the remainder
of the current frame and searches for the beginning of the
next frame.

RCR

0 RRES —Receiver Reset Command.

0 Enable normal receiver operation.

1 Reset receiver. Resets the receiver section including the
RxFIFO and the RSR (but not the RCR). RRES is set by
RESET or by writing a 1 into this bit for one write cycte and
is cleared by writing a O into this bit. RRES requires ciearing
after RESET. :

Receiver Data Register (RDR)

7 sl s e 3l 2a]1]o

MSB Received Data (RxFIFQ) LS8

The receiver has an 8-byte (or 4-word) First In First Qut (FIFQ) reg-
ister file (RxFIFO) where received data are stored before being
transferred to the bus. The received data is transterred out of the
RxFIFQ via the RDR in 8-bit bytes or 16-bit words depending on the
WD/BYT bit setting in PSR2. When the RxFIFO has a data byte
word ready to be transferred, the RDA status bit in the RSR is set
to1.

Receiver interrupt Vector Number Register (RIVNR)

7 e s [a]a 2]

" Receiver Interrupt Vector Number (RIVN)

| o

If a receiver interrupt condition occurs (as reported by status bits in
the RSR that correspond to interrupt enable bits in the RIER) and
the corresponding bit is set in the RIER, TRQ output Is asserted t0
request MPU receiver interrupt service. When the IACK input is
asserted from the bus, the Receiver Interrupt Vector Number (RIVN)
from the Receiver Interrupt Vector Number Register (RIVNR) s
placed on the data bus. The RIVN is set to SOF upon RESET.
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Receiver interrupt Enable Register (RIER)

7 6 5 4 3 2 1 0
RDA | EOF | — |C/PERR | FRERR | ROVRN | RA/B | —
IE IE IE IE IE IE

The Receiver Interrupt Enable Reaister (RIER) contains interrupt
enable bits for the Receiver Status Register (RSR). When enabled.
the IRQ output I1s asserted wnen the corresponding condition 1s
detected and reported in the RSR.

RIER
7 RDAIE —Receiver Data Availabie interrupt Enable.
o] Disabie RDA Interrupt.
1 Enable RDA Interrupt.

RIER
6 EOFIE —End of Frame Interrupt Enable.
0 Disabie EOF interrupt.
1 Enable EOF Interrupt.
RIER
5 —Not used.
RIER

4 C/PERRIE —CRC/Parity Error interrupt Enable.
0 Disable C/PERR Interrupt.
1 Enable C/PERR Interrupt.

RIER
3 FRERRIE —Frame Error interrupt Enable.
0 Disable FRERR interrupt.
1 Enable FRERR interrupt.

RIER
2 ROVRNIE —Receiver Overrun interrupt Enable.
0 Disable ROVRN Interrupt.
1 Enable ROVRN Interrupt

RIER
1 RABIE —Receiver Abort/Break Interrupt Enable.
0 Disable RA/B Interrupt.
1 Enable RA/B Interrupt.

RIER
0 —Not used.

TRANSMITTER REGISTERS

Transmitter Status Register (TSR)

w
>
w

|7 6 2 | 1 1o
|_TORa | TFC | 0 [0 | o | TUNAN|TFERR| O

The Transmitter Status Register (TSR) contains the transmitter status
Including error conditions. The transmitter status bits are clearea oy
writing a 1 .into their respective positions. by writing a 1 into the TCR
TRES bit, or by RESET. The TRQ output is assened if any of the
conditions reported by the status dits occur and the corresponding
interrupt enable bit in the TIER is set.

TSR

7 TDRA  —Transmitter Data Register Available.

0 The TxFIFQ is full.

1 The TxFIFO is not full (i.e., available) and data to transm:
can be loaded via the TDR.

TSR
& TFC —Transmitted Frame Complete. (BOP. BSC anc
COP only).

0 Frame not compiete.

1 Closing FLAG or ABORT character has been transmitted
(BOP), Trailing PAD has been transmitted (BSC). or the iast
character of a frame or block as defined oy TLAST (TCR
bit 3) has been transmitted (COP).

TSR
&3 —Not used.
TSR

2 TUNRN —Transmitter Underrun (BOP, BSC and COP
only). A transmitter underrun occurs when the
transmitter runs out of data during a transmis-
sion. For BOP. the underrun condition is treateg
as an abort. For BSC and COP. SYN characters
are transmitted until more data s available 1n the

TxFIFQ.
0 No transmitter underrun occurred.
1 Transmitter underrun occurred.

TSR
1 TFERR —Transmit Frame Error (BOP oniy).
0 No frame error has occurred.
1 No control field was present (short frame).

Transmitter Control Register (TCR)

6 5 | & | 3 2 | 1+ | oo

! i

TEN | TDSREN | TICS | THW | TLAST | TSYN | TABT | TRES

|

The Transmitter Control Register (TCR) selects transmitter contro!
functions.

TCR
7 TEN —Transmitter Enable.
0 Disable transmitter. TxD output is idied. The TxFIFO may
be loaded while the transmitter is disabled
1 Enable transmitter.
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TCR
6 TDSREN —Transmitter Data Service Request Enable.
o} Disable transmitter OMA mode.
3 Enable transmitter OMA mode.

TICS —Transmitter Idle Character Select. Selects the
igle character to be transmitted when the trans-
mifter 1S in an active idle mode (transmitter
enabied or disabled).

0 Mark Idle (TxD output 1s held high).

1 Content of AR2 (BSC and COP), BREAK condition (ASYNC

ana ISOC). or FLAG character (BOP).

4
o O
0

i THW —Transmit Half Word. (word mode only). This bit
1S used when the frame or block ends on an odd
boundary in conjunction with the TLAST bit and
indicates that the last word in the TxFIFO con-
tains valid data in the upper byte only. This bit
must aiways be 0 in byte mode.

0 Transmit full word (16 bits) from the TxFIFQ.

1 Transmit upper byte (8 bits) from the TxFiFO.

TCR

3 TLAST —Transmit Last Character (BOP, 8SC and COP

only).

0 The next character is not the last character in a frame or
block.

1 The next character to be wntten into the TDR is the last
character of the message. The TLAST bit automatically
returns to a 0 when the associated word/byte is written to
the TxFIFQ. If the transmitter OMA mode is enabled, TLAST
is set to a 1 by DONE from the DMAC. In this case the
character written into the TDR in the current cycle is the
last character.

TCR
2 TSYN —Transmit SYN (BSC and COP only).

0 Do not transmit SYN characters.

1 Transmit SYN characters. Causes a pair of SYN characters
to be transmitted immediately following the current char-
acter. If BSC transparent mode is active, a DLE SYN
sequence Is transmitted. The TSYN bit automatically returns
to a 0 when the SYN character is loaded into the Trans-
mitter Shift Register.

1 TABT —Transmit ABORT (BOP only).

0 Enable normal transmitter operation.

1 Causes an abort by sending eight consecutive 1's. A data
word/byte must be loaded into the TxFIFO after setting this
bit in order to complete the command. The TABT bit clears
automatically when the subsequent data word/byte is loaded

into the TxFIFO.
TCR
0 TRES —Transmitter Reset Command.
0 Enable normal transmitter operation.
1 Reset transmitter. Clears the transmitter section including

the TxFIFO and the TSR (but not the TCR). The TxD output
is held 1n “Mark" condition. TRES is set by RESET or by
writing a 1 into this bit for one write cycle and is cleared by
writing a O into this bit. TRES requires clearing after RESET.

10

Transmit Data Register (TDR)

7}6]5}4']3]21110

MSB TRANSMITTED DATA (TxFIFQ) LS8

The transmitter has an 8-byte (or 4-word) FIFQ register file (TxFIFQ).
Data to be transmitted 1s transterred from the bus into the TxFIFO
via the TDR in 8-bit bytes or 16-bit words depending on the WO/BYT
bit setting in PSR2. The TDRA status bit in the TSR is setto 1 when
the TxFIFQ is ready to accept another data word/byte.

Transmitter Interrupt Vector Number Register (TIVNR)

7 16 [ s [ a3 2 |1 o

Transmutter Interrupt Vector Number (TIVN)

It a transmitter interrupt condition occurs (as reported by status bits
in the TSR that correspond to interrupt enabie bits in the TIER) and
the corresponding bit in the TIER is set, the IRQ output is asserted
to request MPU transmitter interrupt service. When the IACK input
1s asserted from the bus, the Transmitter Interrupt Vector Number
(TIVN) from the Transmutter interrupt Vector Number Register (TIVNR)
is placed on the data bus. The TIVN is set to SOF upon RESET,

Transmitter Interrupt Enabie Register (TIER)

7 6 5 4 3 2 1 0
TDRA | TFC |— | — | — |TUNRN | TFERR | —
IE IE IE IE

The Transmitter interrupt Enable Register (TIER) contains interrupt
enable bits for the Transmitter Status Register. When enabled, the
IRQ output is asserted when the corresponding condition is detected
and reported in the TSR.

TIER
7 TDRA |IE —Transmitter Data Register (TDR) Available
Interrupt Enabie.
0 Disable TDRA Interrupt.
1 Enable TDRA Interrupt.

TIER
6 TFCIE ~—Transmit Frame Complete (TFC) Interrupt
Enable.
0 Disable TFC Interrupt.
1 Enable TFC Interrupt.

TIER

&3 —Not used.

TIER

2 TUNRN IE—Transmitter Underrun (TUNRN) Interrupt

Enable.
0 iz hie TUNRN Interrupt.
1 En.ote TUNRN interrupt.

TIER
1 TFERRIE—Transmit Frame Error (TFERR) Interrupt
Enable.
0 Disable TFERR Interrupt.
1 Enable TF& "R ' rerrupt.
TIER
0 —Not used
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SERIAL INTERFACE REGISTERS

Serial intertace Status Register (SISR)

7 16| s 4 | 3 2 1] o0

CTs } DSR E DCD | CTSLVL ; DSRLVL |DCDLVL| 0 | O

The Serial Intertace Status Register (SISR) contains the senal inter-
tace status information. The transition status bits (CTS. DSR and
DCD; are cleared by writing a 1 into their respective positions, or by
RESET. The level status bits (CTSLVL. DSRLVL and DCDLVL)
reflect the state of their respective inputs and cannot be cieared
internally. The IRQ output 1s asserted if any of the conditions reported
Dy the transition status bits occur and the corresponding interrupt
enapble bit In the SIER 1s set.

SISR
7 CTS__ —Clear to Send Transition Status.
1 Cﬁ has transitioned positive (from active to inactive).
0 TS has not transitioned positive.
SISR
6 DSR__ —Data Set Ready Transition Status.
1 DSR has transitioned negative (from inactive to active)

0 DSR has not transitioned negative.

SISR
5 DCD —Data Carrier Detect Transition Status.
1 DCD has transitioned positive (from active 10 1nactive).
0 DCD has not transitioned positive.

SISR
4 CTSLVL —Clear to Send Level.
o] CTS inout level is negated (high).
1 CTS input level i1s asserted (low).

SISR
3 DSRLVL —Data Set Ready Level.
0 DSR input level is negated (high).
1 DSR input level is asserted (low).

SISR
2 DCDLVL —Data Carrier Detect Level.
0 DCD input levei 1s negated (high).

1 DCD input level 1s asserted (low).
SISR
1-0 —Not used.

Serial Interface Control Register (SICR)

7 6 5 143 2 1 0

RTSLVL | DTRLVL| — | — | — | ECHO | TEST | NRZI

The Serial Interface Control Register (SICR) controls various serial
interface signals and test functions.

SICR
7 RTSLVL —Request to Send Level.
0 Negate RTS output (high)
1 Assert RTS output (low)

11

NOTE

In BOP. BSC. or COP. when the RTS bit is cieared in the
middle of cata transmission, the RTS outout remains
asserted until the end of the current frame_or dlock has
been transmitted. In ASYNC or ISOC. the RTS output 1s
negated when the TxFIFO is empty. If the transmitter s
iding when the RTS bit is reset. the RTS output ts negatec
within two bit times.

SICR
8 DTRLVL —Data Terminal Ready Level.
0 Negate DTR output (hign).
1 Assent DTR output (iow).

SICR
53 —Not used. These bits are initialized to 0 by RESET
and must not be set to 1.
SICR

2 ECHO —Echo Mode Enable.

0 Disable Echo mode (enable normal operation)

1 Enable Ecno mode. Received aata (RxD) ana clock (RxC)
are routed back through the transmutter to TxD ana TxC.
respectively. The contents of the TxFIFO s undisturbec.
This mode may be used for remote test purposes.

SICR

1 TEST  —Self-test Enable.

0 Disable self-test (enable normal operation)

1 Enable self-test, the transmitted data {TxD) and clock (TxC)
are routed back through to the receiver through RxD and
RxC. respectively (DCD and CTS are ignored). This “loop-
back” self-test may be used for all protocols.

SICR
0 NRZI —NRZ! Data Format Select. Selects the transmit

and receive data format to be NRZ or NRZ!.

0 Select NRZ data format. NRZ coding—high = 1 and low
= 0.

1 Select NRZ! data format. The senal data remains in tne
same state to send a binary 1 and switches 1o the opposite
state to send a binary 0. A 1 bit delay is added tc the TxD
output to aliow for encoding.

Serial Interrupt Vector Register (SIVR)

7 el s a3 210

Serial Interrupt Vector Number (SIVN)

If a senal intertace interrupt condition occurs (as reportec by status
bits in the SISR that correspond to interrupt enaple bits in the SIER!
and the corresponding bit in the SIER i1s set. the TRG outout 1s
asserted to request MPU serial interface interrupt service. When the
TACK input asserted from the bus. the Serial Interrupt Vector Number
(SIVN) from the Serial Interrupt Vector Number Register (SIVNR) 1s
placed on the data bus. The SIVN s set to SOF upon RESET
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Serial interrupt Enable Register (SIER)

7 . 5 4 3 2 1 0
CTS DOSR OCD - - - —-— -
IE IE IE

The Serial Interrupt Enable Register (SIER) contains interrupt enable
oits for the Senal Interface Status Register. When an interrupt enable
bit 1s set. the IRQ output is asserted when the corresponding con-
dition occurs as reported in the SISR.

SIER

7 CTSIE ~—Clear to Send (CTS) Interrupt Enable.
0 Disaole CTS Interrupt.
1 Enapie CTS Interrupt.

SIER
& DSRIE —Data Set Ready (DSR) Interrupt Enabie.
0 Disable DSR Interrupt.
1 Enable DSR Interrupt.

SIER

5 DCDIE —Data Carrier Detect (DCD) Interrupt Enable.
0 Disable DCD Interrupt.
1 Enable DCD Interrupt.

SIER
40 —Not used.

GLOBAL REGISTERS

The global registers contain command information applying to dit-
ferent modes of operation and protocols. After changing global reg-
ister data, TRES and RRES shouid be set then cleared prior to
performing normal mode processing.

Protocol Select Register 1 (PSR1)

7 6 S 4 3 2 1 0
- - - - - — | CTLEX | ADDEX

Protocol Select Register 1 (PSR1) selects BOP protocol related
options.

PSR1
7-2 —Not used.

PSR1
1 CTLEX —Control Field Extend (BOP only).
0 Select 8-bit control field.
1 Select 16-bit control field.

PSR1
0 ADDEX -—Address Extend (BOP oniy).

0 Disable address extension. All eight bits of the address byte
are utilized for addressing.

1 Enable address extension. When bit 0 in the address byte
is a 0 the address field is extended by one byte. An excep-
tion to the address field extension occurs when the first
address byte is all 0's (null address).

Protocol Select Register 2 (PSR2)

7 s | s | 4 [ 3 [2] 1 ]|o
WO/BYT|STOP BIT SEL|CHAR LEN SEL| PROTOCOL SEL
sB2 | sB1 | cl2 | cL1 | Ps3 | Ps2 | PSt

Protocoi Select Register 2 (PSR2) seiects protocols, character size.
the number of stop bits. and word/byte mode.

PSR2

7 WD/BYT —Data Bus Word/Byte Mode.

0 Select byte mode. Selects the number of data bits to be
transferred from the RxFIFO and the registers to the data
bus and to be transferred from the data bus to the TxFIFO
and the registers. The MPCC is initialized by RESET to the
byte mode. Reset processing for operation with the 16-bit
bus shouid select the word mode by sending S$80 on the
lower data bus to address $19 prior to transferring subse-
quent data between the MPCC and the data bus.

1 Select word mode.

PSR2 .
6-5 STOP BIT SEL —Number of Stop Bits Select. Selects
the number of stop bits transmitted at
the end of the data bits in ASYNC and

1ISOC modes.

No. of Stop Bits

sB2 sB1 ASYNC 1ISOC
0 0 1 1
0 1 1-1/2 2
1 0 2 2

PSR2
4-3 CHAR LEN SEL —Character Length Seilect. Selects the
- character length except in BOP and
BSC where the character length is
always eight bits. Parity is not included
in the character length.

cL2 Cu1 Character Length
0 0 5 bits
0 1 6 bits
1 0 7 bits
1 1 8 bits

PSR2 .
2-0 PROTOCOL SEL —Protocol Select. Selects protocol and
defines the protocol dependent control

bits.
PS3 PS2 PS1 Protocol
0 0 0 BOP (Primary)
0 0 1 BOP (Secondary)
0 1 0 Reserved
0 1 1 COP
1 0 0 BSC EBCDIC
1 0 1 BSC ASCl!
1 1 0 ASYNC
1 1 1 ISOC

12
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Address Register 1 (AR1)

b7l el s T efa]a2a | ]o

BOP ADDRESS/BSC & COP PAD

Address Register 2 (AR2)

s | 5 | & | 3 [ 2 [ 1] o0

BOP ADDRESS/BSC & COP SYN

- |
o
;
|
i
1

The protocol seiected in PSR2 (BOP. BSC and COP only) geter-
mines tne funcuon of the two B-bit Address Registers (AR1 and
AR2). As a secongary station in BOP, the contents of the address
registers are used for address matching depending on the 2ADCMP
selection in the RCR. In BSC and COP, AR1 and AR2 contain pro-
grammable leading PAD and programmable SYN characters.
respectively.

Address Register (AR) Contents

Baud Rate Divider Register 1 (BRDR1)

706 s [« 3] 21710

BAUD RATE DIVIDER (LSH)

Baud Rate Divider Register 2 (BRDR2)

7 | 8 | s

BAUD RATE DIVIDER (MSH) ‘,

o

l « [ 3] 2 [ 1]

i ]

The two 8-bit Baud Rate Divider Registers (BRDR1 anc BRDR2;
nold the divisor of the Baud Rate Divider circuit. BRDR1 contains
the least significant half (LSH) ang BRDR2 contains the most sig-
nificant half (MSH). With an 8.064 MHz EXTAL nput. stangara Sit
rates can be selected using the combination of Prescaler Diviger
(in the CCR) and Baud Rate Divider values shown in Tabie 3. For
1sochronous or synchronous protocols. the Baud Rate Divider vaiue
must be multipiied by two for the same Prescaier Divider value.

The Baud Rate Divider (BRD) value can be computed for other

| 1 R | i
Protocol Selected 2ADCMP ) ARZ (f:;z:?g requency, prescaler divider and gesired baud rate values as
BOP (Primary) X X X _
BOP (Secondary) 0 Address X 8RD Crystal Frequency
1 Address Address = )
BSC EBCDIC X Leading PAD | SYN (Prescaier DvYIOer) (Baud Rate) (K)
BSC ASCII - X Leading PAD | SYN where:
COoP X Leading PAD | SYN ’
"X = Not used K=1for isochronous or synchronous
2 for asynchronous
TABLE 3. Standard Baud Selection (8.064 MHz Crystal)
Baud Rate Divider
Prescaler Divider Asynchronous Isochronous and Synchronous »
Desired Hexadecimal Value Hexadecimal Value :
Baud Rate Decimal PSCDIV Decimal BRDR2 BRDR1 Decimal BRDR2 BRDR1 |
(Bit Rate) Value (Oor1) Value (MSH) (LSH) Vaiue (MSH) (LSH)
50 3 1 26,880 69 00 53.760 D2 00 ?
75 2 0 26,880 69 00 53,760 D2 00 i
110 3 1 12,218 2F BA 24,436 5F 74 ;
135 2 0 14,933 3A 55 29,866 74 AA ;
150 3 1 8.960 23 00 17,820 46 00 :
300 2 0 6,720 1A 40 13,440 34 8C
1200 3 1 1,120 04 60 2.240 08 co
1800 2 0 1.120 04 60 2.240 08 Cco
2400 2 0 840 03 48 1,680 06 90 :
3600 2 0 560 02 30 1,120 04 80 '
4800 3 1 280 01 18 560 02 3C
7200 2 0 280 01 18 560 02 30
9600 3 1 140 00 8C 280 01 18
18200 3 1 70 00 46 140 00 8C
38400 3 1 35 00 23 70 00 46

13
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Clock Control Register (CCR)

T s o5 o 3 2 1] o
— — | — |PSCDIV|TCLKO |RCLKIN |  CLK SEL
R cK2 | CKi

e CCR setects various clock options.

CCR
7-5 —Not used.

CCR

2 PSCDIV —Prescaler Divider. The Prescaler Divider net-
work reduces the external/oscillator frequency to
a value for use by the internal Baud Rate

Generator.
o) Divige oy 2.
Oivide by 3.
CCR
3 TCLKO ~—Transmitter Clock Output Select.
Q Select TxC to be an input.
1 Setect TxC to be an output.
CCR
2 RCLKIN —Receiver Clock internal Seilect (ASYNC only).
0 Select Externai RxC.
1 Select Internal RxC.
CCR

1-0 CLK DIV —External Receiver Clock Divider. Selects the
divider of the externai RxC to determine the
recetver data rate.

CK2 CK1 " Divider

0 0 1 (ISOC)
0 1 16

1 0 32

1 1 64

Error Control Register (ECR)

7 6 s |4 3 2 1| 0
PAREN|ODDPAR |— | — |CRCCTL|CRCPRE| CRCSEL
CR2 | CR1

The Error Controi Register (ECR) selects the error detection method
used by the MPCC.

ECR

7 PAREN —Parity Enable. (ASYNC, ISOC and COP only)
0 Disable parity generation/checking.
1 Enable parity generation/checking.

ECR
6 ODDPAR—OQdd/Even Parity Seiect (Effective only when
PAREN=1),
0 Generatercheck even parity.
1 Generate/check odd parity.

ECR
54 —Not used.

ECR

3 CFCRC —Control Field CRC Enable.

0 Disable control fieid CRC.

1 Enable control field CRC. Enables an intermediate CRC
remainder to be appended after the address/control field in
transmitted BOP frames and checked in received frames.
The CRC generator is reset after control field CRC
calculation.

ECR
2 CRCPRE —CRC Generator Preset Seiect.
0 Preset CRC Generator to 0.
1 Preset CRC Generator to 1 and transmit the 1's compie-
ment of the resulting remainder.

ECR
1-0 CRCSEL —CRC Polynomial Select. Selects one of the CRC
polynominais.
CR2 CR1 Polynominal
0 0 x"'+x'?+x*+ 1(CCITT V.41)

0 1 X% +x"% + xt + 1 (CRC-16)
g 0 x*+1 (VRC/LRC)®
1 1 Not used.

*VRC: Odd-parity check is performed on each
character including the LRC character.
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INPUT/OUTPUT FUNCTIONS
MPU INTERFACE

Transfer of data between the MPCC and the sysiem bus
involves the following signals: Address lines A1 through A4,
Data Bus DO through D15, and control signals consisting of
RW, DTACK. CS. UDS/A0, anc LDS/DS. When the MPCC
is connected to the 16-bit 68000 bus. UDS/AO is connected
to the UDS bus signal and LDS/DS is connected to the LDS
bus signal. When the MPCC is connected to the 8-bit 68008.
UDS/A0 is connected to the AQ bus signal and LDS/DS is
connected to the DS bus signal. Figures 9 & 10 show typical
interface connections.

Read/Write Operation

The F?_:_/_W input controls the direction of data flow on the data
bus. CS (Chip Select) enables the MPCC for access to the
internal registers and other operations. When CS is asserted
the data /O bufter acts as an output driver during a read
operation, and as an input buffer during a write operation.
CS must be decoded from the address bus and gated with
address strobe (AS).

When connected to the 16-bit 68000 bus for operation in the
word mode (WD/BYT = 1in the PSR2), address lines A1-Ad
seiect the internal register(s) (the 8-bit controlstatus regis-
ters are accessed two at a time and the 16-bit data registers
are accessed on even address boundaries). When the MPCC
is selected (CS low) during a read (R/W high), 16 bits of reg-
ister data are placed on the data bus when the data strobes
(LDS and UDS) are asserted. LDS strobes the lower eight
data bits (D0O-D7) and UDS strobes the upper eight data bits
(D8-D15). The MPCC asserts Data Transfer Acknowiedge
(DTACK) prior to placing data on the data bus. Conversely,
when the MPCC is selected (CS low) during a write (RIW
low), LDS and UDS strobe data from the D0-D7 and D8-D15
data bus lines into the selected register(s) and the MPCC
asserts DTACK. DTACK is negated when CS is negated.
Figures 11 and 12 show the read and write timing
relationships.

When connected to the 8-bit 68008 bus for operation in the
byte mode (WD/BYT = 0 in the PSR2), address lines A0-A4
select one internal 8-bit register. When the MPCC is selected
(CS low) during a read (R/'W high), eight bits of register data
are placed on data bus lines DO-D7 when the data strobe
(DS) is asserted. When the MPCC is selected (CS low) for
a write (R/W low), DS strobes data from the D0-D7 data lines
into the selected register.

DMA INTERFACE

The MPCC is capable of providing DMA data transfers up to
2 Mbytes per second when used with the MC68440 or
MC88450 DMAC in the singie address mode. Based on 4
Mbrs serial data rate and 5 bits/character. the maximum DMA
required transfer rate is 800 Kbytes per second.
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The MPCC has separate DMA enable bits for the transmitter
and receiver, each of which occupies a- DMA channel. Both
the transmitter and receiver data are implicitly addressed
(TDR or RDR) therefore addressing of the data register is
not required before data may be transferred. Communication
petween the MPCC and the DMAC is accomplished by a two-
signal requestacknowledge handshake. Since the MPCC
has only one acknowiedge input (DACK) for its two DMA
request lines. an external OR function must be provided to
combine the_two DMA acknowledge signals. The MPCC
uses the R'W Input to distinguish between the Transmitter
Data Service Request (TDSR) acknowiedge and the Receiver
Data Service Reguest (RDSR) acknowiedge.

Receiver DMA Mode

The receiver DMA mode is enabled when the RDSREN bt
in the RCR is set to 1. When data 1s available in the RxFIFO.
Receiver Data Service Request (RDSR) is asserted for one
receiver clock period to initiate the MPCC to memory DMA
transfer. The next RDSR cycle may be initiated as soon as
the current RDSR cycle is completed.

In response to RDSR assertion, the DMAC sets the R'W line
to write, asserts the memory address. address strobe. and
DMA acknowliedge. The MPCC outputs data from the RxFIFO
to the data bus and the DMAC asserts the data strobes. The
memory latches the data and asserts DTACK to complete
the data transfer. The DMAC asserts DTC to indicate to the
MPCC that data transfer is complete. Figure 13 shows the
timing relationships for the receiver DMA mode.

RDSR is inhibited when either RDSREN is reset to 0 or
RRES is set to 1 (both in the RCR), or when RESET is
asserted.

Transmitter DMA Mode

The transmitter DMA mode is enabled when the TDSREN
bit in the TCR is set to 1. When the TxFIFO 1s availabie.
Transmitter Data Service Request (TDSR) 1s assertec for
one transmitter clock period to initiate the memory to MPCC
DMA transter. The next TDSR cycle may be initiated as soon
as the current TDSR cycie is completed.

In the transmitter DMA mode. the TxFIFO is implicitly
addressed. That is, when the transfer is from memory to the
TxFIFQ, only the memory is addressed. In response 1o 1D SR
assertion, the DMAC sets the R'W line to read. assens the
memory address, the address strobe. the data strobes anc
DMA acknowledge. The memory places data on the data bus
and asserts DTACK. Data is valid at this time anag will remain
valid until the data strobes are negated. The DMAC asserts
DTC to indicate to the MPCC that data is availabie. The
MPCC now loads the data into the TxFIFO and the transter
is complete. A timing diagram for the transmitter DMA mode
is shown in Figure 14.

TDSR is inhibited when either TDSREN is resetto 0 or TRES

1s set to 1 (both in the TCR). or when RESET s asserec.
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DONE

When the DMA transfer count is exhausted in transmitter
DMA mode. the DMAC asserts DONE which sets the TLAST
o1t in the TCR to indicate that the last word/byte has been
:ransferred. In the receiver DMA mode. DONE is asserted
ov the MPCC when the last character of the frame/block is
ceing transferred from the RxFIFO to the data bus if the
DONEEN bit is setto a 1 in the RCR.

INTERRUPTS

It an interrupt generéﬂng status occurs and the interrupt is
enabled. the MPCC assens the TRQ output. Upon receiving
iACK for the penaing interrupt request. the MPCC places an
interrupt vector on DO-D7 data bus and asserts D1ACK.

The MPCC has three vector registers: Receiver Interrupt
Vector Number Register (RIVNR), Transmitter Interrupt Vector
Number Register (TIVNR), and Serial Interrupt Vector Number
Reaister (SIVNR). The receiver interrupt has higher priority
over the transmitter interrupt, and the transmitter interrupt
nas priority over the serial interface interrupt. For example,

a pending interrupt request has been generated simuita-
neousiy by the receiver and the transmitter, the Receiver
interrupt Vector Number (RIVN) is placed on D0O-D7 when
acknowiedged by the MPU. Upon completion of the first
interrupt request cycle (which clears the receiver interrupt),
IRQ will remain low to start the transmitter interrupt cycle.

A timing diagram for the interrupt acknowledge sequence is
shown in Figure 15.

DCE/MODEM INTERFACE

The following section describes the handshake/control sig-
nals provided on the MPCC for interfacing to a modem or
RS-232C-type Data Communication Equipment (DCE).

RTS (Request to Send) Output

The RTS output is controlled by the RTSLVL bit in the SICR
in conjunction with the state of the transmitter section. When
the RTSLVL bit is set to 1, the RTS output is asserted. When
the RTSLVL bit is reset to 0, the RTS output remains asserted
until the TxFIFO becomes empty or the end of the message
(or frame), complete with CRC code if any, has been trans-
mitted. RTS also is negated when the RTSLVL bit is reset
during transmitter idle, or when the RESET input is asserted.

CTS (Clear to Send) Input

The TTS input signal is normally generated by the DCE to
indicate whether or not the data set is ready to transmit data.
The CTS bit in the SISR reflects the transition status of the
CTS input while the CTSLVL bit in the SISR reflects the cur-
rent level. A positive transition on the CTS pin asserts IRQ
it the CTS IE bit in the SIER is set. The C1S input in an
inactive state disables the start of transmission.
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DCD (Data Carrier Detect) input

The DCD input signal is normally generated by the DCE and
indicates that the DCE is receiving a data carrier signal suit-
able for demodulation. The | DCD bit in the SISR reports the
transition status of the DCD input while the DCDLVL bit in
the SISR contains the current level. A positive transition on
the DCD pin asserts the IRQ output if the DCD IE oit in the
SIER is set. A negated DCD input disables the start of the
receiver.

DSR (Data Set Ready) Input

The DSR input from the DCE indicates the status of the local
gata set. The_DSR bit in the SISR contains the transition
status of the DSR input while the DSRLVL bit in the S_I__S__R_
reports the current level. A negative transition on the DSR
pin asserts the IRQ output if the DSR IE bit in the SIER is
set.

When the RSYN bit in the RCR is set to 1, the frame syn-
chronization signal (RSYN) in the receiver is output on the
DSR pin. In this mode, DSR output iow indicates detection
of SYN in BSC or COP. or an address match in BOP.

DTR (Data Terminal Ready) Output

The DTR output is general purpose n nature and can be
used to control switching of the DCE. The DTR output is con-
trolled by the DTRLVL bit in the SICR.

TxC (Transmitter Clock) Input/Output

The transmitter clock (TxC) may be programmed to be input
or an output. When the TCLKO control bit in the CCR is set
to a 1, the TxC pin becomes an output and provides the DCE
with a clock whose frequency is determined by the internal
baud rate generator. When the TCLKO control bit is reset,
TxC is an input and the transmitter shift timing must be pro-
vided externally. The TxD output changes state on the neg-
ative-going edge of the transmitter clock, i.e.. the low-to-high
transition of the clock signal nominally indicates the center
of a serial data bit on the TxD output. In the asynchronous
mode when TCLKO = 0 in the CCR. the TxC frequency must
be two times the desired baud rate.

TxD (Transmitted Data) Output

The serial data transmitted from the MPCC is coded in NRZ
or NRZI (zero compliment) data format as selected by the
NRZ! control bit in the SICR.

RxC (Receiver Clock) Input

The receiver latches data on the negative transition of the
RxC, i.e., the positive transition of the external clock indicates
the nominal center of each serial data bit on the RxD input.

RxD (Received Data) input

The serial data received by the MPCC can be coded in NRZ
or NRZI data format. The MPCC will decode the received
data in accordance with the NRZ! control bit setting in the
SICR.
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SERIAL COMMUNICATION MODES
AND PROTOCOLS

ASYNCHRONOUS AND ISOCHRONOUS MODES

Asynchronous and isochronous data are transferred in frames.
Each frame consists of a start bit. 5 to 8 data bits plus
optional even or odd parity. and 1, 1v2, or 2 stop bits. The
data character I1s transmitted with the least significant bit
(LSB) first. The data line is normally held high (MARK)
between frames, however. a BREAK (minimum of one frame
length for which the line 1s held low) 1s used for control pur-
poses. Figure 3 illustrates the frame format supported by the
MPCC.

Asynchronous Receive

In the asynchronous (ASYNC) mode. data received on RxD
occurs In three phases: (1) detection of the start bit and bit
syncnronization. (2) character assembly and optional parity
check, and (3) stop bit detection. The receiver bit stream
may be synchronized by the internal baud rate generator
clock or by an external clock on RxC. When RCLKIN in the
CCR s set to 0. an external ciock with a frequency of 16, 32.
or 684 times the data rate establishes the data bit midpoint
and maintains bit synchronization. The character assembly
process does not start if the stant bit is less than one-half bit
time. Framing and parity errors are detected and buffered

along with the character on which errors occurred. They are
passed on to the RxFIFO and set appropriate status bits In
the RSR when the character with an error reaches the last
RxFIFQ register where it is ready to be transferred onto the
data bus via the RDR.

Isochronous Receive

In the isochronous (ISOC) mode. a 1 times clock on RxC is
provided with the data on RxD and the senal data bn s
latched on the talling edge of each clock pulse. The reguire-
ment for the detection of a valid start bit, or the beginning of
a break, is satisfied by the detection of a high-to-iow trans:-
tion on the serial data input line. Error detection and status
indication are the same as the asynchronous moae.

Asynchronous and Isochronous Transmit

In asynchronous and isochronous transmit modes. output
data transmission on TxD begins with the start bit. This is
followed by the data character which is transmitted LSB first.
If parity generation is enabled. the parity bit is transmittec
after the MSB of the character.

Asynchronous Frame Format

Isochronous Frame Format

F——T———Tt———— =7 T~ T r
DATA | | | | | I |
L L SR, 5 SIS SOUOI N— N O
START LB8s MSB PARITY | STOP
(OPT) (1, 1%, OR 2 BITS)

[ ¢——————— 5 TO 8 BITS ———————P>

CLK
— I B i Aty iy B Mt S
DATA | [ I ] | |
START LBS _f(‘- MSB PARITY | sTOP
(OPT) 1 OR 2 BITS |

ld_ 5 TO 8 BITS —-b!

FIGURE 3. Asynchronous and Isochronous Frame Format |
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SYNCHRONOUS MODES

'n svnchronous modes. a clock 1s provided along with the
sata. Seral output data s shifted out and input data is
aicned on the falling eage of the clock.

BIT ORIENTED PROTOCOLS (BOP)

in nit orientea orotocois (BOP). messages (data) are trans-
~te@ ana received n frames. Each frame contains an
opening flag. address field. control fieid. frame check
sequence. anc a closing flag. A frame may also contain an
information fieic. (See Figure 4).

The opening flag is a special character whose bit pattern is
01111110 It marks the frame boundaries and is the inter-
frame fill character. The address field of a frame contains the
aadress of the secondary station which is receiving or
responding to a command. The address fieild may be one or
more bytes long. The address field can be extended by set-
ing the ADDEX bit to a 1 1n PSR1. In this case. the address
field will be extended until the occurrence of an address byte
with a 1 in bit 0. Up to two bytes of the address field may be
automatically checked when the MPCC is programmed to be
a secondary station in BOP. An automatic check for global
(11111111) or null (00000000) address I1s also made.

The optional information field consists of 8-bit characters
Cyclic redundancy checking is used for error detection and
the CRC remainder resulting from the calculation is trans-
mitted as the frame check sequence field. For BOP. the
polynomial X'¢ - X*2 - X5 -~ 1 (CRC-CCITT) should be used.
i.e.. selected in the CRC SEL bits in the ECR. The registers
representing the CRC-CCITT polynomial are generally preset
to all 1's and the 1's compiement of the resulting remainger
is transmitted. (See X.25 Recommendation).

Zero insertion/deletion is employed to prevent valid frame
data from being confused with the special characters. A 0 1s
inserted by the transmitter after every fifth consecutive 1 in
the data stream. These inserted zeros are removed by the
receiver to restore the data to its onginal form. The inserted
zeros are not included in the CRC calculation.

With the control options offered by the MPCC. commonly
used bit oriented protocols such as SDLC, HDLC. ADCCP.
and X.25 standards can be supported. Figure 5 compares
the requirements of these options.

FLAG ADDRESS CONTROL INFORMATION FCS FLAG
01111110 10RN 10R2 N BYTES 2 BYTES 01111110
BYTES BYTES (OPTIONAL)
FIGURE 4. Bit Oriented Protocol (BOP) Frame Format
IBM SDLC FRAME FORMAT
FLAG ADDRESS CONTROL INFORMATION FCS FLAG
01111110 1 BYTE 1 BYTE N BYTES 2 BYTES 01111110
ADCCP/HDLC FRAME FORMAT
FLAG ADDRESS CONTROL INFORMATION FCS FLAG
01111110 N BYTES 1 OR 2 BYTES N BYTES 2 BYTES 01111110

FIGURE 5. Implemented Bit Oriented Protocois
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BOP Receiver Operation

in BOP, the receiver starts assembling characters and accu-
mulating CRC immediately after the detection of a FLAG.
The receiver also continues to search for additional FLAG,
or ABORT, characters on a bit-by-bit basis. Zero deietion is
implemented in the Receiver Shift Register after the FLAG
detection logic and before the CRC circuitry. The receiver
recognizes the shared flag (the closing flag for one frame
serves as the opening flag for the next frame) and the shared
zero (the ending O of a closing flag serves as the beginning
0 of an opening flag forming the pattern “011111101111110.”

Character assembly and CRC accumulation are stopped
when a closing FLAG or ABORT is detected. The CRC
accumuiation incluaes all the characters between the opening
FLAG and the closing FLAG. The contents of the CRC reg-
ister are checked at the close of a frame and the C/PERR
bit In the RSR is updated. The FCS and the FLAG are not
passed on to the RxFIFO.

If the FLAG is a closing flag, a check for short frame (no
control field) and CRC error conditions are made and the
appropriate status 1s updated. When an ABORT (seven 1's)
is detected, the remaining frame is discarded and the RA/B
bit is set in the RSR. When a link idle (15 or more consecutive
1's) is detected, the RIDLE status bit is set in the RSR. The
zeros that have been inserted to distinguish data from special
characters are detected and deieted from the data stream
before characters are assembled. The MPCC programmed
as a secondary station provides automatic address matching
of up to two bytes. If there is no address match, the receiver
(secondary station) ignores the remainder of the frame by
searching for the flag. If there is a match, the address bytes
are transferred to the RxFIFO as they are assembied.

For the control field, one or two bytes are assembled and
passed on to the RxFIFO depending on the state of the
extended control field bit.

If the CTLCRC bit in the ECR is set to 1, an intermediate
CRC check will be made after the address and control field.
The Frame Check Sequence is still caiculated over the
remainder of the frame.
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BOP Transmitter Operation

in BOP, the TxFIFQO can be preloaded through the TODR whiie
the transmitter is disabled (TEN = 0 in the TCR). When the
transmitter is enabled (TEN = 1 in the TCR), the leading
FLAG is automatically sent prior to transmitting data from the
TxFIFO. The TDRA bit is set to 1 in the TSR as long as
TxFIFO is not full. If an underrun occurs, the TUNRN bit in
the TSR is set to a 1 and an ABORT (11111111) is trans-
mitted followed by continuous FLAGs or marks untii a new
seguence is initiated.

The TLAST bit in the TCR must be set prior to loading the
last character of the message to signal the transmitter tc
append the two-byte Frame Check Seguence (FCS) foi-
lowing the last character. If the transmitter DMA mode is
selected (the TDSREN bit set to 1 in the TCR) the TLAST
bit is set by the DONE signal from the DMAC.

A message may be terminated at any time by setting the
TABT bit in the TCR to 1. This causes the transmitter to send
an ABORT character followed by the remainder of the current
frame data in the TxFIFQ.

The serial data from the Transmitter Shift Register is contin-
uously monitored for five consecutive 1's, and a 0 is insertec
in the data stream each time this condition occurs (excluding
FLAG and ABORT characters). )

CRC accumulation begins with the first non-FLAG character
and includes all subsequent characters. The CRC remainder
is transmitted as the FCS following the last data character.
If the CTLCRC bit in the ECR is set to 1, an intermediate
CRC remainder is appended after the Address and Control
Field. The final frame check sequence is calculated over the
balance of the frame.
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BISYNC (BSC)

The structure of messages utilizing the IBM Binary Syn-
chronous Communications (BSC) protocol, commonly called
Bisync. is shown in Figure 6. The MPCC can process both
transparent and non-transparent messages using either the
E£BCDIC or the ASClI codes. The CRC-16 polynomial shouid
ve selected by setting the appropriate CRCSEL bits in the
£CR for both transparent and non-transparent EBCDIC and
for transparent ASCIl coded messages. VRC/LRC should be
selected for non-transparent ASCIl coded messages. BSC
messages are formatted using defined data-link control char-
acters. Data-link control characters generated and recog-
nized by the MPCC are listed in Tabie 3.

TABLE 3. BSC Data-Link Control Characters

ASClI EBCDIC
Command | Byte 1 | Byte 2 Command | Byte 1 | Byte 2
SYN 16° - SYN 327 -
SOH 01 -— SOH 01 -
STX 02 —_— STX 02 —
ETB 17 - EOB (ETB)| 26 -
ETX 03 —_ ETX 03 -
ENQ 05 - ENQ 2D -
OLE 10 - DLE 10 —_
ITB 1F _ ITB 1F -
EOT 04 —_ EOT 37 -
ACK N* 10 30-37 | ACK 0 10 70
NAK 15 —_ ACK 1 10 61
WACK 10 3B NAK 3D _—
RVI 10 3C WACK 10 68

RVI 10 7C
NOTE: " Programmable

A heading is a block of data starting with an SOH and con-
taining one or more characters that are used for message
control (e.g., message identification, routing, and priority).
The SOH initiates the block-check-character (BCC) accu-
mulation, but is not included in the accumulation. The heading
is terminated by STX when it is part of a block containing
both heading and text. A block containing only a heading is
terminated with an ITB or an ETB followed by the BCC. Only
the first SOH or STX in a transmission block following a line

turnaround causes the BCC to reset. All succeeding STX or
SOH characters are included in the BCC. This permits the
entire transmission (excluding the first SOH or STX) to be
block-checked.

The text data is transmitted in complete units called mes-
sages, which are initiated by STX and conciuded with ETX.
A message can be subdivided into smaller blocks for ease
in processing and more efficient error control. Each block
starts with STX and ends with ETB (except for the last biock
of a message, which ends with ETX). A single transmission
can contain any number of biocks (ending with ETB) or mes-

* sages (ending with ETX). An EOT following the iast ETX

block indicates a normal end of transmission. Message
blocking without line turnaround can be accomplished by
using ITB (see the Additional Data Link Capabiiities section.
IBM GA 27-3004-2). .
Two modes of data transfers are used in BSC. In non-trans-
parent mode, data link control characters may not appear as
text data. In transparent mode, each controf character is pre-
ceded by a data link escape (DLE) character to differentiate
it from the text data. Table 4 indicates which control char-
acters are exciuded in the CRC generation. All characters
not shown in the table are inciuded in the CRC generation.
Figure 7 shows various formats for Control/Response Blocks
and Heading and Text Blocks.

TABLE 4. BSC Control Sequences~—inciusion
in CRC Accumulation

Included in CRC Accumulation

Character of Sequence Yes No
TSYN - DLESYN
TSOH - DLESOH
TSTX® -_— DLESTX
TETB ETB OLE
TETX ETX DLE
TOLE (OLE)DLE DLE(DLE)

*If not preceded within the same block by transparent
heading information.

LEADING PAD SYN SYN
1 BYTE 1 BYTE 1 BYTE
(AR1) (AR2) (AR2)

BODY

BCC TRAILING
PAD
11111111

FIGURE 6. BSC Block Format

20




(4

T"CNYROL/RESPONSE BLOCKS

[~ T T
LEADING SYN sYN €oT FOLLOWING SYN sYN AODRESS NG FOLLOWING
PAD PAD PAD
POLLING OR SELECTION
LEADING FOLLOWING
PAD sSYN SYN ACKO s
POSITIVE ACKNOWLEDGEMENT
LEADING FOLLOWING
PAD SYN SYN NAK PAD
NEGATIVE ACKNOWLEDGEMENT
MEAQING AND TEXT BLOCKS:
RESET BCC ——b"—————————mcu.mso IN BCC #i
)A
1 | v I 1
LEADING FOLLOWING|
v .
o SYN SYN soM HE ADING (31 scC PAD
I
A
MEADING ONLY
RESET BCC —+~————— INCLUDED IN 8CC ——————DI '4———— INCLUDED IN BCC —FI
A ) e
v/ nia e 1
LEADING FOLLOWING|
PAD SYN SYN SOH HE ADING STX TEXT SYN TEXT ETX 8CC PAD
2 Ja I
ALl AL N
NONTRANSPARENT hie ADING AND TEXT
RESET B8CC —;I‘- INCLUDED IN occ—.l IQ—- INCLUDED IN occ'——bl
) A
A v l
LEADING LLOWING
oan SYN sYN oLE STX TEXT e sYN oLe® ETx scc ::’D
J ) Ny
1 vl

TRANSPAReNT Ti ¥ .

FIGURE 7. BSC Message Format Examples

“ DLE EXCLUDED FROM BCC CALCULATION
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BSC Receiver Operation

Character 'ength defauits to eight bits in BSC mode. When
ASCIl is selected. the eighth bit i1s used for panty provided
tne VRC LRC polynomial i1s selected. Character assembly
sians after the receipt of wo consecutive SYN characters.
Senal data pits are shifted through the Receiver Shift Reg-
ister into the Serial-to-Parallel Register and transferred to the
RxFIFQ. The RDA status bit in the RSR is set to 1 each time
cata is transferred to the RxFIFQ. The SYN character in non-
rransparent mode and DLE-SYN parrs in transparent mode
are discarded.

The recerver sians each biock in the non-transparent mode.
It switcnes to transparent mode If a block begins with a OLE-
SOH or DLE-STX pair. The receiver remains in transparent
moae until a DLE-ITB. DLE-ETB. DLE-ETX or DLE-ENQ pair
is recetved. BCC accumulation begins after an opening SOH.
STX. or DLE-STX. SYN characters in non-transparent mode
or DLE-SYN pairs in transparent mode are excluded from the
8CC accumulation. The first DLE of a DLE-DLE sequence
's not included in the BCC accumulation. The BCC is checked
after receipt of an ITB. ETB. or ETX in non-transparent mode
or DLE-ITB, DLE-ETB. DLE-ETX in transparent mode. If a
CRC error is getected. the C'PERR and EOF bits in the RSR
are set to 1. If no error is detected only the EOF bit is set.
If tne closing character was an ITB, BCC accumulation and
cnaracter assembly starts again on the first character fol-
lowing the BCC.

BSC Transmitter Operation

BSC transmission begins with the sending of an opening pad
(PAD) and two sync (SYN) characters. These characters are
programmable and stored in AR1(PAD) and AR2(SYN). SOH
or STX Inituates the block-check-character (BCC) accumu-
fation. An initial SOH or STX is not included in the BCC
accumulation. Should an underrun condition occur. the con-
tent of AR2 (normally SYN character) s transmitted until new
characters become available. The message is terminated by
the transmission of the BCC followed by a closing pad when
an ETB, ITB. or ETX 1s tetched from the TxFIFQ. The closing
PAD 1s generated by the MPCC.

In transparent mode, the BCC accumulation is initiated by
DLE-STX and is terminated by the sequences DLE-ETX.
DLE-ETB. or DLE-ITB. See Table 4 for character sequence
and inclusion in CRC accumulation. If an underrun occurs.
DLE-SYN characters will be transmitted until new characters
are available in the TxFIFQ. ETB, ETX, ITB. or ENQ with a
TLAST tag !s treated as a control character and the MPCC
automatically inserts a DLE immediately preceding these
characters. DLE-ETB. DLE-ETX. DLE-ITB, or DLE-ENQ ter-
minates a block of transparent text, and returns the data link
to normal mode. BCC generation is not used for messages
beginning with characters other than SOH, STX. DLE-SOH.
or DLE-STX. On all message types, if the TSYN bit is set to
1in the TCR, a SYN-SYN (DLE-SYN sequence on trans-
parent messages) sequence is transmitted before the next
character is fetched from the TxFIFO.

CHARACTER ORIENTED PROTOCOLS

The character oriented protoco! (COP) option uses the format
shown in Figure 8. It may be used for various character
oriented protocols with 5-8 bit character sizes and optional
parity checking. The input data is checked on a bit-by-bit
basis for a pair of consecutive SYN characters to estabiish
character synchronization. These SYN characters are dis-
carded after detection. The PAD and SYN characters may
be 5-8 bits long and are user programmabie as stored in AR1
and AR2, respectively.

If parity checking is enabled the characters assembled after
character sync are checked for parity errors. If STRSYN is
set in the RCR. all SYN characters detected within the mes-
sage will be discarded and will not be passed on to the
RxFIFQ. If STRSYN is reset, SYNs detected within the mes-
sage will be treated as data.

LEADING PAD SYN SYN
5-8 BITS 5-8 BITS 5-8 BITS
(AR1) (AR2) (AR2)

| MEssacge |

5-8 BIT CHARACTERS

FIGURE 8. Character Oriented Protocol Format
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FIGURE 10. Typical Interface to 68008-Based System
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R68560, R68561 Multi-Protocol Communications Controlier (MPCC)

h—-‘/j}—-ﬂ
cs f
_ |
B N\ s

DTACK \

Do-D1s y, 5____
&

NOTES:

1. Byte mode when connected to A0 on 68008 bus.

2. Word mode when connected to UDS on 68000 bus.

3. Timing measurements are referenced to and from a low voitage of 0.8 voits and a high voitage of 2.0 volts,
uniess otherwise noted.

FIGURE 11. MPCC Read Cycle Timing

A1-Ad )
UDS/AQ I —

LDS/DS
ups/ac: ' N 7‘

®

DO-D15 h o E___
.Tt -

NOTES:

1. Byte mode when connected to A0 on 68008 bus.

2. Word mode when connected to UDS on 68000 bus.

3. Timing measurements are referenced to and from a low voltage of 0.8 voits and a high volitage ot 2.0 volts,
uniess otherwise noted.

FIGURE 12. MPCC Write Cycle Timing
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

INTERNAL

RECEIVER \ f \
cLock /

RDSR \ . HIGH FOR 1 CLOCK
PERIOD MINIMUM

swex \ s

LDS/0S

UDS/AQ2 \ 4

¢ . >
D0-D15 < /(
RIW \\
s \ /

57 - \

NOTES: 1. Timing measurements are referenced to and from a low voitage of 0.8 voits and a high voitage of 2.0 volts
unless otherwise noted.
2. Word mode only.

&

FIGURE 13. MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode).
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

TIRNATNESRA:‘F?'IL’EH \ f \ /

CLOCK

TDSR \ / HIGH FOR 1 CLOCK
PERIOD MINIMUM

BacK \ /

N

DO-D15 %’;
W 4

DONE \ /—

NOTES: 1. Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts
uniess otherwise noted.

2. Word mode only.

FIGURE 14. Memory to MPCC DMA Transfer Cycie Timing (Transmitter DMA Mode).

27



R68560, R68561 Muiti-Protocol Communications Controller.(MPCC)

G \ /
SR \

DTACK i

5555 N

D0-D7

1N

- F

"NOTE: Timing measurements are referenced to and from a low voitage of 0.8 volits and a high voitage of 2.0 volits,
unless otherwise noted.

FIGURE 15. Interrupt Request Cycle Timing
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

!
®

TxC — L__/-_——ﬁ{_—_

)
L_

TxD

RxC ___/_———_AT______/__B—\—————

RxD

NOTE: Timing measurements are referenced to and from a iow voitage of 0.8 volts and a high voitage of 2.0 volts,
uniess otherwise noted

FIGURE 16. Serial Intertace Timing |

RxD

®
|

TxD

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voitage of 2.0 volts.
unless otherwise noted

FIGURE 17. Serial interface Echo Mode Timing
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R68560, R68561

Multi-Protocol Communications Controller (MPCC)

SPECIFICATIONS
AC ELECTRICAL CHARACTERISTICS (Ve = 5.0 Vde = 5%, Vss= 0 Vde, T4 = 0°C to 70°C)
| Number | Characteristic Symbol |  Min Max Unit
! | R/W High to CS. DS Low tamst 0 - ns |
2 { Address Vaid to CS. DS Low tavsL 1 30 - ns
; 3 CS Low to DTACK Low tcLpad 0 40 ns
l P ! TS. DS Low to Data Vaiid tsLov 0 140 ns
5 | CS. DS High to Data Invalid tsHol 10 150 ns
8 | TS. DS Hign to DTACK High lsHoAT 0 40 ns
7 i TS. DS High to Address Invaiid tsmar 20 - ns |
E | TS. BS High to A/W Low tsHAL 20 - ns
9 RW Low to CS, DS Low tRust 0 - ns
10 CS Hign, DS High to R/W High tsHAN 20 - ns
1 Data Valid to CS. DS High tovsm 60 - ns
12 Ts. DS High to Data Invalid tsHOI 0 - ns
17 DTC Low to DS High teLsH 60 - ns
18 DACK Low to Data Valid, DONE Low taLov 0 140 ns
19 DS High to Data Invalid tsHoi 10 150 ns
21 Data Valid to DS High tovs 60 - ns
22 DS High to Data Invaiid tsHol 0 - ns
25 TACK Low to DTACK Low lAtaL 0 40 ns
26 IACK. DS Low to Data Valid tiaLov 0 140 ns
27 DS High to Data Invalid tisHo! 10 150 ns
28 TACK High to DTACK High tiaOAT 0 40 ns
30 RxC and TxC Period tep 250 —_ ns
31 TxC Low to TxD Delay treLto 0 200 ns
32 RxC Low to RxD Transition (Hold) tRCLARD 0 _ ns
33 RxD Transition to RxC Low (Setup) tRoACL 30 — ns
34 RxD to TxD Delay (Echo Mode) troTD _— 200 ns

Note.

1

For read cycle timing, the MPCC asserts DTACK within the MPU S4 clock low setup time requirement and establishes valid data (Data In)

within the MPU S6 clock low setup time requirement.
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

MAXIMUM RATINGS

Characteristics Symbol Value
Supply Voltage Vee -0.3t0 ~7.0V
Input Voitage Vin -0.3t0 +7.0V
Operating Temperatures Ta 0to 70°C
Storage Temperatures i Tae | —55t0 -150°C
Note:

This dewvice contains circuitry to protect the inputs against
| damage due to high static voltages or electric fieids: however,
* normal precautions should be taken to avoid application of
| any voltage higher than maximum-rated voltages to this high-
| impedance circutt. Reiiability of operation is enhanced if unused
E inputs are tied to an appropriate logic voltage level (e.g.,
| either Vg or V).

THERMAL CHARACTERISTICS

; Characteristics Symbol | Vaiue Rating
i Thermal Resistance 63a °CIW
i Ceramic 50 i
| Plastic 68 ;

DC ELECTRICAL CHARACTERISTICS (Ve = 5.0 Vdc = 5%, Vgg = 0 Vdc, T, = 0°C to 70°C unless otherwise noted)

Characteristics Symbol Min Max Unit
input High Voltage Al inputs Vin Vgg = 2.0 Vee v
Input Low Voltage All Inputs Vi Vgs — 0.3 Vgs = 0.8 \
tnput Leakage Current (V;, = 0 to 5.25V) R/'W, RESET, CS lin e 10.0 uA
Three-State (Off State) input Current (V;, = 0.4 to 2.4) jRQ. DTACK, D0-D15 lrsi —_ 10.0 A

Output High Vottage

(ILoap = =400 wA. Cioap = 130 pt, Ve = min) RDSR, TDSR, IRQ. DTACK, D0-D15 Vou Vgs + 2.4 - v
DTR, RTS, TxD, TxC
“LOAD =0, CLOAD = 30 pf, Vcc = min) BCLK
Output Low Voltage _
(loap = 3.2 MA, Ve = min) RDSR, TDSR., 1RQ, DTACK. D0-D15 Vou - 0.5 v
DTR, RTS, TxD, TxC, BCLK
“LOAD = 8.8 mA, Vee = min) DONE i
Internal Power Dissipation (Measured at T, = 25°C) Pint - 1 w
input Capacitance (Vi, = 0, T, = 25°C. t = 1 MHz) Cin - 13 | oF

Information furmished by Rockwell international Corporation is believed to be accurate and reliable. However, no responsibility 1s assumed by Rockwel!
International for its use. nor any mfringement of patents or other rights of third parties which may result from ts use. No license is granted by impiication
or otherwise under any patent or patent rights of Rockwell International other than tor circuitry embodied in a Rockwell product. Rockwell Interationai
reserves the right to change circuitry at any time without notice. This is a preliminary specification with tentative parameters which may be subjec! to
change after final product characterization is completed.

“Rockwell International Corporation 1983
All Rights Reserved Pnnted in U.S.A.
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R68560, R68561

Muiti-Protocol Communications Controller (MPCC)

PACKAGE DIMENSIONS
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MM58167A Microprocessor Real Time Clock

General Description

The MMSB167A is a low threshold metal gate CMOS circuit
that functions as a real time clock i1n bus oriented micro-
processor systems. The gevice inciuges an agdressaple
real time counter. 56 bits of RAM. anad two interrupt out-
puts. A POWER DOWN input allows the chip to be disa-
bied from the rest of the system for stanaby iow power
operation. The time base is a 32,768 Hz crystal osciilator.

Features

B Microprocessor compatibie (8-bit data bus)

8 1/10.000 of a second through montn counters

B 56 bits of RAM with comparator to compare the real
time counter to the RAM data

B 2 INTERRUPT OQUTPUTS with 8 possibie interrupt

signals

POWER DOWN input that disabies all inputs and out-

puts except for one of the interrupts

Status bit to indicate roliover curing a read

32.768 Hz crystai osciilator

Four-year calendar (no ieap year)

24-hour clock

Functional Description
Real Time Counter

The real time counter is divided into 4-bit digits with 2
digits being accessed quring any read or write cycle. Eacn
digit represents a BCD numper ang i1s defined in Table |.
Any unused dits are heid at a logical zero during a read and
ignored during a write. An unused bit is any Dit noOt neces-
sary to provige a tuil BCD numper. For exampie tens of
nours cannot legally exceed the number 2, thus only 2 bits
are necessary to define tne tens of hours. The other 2 dits
in the tens of hours digit are unused. The unused bits are
designated in Table | as dashes.

The addressabie portion of the counter is trom 1/10,000 of
a second to months. The counter itself is a ripple counter.
The rippie delay is iess than 60 us above 4.0V and 300 us at
20V.

RAM

56 bits of RAM are contained on-chip. These can be used
for any necessary power down storage or as an alarm
latch for comparison to the reai time counter. The gata in
the RAM can be compared to the real time counter on a
digit basis. The only digits that are not compared are the
unit ten thousandtns of seconds and tens of days of the
week (these are unused in the real time counter). If the two
maost significant bits of any RAM digit are ones, then this
RAM location will always compare.

The RAM is formatted the same as the real time counter. &
bits per digit. 14 digits. however there are no unused bits.
The unused bits in the real time counter will compare only
1o zeros in the RAM.

Interrupts and Comparator

There are two interrupt outputs. The first and most fiexibie
is the INTERRUPT QUTPUT (a true high signal). This out-
put can be programmed to provide 8 different output
signals. They are: 10 Hz, 1 H2, once per minute, once per
hour, once a day, once a week, once a month, and when a
RAM/real time counter compartson occurs. To enable the
output a one is written into the interrupt control register at
the bit location corresponding to the aesired output
frequency (Figure 1). Once one or more Dits have been set
in the interrupt control register, the corresponding
counter's rollover to its reset state will clock the interrypt
status register and cause the interrupt output to go high.
To reset the interrupt and to identify which frequency
caused the interrupt, the interrupt status register is read.
Reading this register places the contents of the status
register on the data bus. The interrupting trequency wiil be
identified by a one in the respective bit position. Removing
the read will reset the interrupt.

The second interrypt is the STANDBY INTERRUPT (open
ararn output, active low). This interrupt occurs when
enabied and wnen a RAM/real time counter comparison
occurs. The STANDBY INTERRUPT is enabled by writing a
one on the DO line at address 16, or disabied by writing a
zero on the DO line. This interrupt is not triggered by the
edge of the compare signal. but ratner by the ievel. Thus if
the compare is enabled when the STANDBY INTERRUPT
is enabied, the interrupt will turn on immediately.

Connection Diagram

Duai-in-Line Package
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Absolute Maximum Ratings

Voitage at All Pins
Operating Temperature

VSS -0.3Vto VDD +0.3v
~40°Cto85°C

Storage Temperature -65°Cto 150°C
Voo-Yss 8.0V
Lead Temperature(Soldering, 10 seconds) 300°C

Electrical Characteristics vgg=0v, -40°csT,s85°C

Parameter Conditions Min Max Units
Supply Voltage
Voo Outputs Enabled 4.0 55 v
Voo POWER DOWN Moge 2.0 5.5 v
Supply Current
lpp, Static Outputs TRI-STATE™
f|N=DC. V°D=5.5V 10 uA
lpp, Dynamic Qutputs TRI-STATE
fin =32 kH2, Vgp =5.5V
Viu=Vop=0.3V
V|LSV55+0.3V 20 wA
Ipp, Dynamic Qutputs TRI.STATE
fin =32 kM2, Vpp =5.5V
Viw=2.0V, V|L=0.8V 3 mA
Input Voltage
Logical Low 0.0 0.8 v
Logical High 2.0 Voo '
Input Leakage Current VsssViNn=Vpp -1 1 uA
Output Impedance 110 and INTERRUPT OUT
Logical Low Vop=4.5V. lg = 1.6 MA 0.4 v
Logical High Vop=4.5V, Igny = =400 uA 2.4 v
. lom= =10 4A 0.8 Vmp v
TRI-STATE Vss = Vour= Voo ! 1 uA
Qutput impedance RDY ang STANDBY INTERRUPT
Logical Low, Sink t Vpp=4.5V. lg = 1.6 MA 0.4 v
Logical High, Leakage Vour= Voo 10 uA
Functional Description (continuea)
TABLE I. REAL TIME COUNTER FORMAT
Units Max Tens Max
Il
Counter Addressed 00 D1 D2 D3 8CD | D4 D5 DS D7 BCD
Code I Code
1/10.000 of Seconds (00w) - - - - 0 i D4 O5 D& O7 39
Hundredths and Tenths Sec (01y) Do O1 D2 03 9 D4 D5 D6 D7 3
Seconds (C24) 00 O1 D2 03 9 D4 D5 D6 - 5
Minutes (03w) 0o D01 D2 D3 9 04 D5 D6 - g
Hours (04y) 00 D1 D2 D3 9 Da D5 - - 2
Day of the Week {C5w) Do DY D2 - 7 - - - - 0
Day of the Month 06w) 00O D1 D2 D3 9 D4 D5 - - 3
Month Q7w) 00 D1 D2 03 39 [SZ - - 1

(= ringicates unused bits

TRISTATE® is a reg

of




Functional Description conunueq)

TABLE il. ADDRESS CODES AND FUNCTIONS

A4 A3 A2 A1 A0 1 Function
0 0 0 0 0 | \ Counter—Ten Thousandths ot Seconas
o o0 0 0 1 ! Counter — Hundredths and Tenths of Seconas
o ¢ o 1+ 0 ! Counter — Seconas
o 0 0 1 ! Counter—Minutes
0 0 1 0 0 Counter — Hours
0 0 1 0 1 " Counter— Day of Week
0 0 1 1 0 Counter — Day of Month
0 0 1 1 1 Counter— Montn
0 1 6 0 © RAM —Ten Thousandths of Seconds
o + 0 0o RAM — Hunaredths and Tenths of Seconds
0 1 0o 0 RAM — Seconads
o 1 o 1 1 RAM —Minutes
0 1 1 c ¢ RAM —Hours
0 1 o] 1 RAM — Day ot Week
o} 1 1 1 0 ! RAM — Day of Montn
0 1 1 1 1 RAM — Months
1 e 0 o0 O interrupt Status Register
1 0 0 ¢ 1 Interrupt Control Register
10 0 1 0 Counters Reset
1 o 0 1 1 RAM Reset
10 1 0 0 . Status Bit
1 0 1 0 1 GO Command
10 1 170 STANDBY INTERRUPT
1 1 1 1 1 Test Moae

All otners’unuseg
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Functional Description (continueq)

The comparator is a cascaded exclusive NOR. Its output is
latched 61 us after the rising edge of the 1 kHz clock signal
(input to the ten thousandths of seconds counter). This
allows the counter to ripple through before looking at the
comparator. For operation at less than 4.0V, the thousand-
ths of seconds counter shouid not be included in a com-
pare because of the possibility of having a ripple delay
greater than 61 us. (For output timing see interrupt
Timing.)

Power Down Mode

The POWER DOWN input is essentially a second chip
select. It disables ail inputs and outputs except for the
STANDBY INTERRUPT. When this input is at a logical
zero, the device will not respond to any external signals. it
will,_however, maintain timekeeping and turn on the
STANDBY INTERRUPT it programmed to do_so. (The
programming must be done before the POWER DOWN in-
put goes to a logicai zero.) When switching Vpp to the
standby or power down mode, the POWER DOWN input
should go to a iogical zero at least 1 xs before Vpp is
switched. When switching Vg all other inputs must re-
main between Vgg = 0.3V and Vpp + 0.3V. When restoring
Vpp to the normal operating mode, it is necessary to insure
that ail other inputs are at valid levels before switching the
POWER DOWN input back to a logical one. These precau-
tions are necessary to insure that no data is iost or aitered
when changing to or from the power down mode.

Counter and RAM Resets; GO Command

The counters and RAM can be reset by writing all 1's (FF) at
address 12, or 13, respectiveiy.

A write pulse at address 15y wiil reset the thousanadtns,
hundredths. tenths, units, and tens of seconds counters.
This GO command is used for precise starting of the clock.
The data on the data bus is ignored during the write. If the
seconds counter is at a value greater than 40 when the GO
is issued, the minute counter will increment; otherwise the
minute counter is unaffected. This command is not neces-
sary to start the ciock, but merely a convenient way to
start pracisely at a given minute. (See Table Il for reset
format.)

Status Bit

The status bit is provided to inform the user that the clock
is in the process of roiling over when a counter is read. The

1kHz clock into the thousandths of seconas counterhasa
puise width of 61 us. If a read of the real time counter (any
digits) is done during this 61 4s period the status bit will be
set. This tells the user that the clock is rippling through tne
real time counter. Because the clock is rippling, invalid
data may be read from the counter. If the status Dit is set
following a counter read, the counter should be reread.

The status bit appears on DO when address 14y is read. All
the other data lines will be zero. The bit is set when a
logical one appears. This bit should be read every time a
counter read or series of counter reads are done. The trail-
ing edge of the read at agdress 14, will reset the status dit.

Oscillator

The osciilator used is the standard Pierce oscillator. Exter-
nally only 2 capacitors and the crystal are required. For
micropower crystals a resistor in series with the osciilator
output may be necessary to insure the crystal is not over-
driven. This resistor should be approximately 200 kQ. The
capacitor values shouid be typically 20 pF-25 pF. The
crystal frequency is 32,768 Hz.

The osciilator input can be externally driven, if desired. In
this case the cutput shouid be left floating and the input
ievels shouid be within Q.3V of the supplies.

A ground line or ground plane petween pins 9 and 10 may
be necessary to prevent interference of the oscillator by
the A4 address.

Control Lines

The READ, WRITE. ang CHIP SELECT signals are active
low inputs. The READY signal is an open drain output. At
the start of each read or write cycte the READY line (open
drain) will pull low ang will remain tow until valid gata
from a chip read appears on the bus or data on the bus s
latched in durnng a write. READ and WRITE must de
accompanied by a CHIP SELECT (see Figures 3 ana 4 for
read ang write cycie timing).

Test Mode

The test mode is mereiy a moage for proguction testing. It
allows the counters to ccunt at a higher than normai rate.
In this mode the 32 xHz osciilator input is connected
airectly to the ten thousandths of seconds counter. The
chip select and write iines must be !ow and the adaress
must be neld at IF.,.




Functional Description continuea)

00 21 oz 03 04 0s 06

WRITE ‘
onLY

ALl

1/SEC

W/SEC

=3

READ |
onLY ! i { |

INTERRUPT
CONTROL
REGISTER
ADDRESS = 11y

1/MQUR
1/0AY
1/WEEK

1MONTH

INTERRUPT
STATUS
REGISTER
ADDRESS = 10y

FIGURE 1. Interrupt Register Format

INTERRUPT
L0GIC

Interrupt Timing -40°cs7,s85C. 4.5V = vops5.5V. Vgg =0V

INTERRUPT
ouTeyT
fACTIVE
LOGIC MIGH)

TYPILAL DYNAMIC 1y (A)

! 7
7
7
Z
/ v
§ 7 :
H / ]
i / h
i / N
J
] 1 h) S 13
Voo V)

FIGURE 2. Typical Supply
Current vs Supply Voitage

-

Parameter Min Max Units

LUNTON Status Register Clock to INTERRUPT

QUTPUT (Pin 13) High (Note 1) 5 us
tsayon  Compare Vaiid to STANDBY INTERRUPT

(Pin 14) Low (Note 1) 5 uS
tintors  Traning Edge of Status Register

Read to INTERRUPT QUTPUT Low 5 kS
tsgyors  Trailing Edge of Write Cycle

(00 = 0. Aadress = 16) to STANDBY

INTERRUPT Off (High Impegance State) 5 uS

Note 1: The status register ClOCKS are: the corresponaing counter's roliover 1o its reset state or the compare pecoming vahd. The comoare pecomes vaha 61 s
atter the 1/1C.000 of a second counter is clocked. if the real ime counter data matcnes the RAM data.

Read Cycle Timing -40°C<T,s85°C, 4.5V sVpps5.5V, Vgg =0V

Parameter Min Max Units
taR Agaress Bus Valid to Reac Strope 100 ns
icsa  Chic Select to Read Strobe 0 ns
lagy  Read Straoe (10 Reaay Strcoe 150 ns
tayg  Reaay Strobe to Data Valic 8C0 ns
lap Aadress Bus Vaha to Data vaia 1C50 ns
tam Data Holc Time From Trainng £age of Read Strope 0 ns
Iz Trailing Eage of Reac Strooe 1o TRI-STATE Moce 280 ns
layw Heac Held Time atter Reacy Strope 0 ns
laa Agaress Bus Hoic Time trom Traiing Ecge of Reac Strope 5C ns

Note 2 1114 =00rtnw =0 anc Chip Select. Aaaress Valid, Read or Wrile are coincioent tnen they must exist for 1050 ns.
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Write Cycle Timing -40°Cs7,<85°C. 4.5V = Vpp=5.5V. Vgg =0V

Parameter Min } Max Units
taw Address Valid to Write Strobe 100 ns
tesw Chip Select to Write Strobe 0 ns
tow  Oata Valid before Write Strobe 100 ns
tway Write Strobe to Ready Strobe 150 ns
tay Reagy Strobe Width 800 ns
tayw  Write Hold Time after Ready Strobe 0 ns
two Data Hold Time after Write Strobe 110 ns
twa Address Hold Time after Write Strobe 50 ! ns

Data bus (0ading s 100 pF.
Reagy output l0ading 1s 50 pF and 20 kQ puli-up.
Input ang output AC timing levers:

Logical one = 2.0V

Logical zero = 0.8V

Read and Write Cycle Timing Diagrams

A0=-Ad X AODRESS VALID X

]—tsn——.-(.“'—. e (R A i
m ; N\ ‘ /

tayg

‘ — A ——
00-07 - { DATA VALIO! >—_

ap 2 s

FIGURE 3. Read Cycie Timing

AG=Al X AQDRESS VALID X

B .| )

B ™) DA L ) ] P LT E—

™ N /
mov N\ /
20-07 -———-———( DATA VALID ).___.—

FIGURE 4. Write Cycie Timing
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Typical Applications.

SYSTEM SYSTEM DATA
ADDRESS BUS 3us
N -~
]
a3 ~ STANOBY
- e = ATTERY
SELECT .
27 LoGIC -
186148 100 l
-
1 = voo 24 : vgp* SV
En) s AL PWR DOWN SWR GUWN (FROM SYSTEM
. I
- il o k2 POWER SUPPLY)
Y - —{ T o8
" 29
AL — A0 05 po=n
A1 3 19
— Al uMSBIETA D4
52 e 01
Al ] a1 22 1?7
2 S 50 01 b2
NOTE ' 9 i
osc v 20
.t - (OPERATIONAL DURING
=] OSCOUT  STOBY INTimmem 5% GUWN CONDITION)
~ 200k Vs INT
10PTIONAL:
] L
12768 My
20 0F / b xTaL 20 of 128 oF SYSTEM
25 0F T INTERRUPT
INORMAL POWER ON
~_ = = SYSTEM INTERRUPT)

Note 1: A grounc iine or groung ciane guarc trace SNouIC De INCiuded dbetween Dins 9 and 10 10 insure the 0scilator 1S not aisturoed Dy the aggress iine.
FIGURE 5. Typical Connection Diagram
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— : un 0
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MM58167A Microprocessor Real Time Clock

Block Diagram

srnus 00
AQ-CS
ry < 3 8ITS
1 Tihz l
REAL TIME COUNTER | ¢==WR-CS
2.8
l . —! | BT a0 - S
& 3 L
z 78178
T ;
v
10
ase N ET™ 1 | LINE | T sTaTUS
250 0UT < [ osc COMPARATOR (43 81TS) r REC 2 8IS | R0 CS
INTERRUPT |13
. RS
[ S — E (LU i,
BV et auTPUT
2 [ RAM =tf - CS INT CONTROL NOT OPERATIONAL
R
; v 56 BITS @30S REGS 8ITS gg:y:gmﬂmi GOwWN
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01 i
am U0 BUFFERS | £
T
02 19 ang .81 81-01RECTIONAL BUS
04 |  LOGIC
05 i . | sTaNosY | |,
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07 ey e WR + CS TNTERRUPY
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FIGURE 7

Physical Dimensions incnes (mitlimeters)
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NEC Electronics (Europe) GmbH o NEC

DESCRIPTION

FEATURES

PIN CONFIGURATION

uPD7210

INTELLIGENT GPIB
INTERFACE CONTROLLER

The uPD7210 TLC is an intelligent GPIB Interface Controller designed to meet all of
the functional requirements for Talkers, Listeners, and Controllers as specified by the
IEEE Standard 488-1978. Connected between a processor bus and the GPIB, the TLC
provides high level management of the GPIB to unburden the processor and to simplify
both hardware and software design. Fully compatible with most processor architectures,
Bus Driver/Receivers are the only additional components required to impiement any
type of GPIB interface.

All Functional Interface Capability Meeting |EEE Standard

— SH 1 (Source Handshake)

— AH 1 (Acceptor Handshake)

— T5 or TES (Talker or Extended Talker)

— L3 or LE3 (Listener or Extended Listener)

— SR1 (Service Request)

— RL1 (Remote Local)

— PP1 or PP2 (Parallel Port [Remote or Local Configuration])

— DC 1(Device Clear)

— DT1 (Device Trigger)

— C1-5 (Controlier [All Functions])

Programmable Data Transfer Rate

16 MPU Accessible Registers — 8 Read/8 Write

2 Address Registers

— Detection of MTA, MLA, MSA (My Talk/Listen/Secondary Address)
— 2 Device Addresses

EQOS Message Automatic Detection

Command (IEEE Standard 488-78) Automatic Processing and Undefined Command
Read Capability

DMA Capability

e Programmable Bus Transceiver 1/O Specification (Works with T.l./Motorola/intel)
* 1 to8 MHz Clock Range
e TTL Compatible
e N Channel MOS
e +5V Single Power Supply
e 40-Pin Plastic DIP
* 8080/85/86 Compatible
TR 1 N~ s vee
TIR2 2 39y €01
crock § 3 38 3 NDAC
RESET [ ¢ 37 [J NRFD
TR3 O 5 36 [ DAV
DMAREQ [ 6 35 [J DIO8
DMAACK O 7 34 DIO7
Cs 8 33 g DIO 6
RD g 9 32 DIOS
wm OJ© uPD7210 21 ) Bioa
wT gn 30 [J Dio3
po 12 29 ) Dio2
o1 O 28 [J DO 1
02 g 27 3 SRa
p3 1s 2 [ ATN
pa 016 25 [J REN -
ps .17 24 3 TFC
D6 18 23 ] RS2
D7 Q1 22 [ RS
GND 20 21 [ RSO




uPD7210

PIN NAME | 1/O DESCRIPTION

1 T/R1 O | Transmit/Receive Control — Input/Output Control Signal
for the GPIB Bus Transceivers.

2 T/R2 O | Transmit/Receive Control — The function of T/R2, T/R3
are determined by the value of TRM1, TRMO of the
address mode register.

3 CLK | | Clock — (1-8 MHz) Reference Clock for generating the
state change prohibit times T1, T6, T7, T9 specified in
IEEE Standard 488-1978.

4 RST 1 Reset — Resets 7210 to an idle state when high (active high).

5 T/R3 O | Transmit/Receive Control — Function determined by
TRM1 and TRMO of address mode register (See T/R2).

[ DRQ O | DMA Request — 7210 requests data transfer to the com-
puter system, becomes low on input of DMA acknowledge
signal DACK.

7 DACK | | DMA Acknowledge — (Active Low) Signal connects the
computer system data bus to the data register of the 7210.

8 cs | | Chip Select — {Active Low) Enables access to the register
selected by RS0-2 {read or write operation).

9 RD | Read — (Active Low) Places contents of read register
specified by RS0-2 — on DO-7 (Computer Bus).

10 WR || Write — (Active Low) writes data on DO-7 into the write
register specified by RS0-2.

11 INT O | Interrupt Request — (Active High/Low) Becomes active

7 due to any 1 of 13 internal interrupt factors (unmasked)
INT astive state software configurable, active high on chip reset.

12-19 | DO-7 1/0 | Data Bus — 8 bit bidirectional data bus, for interface to
computer system.

20 GND Ground.

21-23 | RSO-2 | | Register Select — These lines select one of eight read
(write) registers during a read (write) operation.

24 1FC 1/0 | Interface Clear — Control line used for clearing the inter-
face functions.

25 REN 1/0 | Remote Enable — Control line used to select remote or
local control of the devices.

26 ATN 1/0 | Attention — Control line which indicates whether data on
DIO lines is an interface message or device dependent message.

27 SRQ 1/0 | Service Request — Control line used to request the con-
troller for service.

28-35 | DIO1-8 | 1/O | Data Input/Output — 8 bit bidirectional bus for transfer
of message on the GP1B.

36 DAV 1/0 | Data Valid — Handshake line indicating that data on DIO
lines is valid.

37 NRFD | 1/0O | Ready for Data — Handshake line indicating that device is
ready for data.

38 NDAC | 1/0 | Data Accepted — Handshake line indicating completion of
message reception.

39 EOI /O | End or Identify — Control line used to indicate the end of
muiltiple byte transfer sequence or to execute a parallel
polling in conjunction with ATN.

40 vee +5V DC — Technical Specifications: +5V; NMOS;

500 MW; 40 Pins; TTL Compatible; 1-8 MHz.

PIN IDENTIFICATION



uPD7210
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uPD7210

The |IEEE Standard 488 describes a “‘Standard Digital Interface for Programmable
Instrumentation” which, since its introduction in 1975, has become the most popular
means of interconnecting instruments and controllers in laboratory, automatic test and
even industrial applications. Refined over several years, the 488-1978 standard, aiso
known as the General Purpose Interface Bus (GP1B), is a highly sophisticated standard
providing a high degree of flexibility to meet virtually most ail instrumentation
requirements. The uPD7210 TLC implements all of the functions that are required to
interface to the GPIB. While it is beyond the scope of this document to provide a com-
plete explanation of the |EEE 488 Standard, a basic description follows:

The GPIB interconnects up to 15 devices over a common set of data control lines.
Three types of devices are defined by the standard: Talkers, Listeners, and Controllers,
although some devices may combine functions such as Talker/Listener or Talker/
Controller.

Data on the GPIB is transferred in a bit parallel, byte serial fashion over 8 Data |/O

lines (D101 — D108). A 3 wire handshake is used to ensure synchronization of transmis-
sion and reception. |n order to permit more than one device to receive data at the same
time, these control lines are “Open Collector” so that the slowest device controls the
data rate. A number of other control lines perform a variety of functions such as device
addressing, interrupt generation, etc.

The uPD7210 TLC implements all functional aspects of Talker, Listener and Controiler
functions ad defined by the 488-1978 Standard, and on a single chip.

The uPD7210 TLC is an intelligent controller designed to provide high level protocol
management of the GPIB, freeing the host processor for other tasks. Control of the
TLC is accomplished via 16 internal registers. Data may be transferred either under
program control or via DMA using the TLC’s DMA control facilities to further reduce
processor overhead. The processor interface of the TLC is general in nature and may
be readily interfaced to most processor lines.

In addition to providing all control and data lines necessary for a complete GPIB imple-
mentation, the TLC aiso provides a unique set of bus transceiver controls permitting the
use of a variety of different transceiver configurations for maximum flexibility.
INTERNAL REGISTERS

The TLC has 16 registers, eight of which are read and 8 write.

INTRODUCTION

GENERAL

REGISTER NAME ADDRESSING - SPECIFICATION

A R R WR CS

S S S WR CS

2 1 0 WR CS :
Data In (OR] 0 0 0 WR CS [oi7z_T1 oie ois [ o4 [ o3 [ o Jon Towo ]
tnterrupt Status 1 [1R] 0 0 1 WR CS CPT | APT OET ]| END | Dec_ | ERR o
Interrupt Status 2 (2R] 0 1 0 WR CS TN SRQT_]_LOK ) 0T
Serial Poil Status (3R] 0 1 1 WA Cs (38 __TPEND | 86 1 85 1 54 1 33 5]
Address Status [4R1 1 0 0 WR CS ((Cic T AYN [sPms | LPAs | TPas | LA MmN}
Command Pass Through (SR} 1 0 1 WRCS P16 3 3 ] C CcPT1_| cPio]|
Address 0 [6R) 1 1 0 wRCS ki) ACS0_| AD4G_| AD: 2020 | AD1
Address 1 (7R] 1 1 1 WR CS [Ceoi [ OT1 [ OLT [ AD5-1 [ AD4-1 | AD3-1 | AD2-T | ADT-]
Byte Out (OW] 0 0 0 WR CS (867 ] 806 ] 805 | 804 | 8O3 | 802 T 860
interrupt Mask 1 (1W1 o o 1 wRcs
Interrupt Mask 2 [2wW) 0 1 0 WR CS (1) SRQ! DOMAOQ IMA | (6] LOKC ADSC
Serial Poil Mode (3w} 0 1 1 WR CS S8 rsv S6 s§ | sS4 | s3] s2 | si]
Address Mode (4W] 10 0 WRCS
Auxilisry Mode (SW] 10 1 WR CS CNT1_| CNTO | COM4 | COM3 | COMZ_| COM1_| COMO
Address 0/1 (6W) 11 0 WRCs
End of String [7W] 1 1 1 WR CS [Ec7 [ ece | ecs | eca ] ec3 | €c2 | eci | Eco




uPD7210

DATA REGISTERS

The data registers are used for data and command transfers between the GPIB and the
microcomputer system

DATA IN (OR) [017 Joie [ois [Di4 [ D13 [ D12 Joir [ oio |
Holds data sent from the GPIB to the computer

BYTE OUT (oW) BO7 | BO6 | BO5 | 8O4 [ BO3 [BO2 [BOT | BOO

Holds information written into it for transfer to the GPIB
INTERRUPT REGISTERS

The interrupt registers are composed of interrupt status bits, interrupt mask bits,
and some other noninterrupt reiated status bits.

READ

INTERRUPT

STATUS 1 {1R]} [ceT [ apT [ DET Jeno Joec [ ERR [ DO [ DI ]

INTERRUPT .

STATUS 2 [2R] INT_[SRQ1[ LOK [REM | CO | LOKC [REMC JADSC]
WRITE

INTERRUPT

MASK 1 (1W} [ceT T apT [ DeT [ eno JoeCc [ ERR | DO [ DI |

INTERRUPT

MASK 2 [2w] [[o [srar[omao]omai] co T Lokc [ReMC [aDsc]

There are thirteen factors which can generate an interrupt from the uPD7210, each
with their own status bit and mask bit.

The interrupt status bits are always set to one if the interrupt condition is met.
The interrupt mask bits decide whether the INT bit and the interrupt pin will be
active for that condition.

Interrupt Status Bits

INT OR of All Unmasked Interrupt Status Bits
CPT Command Pass Through
APT Address Pass Through
DET Device Trigger
END End (END or EOS Message Received)
DEC Device Clear
ERR Error
DO Data Out
DI Data In
SRQI Service Request Input
LOKC Lockout Change
REMC Remote Change
ADSC Address Status Change
CcO Command Output
Non Interrupt Status Bits
LOK Lockout
REM Remote/Local
DMAO Bnable/Disable DMA Out
DMAI Enable/Disable DMA in
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SERIAL POLL REGISTERS
READ

SERIAL POLL

STATUS (3R] [s8 Jrenp] s6 ] ss [ s4 [s3 | s2 | s1 |
WRITE

SERIAL POLL

MODE (3wW] [s8 Jrsv ] s6 [ ss [ss [s3 ] s2 | st

The Serial Poll Mode register holds the STB (status byte: S8, S6-S1) sent over the
GPIB and the local message SV (request service). The Serial Poll Mode register

may be read through the Serial Poll Status register. The PEND is set by rsv= 1, and
cleared by NPRS « f'SV= 1 (NPRS = Negative Poll Response State).

ADDRESS MODE/STATUS REGISTERS

ADDRESS STATUS (4R)
ADDRESS MODE (4wW]

(cic T ATN [ sems [Lras [rras [a [ ta [mimn]
[ton T lon JTRMTJTRMO [ 0 [ 0 TJADMiI[ADMO]

The Address Mode register selects the address mode of the device and also sets the
mode for T/R3 and T/R2 the transceiver control lines.

The TLC is able to automatically detect two types of addresses which are held in

address registers 0 and 1. The addressing modes are outlined below.

ADDRESS MODES
CONTENTS OF CONTENTS OF
ADDRESS ADDRESS (0) ADDRESS (1)
ton lon | ADM1 | ADMO MODE REGISTER REGISTER

1 0 o ] Talk only Address identification Not Necessary

mode

0 1 0 0 Listen only Not Used

mode

0 [} ] 1 Address mode 1 Major taik address | Minor talk address
or Major listen or Minor listen
address address

0 0 1 0 Address mode 2 Primary address Secondary address
(talk or listen} (talk or listen)

4] o] 1 1 Address mode 3 Primary address Primary address
(major talk or {minor talk or
major listen) minor listen)

Combinations other than above
indicated Prohibited,
Notes: Al — Either MTAor MLAr Vis i by coincid of either address with the

received address. interface function Tor L.,

A2 — Address register 0 = primary, Address register 1 = secondary, interface function TC

or LC.
A3 ~ CPU must read

y address via C

Command.

Pass Through Register, TE or LC
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ADDRESS STATUS BITS

ATN Data Transter Cycle (device in CSBS)

LPAS Listener Primary Addressed State

TPAS Talker Primary Addressed State

cic Controller Active

LA Listener Addressed

TA Talker Addressed

MJIMN Sets minor T/L address Reset = Major T/L address
SPMS Serial Poll Mode State

ADDRESS REGISTERS

ADDRESS 0 [6R] X DT0_| DLO | AD50 | AD40 | AD30 JAD20] ADTD
ADDRESS 1 [7R] [Eol L D11 ] DLI JAD51 | AD41 | AD3-1 JAD2-1 | ADI-1]
ADDRESS 0/1 [6W] [ARs | _OT ] DL | ADS | AD4 | AD3 | AD2 | ADT )

Address settings are made by writing into the address 0/1 register. The function
of each bit is described below.

ADDRESS 0/1 REGISTER BIT SELECTIONS

ARS — Selects which address register O or 1

DT — Permits or Prohibits address to be detected as Talk
DL - Permits or Prohibits address to be detected as Listen
ADS5 — AD1 — Device address value

EOI — Holds the value of EOI line when data is received

COMMAND PASS THROUGH REGISTER
COMMAND PASS
THROUGH [SR] [[cp17 [ cpre [ cprs [ cpra [ cpTa [ cpT2 [cPT1 | cPTO]

The CPT register is used such that the CPU may read the DIO lines in the cases of
undefined command, secondary address, or parallel poll response.

END OF STRING REGISTER

END OF
STRING [7W] [Ec7 [ ece [ ecs | eca [ eca [ ec2 [ EC1 [ ECO]

This register holds either a 7 or 8 bit EOS message byte used in the GPIB system to
detect the end of a data block. Aux Mode Register A controls the specific use of
this register.

AUXILIARY MODE REGISTER

AUXILIARY
MODE [5W] [eNT2 T eNT1 ] cnTo Jcoms | com3 | com2 | comi | COMO|
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This is a multipurpose register. A write to this register generates one of the following
operations according to the values of the CNT bits.

CNT com

2 1 o a 3 2 1 0 OPERATION

Issues an auxiliary command specified by

o 0 O Cq C3 C2 C Co Ca to Co.

The reference clock frequehcy is specified
o o 1 0 F3 Fy F1 Fg |andTq, Tg, Ty, Tgaredetermined asa
resuit.

Makes write operation to the paraliel poll

4] 1 1 U S P3 P2 P1 register.

Makes write operation to the aux. (A)

1 o o Ag A3 Ay A Ao register.

Makes write operation to the aux. (B}
register.

Makes write operation to the aux. (E)
register.

AUXILIARY COMMANDS 0 0 0 C4 C3 C3 Cq Cg

CcoM

43210

00000 iepon — Immediate Execute pon — Generate local
pon Message

00010 crst — Chip Reset — Same as External Reset

00011 rrfd  — Release RFD

00100 trig — Trigger

00101 rtl — Return to Local Message Generation

00110 seoi — Send EQI Message

00111 nvld — Non Valid (OSA reception) — Release DAC
Holdoff

01111 vid —  Valid (MSA reception, CPT, DEC, DET) —
Release DAC Holdoff

0X001 sppf — Set/Reset Parallel Poll Flag

10000 gts — Go To Standby

10001 tca — Take Control Asynchronously

10010 tcs — Take Control Synchronously

11010 tcse — Take Control Synchronously on End

10011 Itn —  Listen

11011 Itnc  — Listen with Continuous Mode

11100 lun — Local Unlisten

11101 epp — Execute Parallel Poll

1X110 sifc  — Set/Reset IFC

1X111 sren — Set/Reset REN

10100 dsc — Disable System Control

INTERNAL COUNTER 00 1 0 F3 Fp Fq Fg

The internal counter generates the state change prohibit times (T, Tg, T7, To)
specified in the |EEE std 488-1978 with reference to the clock frequency.

AUXILIARY A REGISTER 1 0 0 A4 Az Ap Aq Ag

Of the 5 bits that may be specified as part of its access word, two bits control the
GPIB data receiving modes of the 7210 and 3 bits control how the EOS message is
used.
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Aq Ao DATA RECEIVING MODE
0 0 Normal Handshake Mode
0 RFD Holdoff on all Data Mode
1 0 RFD Holdotf on End Mode
1 1 Continuous Mode
BIT
NAME FUNCTION
A 0 Prohibit Permits (prohibits) the setting of the END bit
2 1 Permit by reception of the EOS message.
0 Prohibit Permits (DrOhll?ltS) automatic tr.ansmnssxon of
A3 1 Permit END message simultaneously with the trans-
mission of EQS message TACS.
A 0 7 bit EOS Makes the 8 bits/7 bits of EOS register the
4 1 8 bit EOS valid EOS message.

AUXILIARY B REGISTER 10 1 B4 B3 By By Bp

The Auxiliary B Register is much like the A Register in that it controls the special
operating features of the device.

BIT
NAME FUNCTION
1 Permit Permits (prohibits) the detection of undefined
Bo command. In other words, it permits {(pro-
- hibits) the setting of the CPT bit on reception
0 Prohibit of an undefined command.
1 Permit Permits (prohibits) the transmission of the
B4 — END when in serial poll active state
o] Prohibit (SPAS).
T4 .
1 (high-speed) T (huqh .speed) as Tq of handshéke after
B2 T transmission of 2nd byte following data
o] 1 transmission.
(low-speed)
B3 (1) ::; Specifies the active level of INT pin.
SRQS indicates the value of 1st level local
message (the value of the parallel poll flag is
1 1st = SRQS | ignored).
Bg SRQS=1...1st=1.
SRQS=0...1st=0.
1st = Parallel| The value of the paraliel poll flag is taken
o]
Poll Flag as the 1st local message.
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AUXILIARY E REGISTER 110000 Eq Eg

This register controls the Data Acceptance Modes of the TLC.

BIT FUNCTION

EQ 1 Enabie DAC Holdoff by initiation of DCAS
0 Disable

Eq 1 Enable DAC Holdoff by initiation of DTAS
0 Disable

Parallel Poll Register > 0 1 1 V] S P3 P2 P
The Parallel Poll Register defines the parallel poll response of the uPD7210.

Lefr [t Juls]Palra]r]

SPECIFYING STATUS BIT
OUTPUT LINE (DIO1 TO DI108)

SPECIFYING STATUS BIT
POLARITY
§=1:INPHASE
S-0:IN REVERSE PHASE

JU =1 :NO RESPONSE TO PARALLEL POLL
lU =0: RESPONSE TO PARALLEL POLL
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I l DECODER

X1 X2 j
A188
AD78 <
10/M ||
AD -
uPDB08S n_o n
WR - -
ALE = |
RESET OUT — =
cLK = s
RST 75
7 ~z UL
D O D DO O > o D - O > >» 8 DA 0
g 3 d3ze 4 ogolg‘n’:mgm EO Qo|g|,"—mr-
s ° "8 s = mem & » 3 mar
RST 6.5 INT m9 m & 27 ce
uPD7210 TIMER OUT s uPDB3ES
RST 6.5 DMAREQ DMAACK e H"* uPDB1S5 PA70. PBI0 10R
T/R3.1 PA7g PB7g PCgg

T T ﬁ ﬁ L
| [ rmmsceners | II [orerss] [owrinr |

DEVICE CONTROL

8149

oy

01Z£Qd™ H1IM

W3LSAS G808 WNWINIW

oLgladr
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uPD7210

uPD7210 MC3448AX4 GP18
Di0g| DATAA BUSA DIOg
—Ggglsl DATAB BUSS D107
T DATAC BUSC 010g
s DATAC BUSC oios  MINIMUM 8085 SYSTEM
S/Ra.p  PEA.D M WITH pPD7210 (CONT.)
0104 DATAA BUSA 0104
D103 DATAB BUSB 0103
5105 DATAC BUSC 0102
010, DATAD BUSD D10y
P1S/Ra.0  PEA.D [
TRy e
T3 ‘E°'§§T’ SD/:TAA A BUSA 3]]
\—{ S/Rg
BAV DATAB BUSB DAV
S/Rc
NRFD DATAC B8USC NRFD
S/Rp
NDAC DATAD BUSD NDAC
PEA.O{Y
T/R3 (CIC) S/Ra
k3-108 DATA A BUSA SRQ
| S/Rp
ATN DATAB BUSB ATN
S/R¢
REN DATAC BUSC REN
— S/Rp
L4 DATAD BUSD IFC
PEA.D
L L

Note: In this example, high-speed data transfer cannot be made since the bus
transceiver is of the open collector type (Set B = 0).

B10g] Dg 8g ——")
6105] 07 87—
Bi0g Dg 86
oTo:, D5 8

4 04 snys160 B4f———
D103 D3 83—
015, D2 Byb——
DTO: Dy 8 frmme
T/R3 (PE) PE
TE
wPD7210  T/Ry 5 GPIB
TE
T/Rg (CI1C) ——>0—— OC
SRQ sRQ I
ATN ATN o
T EOl sN7s161
BAV DAV  ——
NRFD NRFD
NDAC| NDAC
] IFC o
REN _J

Note: In the case of low-speed data transfer (B2 = 0), the T/R3 pin can be used as a
TRIG output. The PE input of SN75160 should be cleared to “0.” Using this

conction, pass-control operation cannot be used.



uPD7210

ABSOLUTE MAXIMUM Ta=25°C

RATINGS [ PARAMETER SYMBOL TEST CONDITIONS RATINGS UNITS
[Supply Vottage vee 05~ +70 v
{input Voltage 7 -05~ +7.0 A
|0utput Voltage Vo ~05~+7.0 v
{Operating Temperature Topt 0~ +70 °c
iStrage Temperature Tsrg —65 v +125 °c

DC CHARACTERISTICS ~ Ta=0+70°C Vec=sv 10

| rarameren svMBoL TEST CONDITIONS T i UNITS
{Input Low Voltage ViL -0.5 +038 v
|Input High Vohage ViH +2.0 vee +0.5 v
iLow Level Output Voltage | VoL 1oL = 2mA (4mA : T/R1 Pin) +0.45 \4
‘ VOH1 10H = —400uA, Except INT +24 v
High Level Output Vot A +24 v
[High Level Qutpw o0 VOH2 INT Pin
| | +35 \4
{Input Leakage Current m | un=0v~vee —10 +10 uA
{Output Leakage Current oL | 1QuT =045V v vce -10 +10 uA
Supply Current icc | +180 mA
T, =25°C, Vee = GND = OV
CAPACITANCE
LIMITS

PARAMETER SYMBOL TEST CONDITIONS MIN TvP MAX UNITS
Input Capacitance CiN 1=1MHz 10 eF
0 C. All Pins Except Pin Under 15 F

oyt bapacitance Cour Test Tied to AC Ground s
1/0 Capacitance Ci/no 20 pF
= =BV +
AC CHARACTERISTICS ~ Te=07+70%C. Voo =5V 1o
PARAMETER SYMBOL|  TEST CONDITIONS LTS uNITs
MIN TYP MAX
Address Setup to RD tAR RS20 8 ns
[ 0

Address Hold from RD TRA 0 ns
RD Pulse Width RR 170 ns
Data Delay from Address AD 250 ns
Data Delay from RD ¢ RD 150 ns
Output Float Delay trom RD 1 DF 0 80 ns
’?ﬁ Recovery Time tRYV 250 ns
!Admes Setup to WR AW 0 ns
IAddns Hold from WR WA 0 ns
[WR Pulse Width ww 170 ns
Data Sewp 10 WR oW 150 ns
Daw Hold from WR WD 0 ns
[w__ﬁ Recovery Time tRV 250 ns
[DMAREQ { Delay from DMAACK] takRa | | | [130 T ns

[Dat Deley from DMAACK | tAkD | | | [200 | m |




uPD7210

Ta=0~+70°C, Vo =5V £10%

PARAMETER SYMBOL TEST CONDITIONS N "'1".',',:3 MAX UNITS AC CHARACTERISTICS

€01 ¢ - DI0 tEODI PPSS = PPAS, ATN = True 250 s
€01 4 ~>T/R1 1 tEQT11 | PPSS—-PPAS, ATN = True 155 ns
EOIt+T/R1 L teQT12 | PPAS—>PPSS, ATN = Faise 200 ns
ATN { ~ NDAC 4 tATND AIDS -+ ANRS, LIDS 155 ns
ATN4~T/R11 tATTH TACS + SPAS — TADS, CIDS 155 ns
ATN 4 >T/R2 tATT2 TACS + SPAS -+ TADS, CIDS 200 ns
DAV | ~DMAREQ t tDVRQ | ACRS = ACDS, LACS 600 ns
DAV 4 > NRFD ¢ tDVNR1 | ACRS - ACDS 350 ns
DAV { —» NDAC t tDVND1 | ACRS - ACDS - AWNS 650 ns
DAV t - NDAC ¢ tDVND2 | AWNS - ANRS 350 ns
DAV t -~ NRFD t tDVNR2 | AWNS - ANRS - ACRS 350 ns
RD | ~NRFD * ‘RNR CACS, O reg selcind 500 ns
NDAC t ~ DMAREQ INDRQ | STRS - SWNS - SGNS, TACS 400 ns
’FJ‘B—AE t-DAV 1 INDDV STRS > SWNS - SGNS 350 ns

WDl SGNS — SDYS, BO reg. selected 250 ns

INRDV SDYS > STRS, Ty = True 350 ns

SGNS ~ SDYS —~ STRS 830
WOV 8O req. selected, RFD = True +ISYNC ns
NF = fc = 8 MHz, T1 (High Speed)
tTRIG 50 ns

)K

[—tAR RA ——f
————Yma—————-ll
, -

'RD—-1 ——{ tDF r._

D7~Q , High Impedance /{ valid High Impedance
|
|
b takD —o
DMAACK

h

l—— XAKaa-—]'
DMAREQ ./ %

Cs, RS2~Q >i‘

f— tAW ——f — twa —
H
|

$

!—‘Dw LXWD—!
07~Q >( X

NEC cannot assume any responsibility for any circuits shown or

represent that they are free from patent infringement.

NEC reserves the right to make changes any time without notice

in order to improve design and supply the best product possible. Dec. 1981



APPENDIX I

Product Error Report

DEAR CUSTOMER,

WHILE FORCE COMPUTERS HAS ACHIEVED A VERY HIGH STANDARD OF
QUALITY 1IN OUR PRODUCTS AND DOCUMENTATION, WE CONTINUALLY SEEK
SUGGESTIONS FOR IMPROVEMENTS.

WE WOULD APPRECIATE ANY FEEDBACK YOU CARE TO OFFER.

PLEASE USE ATTACHED "PRODUCT ERROR REPORT" FORM FOR YOUR COMMENTS

AND RETURN IT TO ONE OF OUR FORCE COMPUTERS OFFICES.

SINCERELY

FORCE COMPUTERS






)

PRODUCT ERROR REPORT — & =°
A
HARDWARE / SOFTWARE/SYSTEMS I \\ s [ E
QJQ’

PRODUCT :

SERIAL NO. : | This box to be |
| completed by FORCE |

DATE OF PURCHASE : | |
| DATE : |

ORIGINATOR : ! }

COMPANY : | PR# : :
|

ADDRESS : | |
| ACTION BY : |
| |
| Engineering ( ) |
| Marketing () |
| Production () |

DATE : | |

TELEPHONE : ( ) EXT

CONTACT :

AFFECTED PRODUCT: ( ) SOFTWARE ( ) HARDWARE ( ) SYSTEM

AFFECTED DOCUMENTATION: ( ) SOFTWARE ( ) HARDWARE ( ) SYSTEM

ERROR DESCRIPTION :

SEND TO :

FORCE Computers Inc. FORCE Computers GmbH FORCE Computers FRANCE
Marketing Marketing Marketing

727 University Avenue Daimlerstrasse 9 11, rue Casteja

Los Gatos, CA 95030 8012 Ottobrunn/Munich 921@@¢ Boulogne

U.S.A. West Germany France






