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R68000 MICROPROCESSOR AND PERIPHERAL FAMILY
16-bit Speed and Data Capacity, Peripherals to Build Efficient
Systems

Rockwell peripherals give a designer everything the
68000 family promises. They allow you to design functional
systems utilizing all the speed and data handling potential
of the 16-bit 68000 family.

First of these are the Rockwell designed 16-bit
peripherals—multi-protocol communications controller,
double density floppy disk controller, local area network
controller—each a significant “first” that eliminates the
*‘glue parts’”’ between a CPU and peripherals.

Not to be ignored, however, is the very wide and
complete family of 8-bit devices—processors, peripherals,
memory, single-chip microcomputers—compatible with the
R68000 family. All of the R6500 family of devices described
in this Data Book are directly compatible with the R68000
bus. They often provide efficient, economical and very
flexible ways of implementing system designs.

The Rockwell R68000 16-bit microprocessor (MPU)
operates at clock speeds of 4, 6, 8, 10 or 12.5 MHz to
match essentially any application.

The R68561 multi-protocol communications controller
(MPCC) is the highest throughput communications device

ever made commercially available. It operates up to

4 Mbits/sec and supports all major communication protocols.
It’s available to work with either 16-bit or 8-bit busses and
can be adapted to function with essentially any of today’s
more common busses.

The R68465 double density floppy disk controller )
(DDFDC) is an intelligent device that can run up to four disk
drives without the many support devices previously
required.

The R68802* provides a flexible local area network
(LNET) controller for the R68000. It supports both the
IEEE 802.3 and Ethernet* standards based on the proven
CSMA/CD technique together with network statistics.

Rockwell lets you build efficient and economical 16-bit
systems through families of 16-bit and 8-bit peripherals, all
compatible. No other supplier offers you more.

*R68802 is a trademark of the Rockwell International Corp.
*Ethernet is a trademark of the Xerox Corp.

MPU

/——L R68000

ADDRESS BUS

PERIPHERAL

DDFDC RAM/ROM

L
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{f-

\

LNET MPCC IPC

R68802 R68561 R6500/41
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W
ADDRESS (16

R68000/R6500 Peripheral Migration
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R68000

‘l‘ Rockwell

16-BIT MICROPROCESSING UNIT (MPU)

R68000

PRELIMINARY

DESCRIPTION

The R68000 microprocessor is designed for high performance
where operational computation and versatility is required. The
R68000 provides powerful mass-memory handling capability and
architectural features designed to fit the broad range of 16-bit
needs. The Rockwell family of 16-bit products also includes a
wide range of peripherals that will allow complete system design
and manufacture. )

2]
--
-
-]
-
4]

87

o

TTT
11
EE)
- O

Q
N

EIGHT
DATA
REGISTERS

L1
EEEE

TTTI

o
N

w
-
-
(-]
-
L4
(-]

> > >
N = O

SEVEN
ADDRESS
REGISTERS

> >
(L

TTTTTI
L1 1i1l
3

>
=3

A7 TWO STACK
POINTERS

- PROGRAM
| 1 counten

15 87 0

LT 1

SYSTEM BYTE USER BYTE
R68000 REGISTERS

STATUS
REGISTER

The R68000 offers seventeen 32-bit registers in addition to the
32-bit program counter and a 16-bit status register. The first eight
registers (D0-D7) are used as data registers for byte (8-bit), word
(16-bit), and long word (32-bit) data operations. The second set
of seven registers (A0-A6) and the system stack pointer may be
used as software stack pointers and base address registers. In
addition, these registers may be used for word and long word
address operations. All 17 registers may be used as index
registers.

FEATURES

* 16M byte (8M word) Linear Addessing Range
e 14 Operand Addressing Modes
e 56 Powerful Instruction Types
* Instruction Set Supports Structured High-Level Languages
Pipelining Instruction Execution
32-Bit Program Counter '
16-Bit Data Bus
23-Line Address Bus
e 32-Bit Data and Address Registers Including:
— Eight General Purpose Data Registers
— Seven Address Registers
— Two Stack Pointers (User, Supervisory)
* All 17 Registers Can Be Index Registers
* Memory Mapped Peripheral Devices
e Vector Generated Exception Processing
e Seven Unique Autovectors for Interrupt Service Routines
* Trace Mode for Software Debugging
e Operations Occur on Five Main Data Types
— Bit
— BCD
— Byte
— Word
— Long Word
e Asynchronous and Synchronous Peripheral Interface
Capability
e Many Peripheral Chips Available
— R68560 Multi-Protocol Communications Controller
— R68465 Double Density Floppy Disk Controlier
— R68802 Local Network Controller
* Up to 12.5 MHz Input Clock
e +5VDC Power Supply

Document No. 68650NO1

Product Description Order No. 700
Rev. 4, August 1983




R68000

16-Bit MPU

64-PIN DIP
psar]1® ~  e4fID5
D3[]2 63 [1D6
D2[]3 62 [1D7
D14 61[1D8
Do []5 60 [1D9
AS []6 59 [T1D10
uDpsS 7 58 [1D11
DS s 57 [1D12
RW ]9 56 [1D13
DTACK ] 10 55[1D14
BG[]11 54 [T1D15
BGACK 12 53 1GND
BR[]13 52 [C1A23
Vee 14 51 [1A22
CLK ] 15 50 [C1A21
GND ] 16 49 [IVce
HALT []17 48 [JA20
RESET 18 47[1A19
VMA 19 46 [ 1A18
E[]20 45 [TA17
VPA ] 21 44 [JA16
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1PLO [ 25 40 [1A12
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A3 []31 34[1A6
A4 []32 33[JAs

64 PIN QUIP
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= A10
——1 A9

o= ] A8
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R68000 PIN CONFIGURATION

ORDERING INFORMATION

Order Package Temperature
Number Type Frequency Range

R68000C4 Ceramic DIP 4 MHz 0°C to +70°C
R68000C6 Ceramic DIP 6 MHz 0°C to +70°C
R68000C8 Ceramic DIP 8 MHz 0°C to +70°C
R68000C10 Ceramic DIP 10 MHz 0°C to +70°C
R68000C12 Ceramic DIP 12.5 MHz 0°C to +70°C
R68000Q8 Plastic QUIP 8 MHz 0°C to +55°C
R68000Q10 Plastic QUIP 10 MHz 0°C to +55°C




R68000

16-Bit MPU

SIGNAL DESCRIPTION

The following paragraphs briefly describe the input and output
signals and also reference (if applicable) other paragraphs that
contain more detail about the function being performed. Bus
operation during the various machine cycles and operations is
also discussed. The input and output signals can be functionally
organized into the groups shown in Figure 1.

Note

The terms assertion and negation are used to avoid con-
fusion when dealing with a mixture of ‘‘active-low” and
“‘active-high” signals. The terms assert, or assertion, indi-
cates that a signal is active, or true, independent of
whether that voltage is low or high. The term negate, or
negation, indicates that a signal is inactive or false.

ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional,
three-state bus can address eight megawords of data. It-pro-
vides the address for bus operation during all cycles except inter-
rupt cycles. During interrupt cycles, address lines A1, A2, and
A3 encode the interrupt level to be serviced while address lines
A4 through A23 are all set high.

DATA BUS (DO THROUGH D15). This 16-bit, bidirectional,
three-state bus is the general purpose data path. It transfers and
accepts data in either word or byte length. During an interrupt
acknowledge cycle, an external device supplies the vector
number on data lines D0-D7. .

ASYNCHRONOUS BUS CONTROL. Asynchronous data
transfers are handled using the following control signals: address
strobe, read/write, upper and lower data strobes, and data
transfer acknowlege. These signals are explained in the follow-
ing paragraphs.

Vee(2) ADDRESS
GND(2) BUS ) A1-A23
— > DATA,
LK DO-D15
B
RIW
FCo _>U6§ ASYNCHRO-
PhO- - | UDS . LNOUS BUS
CONTROL
cEssoR { «+F&L— Resooo |L0S o
STATUS | FC2 | MPU | DTACK
R6500 E | «BR___BUS
PERIPH- VMA BG ARBITRA-
ERAL —— ———— " TION
CONTROL | —YPA | BGACK | CONTROL
BERR ¢ PLO
SYSTEM | RESET PL1 | INTERRUPT
CcoNTROL] <+ ¥z | CONTROL
- [————
Figure 1. Input and Output Signals
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Address Strobe (AS). The AS output indicates that there is a
valid address on the address bus.

Read/Write (R/W). The R/W output defines the data bus transfer
as a read or write cycle. The R/W signal also works in conjunction
with the upper and lower data strobes as explained in the follow-
ing paragraph.

Upper and Lower Data Strobes (UDS, LDS). The UDS and LDS
outputs control the data on the data bus, as shown in Table 1.
When the R/W line is high, the processor reads from the data
bus as indicated. When the R/W line is low, the processor writes
to the data bus as shown.

Data Transfer Acknowledge (DTACK). The DTACK input indi-
cates that the data transfer is completed. When the processor
recognizes DTACK during a read cycle, data is latched and the
bus cycle terminated. When DTACK is recognized during a write
cycle, the bus cycle terminates. Refer to ASYNCHRONOUS
VERSUS SYNCHRONOUS OPERATION.

BUS ARBITRATION CONTROL. These three signals form a bus
arbitration circuit to determine which device will be the bus
master device. ’

Bus Request (BR). The BR input indicates to the processor, that
some other device desires to become the bus master. This input
can be externally ORed with all other devices that could be bus
masters.

Bus Grant (BG). The BG output indicates to all other potential
bus master devices that the processor will release bus control
at the end of the current bus cycle.

Bus Grant Acknowledge (BGACK). The BGACK input indicates

that some other device has become the bus master. This signal

cannot be asserted until the following four conditions are met

1. a bus grant (BG) has been received, i

2. address strobe (AS) is inactive which indicates that the
processor is not using the bus

Table 1. Data Strobe Control of Data Bus
UbS | LDS | RW D8-D15 D0-D7
High High — No valid data No valid data
’ . i .
Low Low High Valid ;‘13‘53 bits Valid g-e;ta bits
Valid data bit:
High | Low | High | No valid data id w'a s.
Valid data bit:
Low | High | High Agae " | No valid data
Valid data bits Valid data bits
Low Low Low 815 0-7
i - N B
High Low Low Val |docf;£a bits Valid g-a7ta bits
Valid data bits | Vali its
Low High Low ali 8.?; its al Ide:?? bits
*These conditions are a result of currentimplementation and may not’
appear on future devices.
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3. data transfer acknowledge (DTACK) is inactive which
indicates that neither memory nor peripherals are using the
bus, and

- 4. bus grant acknowledge (BGACK) is inactive which

indicates that no other device is still claiming bus mastership.

INTERRUPT CONTROL (IPLO, IPL1, IPL2). These input pins
indicate the encoded priority level of the device requesting an
interrupt. Level seven is the highest priority while level zero indi-
cates that no interrupts are requested. Level seven cannot be
masked. IPLO is the least significant bit while IPL2 is the most
significant bit. To insure an interrupt is recognized, the inter-
rupt control lines (IPLX) must remain stable until the processor
signals interrupt acknowledge (FCO, FC1, and FC2 all high).

SYSTEM CONTROL. The system control inputs either reset or
halt the processor or indicate to the processor that bus errors
have occurred. The three system control inputs are explained
in the following paragraphs.

Bus Error (BERR). The BERR input informs the processor that

a problem exists with the cycle currently being executed.

Problems may be a result of:

1. nonresponding devices, )

2. interrupt vector number acquisition failure,

3. illegal access request as determined by a memory manage-
ment unit, or

4. other application dependent errors.

The Bus Error (BERR) signal interacts with the HALT signal to
determine if exception processing should be performed or the
current bus cycle should be retried.

Refer to BUS ERROR AND HALT OPERATION paragraph for
additional information about the interaction of the bus error and
halt signals.

Reset (RESET). This bidirectional signal line acts to reset (initiate
a system initialization sequence) the processor and system in
response to an external reset signal. An internally generated
reset (result of a RESET instruction) resets all external devices
while not affecting the intérnal state of the processor. A total
system reset (processor and external devices) is the result of
external HALT and RESET signals applied simultaneously. Refer
to RESET OPERATION paragraph for additional information.

Halt (HALT). The bidirectional HALT line, when driven by an
external device, will cause the processor to stop at the comple-
tion of the current bus cycle. Halting the processor using HALT
causes all control signals to go inactive and all three-state lines
to go to their high-impedance state. Refer to BUS ERROR AND
HALT OPERATION paragraph for additional information about
the interaction between the HALT and BERR signals.

When the processor has stopped executing instructions, such
as in a double bus fault condition, the HALT line is driven by
the processor to indicate to external devices that the processor
has stopped. Refer to paragaph on Double Bus Faults.

R6500 PERIPHERAL CONTROL. These control signals are
used to allow the interfacing of synchronous R6500 peripheral
devices with the asynchronous R68000. These signals are
explained in the following paragraphs.

Enable (E). The E output sighal is the standard enable signal
($2 clock) common to all R6500 type peripheral devices. The
period for this output is ten R68000 clock periods (six clocks
low; four clocks high). Enable is generated by an internal ring
counter which may come up in any state (i.e., at power on, it
is impossible to guarantee phase relationship of E to CLK). E
is a free-running clock and runs regardless of the state of the
bus on the MPU.

Valid Peripheral Address (VPA). The VPA input indicates that
the device or region addressed is a R6500 family device and
that data transfer should be synchronized with the enable (E)
signal. This input also indicates that the processor should use
automatic vectoring for an interrupt. Refer to INTERFACE WITH
R6500 PERIPHERALS. :

Valid Memory Address (VMA). The VMA output indicates to
R6500 peripheral devices that there is a valid address on the
address bus and that the processor is synchronized to enable.
This signal only responds toa valid peripheral address (VPA)
input which indicates that the peripheral is a R6500 family device.

PROCESSOR STATUS (FCO, FC1, FC2). These function code
outputs indicate the state (user or supervisor) and the cycle type
currently being executed, as shown in Table 2. The information
indicated by the function code outputs is valid whenever address
strobe (AS) is active.

CLOCK (CLK). The clock input is a TTL-compatible signal that
is internally buffered for development of the internal clocks
needed by the processor. The clock input should not be gated
off at any time and the clock signal must conform to minimum
and maximum pulse width times.

SIGNAL SUMMARY. Table 3 summarizes all the signals dis-
cussed in the previous paragraphs.

Table 2. Function Code Outputs
FC2 FC1 FCo Cycle Type
Low Low Low (Undefined, Reserved)
Low Low High User Data
Low High Low User Program
Low High High (Undefined, Reserved)
High Low Low (Undefined, Reserved)
High Low -High- Supervisor Data
High High Low Supervisor Program
High High High Interrupt Acknowledge
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Table 3. Signal Summary
Hi-Z
Signal Name Mnemonic Inpqt/Output Active State On HALT On BGACK
Address Bus A1-A23 Output High Yes Yes
Data Bus DO-D15 Input/Output High Yes Yes
Address Strobe AS Output Low No Yes
Read/Write RIW Output cv?;gf;gvh No Yes
Upper and Lower Data Strobes UDS, LDS Output Low No Yes
Data Transfer Acknowledge DTACK Input Low No No
Bus Request BR Input Low No No
Bus Grant BG Output Low No No
Bus Grant Acknowledge BGACK Input Low No No
Interrupt Priority Level IPLO, IPL1, IPL2 Input Low No No
Bus Error BERR Input Low No No
Reset RESET Input/Output Low No* No*
Halt HALT Input/Output Low No* No*
Enable E Output High No No
Valid Memory Address VMA Output Low No Yes
Valid Peripheral Address VPA Input Low No No
Function Code Output - FCO, FC1, FC2 Output High No Yes
Clock CLK Input High . No No
Power Input Vce Input - — —
Ground GND Input — — —
"Open' drain.

REGISTER DESCRIPTION AND DATA
ORGANIZATION

STATUS REGISTER. The status register contains the eight level
interrupt mask as well as the condition codes; extend (X),
negative (N), zero (Z), overflow (V), and carry (C). Additional
status bits indicate that the processor is in a trace (T) mode
and/or in a supervisor (S) state.

SYSTEM BYTE USER BYTE*
T o m e s o
"N s O 211 o N * [ M 2] vie
TRACE I!"ODEl INTERRUPT EXTEIND|
SUPERVISOR  MASK NEGATIVE
STATE ZE60
OVERFLOW
: CARRY
*CONDITION CODE REGISTER

Status Register

OPERAND SIZE

Operand sizes are defined as follows: a byte equals 8 bits, a
word equals 16 bits, and a long word equals 32 bits. The operand
size for each instruction is either explicitly encoded in the instruc-
tion or implicitly defined by the instruction operation. Implicit
instructions support some subset of all three sizes.

DATA ORGANIZATION IN REGISTERS

The eight data registers support data operands of 1, 8, 16, or
32 bits. The seven address registers together with the active
stack pointer support address operands of 32 bits.

DATA REGISTERS. Each data register is 32 bits wide. Byte
operands occupy the low order 8 bits, word operands the low
order 16 bits, and long word operands the entire 32 bits. The
least significant bit is addressed as bit zero; the most signifi-
cant bit is addressed as bit 31. When a data register is used
as either a source or destination operand, only the appropriate
low-order portion is changed; the remaining high order portion
is neither used nor changed.
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15 14 13 12 1 10 9

BYTE 000000

WORD 000000

BYTE 000001

BYTE 000002

WORD 000002

BYTE 000003

b1

BYTE FFFFFE

WORD

— m

FFFFE

BYTE FFFFFF

Figure 2. Word Organization In Memory

ADDRESS REGISTERS. Each address register and the stack
pointer is 32 bits wide and holds a full 32-bit address. Address
registers do not support byte sized operands. Therefore, when
an address register is used as a source operand, either the low
order word or the entire long word operand is used depending
upon the operation size. When an address register is used as
the destination operand, the entire register is affected regardless
of the operation size. If the operation size is word, any other
operands are sign extended to 32 bits before the operation is
performed.

DATA ORGANIZATION IN MEMORY

Bytes are individually addressable with the high order byte
having an even address the same as the word, as shown in
Figure 2. The low order byte has an odd address that is one
higher than the word address. Instructions and multi-byte data
are accessed only on word (even byte) boundaries. If a long word
datum is located at address n (n even), then the second word
of that datum is located at address n + 2.

The data types supported by the R68000 are: bit data, integer
data of 8, 16, or 32 bits, 32-bit addresses and binary coded
decimal data. Each of these data types is put in memory, as
shown in Figure 3. The numbers indicate the order in which data
is accessed from the processor.

BUS OPERATION

The following paragraphs explain control signal and bus opéra-
tion during data transfer operations, bus arbitration, bus error
and halt conditions, and reset operation.

DATA TRANSFER OPERAfIbNS. Transfer of data between
devices involves the following signals:

e Address Bus A1 through A23
e Data Bus DO through D15
¢ Control Signals

The address and data buses are separate parallel buses which
transfer data using an asynchronous bus structure. In all cycles,
the bus master assumes responsibility for deskewing all signals
it issues at both the start and end of a cycle. In addition, the
bus master is responsible for deskewing the acknowledge and
data signals from the slave device.

The following paragraphs explain the read, write, and read-

modify-write cycles. The indivisible read-modify-write cycle is the
method used by the R68000 for interlocked multiprocessor
communications.

Read Cycle. During a read cycle, the processor receives data
from memory or a peripheral device. The processor reads bytes
of data in all cases, and for a word (or double word) operation,
the processor reads both upper and lower bytes simultaneously
by asserting both upper and lower data strobes. When the
instruction specifies byte operation, the processor uses an
internal AO bit to determine which byte to read and then issues
the data strobe required for that byte. When the AO bit equals
zero, the upper data strobe is issued, and when the AO bit equals
one, the lower data strobe is issued. The processor correctly
positions the received data internally. ' ' '

A word read cycle flow chart is given in Figure 4. A byte read
cycle flow chart is given in Figure 5. Read cycle timing is given
in Figure 6. Figure 7 details word and byte read cycle operations.

Write Cycle. During.a write cycle, the processor sends bytes
of data to memory or a peripheral device. If the instruction
specifies a word operation, the processor writes both bytes.
When the instruction specifies a byte operation, the processor
uses an internal AO bit to determine which byte to write and then
issues the data strobe required for that byte. When the AO bit
equals zero, the upper data strobe is issued and when the AO
bit equals one, the lower data strobe is issued. A word write cycle
flow chart is given in Figure 8. A byte write cycle flow chart is
given in Figure 9. Write cycle timing is given in Figure 6.
Figure 10 details word and byte write cycle operation.
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BIT DATA
1 BYTE = 8 BITS
7 6 5 4 3 2 1 0
INTEGER DATA
1 BYTE = 8 BITS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB BYTE 0 LSB ‘ BYTE 1
BYTE 2 BYTE 3
1 WORD = 16 BITS
- 16 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
msB WORD o LsB
WORD 1
WORD 2
1 LONG WORD = 32 BITS
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSB )
HIGH ORDER
— = LONGWORDO — — — — — — — — — — — — — — — — — — —
LOW ORDER LSB
— — LONGWORD 1— — — — — — = — — = = o — — — —
— — LONGWORD2— — — — — — — — — — — — — — — — —
ADDRESSES
1 ADDRESS = 32 BITS
15 14 13 12 1110 9 8 7. 6 5 4 3 2 1 0
mss HIGH ORDER ‘
- — — ADDRESS 0— — — == = == — == — — = = — o — — — —
LOW ORDER LSB |
— — ADDRESS 1— — — — — — — — — — — — — — — — — ——
— =~ —ADDRESS 2= =— = — = = = o e e
MSB = MOST SIGNIFICANT BIT
LSB = LEAST SIGNIFICANT BIT
DECIMAL DATA
2 BINARY CODED DECIMAL DIGITS = 1 BYTE
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MSD
BCD 0 BCD 1 LSD : PCD 2 BCD 3
BCD 4 BCD 5 BCD 6 BCD 7
MSD = MOST SIGNIFICANT DIGIT
LSD = LEAST SIGNIFICANT DIGIT
Figure 3. Data Organization In Memory
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BUS MASTER SLAVE

ADDRESS DEVICE

1) SET R/W TO READ

2) PLACE FUNCTION CODE ON FCO0-FC2

3) PLACE ADDRESS ON A1-A23

4) ASSERT ADDRESS STROBE (AS)

5) ASSERT UPPER DATA STROBE (UDS) AND
LOWER DATA STROBE (LDS)

J

INPUT DATA

1) DECODE ADDRESS

2) PLACE DATA ON D0-D15

3) ASSERT DATA TRANSFER ACKNOWLEDGE
(DTACK)

|

ACQUIRE DATA
1) LATCH DATA o
2) NEGATE UDS AND LDS
3) NEGATE AS

|

TERMINATE CYCLE

1) REMOVE DATA FROM D0-D15
2) NEGATE DTACK

|

START NEXT CYCLE

BUS MASTER SLAVE

ADDRESS DEVICE

1) SET R/W TO READ

2) PLACE FUNCTION CODE ON FC0-FC2

3) PLACE ADDRESS ON A1-A23

4) ASSERT ADDRESS STROBE (AS)

5) ASSERT UPPER DATA STROBE (UDS) OR
LOWER DATA STROBE (LDS) (BASED ON A0)

|

INPUT DATA

1) DECODE ADDRESS

2) PLACE DATA ON D0-D7 or D8-D15 (BASED ON
UDS OR LDS)

3) ASSERT DATA TRANSFER ACKNOWLEDGE
(DTACK) ‘

[

ACQUIRE DATA
1) LATCH DATA
2) NEGATE UDS ORILDS
3) NEGATE AS

J

TERMINATE CYCLE

1) REMOVE DATA FROM D0-D15 OR D8-D15
2) NEGATE DTACK

|

START NEXT CYCLE

Figure 4. Word Read Cycle Flow Chart

Read-Modify-Write Cycle. The read-modify-write cycle performs
a read, modifies the data in the arithmetic-logic unit, and writes
the data back to the same address. In the R68000 this cycle
is indivisible in that the address strobe is asserted throughout
the entire cycle. The test and set (TAS) instruction uses this cycle
to provide meaningful communication between processors in a
multiple processor environment. TAS is the only instruction that
uses the read-modify-write cycles. Since the test and set instruc-
tion only operates on bytes, all read-modify-write cycles are byte
operations. A read-modify-write cycle flow chart is given in
Figure 11 and a timing diagram is given in Figure 12.

BUS ARBITRATION. Bus arbi'trjation is a technique used by

master-type devices to request,.be granted, and knowledge bus

mastership. In its simplest form, it consists of:

1. asserting a bus mastership request,

2. receiving a grant that the bus is available at the end of the
current cycle, and

3. acknowledging that mastership has been assumed.

1-10

Figure 5. Byte Read Cycle Flow Chart

Figure 13 is a flow chart showing the detail involved in a request
from a single device. Figure 14 is a timing diagram for the same
operation. This technique allows processing of bus requests dur-

‘ing data transfer cycles.

The timing diagram shows that the bus request is negated at
the time that an acknowledge is asserted. This is true for a
system consisting of the processor and one device capable of
bus mastership. However, in systems having a number of
devices capable of bus mastership, the bus request line from
each device is ORed to the processor. In this system, it is easy
to see that there could be more than one bus request being
made. The timing diagram shows that the bus grant signals
negate a few-clock cycles after the transition of the acknowledge
(BGACK) signal.

However, if the bus requests are still pending, the processor will
assert another bus grant within a few clock cycles after nega-
tion. This additional assertion of bus grant allows external arbitra-
tion circuitry to select the next bus master before the current
bus master has completed its requirements. The following para-
graphs provide additional information about the three steps in
the arbitration process.
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Figure 6. Read and Write Cycle Timing Diagram

S0 S1 $2 S3 S4 S5 S6 S7 S0 S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 §7

CLK
a-azs Y~ < —
A0 | L

A U 2 N 2 N

ubs \_ /

s N/ \______/

N/

R/W

DTACK \ / \ / \ /

pop7 — — — >—(C " "

——  —

Feo-Fc2 X D'a

X r—

*INTERNAL SIGNAL ONLY

l‘-—-WOHD READ———PI‘—— OoDD BYTE READ—P{C—EVEN BYTE READ—-.I

Figure 7. Word and Byte Read Cycle Timing Diagram

Requesting the Bus. External devices capable of becoming bus
masters request the bus by asserting the bus request (BR) signal.
This ORed signal (although it need not be constructed from open
collector devices) indicates to the processor that some external
device requires control of the external bus. The processor, at
a lower bus priority level than the external device, will relinquish
the bus after it has completed the last bus cycle it has started.
If no acknowledge is received before the bus request signal goes
inactive, the processor will continue processing when it detects
that the bus request is inactive. This allows ordinary processing
to continue if the arbitration circuitry inadvertently responded
to noise. '
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Receiving the Bus Grant. Normally the processor asserts bus
grant (BG) as soon as possible after internal synchronization. The
only exception occurs when the processor has made an inter-
nal decision to execute the next bus cycle but has not progressed

. far enough into the cycle to have asserted the address strobe

(AS) signal. In this case, bus grant will not be asserted until one
clock after address strobe is asserted to indicate to external
devices that a bus cycle is being executed.

The bus grant signal may be routed through a daisy-chained
network or through a specific priority-encoded network. The proc-
essor is not affected by the external method of arbitration as
long as the protocol is obeyed.
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BUS MASTER SLAVE BUS MASTER SLAVE
ADDRESS DEVICE . ADDRESS DEVICE
1) PLACE FUNCTION CODE ON FCO0-FC2 1) PLACE FUNCTION CODE ON FCO0-FC2
2) PLACE ADDRESS ON A1-A23 . 2) PLACE ADDRESS ON A1-A23
3) ASSERT ADDRESS STROBE (AS) 3) ASSERT ADDRESS STROBE (AS)
4) Set R/W TO WRITE 4) Set R/W TO WRITE
5) PLACE DATA ON D0-D15 . 5) PLACE DATA ON D0-D7 or D8-D15 (ACCORDING
6) ASSERT UPPER DATA STROBE (UDS) AND TO A0)
LOWER DATA STROBE (LDS) 6) ASSERT UPPER DATA STROBE (UDS) OR
- LOWER DATA STROBE (LDS) (BASED ON A0)

J
J

INPUT DATA

1) DECODE ADDRESS

2) STORE DATA ON D0-D15

3) ASSERT DATA TRANSFER
ACKNOWLEDGE (DTACK)

INPUT DATA

1) DECODE ADDRESS
2) STORE DATA ON D0-D7 if LDS IS ASSERTED
STORE DATA ON D8-D15 IF UDS IS ASSERTED
3) ASSERT DATA TRANSFER
ACKNOWLEDGE (DTACK)

|

TERMINATE OUTPUT TRANSFER
1) NEGATE UDS AND LDS

|

2) NEGATE AS TERMINATE OUTPUT TRANSFER
3) REMOVE DATA FROM D0-D15 1) NEGATE UDS OR LDS
4) SET R/W TO READ 2) NEGATE AS

3) REMOVE DATA FROM D0-D7 OR-D8-D15
4) SET R/W TO READ

]
J

TERMINATE CYCLE
1) NEGATE DTACK

*___|

TERMINATE CYCLE
1) NEGATE DTACK

|

START NEXT CYCLE START NEXT CYCLE
Figure 8. Word Write Cycle Flow Chart Figure 9. Byte Write Cycle Flow Chart
S0 S1 S2 S3 S4 S5 S6 S7 S0 S1 S2 S3 S4 S5 S6 S7 SO S1 S2 S3 S4 S5 S6 S7
CLK
A1-A23 < —— )
A0* | |
AS

D8-D15 — — _  —C
D0-D7 —~ —C "

Fco-Fc2 ~X ) & D a )
*INTERNAL SIGNAL ONLY

l‘— WORD WHITE—»"—ODD BYTE WRITE—D"— EVEN BYTE WRITE—bl

Figure 10. Word and Byte Write Cycle Timing Diagram
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BUS MASTER SLAVE
ADDRESS DEVICE E *
1) SET R/W TO READ -
2) PLACE FUNCTION CODE ON FC0-FC2 INPUT DATA
3) PLACE ADDRESS ON A1-A23 1) DECODE ADDRESS
4) ASSERT ADDRESS STROBE (AS) 2) PLACE DATA ON D0-D7 OR D8-D15 .
5) ASSERT UPPER DATA STROBE (UDS) OR 3) ASSERT DATA TRANSFER ACKNOWLEDGE
LOWER DATA STROBE (LDS) (DTACK)
- |
ACQUIRE DATA *
1) LATCH DATA TERMINATE CYCLE
2) NEGATE UDS OR LDS ‘ 1) REMOVE DATA FROM D0-D7 OR D8-D15
3) START DATA MODIFICATION '| 2) NEGATE DTACK
. L
START OUTPUT TRANSFER Y
1) SET R/W TO WRITE INPUT DATA
2) PLACE DATA ON D0-D7 or D8-D15 1) STORE DATA ON D0-D7 OR D8-D15
3) ASSERT UPPER DATA STROBE (UDS) OR 2) ASSERT DATA TRANSFER ACKNOWLEDGE
LOWER DATA STROBE (LDS) , (DTACK)
L

|

Y

TERMINATE OUTPUT TRANSFER

1) NEGATE UDS OR LDS . Y
2) NEGATE AS
3) REMOVE DATA FROM D0-D7 OR D8-D15 1) NEGATE D}i'm'NATE cveLe

4) SET R/W TO READ .

|

\]
_ START NEXT CYCLE

Figure 11. Read-Modify-Write Cycle Flow Chart

S0 oy 82 o3 S8 oo S8 o7 8B o9 S0, S124,38145155105475 18510
ax_ LML ror o roerererud
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AT\ /S
ubsortos ™\ / n__ /
RIW \ S
ptack~ - \____/ ./
Fco-Fc2_ X , ) G
e INDIVISIBLE CYCLE :{

Figure 12. Read-Modify-Write Cyclé Timing Diagram
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The bus request from the granted device should be dropped after
PROCESSOR REQUESTING DEVICE bus grant acknowledge is asserted. If a bus request is still

REQUEST THE BUS
1) ASSERT BUS REQUEST (BR)

I—T

GRANT BUS ARBITRATION
‘1) ASSERT BUS GRANT (BG)

—

ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION DETERMINES
NEXT BUS MASTER

2) NEXT BUS MASTER WAITS FOR CUR-
RENT CYCLE TO COMPLETE

3) NEXT BUS MASTER ASSERTS BUS
GRANT ACKNOWLEDGE (BGACK) TO
TO BECOME NEW MASTER

4) BUS MASTER NEGATES BR

TERMINATE ARBITRATION

1) NEGATE BG (AND WAIT FOR
BGACK TO BE NEGATED)

|

OPERATE AS BUS MASTER
1) PERFORM DATA TRANSFER (READ AND
WRITE CYCLES) ACCORDING TO THE
SAME RULES THE PROCESSOR USES.

\
RELEASE BUS MASTERSHIP
1) NEGATE BGACK

RE-ARBITRATE OR RESUME
PROCESSOR OPERATION

Figure 13. Bus Arbitration Cycle Flow Chart

Acknowledgment of Mastership. Upon receiving a bus grant
(BG), the requesting device waits until address strobe (AS), data

transfer acknowledge (DTACK), and bus grant acknowledge -

(BGACK) are negated before issuing its own BGACK. The nega-

tion of the address strobe indicates that the previous master has -

completed its cycle, while the negation of bus grant acknowledge
indicates that the previous master has released the bus. (If
address strobe is asserted no device is allowed to *‘break into”’
a cycle.) The negation of data transfer acknowledge indicates
the previous slave has terminated its connection to the previous
master. In some applications data transfer acknowledge may
not be required. In this case the devices would use the address
strobe. When bus grant acknowledge is issued the device is bus
master. Only after the bus cycle(s) is (are) completed should bus
grant acknowledge be negated to terminate bus mastership.

pending, another bus grant will be asserted within a few clocks
of the negation of bus grant. Refer to Bus Arbitration Control
section. The processor does not perform any external bus cycles
before it reasserts bus grant.

BUS ARBITRATION CONTROL. The bus arbitration control unit
in the R68000 is implemented with a finite state machine. A state
diagram of this machine is shown in Figure 15. All asynchronous
signals to the R68000 are synchronized before being used inter-
nally. This synchronization is accomplished in a maximum of
one cycle of the system clock, assuming that the asynchronous
input setup time (#47) has been met (see Figure 16). The input
signal is sampled on the falling edge of the clock and is valid
internally after the next falling edge. If BR and BGACK meet
the asynchronous set-up time tASI (#47), then tBGKBR (#37A)
can be ignored. If BR and BGACK are asserted asynchronously
with respect to the clock, BGACK has to be asserted before BR
is negated.

As shown in Figure 15, input signals labeled R and A are inter-
nally synchronized on the bus request and bus grant
acknowledge pins respectively. The bus grant output is labeled
‘G and the internal three-state control signal T. If T is true, the
address, data, and control buses are placed in a high-impedance
state when AS is negated. All signals are shown in positive logic
(active high) regardless of their true active voltage level.

State changes (valid outputs) occur on the next rising clock edge
after the internal signal is valid.

A timing diagram of the bus arbitration sequence during a
processor bus cycle is shown in Figure 17. The bus arbitration
sequence while the bus is inactive (i.e., executing internal opera-
tions such as a multiply instruction) is shown in Figure 18.

If a bus request (BR) is made _at a time when the MPU has
already begun a bus cycle but AS has not been asserted (bus
state S0), BG will not be asserted on the next rising edge. Instead
BG will be delayed until the second rising edge following its inter-
nal assertion. This sequence is shown in Figure 19.

BUS ERROR AND HALT OPERATION. In a bus architecture
that requires a handshake from an external device, the possibility
exists that the handshake might not occur. Since different
systems will require a different maximum response time, a bus
error input is provided.

External circuitry must be used to determine the duration
between address strobe and data transfer acknowledge before
issuing a bus error signal. When a bus error signal is received,
the processor has two options: initiate a bus error exception
sequence or try running the bus cycle again.
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Figure 16. Timing Relationship of External
Asynchronous Inputs to Internal Signals

R = BUS REQUEST INTERNAL

A = BUS GRANT ACKNOWLEDGE INTERNAL Bus Error Operatlon. When BERR is asserted, the current bus
G = BUS GRANT cycle is terminated. If BERR is asserted before the falling edge
T = THREE-STATE CONTROL TO BUS CONTROL LOGIC2 of 82, AS will be negated in S7 in either a read or write cycle.
X = DON’T CARE ) As long as BERR remains asserted, the data and address buses
1. STATE MACHINE WILL NOT CHANGE STATE IF BUS IS will be in the high-impedance state. When BERR is negated,
IN S0 OR S1. REFER TO BUS ARBITRATION CONTROL the processor will begin stacking for exception processing.
FOR ADDITIONAL INFORMATION. Figure 20 is a timing diagram for the exception sequence. The
2. THE ADDRESS BUS WILL BE PLACED IN THE HIGH sequence is composed of the following elements:
l:‘E':;EBr“E’:)CE STATE IF T IS ASSERTED AND AS 1. stacking the program counter and status register,

stacking the error information,

2.
Figure 15. State Diagram of R68000 Bus 3. reading the bus error vector table entry, and
Arbitration Unit 4. executing the bus error handler routine.

1-15



R68000

16-Bit MPU

BUS RELEASED FROM THREE
STATE AND PROCESSOR

STARTS NEXT BUS CYCLE
BGACK NEGATED INTERNAL

BGACK SAMPLED j

BUS THREE STATED

BGACK NEGATED

ci( SO S1 S2 S3 S4 S5 S6 S7 S0 S1 S2 S3 S4 S5 S6 S7 SO St
BTN\ /
BG \ /
BGACK \ /
e — > - C
s W A S A
e W T
e S S e
FCO-FC2 X ) { X
RIW \ /
BACK __/ S
D0-D15 —’_——_\, — ,,—_—_
PROCESSOR | ALTERNATE BUS MASTER

| PROCESSOR

Figure 17. Bus Arbitration During Processor Bus Cycle

BGACK NEGATED ;

BUS RELEASED FROM THREE STATE AND PROCESSOR STARTS NEXT BUS CYCLE

BG ASSERTED AND BUS THREE STATED
BR VALID INTERNAL

T L

BR SAMPLED
BR ASSERTED
CLK
S0 S1 S2 $3 S4 S5 S6 S7 S0 S1 S2 S3 S4
BR \ /
BG \ /
BGACK T\ / v
A1-A23 —( - ) —
s\ / \ N\
s\ / > A
FCO-FC2 :X ) [
AW - _—
DTACK :
_ \ / N
DO0-D15
PROCESSOR | BUS INACTIVE _ . ALTERNATE BUS MASTER , PROCESSOR

Figure 18. = Bus Arbitration with Bus Inactive

1-16



R68000 16-Bit MPU

o BUS RELEASED FROM THREE
BR ASSERTED STATE AND PROCESSOR

BR SAMPLED STARTS NEXT BUS CYCLE
BUS THREE STATE! BGACK NEGATED INTERNAL
BG ASSERTED BGACK SAMPLED
BR VALID INTERNAL ~BGACK NEGATED

cLK
S0 S1 S2 S3 S4 S5 S6 S7 S0 S1 S2 S3 S4 S5 S6 S7 SO S1
BR T\ /
BG \L / ‘
BGACK \ /
AtA23 T Y ( ) —( —

s— ./ _ o S
ws— N~/ N\
ws— = 0 /7 N A

FCO-FC2 X ) — X
rw —/ N\ ~/
) ————
D0-D15 7 « g
PROCESSOR , ALTERNATE BUS MASTER ___ | PROCESSOR
T T

Figure 19. Bus Arbitration During Processor Bus Cycle Special Case

S0 s2 sS4 W W W W s s8
CcLK MWLJ—LMLI_LJ—L_
ar-a2z _ 0~ )———j}r—:
as \ : / : J\: N
LDS UDS \ : / N N
RW N N
DTACK B
00-015 ———— N
Fco-2 —_ X N
- X N
HALT
A |« RESPONSE FAILURE - ——BUS ERROR DETECTION —>e— L ATE BUS
READ \ "“ERROR STACKING

Figure 20. Bus Error Timing Diagram



R68000

16-Bit MPU

The stacking of the program counter and the status register is
identical to the interrupt sequence. Several additional items are
stacked when a bus error occurs. These items are used to deter-
mine the nature of the error and correct it, if possible. The bus
error vector is vector number two located at address $000008.
The processor loads the new program counter from this loca-
tion. A software bus error handler routine is then executed by
the processor. Refer to EXCEPTION PROCESSING for addi-
tional information.

Re-Running the Bus Cycle. When, during a bus cycle, the
processor receives a BERR, and HALT is being driven by an
external device, the processor enters the re-run sequence.
Figure 21 is a timing diagram for re-running the bus cycle.

The processor terminates the bus cycle, then puts the address
and data output lines in the high-impedance state. The processor
remains “‘halted’’ and will not run another bus cycle until exter-
nal logic negates HALT. Then the processor will re-run the
previous bus cycle using the same address, the same function
codes, the same data (for a write operation), and the same con-
trols. BERR should be negated at least one clock cycle before
HALT is negated. :

Note

The processor will not re-run a read-modify-write cycle.
This restriction is made to guarantee that the entire cycle
runs correctly and that the write operation of a Test-and-
Set operation is performed without ever releasing AS. If
BERR and HALT are asserted during a read-modify-write
bus cycle, a bus error operation results.

Halt Operation with No Bus Error. The HALT input signal to
the R68000 performs a Halt/Run/Single-Step function in a similar
fashion to the R6500 halt functions. When the HALT signal is
constantly active the processor “‘halts’ (does nothing) and when
the HALT signal is constantly inactive the processor “‘runs’”
(does something).

The single-step mode, derived from correctly timed transitions
on the HALT signal input, forces the processor to execute a
single bus-cycle by entering the “run’ mode until the processor
starts a bus cycle then changing to the “‘halt”” mode. Thus, the
single-step mode allows the user to proceed through (and
therefore debug) processor operations one bus cycle at a time.

Figure 22 details the timing required for correct single-step
operations. Some care must be exercised to avoid harmful inter-
actions between BERR and HALT when using the single cycle
mode as a debugging tool. This is also true of interactions
between the HALT and RESET lines since these can reset the
machine.

When the processor completes a bus cycle after recognizing
that HALT is active, most three-state signals are put in the high-
impedance state. These include:

1. address lines, and
2. data lines.

This is required for correct performance of the re-run bus cycle
operation.

Honoring the halt request has no effect on bus arbitration. Only
the bus arbitration function removes the control signals from the
bus.

Total debugging flexibility is derived from the software debugging
package, the halt function, and the hardware trace capability.
These processor capabilities allow the hardware debugger to
trace single bus cycles or single instructions at a time.

Double Bus Faults. When a bus error exception occurs, the
processor will attempt to stack several words containing informa-
tion about the state of the machine. If a bus error exception
occurs during the stacking operation, there have been two bus
errors in a row, or a double bus fault. A.double bus fault causes
the processor to halt. Once a bus error exception has occurred,
any bus error exception occurring before the execufion of the
next instruction constitutes a double bus fault.

A1-A23 T > ~_ <
AT\ [ ~ /7
tosuos —  \___ [ N
RIW
- ~N___/
Feo-2. _X_ : A 2
2 —_\___7t:21 cLocK PEnlon—?IIr
—\ ,

»le

HALT >}

RE-RUN ——>]

Figure 21.
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Re-Run Bus Cycle Timing Diagram
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Figure 22. Halt Signal Timing Waveforms

Note that a bus cycle which is re-run does not constitute a bus
error exception, and does not contribute to a double bus fault.
This means that as long as the external hardware requests it,
the processor will continue to re-run the same bus cycle.

The bus error (BERR) pin also has an effect on processor opera-
tion after the processor receives an external reset input. The
processor reads the vector table after a reset to determine the
address to start program execution. If a bus error occurs while
reading the vector table (or at any time before the first instruc-
tion is executed), the processor reacts as if a double bus fault
has occurred and it halts. Only an external reset will start a halted
processor.

RESET OPERATION. The reset signal is a bidirectional signal
that allows either the processor or an external signal to reset
the system. Figure 23 is a timing diagram for reset operations.
Both HALT and RESET must be applied to ensure total reset
of the processor. ;

When the RESET and HALT are driven by an external device
the entire system, including the processor, is reset. The
processor responds by reading the reset vector table entry (vec-
tor number zero, address $000000) and loads it into the super-
visor stack pointer (SSP). Vector table entry number one at
address $000004 is read next and loaded into the program
counter. The processor initializes the status register to an inter-
rupt level of seven, with no other register being affected.

Execution of the RESET instruction drives the reset pin low for
124 clock periods. In this case, the processor is trying to reset
the rest of the system. The internal state of the processor, includ-
ing the processor’s internal registers and the status register, is
unaffected by the execution of a RESET instruction. All external
devices connected to the reset line will be reset at the comple-
tion of the RESET instruction.

Asserting RESET and HALT for 10 clock cycles will cause a
processor reset, except when Vcc is initially applied to the
processor. In this case, an external reset must be applied for
100 milliseconds.

THE RELATIONSHIP OF DTACK, BERR, AND
HALT

In order to properly control termination of a bus cycle for a re-run
or a bus error condition, DTACK, BERR, and HALT should be
asserted and negated on the rising edge of R68000 clock. This
will assure that when two signals are asserted simultaneously,
the required setup time (#47) for both of them will be met during
the same bus state.

This, or some equivalent precaution, should be designed exter-
nal to the R68000. Parameter #48 is intended to ensure this
operation in a totally asynchronous system, and may be ignored
if the above conditions are met.

The preferred bus cycle terminations may be summarized as
follows (case numbers refer to Table 4):

Normal Termination: DTACK occurs first (case 1).

Halt Termination: HALT is asserted at same time, or precedes
DTACK (no BERR) cases 2 and 3.

Bus Error Termination: BERR is asserted in lieu of, at same
time, or preceding DTACK (case 4); BERR negated at same
time, or after DTACK.

Re-Run Termination: HALT and BERR asserted in lieu of, at
the same time, or before DTACK (cases 6 and 7); HALT must
be negated at least one cycle after BERR. (Case 5 indicates
BERR may precede HALT which allows fully asynchronous
assertion). : : :

Table 4 details the resulting bus cycle termination under various
combinations of control signal sequences. The negation of these
same control signals under several conditions is shown in
Table 5. (DTACK is assumed to be negated normally in all
cases; for best results, both DTACK and BERR should be
negated when address strobe is negated).

Example A: A system uses a watch-dog timer to terminate
accesses to unpopulated address space. The timer asserts
DTACK and BERR simultaneously after timeout (case 4). -
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Figure 23. Reset Operation Timing Diagram

Example B: A system uses error detection on RAM contents.
Designer may (a) delay DTACK until data verified, and return
BERR and HALT simultaneously to re-run error cycle.(case 6),
or if valid, return DTACK (case 1); (b) delay DTACK until data
verified and return BERR at same time. as DTACK if data in
error (case 4).

ASYNCHRONOUS VERSUS SYNCHRONOUS
OPERATION

Asynchronous Operation

To achieve clock frequency independence at a system level, the
R68000 can be used in an asynchronous manner. This entails
using only the bus _handshake.lines (AS, UDS, LDS, DTACK,
BERR, HALT, and VPA) to control the data transfer. Using this
method, AS signals the start of a bus cycle and the data strobes
are used as a condition for valid data on a write cycle. The slave
device (memory or peripheral) then responds by placing the
requested data on the data bus for a read cycle or latching data
on a write cycle and asserting the data transfer acknowledge
signal (DTACK) to terminate the bus cycle. If no slave reponds
or the access is invalid, external control logic asserts the BERR,
or BERR and HALT, signal to abort or rerun the bus cycle.

The DTACK signal is allowed to be asserted before the data from
a slave device is valid on a read cycle. The length of time that
DTACK may precede data is given as parameter #31 (See
Figure 45) and it must be met in any asynchronous system to
insure that valid data is latched into the processor. Notice that
there is no maximum time specified from the assertion of AS
to the assertion of DTACK. This is because the MPU
will insert wait cycles of one clock period each until DTACK is
recognized.
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The BERR signal is allowed to be asserted after the DTACK
signal is asserted. BERR must be asserted within the time given
as parameter #48 after DTACK is asserted in any asynchronous
system to insure proper operation. If this maximum delay time
is violated, the processor may exhibit erratic behavior.

Synchronous Operation

To allow for those systems 'which use the system clock as a
signal to generate DTACK ‘and other asynchronous inputs, the
asynchronous inputs setup time'is given as parameter #47. If
thisisetup is met on an input, such as DTACK, the processor is
guaranteed to recognize that signal on the next falling edge of
the system clock. However, the converse is not true—if the input
signal does not meet the setup time it is not guaranteed not to
be recognized. In addition, if DTACK is recognized on a falling
edge, valid data will be latched into the processor (on a read
cycle) on the next falling edge provided that the data meets the
setup time given as parameter #27. Given this, parameter #31
may be ignored. Note that if DTACK is asserted, with the required
setup time, before the falling edge of S4, no wait states will be
incurred and the bus cycle will run at its maximum speed of four’
clock periods.

In order to assure proper operation in a synchronous system
when BERR is asserted after DTACK, the following conditions
must be met. Within one clock cycle after DTACK was recog-
nized, BERR must meet the setup time parameter #27A prior
to the falling edge of the next clock. The setup time is critical
to proper operation, and the R68000 may exhibit erratic behavior
ifit is violated.

Note

During an active bus cycle VPA and BERR are sa Ele

on every falling edge of the clock starting with S0. DTACK
is sampled on every falling edge of the clock starting with
S4 and data is latched on the falling edge of S6 during
aread. The bus cycle will then be terminated in S7 except
when BERR is asserted. in the absence of DTACK, in
which case it will terminate one clock cycle later in S9.
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Table 4. DTACK, BERR, HALT Assertion Results
Asserted on Rising
Edge of State
Case Control
No. Signal N N+ 2 Result
DTACK A S
1 BERR NA X Normal cycle terminate and continue.
HALT NA X
DTACK A S
2 BERR NA X Normal cycle terminate and halt. Continue when HALT removed.
HALT A S
DTACK NA A _
3 BERR NA NA Normal cycle terminate and halt. Continue when HALT removed.
HALT A S
DTACK X X
4 BERR A S Terminate and take bus error trap.
HALT NA NA
DTACK NA X
5 BERR A S Terminate and re-run.
HALT. NA A
DTACK X X
6 BERR A S Terminate and re-run when HALT removed.
HALT A S
DTACK NA X
7 BERR NA A Terminate and re-run when HALT removed.
HALT A S
Legend:
N — the number of the current even bus state (e.g., S4, S8, etc.)
A — signal is asserted in this bus state
NA — signal is not asserted in this state
X — don’t care
S — signal was asserted in previous state and remains asserted in this state

Table 5. BERR AND HALT Negation Results

Negated on Rising
Conditions of Edge of State
Termination in Control
Table 4-4 Signal N N+ 2 Results — Next Cycle
BERR ° or [
Bus Error RALT ° or ° Takes bus error trap.
BERR [ or
Re-run HALT ° Illegal sequence; usually traps to vector number 0.
BERR o
Re-run RALT ° Re-runs the bus cycle.
BERR °
Normal HALT ° or ° May lengthen next cycle.
BERR L] . o
Normal HALT ° or none If next cycle is started it will be terminated as a bus error.
® = Signal is negated in this bus state.
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PROCESSING STATES

. The following paragraphs describe the actions of the R68000
which are outside the normal processing associated with the
~ execution of instructions. The functions of the bits in the super-
" visor portion of the status register are covered: the super-
visor/user bit, the trace enable bit, and the processor interrupt
priority mask. The sequence of memory references and actions
taken by the processor on exception conditions are detailed.

The R68000 is always in one of three processing states: nor-
mal, exception, or halted. The normal processing state
associated with instruction execution; the memory references
are to fetch instructions and operands, and to store results. A
special case of the normal state is the stopped state which the
processor enters when a STOP instruction is executed. In this
state, no further references are made.

The exception processing state is associated with interrupts, trap
instructions, tracing and other exceptional conditions. The
exception may be internally generated by an instruction or by
an unusual condition arising during the execution of an instruc-
tion. Externally, exception processing can be forced by an inter-
rupt, by a bus error, or by a reset. Exception processing is
designed to provide an efficient context switch so that the
processor may handle unusual conditions.

The halted processing state is an indication of a catastrophic
hardware failure. For example, if during the exception processing
of a bus error another bus error occurs, the processor assumes
that the system is unusable and halts. Only an external reset
can restart a halted processor. Note that a processor in the
stopped state is not in the halted state, nor vice versa.

PRIVILEGE STATES

The processor operates in one of two states of privilege: the
‘“‘user’’ state or the “‘supervisor” state. The privilege state deter-
mines legal operations. It is used to choose between the super-
visor stack pointer and the user stack pointer in instruction
references, and by the external memory management device
to control and translate accesses.

The privilege state is a mechanism for providing security in a
computer system by allowing most programs to execute in user
state. In this state, the accesses are controlled, and the effects
on other parts of the system are limited. Programs should access
only their own code and data areas, and ought to be restricted
from accessing information.

The operating system which executes in the supervisor state,
has access to all resources and performs the overhead tasks
for the user state programs.

SUPERVISOR STATE. The supervisor state is the higher state
of privilege. For instruction execution, the supervisor state is
determined by asserting (high) the S-bit of the status register.
All instructions can be executed in the supervisor state. The bus
cycles generated by instructions executed in the supervisor state
are classified as supervisor references. While the processor is
in the supervisor privilege state, those instructions which use
either the system stack pointer implicitly or address register
seven explicitly access the supervisor stack pointer.
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All exception processing is done in the supervisor state,
regardless of the setting of the S-bit. The bus cycles generated
during exception processing are classified as supervisor
references. All stacking operations during exception processing
use the supervisor stack pointer.

USER STATE. The user state is the lower state of privilege. For
instruction execution, the user state is determined by negating
(low) the S-bit of the status register.

Most instructions execute the same in user state as in the super-
visor state. However, some instructions which have important
system effects are made privileged. User programs are not per-
mitted to execute the STOP instruction, or the RESET instruc-
tion. To ensure that a user program cannot enter the supervisor
state except in a controlled manner, the instructions which
modify the whole state register are priviled. To aid in debugging
programs which are to be used as operating systems, the move
to user stack pointer (MOVE to USP) and move from user stack
pointer (MOVE from USP) instructions are also privileged.

The bus cycles generated by an instruction executed in user
state are classified as user state references. This allows an exter-
nal memory management device to translate the address and
to control access to protected portions of the address space.

.While the processor is in user privilege state, those instructions
" which use either the system stack pointer implicitly or address

register seven explicitly, access the user stack pointer.

PRIVILEGE STATE CHANGES. Once the processor is in the
user state and executing instructions, only exception processing
can change the privilege state. During exception processing,
the current setting of the S-bit of the status register is saved and
the S-bit is asserted, putting the processing in the supervisor
state. Therefore, when instruction execution resumes to process
the exception, the processor is in the supervisor privilege state.

REFERENCE CLASSIFICATION. When the processor makes
a reference, it classifies the kind of reference being made by
using the encoding on the three function code output lines. This
allows external translation of addresses, control of access, and
differentiation of special processor states, such as interrupt
acknowledge. Table 6 lists the classification of references.

Table 6. Reference Classification

Function Code Output
FC2 FC1 FCo Reference Class
0 0 0 (Unassigned)
0 0 1 User Data
0 1 0 User Program
0 1 1 (Unassigned)
1 0 0 (Unassigned)
1 0 1 Supervisor Data
1 1 0 Supervisor Program
1 1 1 Interrupt Acknowledge




R68000 16-Bit MPU
WORD 0 NEW PROGRAM COUNTER (HIGH) A0=0, A1=0
WORD 1 NEW PROGRAM COUNTER (LOW) A0=0, A1=1

Figure 24. Exception Vector Format
D15 D8 D7 DO
IGNORED V7 [v6 | v5 |v4 |v3 |v2 ] vl | VD
WHERE:
v7 IS THE MSB OF THE VECTOR NUMBER
v0 IS THE LSB OF THE VECTOR NUMBER
Figure 25. Peripheral Vector Number Format
A23 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
ALL ZEROES v7 |v6 |v5|v4 |v3|v2|vi|Vv0O| 0O | O

Figure 26. Address Translated From 8-Bit Vector Number

EXCEPTION PROCESSING

Before discussing the details of interrupts, traps, and tracing,
a general description of exception processing is in order. The
processing of an exception occurs in four steps, with variations
for different exception causes. During the first step, a temporary
copy of the status register is made, and the status register is
set for exception processing. In the second step the exception
vector is determined, and the third step is the saving of the cur-
rent processor contents. In the fourth step a new context is
obtained, and the processor switches to instruction processing.

EXCEPTION VECTORS. Exception vectors are memory loca-
tions from which the processor fetches the address of a routine
which will handle that exception. All exception vectors are two
words in length (Figure 24), except for the reset vector, which
is four words. All exception vectors lie in the supervisor data
space, except for the reset vector which is in the supervisor pro-
gram space. A vector number is an eight-bit number which, when
multipled by four, gives the address of an exception vector. Vec-
tor numbers are generated internally or externally, depending
on the cause of the exception. In the case of interrupts, during
the interrupt acknowledge bus cycle, a peripheral provides an
8-bit vector number (Figure 25) to the processor on data bus lines
DO through D7. The processor translates the vector number into
a full 24-bit address, as shown in Figure 26. The memory layout
for exception vectors is given in Table 7.

As shown in Table 7, the memory layout is 512 words long
(1024 bytes). It starts at address 0 and proceeds through
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address 1023. This provides 255 unique vectors; some of these
are reserved for TRAPS and other system functions. Of the 255,
there are 192 reserved for user interrupt vectors. However, there
is no protection on the first 64 entries, so user interrupt vectors
may overlap at the discretion of the systems designer.

KINDS OF EXCEPTIONS. Exceptions can be generated either
internally or externally. Externally generated exceptions include
interrupts (IRQ), bus error (BERR), and reset (RESET) requests.
Interrupts are requests from peripheral devices for processor
action while BERR and RESET inputs are used for access con-
trol and processor restart. Internally generated exceptions come
from instructions, from address errors, or from tracing. The trap
(TRAP), trap on overflow (TRAPV), check register against bounds
(CHK) and divide (DIV) instructions can all generate exceptions
as part of their instruction execution. In addition, illegal instruc-
tions, word fetches from odd addresses and privilege violations
cause exceptions. Tracing behaves like a very high priority, inter-
nally generated interrupt after each instruction execution.

EXCEPTION PROCESSING SEQUENCE. Exception processing
occurs in four identifiable steps. In the first step, an internal copy
is made of the status register. After the copy is made, the S-bit
is asserted, putting the processor into the supervisor privilege
state. Also, the T-bit is negated which will allow the exception
handler to execute unhindered by tracing. For the reset and inter-
rupt exceptions, the interrupt priority mask is also updated.
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Table 7. Exception Vector Assignment
Address
Vector
Number(s) Dec Hex Space Assignment
0 000 SP Reset: Initial SSP
— 004 SP Reset: Initial PC
2 008 SD Bus Error
3 12 00C SD Address Error
4 16 010 SD lllegal Instruction
5 20 014 SD Zero Divide
6 24 018 SD CHK Instruction
7 28 01C SD TRAPV Instruction
8 32 020 SD Privilege Violation
9 36 024 SD Trace
10 40 028 SD Line 1010 Emulator
11 44 02C SD. Line 1111 Emulator
12* 48 030 SD (Unassigned, reserved)
13* 52 034 SD (Unassigned, réserved)
14" 56 038 SD (Unassigned, reserved)
15 60 03C SD Uninitialized Interrupt Vector
16-23* 64 04C SD (Unassigned, reserved)
95 05F —
24 96 060 SD Spurious Interrupt
25 100 064 SD Level 1 Interrupt Autovector
26 104 068 SD Level 2 Interrupt Autovector
27 108 06C SD Level 3 Interrupt Autovector
28 112 070 SD Level 4 Interrupt Autovector
29 116 074 SD Level 5 Interrupt Autovector
30 120 078 SD Level 6 Interrupt Autovector
31 124 07C SD Level 7 Interrupt Autovector
32-47 128 080 SD TRAP Instruction Vectors
191 OBF —_
48-63* 192 0Co SD (Unassigned, reserved)
255 OFF ‘ -
64-255 256 100 SD User Interrupt Vectors
1023 3FF _

these numbers.

*Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are reserved for future enhancements. No user peripheral devices should be assigned
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Table 8. Exception Grouping and Priority
SSP - STATUS REGISTER Group Exception Processing
_ 0 | Reset
L_ HIGH HIGHER Address Error Exception processing begins
PROGRAM COUNTER— — — — — —1 | ADDRESSES Bus Error within two clock cycles.
Low 1 Trace
Interrupt

Figure 27. Exception Stack Order (Groups 1 and 2)

In the second step, the vector number of the exception is deter-
mined. For interrupts, the vector number is obtained by a
processor fetch, classified as an interrupt acknowledge. For all
other exceptions, internal logic provides the vector number. This
vector number is then used to generate the address of the excep-
tion vector.

The third step'is to save the current processor status except for
the reset exception. The current program counter value and the
saved copy of the status register are stacked using the super-
visor stack pointer as shown in Figure 27. The program counter
value stacked usually points to the next unexecuted instruction;
however, for bus error and address error, the value stacked for
the program counter is unpredictable, and may be incremented
from the address of the instruction which caused the error. Addi-
tional information defining the current context is stacked for the
bus error and address error exceptions.

The last step is the same for all exceptions. The new program
counter value is fetched from the exception vector. The
processor then resumes instruction execution. The instruction
at the address given in the exception vector is fetched, and
normal instruction decoding and execution is started.

MULTIPLE EXCEPTIONS. These paragraphs describe the proc-
essing which occurs when multiple exceptions arise
simultaneously. Exceptions can be grouped according to their
occurrence and priority. The Group 0 exceptions are reset, bus
error, and address error. These exceptions cause the instruc-
tion currently being executed to be aborted, and the exception
processing to commence within two clock cycles. The Group 1
exceptions are trace and interrupt, as well as the privilege viola-
tions and illegal instructions. These exceptions allow the cur-
rent instruction to execute to completion, but preempt the execu-
tion of the next instruction by forcing exception processing to
occur (privilege violations and illegal instructions are detected
when they are the next instruction to be executed). The Group 2
exceptions occur as part of the normal processing. of instruc-
tions. The TRAP, TRAPV, CHK, and zero divide exceptions are
in this group..For these exceptions, the normal execution of an
instruction may lead to exception processing.

Group 0 exceptions have highest priority, while Group 2 excep-
tions have lowest priority. Within Group 0, reset has highest
priority, followed by address error and then bus error. Within
Group 1, trace has priority over external interrupts, which in turn
takes priority over illegal instruction and privilege violation. Since
only one instruction can be executed at a time, there is no priority
relation within Group 2.
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lilegal Instruction
Privilege Violation

Exception processing begins
before the next instruction.

2 | TRAP, TRAPV, CHK,
Zero Divide

Exception processing is started
by normal instruction execution

The priority relation between two exceptions determines which
is taken first if the conditions for both arise simultaneously.
Therefore, if a bus error occurs during a TRAP instruction, the
bus error takes precedence, and the TRAP instruction proc-
essing is aborted. In another example, if an interrupt request
occurs during the execution of an instruction while the T-bit is
asserted, the trace exception has priority, and is processed first.
Before instruction processing resumes, however, the interrupt
exception is also processed, and instruction processing com-
mences finally in the interrupt handler routine. Table 8 gives a
summary of exception grouping and priority.

EXCEPTION PROCESSING DETAILED DISCUSSION

Exceptions have a number of sources, and each exception has
a unique processing sequence. The following paragraphs detail
the sources of exceptions, how each arises, and how each is
processed.

RESET. The reset input provides the highest exception level.
The processing of the reset signal is designed for system initia-
tion, and recovery from catastrophic failure. Any processing in
progress at the time of the reset is aborted and cannot be
recovered: The processor is forced into the supervisor state and
the trace state is forced off. The processor interrupt priority mask
is set at level seven. The vector number is internally generated
to reference the reset exception vector at location 0 in the super-
visor program space. Because no assumptions can be made
about the validity of register contents, in particular the super-
visor stack pointer, neither the program counter nor the status
register is saved. The address contained in the first two words
of the reset exception vector is fetched as the initial supervisor
stack pointer, and the address in the last two words of the reset
exception vector is fetched as the initial program counter. Finally,
instruction execution is started at the address in the program
counter. The powerup/restart code should be pointed to by the
initial program counter. '

The RESET instruction does not cause loading of the reset vec-
tor, but does assert the reset line to reset external devices. This
allows the software to reset the system to a known state and
then continue processing with the next instruction.
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INTERRUPTS. Seven levels of interrupt priorities are provided.
Devices may be chained externally within interrupt priority levels,
allowing an unlimited number of peripheral devices to interrupt
the processor. Interrupt priority levels are numbered from one
to seven, level seven being the highest priority. The status
register contains a three-bit mask which indicates the current
processor priority. Interrupts are inhibited for all priority levels
less than or equal to the current processor priority.

An interrupt request is made to the processor by encoding the
interrupt request level on the interrupt request lines; a zero indi-
cates no interrupt request. Interrupt requests arriving at the
processor do not face immediate exception processing, but are
made pending. Pending interrupts are detected between instruc-
tion executions. If the priority of the pending interrupt is lower
than or equal to the current processor priority, execution con-
tinues with the next instruction and the interrupt exception
processing is postponed. (The recognition of level seven is
slightly different, as explained in a following paragraph.)

If the priority of the pending interrupt is greater than the current
processor priority, the exception processing sequence is started.
First a copy of the status register is saved, and the privilege state
is set to supervisor, then tracing is suppressed, and the
processor priority level is set to the level of the interrupt being
acknowledged. The processor fetches the vector number from
the interrupting device, classifying the reference as an interrupt
acknowledge and displaying-the level number of the interrupt
being acknowledged on the address bus. If external logic
requests an automatic vectoring, the processor internally
generates a vector number which is determined by the interrupt
level number. If external logic indicates a bus error, the inter-
rupt is taken to be spurious, and the generated vector number
references the spurious interrupt vector. The processor then pro-
ceeds with the usual exception processing, saving the program
counter and status register on the supervisor stack. The saved
value of the program counter is the address of the instruction
which would have been executed had the interrupt not been
present. The content of the interrupt vector whose vector number
was previously obtained is fetched and loaded into the program
counter, and normal instruction execution commences in the
interrupt handling routine. A flow chart for the interrupt
acknowledge sequence is given in Figure 28, a timing diagram
is given in Figure 29, and the interrupt exception timing
sequence is shown in Figure 30.

Priority level seven is a special case. Level seven interrupts can-
not be inhibited by the interrupt priority mask, thus providing
a ‘‘non-maskable interrupt” capability. An interrupt is generated
each time the interrupt request level changes from some lower
level to level seven. Note that a level seven interrupt may still
be caused by the level comparison if the request level is a seven
and the processor priority is set to a lower level by an instruction.

UNINITIALIZED INTERRUPT. An interrupting device asserts
VPA or provides an interrupt vector during an interrupt
acknowledge cycle to the R68000. If the vector register has not
been initialized, the responding R68000 Family peripheral will
provide vector 15, the uninitialized interrupt vector. This provides
a uniform way to recover from a programming error.
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PROCESSOR  INTERRUPTING DEVICE

L

REQUEST INTERRUPT '

GRANT INTERRUPT
1) COMPARE INTERRUPT LEVEL IN STATUS
REGISTER AND WAIT FOR CURRENT
INSTRUCTION TO COMPLETE
2) PLACE INTERRUPT LEVEL ON A1, A2, A3
3) SET FUNCTION CODE TO INTERRUPT
ACKNOWLEDGE _
4) ASSERT ADDRESS STROBE (AS)
5) ASSERT DATA STROBES (LDS AND UDS")

—

PROVIDE VECTOR NUMBER
1) PLACE VECTOR NUMBER OF D0-D7
2) ASSERT DATA TRANSFER
ACKNOWLEDGE (DTACK)

r_____l

ACQUIRE VECTOR NUMBER
1) LATCH VECTOR NUMBER
2) NEGATE LDS AND UDS

3) NEGATE AS
RELEASE

1) NEGATE DTACK

‘—l

START INTERRUPT PROCESSING

*ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH
DATA STROBES ARE ASSERTED DUE TO THE
MICROCODE USED FOR EXCEPTION PROCESSING. THE®
PROCESSOR DOES NOT RECOGNIZE ANYTHING ON
DATA LINES D8 THROUGH D15 AT THE TIME.

Figure 28. Interrupt Acknowledge Sequence Flow Chart

SPURIOUS INTERRUPT. If during the interrupt acknowledge
cycle no device responds by asserting DTACK or VPA, the bus
error line should be asserted to terminate the vector acquisition.
The processor separates the processing of this error from bus
error by fetching the spurious interrupt vector instead of the bus
error vector. The processor then proceeds with the usual excep-
tion processing.

INSTRUCTION TRAPS. Traps are exceptions caused by instruc-
tions. They arise either from processor recognition of abnormal
conditions during instruction execution, or from use of instruc-
tions whose normal behavior is trapping.
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*ALTHOUGH A VECTOR NUMBER IS ONE BYTE, BOTH DATA STROBES ARE ASSERTED DUE TO THE MICROCODE USED

FOR EXCEPTION PROCESSING. THE PROCESSOR DOES NOT RECOGNIZE ANYTHING ON DATA LINES D8 THROUGH D15
AT THIS TIME.

Figure 29. Interrupt Acknowledge Sequence Timing Diagram

LAST BUS CYCLE ACK
OF INSTRUCTION STACK ook STACK STACK
(DURING WHICH |—» PCL > VECTOR NUMBER STATUS > PCH
INTERRUPT WAS (AT SSP-2) COULSITION) (AT SSP-6) (AT SSP-)
RECOGNIZED)
FETCH FIRST NOTE:
veeron veoron WORD OF SSP REFERS TO THE
> wero > o »| INSTRUCTION VALUE OR THE SUPER-
(AroR23) (AOAS) OF INTERRUPT VISOR STACK POINTER
ROUTINE BEFORE THE INTERRUPT
OCCURS

Figure 30. Interrupt Exception Timing Sequence
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Some instructions are used specifically to generate traps. The
TRAP instruction always forces an exception, and is useful for
implementing system calls for user programs. The TRAPV and
CHK instructions force an exception if the user program detects
a runtime error, which may be an arithmetic overflow or a
subscript out of bounds.

The signed divide (DIVS) and unsigned divide (DIVU) instruc-
tions will force an exception if a division operation is attempted
with a divisor of zero.

ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. lllegal
instruction refers to any of the word bit patterns which are not
the bit pattern of the first word of a legal instruction. During
instruction execution, if such an instruction is fetched, an illegal
instruction exception occurs. Rockwell reserves the right to
define instructions whose opcodes may be any of the illegal
instructions. Three bit patterns will always force an illegal instruc-
tion trap on all R68000 Family compatible microprocessors. They
are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA
and $4AFB, are reserved for Rockwell system products. The third
pattern, $4AFC, is reserved for customer use.

Word patterns with bits 15 through 12 equaling 1010 or 1111
are distinguished as unimplemented instructions and separate
exception vectors are given to these patterns to permit efficient
emulation. This facility allows the operating system to detect pro-
gram errors, or to emulate unimplemeénted instructions in
software.

PRIVILEGE VIOLATIONS. In order to provide system security,
various instructions are privileged. An attempt to execute one
of the privileged instructions while in the user state will cause
an exception. The privileged instructions are:

STOP AND Immediate to SR
RESET EOR Immediate to SR
RTE OR Immediate to SR
MOVE USP MOVE to SR

TRACING. To aid in program development, the R68000 includes

a facility to allow instruction by instruction tracing. In the trace
state, after each instruction is executed an exeception is forced,
allowing a debugging program to monitor the execution of the
program under test.

The trace facility uses the T-bit in the supervisor portion of the
status register. If the T-bit is negated (off), tracing is disabled,
and instruction execution proceeds from instruction to instruc-
tion as normal. If the T-bit is asserted (on) at the beginning of
the execution of an instruction, a trace exception will be
generated after the execution of that instruction is completed.
If the instruction is not executed, either because an interrupt
is taken, or the instruction is illegal or privileged, the trace excep-
tion does not occur. The trace exception also does not occur
if the instruction is aborted by a reset, bus error, or address error
exception. If the instruction is indeed executed and an interrupt
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is pending on completion, the trace exception is processed
before the interrupt exception. If, during the execution of the
instruction, an exception is forced by that instruction, the forced
exception is processed before the trace exception.

As an extreme illustration of the above rules, consider the arrival
of an interrupt during the execution of a TRAP instruction while
tracing is enabled. First the trap exception is processed, then
the trace exception, and finally the interrupt exception. Instruc-
tion execution resumes in the interrupt handler routine.

BUS ERROR. Bus error exceptions occur when the external logic
requests that a bus error be processed by an exception. The
current bus cycle which the processor is making is then aborted.
Whether the processor was doing instruction or exception
processing, that processing is terminated, and the processor
immediately begins exception processing.

Exception processing for bus error follows the usual sequence
of steps. The status register is copied, the supervisor state is
entered, and the trace state is turned off. The vector number
is generated to refer to the bus error vector. Since the processor
was not between instructions when the bus error exception
request was made, the context of the processor is more detailed.
To save more of this context, additional information is saved on
the supervisor stack. The program counter and the copy of the
status register are of course saved. The value saved for the pro-
gram counter is advanced by some amount, two to ten bytes
beyond the address of the first word of the instruction which
made the reference causing the bus error. If the bus error
occurred during the fetch of the next instruction, the saved pro-
gram counter has a value in the vicinity of the current instruc-
tion, even if the current instruction is a branch, a jump, or a return
instruction. Besides the usual information, the processor saves
its internal copy of the first word of the instruction being
processed, and the address which was being accessed by the
aborted bus cycle. Specific information about the access is also
saved: whether it was a read or a write, whether the processor
was processing an instruction or not, and the classification
displayed on the function code outputs when the bus error
occurred. The processor is processing an instruction if in the

- normal state or processing a Group 2 exception; the processor

is not processing an instruction when processing a Group 0 or
a Group 1 exception. Figure 31 illustates how the information
is organized.on the supervisor stack. Although this information
is not sufficient to effect full recovery from the bus error, it does
allow software diagnosis. Finally, the processor commences
instruction processing at the address contained in the vector.
It is the responsibility of the error handler routine to clean up
the stack and determine where to continue execution.

If a bus error occurs during the exception processing for a bus
error, address error; or reset, the processor is halted, and all
processing ceases. This simplifies the detection of catastrophic
system failure, since the processor removes itself from the
system rather than destroy all memory contents. Only the RESET
pin can restart a halted processor.
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Figure 32. Address Error Timing

ADDRESS ERROR. Address error exceptions occur when the
processor attempts to access a word or a long word operand
or an instruction at an odd address. The effect is much like an
internally generated bus error, so that the bus cycle is aborted,
and the processor ceases whatever processing it is currently
doing and begins exception processing. After exception
processing commences, the sequence is the same as that for
bus error including the information that is stacked, except that
the vector number refers to the address error vector instead.
Likewise, if an address error occurs during the exception
processing for a bus error, address error, or reset, the processor
is halted. As shown in Figure 32, an address error will execute
a short bus cycle followed by an exception processing.
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INTERFACE WITH R6500 PERIPHERALS

Rockwell’s line of R6500 peripherals are directly compatible with

" the R68000. Some of these devices that are particularly useful
are: g

R6520

R6522

R6545

R6551

Peripheral Interface Adapter (PIA)

Versatile Interface Adapter (VIA)

CRT Controller (CRTC)

Asynchronous Communication Interface Adapter
(ACIA)

To interface the synchronous R6500 peripherals with the asyn-

chronous R68000, the processor modifies its bus cycle to meet’

the R6500 cycle requirements whenever an R6500 device
address is detected. This is possible since both processors use
memory mapped I/O. Figure 33 is a flow chart of the interface
operation between the processor and R6500 devices. 6800

peripherals are also compatible with the R68000 processor.

DATA TRANSFER OPERATION

Three signals on the processor provide the R6500 interface.
They are: enable (E), valid memory address (VMA), and valid
Peripheral address (VPA). Enable corresponds to the E or §2
signal in existing R6500 systems. The bus frequency is one tenth
of the incoming R68000 clock frequency. The timing of E allows
1 MHz peripherals to be used with an 8 MHz R68000. Enable
has a 60/40 duty cycle; that is, it is low for six input clocks and
high for four input clocks. This duty cycle allows the processor
to do successive VPA accesses on successive E pulses.

'Figures 34 and 35 give a general R6500 to R68000 interface

timing, while Figures 36 and 37 detail the specific timing
parameters involved in the interface. At state zero (S0) in the
cycle, the address bus is in the high-impedance state. A func-
tion code is asserted on the function code output lines. One-
half clock later, in state 1, the address bus is released from the
high-impedance state.

During state 2, the address strobe (AS) is asserted to indicate
that there is a valid address on the address bus. If the bus cycle
is a read cycle, the upper and/or lower data strobes are also
asserted in state 2. If the bus cycle is a write cycle, the read/write
(R/W) signal is switched to a low (write) during state 2. One-half
clock later, in state 3, the write data is placed on the data bus,
and in state 4 the data strobes are issued to indicate valid data
on the data bus. The processor now inserts wait states until it
recognizes the assertion of VPA.

The VPA input signals the processor that the address on the
bus is the address of an R6500 device (or an area reserved for
R6500 devices) and that the bus should conform to the §2
transfer characteristics of the R6500 bus. Valid peripheral
address (VPA) is derived by decoding the address bus,
conditioned by address strobe (AS). Chip select for the R6500
peripherals should be derived by decoding the address bus con-
ditioned by VMA.

After the recognition of VPA, the processor assures that the
Enable (E) is low, by waiting if necessary, and subsequently
asserts VMA. Valid memory address is then used as part of the
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chip select equation of the peripheral. This ensures that the
R6500 peripherals are selected and deselected at the correct
time. The peripheral now runs its cycle during the high portion
of the E signal. Figures 34 and 35 depict the best and worst case
R6500 cycle timing. This cycle length is dependent strictly upon
when VPA is asserted in relationship the E clock.

If we assume that external circuitry asserts VPA as soon as

possible after the assertion of AS, then VPA will be recognized

as being asserted on the falling edge of S4. In this case, no

“‘extra” wait cycles will be inserted prior to the recognition of

VPA assertion and only the wait cycles inserted to synchronize

with the E clock will determine the total length of the cycle. in

any case, the synchronization delay will be some integral number
of clock cycles within the following two extremes:

1. Best Case—VPA is recognized as being asserted on the
falling edge three clock cycles before E rises (or three clock
cycles after E falls).

2. Worst Case—VPA is recogmzed as being asserted on the
falling edge two clock cycles before E rises (or four clock
cycles after E falls).

Near- the end of a read cycle, the processor latches the
peripheral’s data in state 6. For all cycles, the processor negates

- the address and data strobes one half clock cycle later in state 7,

and the Enable signal goes low at this time. Another half clock
later, the address bus-is put in the high-impedance state. Upon
write cycle completion, the data bus is put in the high-impedance
state and the read/write signal is switched high. The peripheral
logic must remove VPA within one clock after address strobe
is negated.

DTACK should not be asserted while VPA is asserted. Note
that the R68000 VMA is active low. This allows the processor
to put its buses in the high-impedance state on DMA requests
without inadvertently selecting peripherals.

INTERRUPT OPERATION

During an interrupt acknowledge cycle while the processor is
fetching the vector, if VPA is asserted, the R68000 will assert
VMA and complete a normal R6500 read cycle as shown in
Figure-38. The processor will then use an internally generated
vector, called an autovector, that is a function of the interrupt
being served. The seven autovectors are vector numbers 25
through 31 (decimal).

Autovectors operate in the same fashion (but are not restricted
to) the R6500 interrupt sequence. The basic difference is that
there are six normal interrupt vectors and one NMI type vector.
As with both the R6500 and the R68000’s normal vectored inter-
rupt, the interrupt service routine can be located anywhere in
the address space. This is due to the fact that while the vector
numbers are fixed, the contents of the vector table entries are
assigned by the user.

Since VMA is asserted during autovectoring, the R6500
peripheral address decoding should prevent unintended
accesses.
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PROCESSOR SLAVE

INITIATE CYCLE
1) THE PROCESSOR STARTS A
NORMAL READ OR WRITE CYCLE

DEFINE R6500 CYCLE
1) EXTERNAL HARDWARE ASSERTS
VALID PERIPHERAL ADDRESS (VPA)

*_J

SYNCHRONIZE WITH ENABLE

1) THE PROCESSOR MONITORS ENABLE
(E) UNTIL IT IS LOW (PHASE 1)

2) THE PROCESSOR ASSERTS VALID
MEMORY ADDRESS (VMA)

—

TRANSFER DATA
1) THE PERIPHERAL WAITS UNTIL E
IS ACTIVE AND THEN TRANSFERS
THE DATA

‘__I

' TERMINATE CYCLE

1) THE PROCESSOR WAITS UNTIL E ‘
GOES LOW. (ON A READ CYCLE THE'
DATA IS LATCHED AS E GOES LOW
INTERNALLY) o

2) THE PROCESSOR NEGATES VMA e

3) THE PROCESSOR NEGATES AS, UDS,
and LDS

START NEXT CYCLE

Figure 33. R6500 Interfacing Flow Chart

DATA TYPES AND ADDRESSING MODES

Five basic data types are supported. These data types are:
Bits
BCD Digits (4-bits)
Bytes (8-bits)
Word (16-bits)
Long Words (32-bits)

In addition, operations on other data types such as memory
addresses, status word data, etc., are provided for in the instruc-
tion set. )

The 14 addressing modes, shown in Table 9, include six basic
types:
Register Direct
Register Indirect
Absolute

Program Counter Relative
Implied
Immediate
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‘| Relative with Index and Offset

Included in the register indirect addressing modes is the capa-
bility to do postincrementing, predecrementing, offsetting and
indexing. Program counter relative mode can also be modified
via indexing and offsetting.

Table 9. Addressing Modes

Mode ! Generation
Regi Direct Add g
Data Register Direct EA = Dn
Address Register Direct EA = An

Absolute Data Addressing
Absolute Short
Absolute Long

- EA = (Next Word)
EA = (Next Two Words)

Program Counter Relative
Addressing
Relative with Offset EA = (PC) + dyg

EA = (PC) + (Xn) + dg

Register Indirect Addressing
Register Indirect

Postincrement Register Indirect
Predecrement Register Indirect
Register Indirect with Offset

Indexed Register Indirect with Offset

EA = (An)

EA = (An), An<« An + N
An= An - N, EA = (An)
EA = (An) + d4¢

EA = (An) + (Xny + dg

Immediate Data Addressing
Immediate
Quick Immediate

DATA = Next Word(s)
Inherent Data

Implied Addressing

Implied Register EA = SR, USP, SP, PC

NOTES:

EA = Effective Address N = 1 for Byte, 2 for

An = Address Register - Words and 4 for
..Dn = Data Register Long Word. If An
Xn = Address or Data Register is the stack pointer
used as Index Register and the operand
SR = Status Register size is byte, N = 2
PC- = Program Counter _to keep the stack
() = Contents of pointer on a word
dg = Eight-bit Offset boundry.
(displacement) -+ = Replaces
dig = Sixteen-bit Offset
(displacement)

INSTRUCTION SET OVERVIEW

The R68000 instruction set is shown in Table 10. Some addi-
tional instructions are variations, or subsets, of these and they
appear in Table 11. Special emphasis has been given to the
instruction set’s support of structured high-level languages to
facilitate ease of programming. Each instruction, with few excep-
tions, operates on bytes, words, and long words and most

_ instructions can use any of the 14 addressing modes. Combining

instruction types, data types, and addressing modes, over 1000

- useful instructions are provided. These instructions include

signed and unsigned multiply and divide, ‘‘quick’ arithmetic
operations. BCD arithmetic and expanded operations (through
traps).
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Table 10. Instruction Set Summary
Mnemonic Description Mnemonic Description Mnemonic Description
ADBC Add Decimal with Extend EOR Exclusive Or PEA Push Effective Address
ADD Add EXG Exchange Registers
AND Logical And EXT Sign Extend RESET Reset External Devices
ASL Arithmetic Shift Left ROL Rotate Left without Extend
ASR Arithmetic Shift Right JMP Jump ROR Rotate Right without Extend
JSR Jump to Subroutine ROXL Rotate Left with Extend
Bce Branch Conditionally ROXR Rotate Right with Extend
BCHG Bit Test and Change LEA Load Effective Address RTE Return from Exception
BCLR Bit Test and Clear LINK Link Stack RTR Return and Restore
BRA Branch Always LSL Logical Shift Left RTS Return from Subroutine
BSET Bit Test and Set LSR Logical Shift Right
BSR Branch to' Subroutine SBCD Subtract Decimal with Extend
BTST™ Bit Test MOVE Move Sce Set Conditional
MULS Signed Multiply STOP Stop
CHK Check Register Against MULU Unsigned Multiply suB Subtract
Bounds SWAP Swap Data Register Halves
CLR Clear Operand NBCD Negate Decimal with Extend
CMP Compare NEG Negate TAS Test and Set Operand
NOP No Operation TRAP Trap
DBcc Test Condition, Decrement and NOT One’s Complement TRAPV Trap on Overflow
Branch TST Test
DIvVS Signed Divide OR Logical Or
DIVU Unsigned Divide UNLK Unlink
Table 11. Variations of Instruction Types
Instruction Instruction
Type Variation Description Type Variation Description
ADD ADD Add MOVE MOVE Move
ADDA Add Address MOVEA Move Address
ADDQ Add Quick MOVEM Move Multiple Registers
ADDI Add Immediate MOVEP Move Peripheral Data
ADDX Add with Extend MOVEQ Move Quick
MOVE from SR | Move from Status Register
AND AND Logical And MOVE to SR Move to Status Register
ANDI And Immediate MOVE to CCR Move to Condition Codes
ANDI to CCR And Immediate to MOVE USP Move User Stack Pointer
Condition Codes
ANDI to SR And Immediate to NEG NEG Negate
Status Register NEGX Negate with Extend
CMP CMP Compare OR OR Logical Or
CMPA Compare Address ORI Or Immediate
CMPM -Compare Memory ORI to CCR Or Immediate to Condition Codes
CMPI Compare Immediate ORl to SR Or Immediate to
Status Register
EOR EOR Exclusive Or
EORI ‘Exclusive Or Immediate suB suB Subtract
EORI to CCR Exclusive Or Immediate SUBA Subtract Address
to Condition -Codes susl Subtract Immediate
EORI to SR Exclusive Or Immediate SuBQ Subtract Quick
to Status Register SUBX Subtract with Extend
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The following paragraphs contain an overview of the form and
structure of the R68000 instruction set. The instructions form
a set of tools that include all the machine functions to perform
the following operations:

Data Movement

Integer Arithmetic

Logical

Shift and Rotate

Bit Manipulation

Binary Coded Decimal

Program Control

System Control

The complete range of instruction capabilities combined with
the flexible addressing modes described previously provide a
very flexible base for program development.

ADDRESSING

Instructions for the R68000 contain two kinds of information: the
type of function to be performed, and the location of the
operand(s) on which to perform that function. The methods used
to locate (address) the operand(s) are explained in the follow-
ing paragraphs.

Instructions specify an operand location in one of three ways:
Register Specification — the number of the register is given
in the register field of the
instruction.

—use of the different effective
address modes.

— the definition of certain instructions
implies the use of specific
registers.

Effective Address

Implicit Reference

DATA MOVEMENT OPERATIONS

The move (MOVE) instruction provides a means for data acquisi-
tion (transfer and storage). The move instruction and the effec-
tive addressing modes allow both address and data manipula-
tion. Data move instructions allow byte, word, and long word
operands to be transferred from memory to memory, memory
to register, register to memory, and register to register. Address
move instructions allow word and long word opéerand transfers
and ensure that only.legal address manipulations are executed.
In addition to the general move instruction there are several
special data movement instructions: move multiple registers
(MOVEM), move peripheral data (MOVEP), exchange registers
(EXG), load effective address (LEA), push effective address
(PEA), link stack (LINK), unlink stack (UNLK), and move quick
(MOVEQ). Table 12 summarizes the data movement operations.

INTEGER ARITHMETIC OPERATIONS

The arithmetic operators include the four basic operations of add
(ADD), subtract (SUB), multiply (MUL), and divide (DIV) as well
as arithmetic compare (CMP), clear (CLR), and negate (NEG).
The add and subtract instructions are available for both address
and data operations, and with data operations accepting all
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Table 12. Data Movement Operations

Instruction Operand Size Operation
EXG 32 Rx—e=Ry
LEA 32 EA- An
An = —(SP)
LINK — SP +An
SP + displacement »SP
MOVE 8, 16, 32 s »d
(EA) =An, Dn
MOVEM 16, 32 An, Dn —EA
(EA) »Dn
MOVEP 16, 32 Dn -+ (EA)
MOVEQ 8 #xxx -Dn
PEA 32 EA - - (SP)
SWAP 32 Dn[31:16]~=Dn[15:0]
An »Sp
UNLK - (SP) + =~An
NOTES:
s = source —( ) = indirect with predecrement
d = destination ( )+ = indirect with postdecrement
[ ] = bit number # = immediate data

operand sizes. Address operations are limited to legal address
size operands (16 or 32 bits). Data, address, and memory com-
pare operations are also available. The clear and negate instruc-
tions may be used on all sizes of data operands.

The multiply and divide operations are available for signed and
unsigned operands using word multiply to produce a long word
product, and a long word dividend with word divisor to produce
a word quotient with a word remainder.

Multiprecision and mixed size arithmetic can be accomplished
using a set of extended instructions. These instructions are: add
extended (ADDX), subtract extended (SUBX), sign extend (EXT),
and negate binary with extend (NEGX).

A text operand (TST) instruction that sets the condition codes
as a result of a compare of the operand with zero is available.
Test and set (TAS) is a synchronization instruction useful in
multiprocessor . systems. Table 13 summrizes the integer
arithmetic operations.

INSTRUCTION FORMAT

Instructions, as shown in Figure 39, vary from one to five words
in length. The first word of the instruction, called the operation
word, specifies the length of the instruction and the operation
to be performed. The remaining words further specify the
operands. These words are either immediate operands or exten-
sions to the effective address mode specified in the operation
word.
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Table 13. Integer Arithmetic Operations PROGRAM/DATA REFERENCES
The R68000 separates memory references into two classes: pro-
Instruction | Operand Size Operation gram references, and data references. Program references
8, 16, 32 Dn + (EA) +Dn reference that section of memory that contain§ the program
(EA) + Dn +(EA) being executed. Data references refer to that section of memory
ADD (EA) + #xxx -+(EA) that contains data. Operand reads are from the data space,
16, 32 An + (EA) =An except in the case of the program counter relative addressing
8 16 32 Dx + Dy + X = Dx mode. All operand writes are to the data space.
ADDX " :
16,32 “(R) + —(y) + X - (A REGISTER SPECIFICATION
CLR 8, 16, 32 0 =EA . . - . . . .
- The register field within an instruction specifies the register to
8, 16, 32 Dn - (EA) be used. Other fields within the instruction specify whether the
cMP (IE:) - #X’X‘ register selected is an address or data register and how the
16 32 f‘\n )_+ (EA() v) - register is to be used.
DIVS 32+ 16 Dn + (EA) »Dn EFFECTIVE ADDRESS
DIVU 32 + 16 Dn + (EA) =Dn Most instructions specify the location of an operand by using
8 =16 (Dn)g +Dn1g the effective address field in the operation word. For example,
EXT 16 »32 (Dn)1g + Dnap Figure 40 shows the general format of the single effective
address instruction operation word. The effective address is com-
MULS 16 x 16 =32 | Dn x (EA) »~Dn posed of two 3-bit fields: the mode field, and the register field.
MULU 16 x 16 =32 | Dn x (EA) -=Dn The value in the mode field selects the different address modes.
NEG o 16 32 0 - EA) ~EA The register field contains the number of a register.
NEGX 8, 16, 32 0 - (EA) - X +(EA) The effective address field may require additional information
to fully specify the operand. This additional information, called
8, 16, 32 Dn - (EA) =Dn the effective address extension, is contained in the following
SUB gg:; : ?:x:fé) A yforq or words and is considered part of the instruction, as shown
16, 32 An — (EA) -=An in Figure 39. The effective address modes are grouped into three
categories: register direct, memory addressing, and special.
Dx — Dy — X »Dx
SUBX 8, 16, 32 1 . .
-(A) - -(Ay) - X »(AY) REGISTER DIRECT MODES. These effective addressing modes
TAS 8 [EA] - 0, 1 =EA[7] specify that the operand is in one of the 16 multifunction
TST 8, 16, 32 (EA) - 0 registers. _
NOTES: Data Register Direct. The operand.is in the data register
[ 1= bit number specified by the effective address register field.
—( ) = indirect with predecrement :
( )+ = indirect with postdecrement Address Register Direct. The operand is in the address register
# = immediate data specified by the effective address register field.

MEMORY 'ADDRESS MODES. These effective addressing
modes specify that the operand is in memory and provide the
specific address of that operand.

15 14

13 12 1 10 9 8

7 6 5 4 3 2 1 0

OPERATION WORD
(FIRST WORD SPECIFIES OPERATION AND MODES)

IMMEDIATE OPERAND -
(IF ANY, ONE OR TWO WORDS)

SOURCE EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

DESTINATION EFFECTIVE ADDRESS EXTENSION
(IF ANY, ONE OR TWO WORDS)

Figure 39.
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Instruction Format
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EFFECTIVE ADDRESS
MODE | REGISTER

Figure 40. Single-Effective-Address Instruction Operation Word General Format

Address Register Indirect. The address of the operand is in address is the second extension word. The reference classifies
the address register specified by the register field. The reference as a data reference with the exception of the jump and jump
is classified as a data reference with the exception of the jump to subroutine instructions.

and jump to subroutine instructions.
Program Counter With Displacement. This address mode

Address Register indirect With Postincrement. The address requires one word of extension. The address of the operand
of the operand is in the address register specified by the register sums the addresses in the program counter and the sign-
field. After the operand address is used, it is incremented by extended 16-bit displacement integer in the extension word. The
one, two or four depending upon whether the size of the operand value in the program counter is the address of the extension
is byte, word, or long word. If the address register is the stack word. The reference classifies as a program reference.
pointer and the operand size is byte, the address is incremented
by two rather than one to-keep the stack pointer on a word Program Counter With Index. This address mode requires one
boundary. The reference classifies as a data reference. word of extension. This address sums the addresses in the pro-
: gram counter, the sign-extended displacement integer in the
Address Register Indirect With Predecrement. The address lower eight bits of the extension word, and the contents of the
of the operand is in the address register specified by the register index register. The value in the program counter is the address
field. Before the operand address is used, it is decremented by of the extension word. This reference classifies as a program
one, two, or four depending upon whether the operand size is reference:
byte, word, or long word. If the address register is the stack
pointer and the operand size is byté, the address is decremented Immediate Data. This address mode requires either one or two
by two rather than one to keep the:stack pointer on a word words of extension depending on the size of the operation.
boundary. The reference is classified as a data reference. Byte Operation — operand is low order byte of exten-
i : s . sion word
Address Register Indirect with Displacement. This address Word Operation — operand is extension word

mode requires one word of extension. The address of the
operand is the sum of the address in the address register and
the sign-extended 16-bit displacement integer in the extension
word. The reference classifies as a data reference with the
exception of the jump to subroutine instructions.

Long Word Operation — operand is in the two extension
words, high-order 16 bits are in the
first extension word, low-order 16
bits are in the second extension

word.
Address Register Indirect With Index. This address mode
requires one word of extension. The address of the operand IMPLICIT REFERENCE
sums the addresses in the address register, the sign-extended Some instructions make implicit reference to the program
displacement integer in the low order eight bits of the extension counter (PC), the system stack pointer (SP), the supervisor stack
word, and the contents of the index register. The reference is pointer (SSP), the user stack pointer (USP), or the status register
classified as a data reference with the exception of the jump (SR).

and jump to subroutine instructions.
A selected set of instructions may reference the status register

by means of the effective address field. These are:
SPECIAL ADDRESS MODE. The special address modes use

the effective address register field to specify the special address- IA\“B: :Z ggﬁ
ing mode instead of a register number. EORI to CCR
Absolute Short Address. This address mode requires one word 5%F\§IE1<:OSCRCR
of extension. The address of the operand is the extension word. MOVE to SR
The 16-bit address is sign extended before it is used. The MOVE from SR
reference classifies as a data reference with the exception of ORI to CCR
the jump and jump to subroutine instructions. ORI to SR

Absolute Long Address. This address mode requires two words
of extension. The address of the operand is developed by the EFFECTIVE ADDRESS ENCODING SUMMARY

concatenation of the extension words. The high-order part of Table 14 summarizes the effective addressing modes discussed
the address is the first extension word; the low-order part of the in the previous paragraphs.
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Table 14. Effective Address Encoding Summary Table 15. Logical Operations
Addressing Mode Mode Register Instruction Operand Size Operation
Data Register Direct 000 register number DnA(EA) »Dn
- - - AND 8, 16, 32 (EA)ADn +(EA)
Address Register Direct 001 register number (EAA#xxX =(EA)
Address Register Indirect 010 register number Dn » (EA) +Dn
Address Register Indirect with OR 8, 16, 32 (EA) » Dn +»(EA)
Postincrement 011 register number (EA) » #xxx +»(EA)
Address Register Indirect with £OR 8. 16, 32 (EA) @ Dy »(EA)
Predecrement 100 register number e (EA) @ #xxx »=(EA)
Address Register Indirect with NOT 8, 16, 32 ~ (EA) »(EA)
Displacement 101 register number
NOTES:
Address Register Indirect with ~ = invert : v = logical OR
Index 110 register number # = immediate data @ = logical exclusive OR
Absolute Short 11 000 A = logical AND
Absolute Long 111 001
Program Counter with
Displacement 111 010
Program Counter with Index 11 011 Memog'y shlft§ anq rotates are for word operands only and allow
only single-bit shifts or rotates.
Immediate 111 100

SYSTEM STACK. The system stack is used implicitly by many
instructions; user stacks and queues may be created and main-
tained through the addressing modes. Address register seven
(A7) is the system stack pointer (SP). The system stack pointer
is either the supervisor stack pointer (SSP) or the user stack
pointer (USP), depending on the state of the S-bit in the status
register. If the S-bit indicates supervisor state (High), SSP is the
active system stack pointer, and the USP cannot be referenced
as an address register. If the S-bit indicates user state (Low),
* the USP is the active system stack pointer, and the SSP can-
not be referenced. Each system stack fills from high memory
to low memory.

LOGICAL OPERATIONS

Logical operation instructions AND, OR, EOR, and NOT are.

available for all sizes of integer data operands. A similar set of
immediate instructions (ANDI, ORI, and EORI) provide these
logical operations with all sizes of immediate data. Table 15 sum-
marizes the logical operations.

SHIFT AND ROTATE OPERATIONS

Shift operations in both directions are provided by arithmetic
instructions ASR and ASL and logical shift instructions LSR and
LSL. The rotate instructions (with and without extend) available
are ROXR, ROXL, ROR, and ROL. All shift and rotate opera-
tions can be performed in either registers or memory. Register
shifts and rotates support all operand sizes and allow a shift
count specified in a data register.

Table 16 summarizes the shift and rotate operations.

BIT MANIPULATION OPERATIONS

The following instructions provide bit manipulation operations:
bit test (BTST), bit test and set (BSET), bit test and clear (BCLR),
and bit test and change (BCHG). Table 17 is a summary of the
bit manipulation operations. (Bit 2 of the status register is Z.)

Table 16. Shift and Rotate Operations

Operand
Instruction| Size Operation
ASR 8, 16, 32 —————> XIC
LsL |8 1632| [xC 0
LSR |8, 16,32 0 XIC

ROL 8, 16, 32

Il

ROR 8, 16, 32

ROXL 8, 16, 32

|

ROXR |8, 16, 32

|
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Table 17. Bit Manipulation Operations Table 19. Program Control Operations
Instruction Operand Size Operation Instruction Operation
BTST 8, 32 ~ bit of (EA) »Z Conditional
i Bce Branch conditionally (14 conditions)
~ bit of (EA) »Z gl
BSET 8, 32 1 = bit of EA 8- and 16-bit displacement
N DBcc Test condition, decrement, branch
~ bit of (EA) »Z o
BCLR 8, 32 0 +bit of EA 16-bit displacement
BoHG ~ bit of (EA) »Z Sce Set byte conditionally (16 chdltlons) .
8,32 ~ bit of (EA) +bit of EA Unconditional
- BRA Branch always
NOTE: ~ = invert 8- and 16-bit displacement
BSR Branch to subroutine
8- and 16-bit displacement
BINARY CODED DECIMAL OPERATIONS P
) - . . . . JMP Jump
The following instructions accomplish multiprecision arithmetic .
operations on binary coded decimal numbers: add decimal with JSR Jump to subroutine
extend (ABCD), subtract decimal with extend (SBCD), and Returns
negate decimal with extend (NBCD). Table 18 summarizes the RTR Return and restore condition codes
binary coded decimal operations. .
RTS Return from subroutine

PROGRAM CONTROL OPERATIONS

Program control operations implementation requires a series of
conditional and unconditional branch instructions and return
instructions. These instructions are summarized in Table 19.

The conditional instructions provide setting and branching for
the following conditions:
CC — carry clear

CS — carry set

EQ — equal

F — never true

GE — greater or equal
GT — greater than

HI — high

LE — less or equal

LS — low or same

LT — less than

MI — minus

NE — not equal
PL — plus

T - — always true

VC — no overflow
VS — overflow

Table 18. Binary Coded Decimal Operations

Instruction Opérand Size Operation
Dx19 + Dyq0 + X +Dx
ABCD 8 ~(AX)10 + ~(Ay)10 + X = (AX)
. Dx19 - Dy1g - X »Dx
SBCD 8 ~(AX)10 — ~(Ay)10 - X +(AX)
NBCD 8 0 - (EA)19 — X =(EA)
NOTE: —( ) = indirect with predecrement
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SYSTEM CONTROL OPERATIONS

System control operations are accomplished by using privileged
instructions, trap generating instructions, and instructions that
use or modify the status register. These instructions are sum-
marized in Table 20.

INSTRUCTION SET

The following paragraphs provide information about the address-
ing categories and instruction set of the R68000.

ADDRESSING CATEGORIES

Effective address modes may be categorized by the ways in
which they may be used. The following classifications will be
used in the instructions definitions.

Data If an effective address mode may be used to refer
to data operands, it is considered a data addressing
effective address mode.

If an effective address mode may be used to refer
to memory operands; it is considered a memory
addressing effective address mode.

If an effective address mode may be used to refer
to alterable (writeable) operands, it is considered an
alterable addressing effective address mode.

If an effective address mode may be used to refer
to memory operands without an associated size, it
is considered control addressing effective address
mode. -

Memory
Alterable

Control

Table 21 shows the various categories to which each of the effec-
tive address modes belong. Table 22 is the instruction set
summary.
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Table 20. System Control Operations
Instruction Operation
Privileged
ANDI to SR Logical AND to Status Register
EORI to SR Logical EOR to Status Register
MOVE EA to SR | Load New Status Register
MOVE USP Move User Stack Pointer
ORI to SR Logical OR to Status Register
RESET Reset External Devices
RTE Return from Exception
STOP Stop Program Execution

Trap Generating
CHK
TRAP
TRAPV

Check Data Register Against Upper Bounds

Trap
Trap on Overflow

Status Register
ANDI to CCR
EORI to CCR
MOVE EA to CCR
MOVE SR to EA
ORI to CCR

Logical AND to Condition Codes
Logical EOR to Condition Codes
Load New Condition Codes
Store Status Register

Logical OR to Condition Codes

The status register addressing mode is not permitted unless it
is explicitly mentioned as a. legal addressing mode.

These categories may be combined, so that additional, more

restrictive, classifications may be defined. For example, the
instruction descriptions use such classifications as alterable
memory or data alterable. The former refers to those address-
ing modes which are both alterable and memory addresses, and
the latter refers to addressing modes which are both data and
alterable.

INSTRUCTION PREFETCH

The R68000 uses a two-word tightly-coupled instruction prefetch
mechanism to enhance performance. This mechanism is
described in terms of the microcode operations involved. If the
execution of an instruction is defined to begin when the
microroutine for that instruction is entered, some features of the

“prefetch mechanism can be described.

1) When execution of an instruction begins, the operation word
and the word following have already been fetched. The opera-
tion word is in the instruction decoder.

2) In the case of multi-word instructions, as each additional word
of the instruction is used internally, a fetch is made to the
instruction stream to replace it. ‘

3) The last fetch from the instruction stream is made when the
operation word is discarded and decoding is started on the
next instruction.

4) If the instruction is a single-word instruction causing a branch,
the second word is not used. But because this word is fetched
by the preceding instruction, it is impossible to avoid this
superfluous fetch.

5) In the case of an interrupt or trace exception, both words are
not used.

6) The program counter usually points to the last word fetched
from the instruction stream.

INSTRUCTION EXECUTION TIMES

The following paragraphs contain listings of the instruction
execution times in terms of external clock (CLK) periods. In this
timing data, it is assumed that both memory read and write cycle
times are four clock periods. Any wait states caused by a longer
memory cycle must be added to the total instruction time. The
number of bus read and write cycles for each instruction is
enclased in parenthesis following the execution periods and is
shown as (r/w) where r is the number of read cycles and w is
the number of write cycles. )

Table 21. Effective Addressing Mode Categories
Effective Addressing Categories
Address
Modes Mode Register Data Memory Control Alterable
Dn 000 Register Number X — —_ X
_An 001 Register Number — — — X
(An) 010 Register Number X X X X
(An)+ 011 Register Number X X — X
—(An) 100 Register Number X X — X
d(An) 101 Register Number X X X X
d(An, ix) 110 Register Number X X X X
Xxx.W 111 000 X X X X
xxx.L 111 001 X X X X
d(PC) 11 010 X X X —
d(PC, ix) 111 011 X X X —
#XXX 111 X X X — —
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Table 22. Instruction Set

Condition Codes

Mnemonic Description Operation 'v X ‘N Z|V|cC
ABCD Add Decimal with Extend (Destination)1g + (Source)1g + X - Destination * U VN
ADD Add Binary (Destination) + (Source) -~ Destination N I A B
ADDA Add Address (Destination) + (Source) - Destination o e el e
ADDI Add Immediate | (Destination) + Immediate Data ——Destinatiqn N I I B
ADDQ Add Quick (Destination) + Immediate Data »- Destination S R I S B
ADDX Add Extended (Destination) + (Source) + X -~ Destination A I I B
AND. AND Logical (Destination) A (Source) -» Destination —|*|[*10|o0
ANDI AND Immediate’ (Destination) A Immediate Data -» Destination — 0
ANDI to CCR AND Immediate to Condition Codes (Source) A CCR -CCR L R A B
ANDI to SR | AND Immediate to Status Register (Source) A SR =SR N R S B
ASL, ASR Arithmetic Shift (Destination) Shifted by <count> -=Destination o T I R
Bce Branch Conditionally If cc then PC + d =~PC — ===

~ (<bit number>) OF Destination »2Z
BCHG Test a Bit and Change ~ (<bit aumber>) OF Destination -» — ===
: <bit number> OF Destination
;] OF Dettor 2 -
BRA Branch Always PC + d ~PC Y
T e ) O e HEpNE
BSR Branch to Subroutine PC +(SP); PC + d »PC — = ===
BTST Test a Bit ~ (<bit number>) OF Destination +2Z — =] -]
CHK Check Register Against Bounds If Dn <0 or Dn> (<ea>) then TRAP —|*JuUfuU]ju
CLR Clear and Operand 0 »Destination ' —|(0]1}(0]0
CMP Compare (Destination) — (Source) el R e e
CMPA Compare Address (Destination) — (Source) e i B
CMPI Compare Immediate (Destination) — Immediate Data el B B e
CMPM Compare Memory (Destination) - (Source) -
DBcc Test Condition, Decrement and Branch |If ~ ccthenDn - 1 +»Dn; ifDn # ~ 1thenPC + d »PC | — | — | —|— | —
DIVS Signed Divide (Destination)/(Source) -»Destination —| "0
DIVU Unsigned Divide (Destination)/(Source) +»Destination —l*1*1*]0
EOR Exclusive OR Logical (Destination) @ (Source) -»Destination —(*|l*1olo0
EORI Exclusive OR Immediate (Destination) @ Immediate Data - Destination —|*|*l0|0
EORI 10 CCR | o ausn® OF Immediate (Source) @ CCR +CCR S EEEN RN
NOTES:
A = logical AND * = affected
v = logical OR — = unaffected
& = logical exclusive OR 0 = cleared
~ = logical complement 1 = set
U = undefined
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Table 22. Instruction Set (Continued)

Condition Codes

Mnemonic Description Operation X|IN|jZ|V]C
EORISR | ausve :;ig'e’:‘edia‘e (Source) @ SR »SR SRR
EXG Exchange Register Rx-e»>Ry —_ = ===
EXT Sign Extend (Destination) Sign-Extended - Destination —t*|1*j{0jo0
JMP Jump Destination »PC —_ == ==
JSR Jump to Subroutine PC +» —(SP); Destination »PC — ===
LEA Load Effective Address <ea> »An e e e el
LINK Link and Allocate An »(SP); SP »An; SP + Displacement - SP — = ===
LSL, LSR Logical Shift (Destination) Shifted by <count> - Destination *f*p*jo]*
MOVE Move Data from Source to Destination | (Source) -» Destination —|*|/*]0}0
MOVE to CCR | Move to Condition Code (Source) »=CCR ol I I A
MOVE to SR Move to the Status Register (Source) » SR i R L L
MOVE from SR | Move from the Status Register SR > Destination ol el el el
MOVE USP Move User Stack Pointer USP +An; An »USP e el el e
MOVEA Move Address (Source) -+ Destination o o el el
MOVEM Move Multiple Registers ?Siﬁ:f;:; :g:::;:‘r';’" ===
MOVEP Move Peripheral Data (Source) + Destination — === 1—
MOVEQ Move Quick Immediate Data -»Destination —{*|*]0]0
MULS Signed Multiply (Destination)X(Source) = Destination —|*1*l0}jo0
MULU Unsigned Multiply (Destination)X(Source) + Destination —({*({*{0]0
NBCD Negate Decimal with Extend 0 - (Destination);g — X -Destination O I VN
NEG Negate 0 - (Destination) » Destination ) i i M R
NEGX Negate with Extend 0 - (Destination) — X + Destination o R B B
NOP No Operation —_ == ==
NOT - | Logical Complement ~ (Destination) - Destination —|(*|*]0]0
OR Inclusive OR Logical (Destination) » (Source) = Destination —(*]l*]0}|0
ORI Inclusive OR Immediate (Destination) » Immediate Data -» Destination —{*|*j0]0
ORIToCCR | jnirusve O Immediate (Source) » CCR +CCR . R RN RN
ORI to SR clusive OR':g'i:::'redia'e (Source) » SR +=SR e
PEA Push Effective Address <ea> +» — (SP) e e el el
RESET Reset External Device — X —_— ===
ROL, ROR Rotate (Without Extend) (Destination) Rotated by <count> - Destination —~l*t*j0q*
NOTES:
A = logical AND * = affected
v = logical OR — = unaffected
e = logical exclusive OR 0 = cleared
~ = logical complement 1 = set

U = undefined
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Table 22. Instruction Set (Continued)
Condition Codes
Mnemonic Description Operation X|{NjZ|V]|C
ROXL, ROXR | Rotate with Extend (Destination) Rotated by <count> -»Destination b I I ¢ I
RTE Return from Exception (SP) + »SR; (SP) + »PC o I L L
RTR Return and Restore Condition Codes | (SP) + +CC; (SP) + »PC i I L B
RTS Return from Subroutine (SP) + =PC —_ = ===
SBCD Subtract Decimal with Extend (Destination)1g — (Source);g — X -»Destination LV A N VI
Scc Set According to Condition If ¢ then 1’s »Destination else 0's - Destination — = ===
STOP Load Status Register and Stop Immediate Data -+ SR; STOP N R I I
suB Subtract Binary (Destination) — (Source) - Destination i I L B
SUBA Subtract Address (Destinatidn) — (Source) -»Destination — ===
SuBl Subtract Immediate (Destination) — Immediate Data -+ Destination R B I
suBQ Subtract Quick (Destination) — Immediate Data » Destination o I I L
suBx Subtract with Extend (Destination) — (Source) — X -=Destination o T L R
SWAP Swap Register Halves Register [31:16]-»Register [15:0] —|*|*lolo
TAS Test and Set an Operand (Destination) Tested = CC; 1 +[7] OF Destination - 0
TRAP Trap PC - — (SSP); SR = — (SSP); (Vector) =PC — === |=
TRAPV Trap on Overflow If » then TRAP — = ===
TST Test and Operand (Destination) Tested - CC —![*f{*fo|o0
UNLK Unlink An =SP; (SP) + +An ——|=]=1=
NOTES:
[ 1= bit number * = affected
A = logical AND — = unaffected
» = logical OR 0 = cleared
e = logical exclusive OR 1 = set
~ = logical complement U = undefined

Note

The number of periods includes instruction fetch and all
applicable operand fetches and stores.

EFFECTIVE ADDRESS OPERAND
CALCULATION TIMING

Table 23 lists the number of clock periods required to compute
an instruction’s effective address. It includes fetching of any
extension words, the address computation, and fetching of the
memory operand. The number of bus read and write cycles is
shown in parenthesis as (r/w). Note there are no write cycles
involved in processing the effective address.

MOVE INSTRUCTION CLOCK PERIODS

Tables 24 and 25 indicate the number of clock periods for the
move instruction. This data includes instruction fetch, operand
reads, and operand writes. The number of bus read and write
cycles is shown in parenthesis as (r/w).

STANDARD INSTRUCTION CLOCK PERIODS

The number of clock periods shown in Table 26 delineate the
time required to perform the operations, store the results, and
read the next instruction. The number of bus read and write
cycles is shown in parenthesis as (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where
indicated.

In Table 26, the headings have the following -meanings:
An =address register operand, Dn=data register operand,
ea=an operand specified by an effective address, and
M =memory effective address operand.

IMMEDIATE INSTRUCTION CLOCK PERIODS

The number of clock periods shown in Table 27 includes the
time to fetch immediate operands, perform the operations, store
the results, and read the next operation. The number of bus read
and write cycles is shown in parenthesis as (r/w). The number
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Table 23. Effective Address Calculation Timing

Addressing Mode Byte, Word ~ Long
! . Register . '
Dn Data Register Direct 0(0/0) 0(0/0)
An Address Register Direct ) 0(0/0) 0(0/0)
Memory .
(An) Address Register Indirect 4(1/0) 8(2/0)
(An) + Address Register Indirect with Postincrement 4(1/0) 8(2/0)
—(An). Address Register Indirect with Predecrement 6(1/0) . 10(2/0)
d(An) Address Register Indirect with Displacement 8(2/0) 12(3/0)
d(An, ix)* Address Register Indirect with Index 10(2/0) 14(3/0)
XXX.W Absolute Short - 8(2/0) . 12(3/0)
xxx.L * Absolute Long o 12(3/0) 16(4/0) -
d(PC) Program Counter with Displacement 8(2/0) 12(3/0)
d(PC, ix)* Program Counter with Index 10(2/0) 14(3/0)
#xxX Immediate 4(1/0) 8(2/0)
*The size of the index register (ix) does not affect execution time.

Table 24. Move Byte and Word Instruction Clock Periods

 Destination
Source Dn An (An)* (An) + —(An) d(An) d(An, ix)* xxx.W xxx.L
Dn 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(211) 14(2/1) 12(211) 16(3/1)
An 4(1/0) 4(1/0) 8(1/1) 8(1/1) 8(1/1) 12(2/1) 14(211) 12(2/1) 16(3/1)
(An) 8(2/0) 8(2/0) | 12(2/1) 12(211) 12(211) 16(3/1) 18(3/1) 16(3/1) 20(4/1)
(An) + 8(2/0) 8(2/0) 12(211) 12(2/1) 12(2/1) 16(3/1) 18(3/1) 16(3/1) 20(4/1)

_ —(An) 10(2/0) 10(2/0) 14(2/1) 14(2/1) 14(2/1) 18(3/1) 20(3/1) 18(3/1) 22(4/1)
d(An) 12(3/0) 12(3/0) |- 16(3/1) 16(3/1) 16(3/1) 20(4/1) . 22(4/1) 20(4/1) 24(5/1)
d(An, ix)* 143/0) | 14(3/0) 18(31) 18(3/1) 18(3/1) 22411) . | 24(4/1) 22(4/1) 26(5/1)
xxx.W 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(411) 20(4/1) 24(5/1)
xxx.L 16(4/0) 16(4/0) 20(4/1) 20(4/1) 20(4/1) 24(5/1) 26(5/1) 24(5/1) 28(6/1)
d(PC) 12(3/0) 12(3/0) 16(3/1) 16(3/1) 16(3/1) 20(4/1) 22(4/1) 20(4/1) 24(5/1)
d(PC, ix)* 14(3/0) *| 14(3/0) 18(3/1) 18(3/1) 18(3/1) 22(4/1) T 24(41) 22(4N1) . .26(5/1)
#xxx ' 8(2/0) 8(2/0) 12(2/1) 12(2/1) 12(211) 1 (_i(3/ 1) 18(3/1) 16(3/1) 20(4/1)

*The size of the index register (ix) does not affect execution time.

of clock periods and the number of read and write cycleé inust SINGLE OPERAND INSTRUCTION CLOCK PERIODS
be added respectively to those of the effective adress calcula- . . ) '
tion where indicated. Table 28 indicates the number of clock periods for the single
operand instructions. The number of bus read and write cycles
In Table 27, the headings have the following meanings: is shown in parenthesis as (r/w). The number of clock periods
#=immediate operand, Dn=data register operand, and the number of read and write cycles must be added respec-
An=address register operand, M=memory operand, and tively. to those of the -effective address calculation where
SR =status register. ) indicated.
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Table 25. Move Long Instruction Clock Periods

Destination

Source Dn An ' (An) (An) + -(An) d(An) d(An, ix)* xxx.W xxx.L
Dn 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2)
An 4(1/0) 4(1/0) 12(1/2) 12(1/2) 12(1/2) 16(2/2) 18(2/2) 16(2/2) 20(3/2)
(An) 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2)
(An)+ 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2)
—(An) 14(3/0) 14(3/0) 22(3/2) 22(3/2) 22(3/2) 26(4/2) 28(4/2) 26(4/2) 30(5/2)
d(An) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
d(An, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2)
XXX.W 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(6/2)
xxx.L 20(5/0) 20(5/0) 28(5/2) 28(5/2) . 28(5/2) 32(6/2) 34(6/2) 32(6/2) 36(7/2)
d(PC) 16(4/0) 16(4/0) 24(4/2) 24(4/2) 24(4/2) 28(5/2) 30(5/2) 28(5/2) 32(5/2)
d(PC, ix)* 18(4/0) 18(4/0) 26(4/2) 26(4/2) 26(4/2) 30(5/2) 32(5/2) 30(5/2) 34(6/2)
#xxx 12(3/0) 12(3/0) 20(3/2) 20(3/2) 20(3/2) 24(4/2) 26(4/2) 24(4/2) 28(5/2)

*The size of the index register (ix) does not affect execution time.

Table 26. Standard Instruction Clock Periods

Instruction Size op<ea>, Ant op<ea>, Dn op Dn, <M>
ADD . Byte, Word . 8(1/0)+ 401/0)+ 8(1/1)+
Long 6(1/0) + ** 6(1/0)+ ** 12(1/2) +
0 Byte, Word — 4(1/0) + 8(1/1) +
AN Cong - ~ 6(1/0)+ 12(172) +
P Byte, Word 6(1/0) + 4(1/0) + —
CMm Long 6(1/0)+ “6(1/0) + -
DIVS — - 158(1/0) + * . -
DIVU — — 140(1/0) + * —
EOR Byte, Word ‘ — 4(1/0)*** 8(1/1)+
Long — 8(1/0)*** 12(1/2) +
MULS — — 70(1/0) + * . —
MULU — — 70(1/0) + * —
oR Byte, Word - 4(1/0) + 8(1/1) +
Long — o 6(1/0)+ 12(1/2) +
Byte, Word 8(1/0) + 4(1/0)+ . 8(1/1)+
suB Long 6(1/0)+*~ ' 6(10)+ "~ 1202)+
| NOTES:
+ add effective address calculation time
1 word or long only
* indicates maximum value
*** The base time of six clock periods is increased to eight if the effective address mode is register direct or immediate (effective address time
should also-beé added). :
*** Only available effective address mode is data register direct
DIVS, DIVU The divide algorithm used by the R68000 provides less than 10% difference between the best and worst case timings.
MULS, MULU The multiply algorithm requires 38 + 2n clocks where n is defined as:
MULU: n = the number of ones in each <ea>
MULU: n = concatanate the <ea> with a zero as the LSB; n is the resultant number of 10 or 01 patterns in the 17-bit source; i.e., worst -
case happens when the source is $5555. .
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Table 27. - Immediate Instruction Clock Periods

Instruction Size op #, Dn op #, An op#, M
ADDI Byte, Word 8(210) — 12(2/1)+
Long 16(300) = 20(312) +
B . )
ADDQ yte, Word 4(1/0) 8(1/0) 8(1/1) +
Tong 8(1/0) 8(1/0) 12(12) +
Byte, Word 8(2/0) — 12(2/1) +
ANDI Long 16(3/0) = 20(31) +
oMPL Byte, Word 8(2/0) = 8(2/0) +
M Long 14(3/0) = T2(300)+
EORI Byte, Word 8(2/0) — 12(2/1) +
ol Long 16(3/0) = 20(372) +
MOVEQ Long 4(1/0) — —
oRl Byte, Word 8(2/0) — 12(21) +
Long 16(3/0) = 20(372) +
Susl Byte, Word 8(2/0) — 12(21) +
u Tong 16(3/0) = 200372 ¥
SUB Byte, Word 4(1/0) 8(1/0)" 8(1/1) +
UBQ Tong 8(1/0) 8(10) T202)+
+ add effective address calculation time
* word only ’
Table 28. Single Operand Instruction Clock Periods
Instruction Size Register Memory
Byte, Word 4(1/0) . 8(1/1)+
CLR Tong 6(10) 302+
NBCD Byte 6(1/0) 8(1/1)+
Byte, Word 4(1/0) 8(1/1)+
NEG Tong 6(1/0) 202+
Byte, Word 4(1/0) 8(1/1) +
NEGX Tong 8(1/0) 12012+
Byte, Word 4(1/0) 8(1/1) +
NoT Tong 6(1/0) 2(12)+
Byte, False 4(1/0) 8(1/1) +
Scc Byte, True 6(1/0) 8(11) +
TAS Byte 4(1/0) 10(1/1) +
Byte, Word 4(1/0) 4(1/0)+
TST Tong (170) a0+
+ add effective address calculation time
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SHIFT/ROTATE INSTRUCTION CLOCK PERIODS

Table 29 delineates the number of clock periods for the shift
and rotate instructions. The number of bus read and write cycles
is shown in parenthesis as: (r/w). The number of clock periods
and the number of read and write cycles must be added respec-
tively to those of the effective address calculation where
indicated.

BIT MANIPULATION INSTRUCTION CLOCK PERIODS

Table 30 indicates the number of clock periods required for the
bit manipulation instructions. The number of bus read and write
cycles is shown in parenthesis as: (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where
indicated.

CONDITIONAL INSTRUCTION CLOCK PERIODS

Table 31 delineates the number of clock periods required for
the conditional instructions. The number of bus read and write
cycles is indicated in parenthesis as: (r/w). The number of clock
periods and the number of read and write cycles must be added
respectively to those of the effective address calculation where
indicated.

JMP, JSR, LEA, PWA, MOVEM INSTRUCTION CLOCK
PERIODS

Table 32 indicates the number of clock periods required for the
jump, jump to subroutine, load effective address, push effec-
tive address, and move multiple registers instructions. The
number of bus read and write cycles is shown in parenthesis
as: (riw).

Table 29. Shift/Rotate Instruction Clock Periods

Instruction Size Register Memory
Byte, Word 6 + 2n(1/0) 8(1/1) +
ASR, ASL Long 8 + 2n(1/0) —
Byte, Word 6 + 2n(1/0) 8(1/1)+
LSR, LSL Long 8 + 2n(1/0) —
Byte, Word 6 + 2n(1/0) 8(1/1) +
ROR, ROL Tong 8 + 2n(1/0) =
Byte, Word 6 + 2n(1/0) 8(1/1) +
ROXR, ROXL Long 8 + 2n(1/0) —
+ add effective address calculation time
n is shift or rotate count
Table 30. Bit Manipulation Instruction Clock Periods
Dynamic Static
Instruction Size Register Memory Register Memory
Byte — 8(1/1) + —_ 12(2/1) +
BCHG Tong 8(10)° = 12(200)° —
: Byte — 8(1/1) + — 12(2/1) +
BCLR Tong T0(170)° - 14(2I0)° =
Byte — 8(1/1) + — 12(2/1) +
BSET Tong 8(1/0)" = 12(2/0)" =
Byte — 4(1/0) + — 8(2/0) +
BTST Tong 6(1/0) = 10(2/0) =
+ add effective address calculation time
* indicates maximum value
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Table 31. Conditional Instruction Clock Periods
Instruction Displacement Branch Taken Branch Not Taken
B Byte 10(2/0) 8(1/0)
CC Word - 10(2/0) 12(2/0)
Byte 10(2/0) —
BRA Word 10(2/0) =
Byte 18(2/2) -
BSR Word 18(2/2) —
CC true — 12(2/0)
DBcc CC false 10(2/0) 14(3/0)
Table 32. JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS
Instr Size (An) (An)+ —(An) d(An) d(An, ix)" + xxx.W xxx.L d(PC) d(PC, ix)*
JMP — 8(2/0) — — 10(2/0) 14(3/0) 10(2/0) 12(3/0) 110(2/0) 14(3/0)
JSR — 16(2/2) —_ — 18(2/2) 22(2/2) 18(2/2) 20(3/2) 18(2/2) 22(2/2)
LEA — 4(1/0) — —_ 8(2/0) 12(2/0) _8(2/0) 12(3/0) 8(2/0) 12(2/0)
PEA — 12(1/2) — —_ 16(2/2) 20(2/2) 16(2/2) 20(3/2) 16(2/2) 20(2/2)
12 + 4n 12 + 4n 16 + 4n 18 +4n 16 + 4n 20 + 4n 16 + 4n 18 + 4n
MOVEM Word (3 + n/0) (3 + n/0) - (4 + nl0) (4 + n/0) (4 + n/0) (B + nl0) | (4 + nl0) (4 + n/0)
M-R 12 + 8n 12 + 8n 16 + 8n 18 + 8n 16 + 8n 20 + 8n 16 + 8n 18 + 8n
Long | @3 4 2n/0) | (3 + 2n/0) - (4 +2n/0) | (4 + 2n/0) | (4 + 2n/0) | (5 + 2n/0) | (4 + 2n/0) | (4 + 2n/0)
Word 8 + 4n 8 +4n | 12 + 4n 14 + 4n 12 + 4n 16 + 4n — —
MOVEM or (2/n) - (2/n) (3/n) (3/n) (3/n) (4/n) - -
R-M 8 + 8n — 8 +8n | 12 + 8n 14 + 8n 12 + 8n 16 + 8n — —
Long | (512 — (2/2n) (3/2n) (3/2n) (3/2n) (4/2n) — —

n is the number of registers to move
* The size of the index register (ix) does not affect the instruction’s execution time

MULTI-PRECISION INSTRUCTION CLOCK PERIODS

Table 33 delineates the number of clock periods for the mufti-
precision instructions. The number of clock periods includes the
time to fetch both operands, perform the operations, store the
results, and read the next instructions. The number of read and
write cycles is shown in parenthesis as: (r/w).

In Table 33, the headings have the following meanings: Dn =data
register operand and M =memory operand.
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Table 33. Multi-Precision Instruction Clock Periods

Instruction Size op Dn, Dn opM, M
Byte, Word 4(1/0) 18(3/1)

ADDX Tong B(110) 30(572)
Byte, Word — 12(3/0)

CMPM Tong = 20(570)
Byte, Word 4(1/0) 18(3/1)

susx Tong B8(1/0) 30(572)
ABCD Byte 6(1/0) 18(3/1)
SBCD Byte 6(1/0) 18(311)
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MISCELLANEOUS INSTRUCTION CLOCK PERIODS

Table 34 and 35 indicate the number of clock periods for the
following miscellaneous instructions. The number of bus read
and write cycles is shown in parenthesis as: (r/w). The number
of clock periods plus the number of read and write cycles must
be added to those of the effective address calculation where
indicated. L

EXCEPTION PROCESSING CLOCK PERIODS

Table 36 delineates the number of clock periods for exception
processing. The number of clock periods includes the time for
all stacking, the vector fetch, and the fetch of the first instruc-
tion of the handler routine. The number of bus read and write
cycles is shown in parenthesis as (r/w).

Table 34. Miscellaneous Instruction Clock Periods

Instruction - Size Register Memory Instruction Size Register Memory
ANDI to CCR Byte 20(3/0) — LINK — 16(2/2) —
ANDI to SR Word 20(3/0) — MOVE from USP — 4(1/0) —
CHK — 10(1/0) + — MOVE to USP — 4(1/0) —
EORI to CCR Byte 20(3/0) — NOP — 4(1/0) —
EORI to SR Word 20(3/0) — RESET — 132(1/0) —
ORI to CCR Byte 20(3/0) — RTE — 20(5/0) —
ORI to SR Word 20(3/0) — RTR — 20(5/0) —
MOVE from SR — 6(1/0) 8(1/1)+ 'RTS — 16(4/0) —
MOVE to CCR - 12(2/0) 12(2/0) + STOP - 4(0/0) —
MOVE to SR — 12(2/0) 12(2/0) + SWAP — 4(1/0) —
EXG — 6(1/0) - TRAPV — 4(1/0) —
EXT m%rg zgjg; = UNLK — 12(3/0) —

+ add effective address calculation time

Table 35. Move Peripheral Instruction Execution Times

- Table 36. Exception Processing Clock Periods

Instruction | Size | Register—Memory | Memory—Register Exception Periods
Add E
MOVEP K\{;r: ; ggﬁ; ; 2}38; ress Error 50(4/7)
Bus Error 50(4/7)
CHK Instruction 44(5/4) +
Divide by Zero 42(5/4)
lllegal Instruction 34(4/3)
Interrupt 44(5/3)*
Privilege Violation 34(4/3)
RESET** 40(6/0)
Trace 34(4/3)-
TRAP Instruction 38(4/4)
TRAPV Instruction 34(4/3)
+ add effective address calculation time
* The interrupt acknowledge cycle is assumed to take four clock
periods.
** Indicates the time from when RESET and HALT are first sampled
as negated to when instruction execution starts.
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MAXIMUM RATINGS Where:
Rating Symbol Value Unit TA = Ambient Temperature, °C
Supply Voltage Vec | -08t +7.0 | V 6JA = Package Thermal Resistance, Junction-to-
Input Voltage VIN -03t0 +7.0 \ Ambient, °C/W
Operating Temperature Range TLtoTH Pp = PINT + PO
TA 0to70 ’° PINT = ICC * VGG, Watts—Chip Internal Power
= . , —
Storage Temperature TSTG —-56 to 150 °C INT cc (_:C. X P |
P)0 = Power Dissipation on Input and Output Pins—

THERMAL CHARACTERISTICS

Characteristic Symbol Value Unit
Thermal Resistance LAY
64-Pin Ceramic 30 °C/W
64-Pin Plastic Dip 55 +5 °C/W

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

POWER CONSIDERATIONS

The average chip-junction temperature, Ty, in °C can be
obtained from:

User Determined

For most applications Pyyo < P|NT and can be neglected.

An approximate relationship between Pp and Ty (if Pyo is
neglected) is:

Pp = K + (Ty + 273°C) 2

Solving equations 1 and 2 for K gives:
K = Pp « (TA + 273°C) + 64A -Pp? 3)
Where K is a constant pertaining to the particular part. K can

be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and Ty

can be obtained by solving equations (1) and (2) iteratively for

Ty =TA + (PD « 84A) (1) any value of TA.

DC ELECTRICAL CHARACTERISTICS
Vee = 5.0 Vde +5%, Vgs = 0 Vdc, Ta = T| to TH °C. See Figures 41, 42, and 43.

Characteristic Symbol Min Max | Unit Test Conditions

Input High Voltage ViH 2.0 Vee \ '
Input Low Voltage ViL Vgs - 0.3 08 \
Input Leakage Current

BERR, BGACK, BR, DTACK, CLK, IPLO-IPL2 N —_ 25 pA VIN = 5.25

VPA, HALT, RESET — 20 A Vge = OV
Three-State (Off State) Input Current ITs| - 20 rA

AS, A1-A23, D0-D15, FCO-FC2, LDS, R/W, UDS, VMA VIN = 0.4V to 2.4V

Vce = 5.25Vv

Qutput High Voltage VOH

E* o .| Vec - 075 — \ Ve = 475V

E, AS, A1-A23, BG, D0-D15, FCO-FC2, LDS, R/W, UDS, VMA 2.4 — \ loH = —400 xA
Output Low Voltage VoL Ve = 475V

HALT ) —_ 0.6 \ (loL = 1.6 mA)

BG, FCO-FC2, A1-A23 . 0.5 v (loL = 3.2 mA)

RESET . — 0.5 Vv (loL = 5.0 mA)

AS, D0-D15, LDS, RW UDS, VMA — 0.5 \ (loL = 5.3 mA)
Power Dissipation Pp*** — 1.5 w
Input Capacitance CiN — 20.0 pF Vce = 5.0V, vy = OV

f = 1 MHz, Tp = 25°C

*With external pullup resistor of 1.1 k@

**Capacitance is periodically sampled rather than 100% tested.
***During normal operation instantaneous VgC current requirements may be as high as 1.5A.
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+5V
+5V +5V ! . R*=740 Q
TEST MMD6150
POINT OR EQUIVALENT
910 @ 2.9 kQ
RESETi cL
I MMD7000
p— p— OR EQUIVALENT
130 pF - b=

I

‘CL=130 pF
(INCLUDES ALL PARASITICS)

= _ RL=6.0 k2 FOR__ =

AS, A1-A23, BG, DO-D15, E
FCO-FC2, LDS, R/W, UDS, VMA
R*=1.22 k2 FOR A1-A23, BG,
FCO-FC2

Figure 41. RESET Test Load

CLOCK TIMING (See Figure 44)

Figure 42. HALT Test Load

 Figure 43, Test Loads

10 MHz

: 4 MHz 6 MHz 8 MHz 12.5 MHz R
Characteristic Symbol (4" Max | Min | Max | Min | Max | Min | Max | Min | Max | UMt
Frequency of Operation F 2.0 4.0 20 6.0 2.0 8.0 2.0 10.0 4.0 12.5 MHz
Cycle Time teye 250 500 167 500 125 500 100 500 80 250 ns
- toL 115 250 75 250 55 250 45 | 250 35 125
Clock Pulse Width
ock Fulse Wi ton 115 | 250 | 75 | 250 | 55 | 250 | 45 | 250 | 35 | 125 | ™
. ) t — 10 — 10 — 10 — 10 — 5
Rise and Fall Ti Cr . )
ise and Fall Times tof _ 10 _ 10 _ 10 B 10 _ 5 ns
teye
le— toL —] teH—>]
2.0V
R -
0.8V \k j/
tCr— Q——— —»  |e—tcf

Figure 44. Input Clock Waveform
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES
(Vcc = 5.0 Vdc +5%, Vgs = 0 Vdc; To = T to TH, see Figures 45 and 46)

4 MHz 6 MHz 8 MHz 10 MHz 12.5 MHz
Num. Characteristic Symbol - " N Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
1 Clock Period teye 250 | 500 | 167 | 500 125 | 500 100 | 500 80 | 250 ns
2 Clock Width Low toL 115 | 250 75 | 250 55 | 250 45 | 250 35| 125 ns
3 Clock Width High tCH 115 | 250 75 | 250 55 | 250 45 | 250 35 125 ns
4 Clock Fall Time tcf — 10 — 10 - 10 — 10 — 5 ns
5 Clock Rise Time tcr — 10 —_— 10 — 10 — 10 — 5 ns
6 Clock Low to Address tCLAV — 90 — 80 — 70 - 60 — 55 ns
6A Clock High to FC Valid tCHFCV — 90 — 80 — 70 — 60 — 55 ns
7 Clock High to Address Data tCHAZX — 120 — 100 - 80 — 70 — 60 ns
High Impedance (Maximum)
8 Clock High to Address/FC tCHAZn 0 — 0 — 0 — 0 — 0 — ns
Invalid (Minimum)
9! Clock High to AS, DS Low tCHSLx — 80 — 70 — 60 — 55 — 55 ns
(Maximum)
10 | Clock High to AS, DS Low tCHSLn 0 — 0 - 0 - 0 — 0 — ns
(Minimum)
112 | Address to AS, DS (Read) tAVSL 55 — 35 — 30 - 20 — 0 — ns
Low/AS Write
11A2 | FC Valid to AS, DS (Read) tFovsL 80 — 70 — 60 — 50 — 40 — ns
Low/AS Write
121 | Clock Low to AS, DS High tCLSH — 90 — 80 — 70 — 55 — 50 ns
132 | AS, DS High to Address/FC tSHAZ 60 — 40 — 30 — 20 — 10 — ns
Invalid
142 | AS, DS Width Low (Read)/AS tsL 535 — | 337 — | 240 — | 195 — | 160 — ns
Write
14A2 | DS Width Low (Write) tDWPW 285 — 170 — 115 — 95 - 80 —_ ns
152 | AS, DS Width High tSH 285 — | 180 — | 150 — | 105 — 65 — ns
16 | Clock High to AS, DS High tcHSZ — | 120 — | 100 - 80 - 70 - 60 ns
172 | AS, DS High to R/W High tSHRH 60 — 50 - 40 - 20 — 10 — ns
18! | Clock High to R/W High tCHRHx — 90 — 80 — 70 — 60 - 60 ns
(Maximum)
19 | Clock High to RW High tCHRHN 0 — 0 — 0 — 0 — 0 — ns
(Minimum)
20" | Clock High to RIW Low tCHRL — 90 — 80 — 70 — 60 — 60 ns
20A¢ | AS Low to R/W Valid tASRV — 20 — 20 — 20 — 20 - 20 ns
212 | Address Valid to R/W Low tAVRL 45 - 25 — 20 — 0 — 0 — ns
21A2 | FC Valid to RIW Low tFCVRL 80 — 70 — 60 — 50 — 30 — ns
222 | R/W Low to DS Low (Write) tRLSL 200 — 140 — 80 — 50 — 30 — ns
23 Clock Low to Data Out Valid tcLbo — 20 —_ 80 — 70 - 55 — 55 ns
24 Clock High to R/W, VMA tCHRZ — 120 — | 100 — 80 — 70 — 60 ns
High Impedance
252 | DS High to Data Out Invalid tSHDO 60 - 40 - 30 . 20 — 15 — ns
262 | Data Out Valid to DS Low tpoSsL 55 — 35 — 30 — 20 — 15 — ns
(Write)
275 | Data In to Clock Low tpicL 30 — 25 — 15 — 10 — 10 — ns
(Setup Time)
27A Late BERR Low to Clock Low 1BELCL 45 — 45 — 45 — 45 — 45 — ns
(Setup Time)
282 | AS, DS High to DTACK High tSHDAH 0| 49 0| 325 0| 245 0 190 0| 150 ns
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (CONTINUED)

. 4 MHz 6 MHz 8 MHz 10 MHz 12.5 MHz
Num. Characteristic Symbol j Unit
Min | Max | Min. | Max | Min | Max | Min | Max | Min | Max
29 | DS High to Data Invalid tSHDI 0 - 0 — 0 — 0 - 0 — ns
(Hold Time)
30 | AS, DS High to BERR High tSHBEH 0 - 0 - 0 — 0 - 0 - ns
312 | DTACK Low to Data In tDALDI —| 180 — | 120 - 90 — 65 — 50 ns
| (Setup Time)
32 HALT and RESET Input tRHrf 0 200 0 200 0 200 0 200 0| 200 ns
Transition Time
33 Clock High to BG Low tCHGL —_ 90 - 80 - 70 - 60 — 50 ns
34 | Clock High to BG High tCHGH — 90 - 80 — 70 —_ 60 - 50 ns
35 BR Low to BG Low 1BRLGL 1.5 3.5 1.5 3.5 1.5 3.5 15| .35 1.5 3.5 |Clk. Per.
36 BR High to BG High tBRHGH 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 1.5 3.5 | Clk. Per.
37 | BGACK Low to BG High tGALGH 15| 3.0 15| 30| 15| 80| 15| 80| 15| 30 |Clk. Per.
37A | BGACK Low to BR High tBGKBR 30 — 25 — | 20 - 20 — 20 — ns
(to Prevent Rearbitration)
38 | BG Low to Bus High tGLZ —| 120 — | 100 - 80 - 70 - 60 ns
Impedance (with AS High)
39 | BG Width High tGH 1.5 — 1.5 —| 15 —| 15| —| 15 — |Clk. Per.
40 | Clock Low to VMA Low toLvmL -] 90| —| 8| —=| 72| —| 70| —| 7 ns
41 Clock Low to E Transition tcLe - 100 - 85 — 70 — 55 - 45 ns
42 E Output Rise and Fall Time tEr f — 25 — 25 — 25 — 25 — 25 ns
43 VMA Low to E High tVMLEH 325 — 240 — 200 - 150 — 90 — ns
44 AS, DS High to VPA High tSHVPH 0 240 0 160 0 120 0 90 o] 70 ns
45 E Low to Address/VMA/FC tELAI 55 — 35 — 30 — 10 — 10 — ns
Invalid
46 | BGACK Width tBGL 1.5 — 1.5 — 1.5 — 1.5 — 1.5 — | Clk. Per.
475 | Asynchronous Input tas! 30 — 25 — 20 — 20 — 20 — ns
Setup Time
483 | BERR Low to DTACK Low tBELDAL 30 — 25 — 20 — 20 — 20 — ns
49 E Low to AS, DS Invalid teLs) | —80 — | -80 — | -80 — | -80 — | -80 — ns
50 E Width High tEH 900 — 600 . — 450 — 350 — 280 — ns
51 E Width Low tEL 1400 — 900 — 700 — 550 — 440 — ns
52 E Extended Rise Time tCIEHX — 80 — 80 - 80 — 80 - 80 ns
53 Data Hold from Clock High tCHDO 0 - 0 — 0 — 0 — 0 — ns
54 Data Hold from E Low (Write) tELDOZ 60 — 40 — 30 - 20 - 15 — ns
55 | R/W to Data Bus Impedance tRLDO 55 — 35 — 30 - 20 — 10 — ns
Change
564 | HALT/RESET Pulse Width tHRPW 10 — 10 - 10 — 10 — 10 — | Clk. Per.
Notes: '
1. For a loading capacitance of less than or equal to 50 picofarads, subtract 5 nanoseconds from the value given in these columns.
2. Actual value depends on clock period.
3. If #47 is satisfied for both DTACK and BERR, #48 may be 0 nanoseconds.
4. For power up, the MPU must be held in RESET state for 100 ms to stabilize all on-chip circuitry. After the system is powered up, #56 refers
to the minimum pulse width required to reset the system.
5. If the asynchronous setup time (#47) requirements are satisfied the DTACK low-to-data setup time (#31) requirement can be ignored. The data
must only satisfy the data-in clock-low setup time (#27) for the following cycle.
6. When AS and R/W are equally loaded (+20%), subtract 10 nanoseconds from the value given in these columns.
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S2 S3 sS4 S5

S6

s7

cLK /@:, A j‘ ./ /] /T \
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1-A23 2
ERJEIRS -
== 4 ) 6D - J"GF_L___
AS __/ @) ;
1> =0
O <o~
LDS/UDS -
LDS/UDS 7'~ — ® J#————
_ e
RIW <17
FCO-FC2 ){
& @-’ < a7
ASYNCHRONOUS
INPUTS i
(:4215 ! | H—b* |
HALT/RESET
—E)—>
BERR/BR \ @
(NOTE 2) — -
48 28
— 2
DTACK \ @
<_@_4) Fl——-—)
DATAIN — — — — — i — — o — N

NOTES:

1. SETUP TIME FOR THE ASYNCHRONOUS INPUTS BGACK, IPLO-IPL2, AND VPA GUARANTEES THEIR RECOGNITION AT THE
NEXT FALLING EDGE OF THE CLOCK.

2. BR NEEDS FALL AT THIS TIME ONLY IN ORDER TO INSURE BEING RECOGNIZED AT THE END OF THIS BUS CYCLE.

3. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF
2.0 VOLTS, UNLESS OTHERWISE NOTED. '

Figure 45. Read Cycle Timing
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so s s2 3 sS4 S5 S6 S7 SO
f
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—p | !
«—(6
A1-A23 H:_’ e (10 }—_
™ <- Bkl _® f\@—-) :: -(—
— - - < ~ N\
IO e © }S*— (0> |« 7
< O——r | > [
< @—> R
wsoos _J - [<® N b
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RW ) > "_@ > —®
@ @_,. e—(8) > > @
DATA OUT
FCO-FC2
ASYNCHRONOUS :
INPUTS 3
- -
HALT/RESET @)
<@ @
@
fe—@ —>
u—@ > )
BERR/BR N
—> @) @)—>
DTACK N A‘-_'

NOTES:

1. BECAUSE OF LOADING VARIATIONS, R/W MAY BE VALID AFTER AS EVEN THOUGH BOTH ARE INITIATED BY THE RISING
EDGE OF S2 (SPECIFICATION 20A).

2. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE OF
2.0 VOLTS, UNLESS OTHERWISE NOTED.

Figure 46. Write Cycle Timing
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AC ELECTRICAL SPECIFICATIONS — BUS ARBITRATION
(Vcc = 5.0 Vdc +5%, Vgg = 0 Vdc, TA = 0°-to 70°C. See Figure 47.)

3 4 MHz 6 MHz 8 MHz 10 MHz - | 12.5 MHz
Num. Characteristic Symbol - - Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
33 | Clock High to BG Low tCHGL — 90 — 80 — 70 — 60 — 50 ns
34 | Clock High to BG High tCHGH - 90 — 80 — 70 — 60 — 50 ng
35 | BR Low to BG Low 1BRLGL 15| 35| 15| 35 15| 35| 15| 35| 15| 35 |Clk Per.
36 | BR High to BG High tBRHGH 1.5 35| 15 35 1.5 3.5 1.5 35 1.5 3.5 | Clk. Per.
37 | BGACK Low to BG High tGALGH 15| 3.0 1.5 3.0 15| 8.0 15| 80| 15| 3.0 |Clk Per.
37A | BGACK Low to BR High tBGKBR 30 — 25 - 20 — 20 — 20| — ns
(to Prevent Rearbitration)
38 | BG Low to Bus High tGLZ — | 120 — | 100 | .— 80 — 70 — 60 ns
Impedance (with AS High) .
39 | BG Width High tGH 1.5 - 1.5 — 1.5 —| 15 — 1.5 — | Clk. Per.
46 | BGACK Width tBGL 1.5 - 1.5 — 1.5 — 1| 15 —| 15 — | Clk. Per.

THESE WAVEFORMS SHOULD ONLY BE REFERENCED IN REGARD TO THE EDGE-TO-EDGE MEASUREMENT OF THE TIMING
SPECIFICATIONS. THEY ARE NOT INTENDED AS A FUNCTIONAL DESCRIPTION OF THE INPUT AND OUTPUT SIGNALS.
REFER TO OTHER FUNCTIONAL DESCRIPTIONS AND THEIR RELATED DIAGRAMS FOR DEVICE OPERATION.

STROBES /
AND R/W

CLK

NOTES: .

RECOGNITION AT THE NEXT FALLING EDGE OF THE CLOCK.
2. WAVEFORM MEASUREMENTS FOR ALL INPUTS AND OUTPUTS ARE SPECIFIED AT: LOGIC HIGH=2.0 VOLTS,
LOGIC LOW=0.8 VOLTS

Figure 47. AC ELECTRICAL Waveforms — Bus Arbitration
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N

Rockwell

DOUBLE-DENSITY FLOPPY DISK
CONTROLLER (DDFDC)

R68465

PRELIMINARY

DESCRIPTION

.The R68465 Double-Density Floppy Disk Controller (DDFDC)
interfaces up to four floppy disk drives to a 68000/68008
microprocessor-based system. The DDFDC simplifies the system
design by minimizing both the number of external hardware com-
ponents and software steps needed to implement the fioppy disk
drive (FDD) interface. Control signals supplied by the DDFDC
reduce the number of components required in external phase
locked loop and write precompensation circuitry. Memory-
mapped registers containing commands, status and data simplify
the software interface. Built-in functions reduce the software
overhead needed to control the FDD interface. The DDFDC sup-
ports both the IBM 3740 Single-Density (FM) and IBM System
34 Double-Density (MFM) formats.

The DDFDC interfaces directly to the 68000/68008 asynchronous
microprocessor bus and operates with 8-bit byte length data
transferred on the bus. The DDFDC will operate in either DMA
or non-DMA mode. In DMA mode, the MPU need only load the
command into the DDFDC and all data transfers occur under
DMA control. The DDFDC is directly compatible with the
MC68440 Dual Direct Memory Access Controller (DDMAC). In
non-DMA mode, the DDFDC generates an interrupt to the MPU
indicating that a byte of data is available.

Controller commands, command or device status, and data are
transferred between the DDFDC and the MPU via six internal
registers. The Main Status Register (MSR) stores the DDFDC
status information while four additional status registers provide
result information to the MPU following each controller com-
mand. The Data Register (DR) stores actual disk data, param-
eters, controller commands and FDD status information for use
by the MPU. i

The R68465 executes 15 separate multi-byte commands:

Read Data Specify

Write Data . Format a Track

Read Deleted Data Scan Equal .
Write Deleted Data Scan High or Equal
Read a Track Scan Low or Equal
Read ID ; Sense Interrupt Status
Seek Sense Drive Status
Recalibrate (Restore to Track 0)

FEATURES
e Address mark detection circuitry

e Software control of
—Track stepping rate
—Head load time
—Head unload time

* |BM compatible in both single- and double-density recording
formats

e Programmable data record lengths: 128, 256, 512, 1024,
2048, 4096 or 8192 bytes/sector

* Multi-sector and multi-track 'tljansfer capability
¢ Controls up to four floppy disk drives

¢ Data scan capability—will scan a single sector or an entire
track of data fields, comparing on a byte-by-byte basis data
in the processor’'s memory with data read from the disk

e Data transfers in DMA or non-DMA mode
¢ Parallel seek operations on up to four drives

¢ Directly compatible with 68000 16-bit and 68008 8-bit asyn-
chronous microprocessor bus

e Single phase 8 MHz Clock
e Single +5 Volt Power Supply

ORDERING INFORMATION

Part Number CLK Frequency Temperature Range
R68465 8 MHz 0°C to 70°C

‘|; Package: C = Ceramic
P = Plastic

Document No. 68650N08

Product Description Order No. 707
Rev. 3, March 1984



Double-Density Floppy Disk Controller (DDFDC)

R68465
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Figure 1. DDFDC Input and Output Signals

PIN DESCRIPTION

Throughout this document signals are presented using the terms
active and inactive, or asserted and negated, independent of
whether the signal is active in the high-voltage state or low-
voltage state. (The active state of each logic pin is described
below.) Active low signals are denoted by a superscript bar. For
example, R/W indicates read is active‘spigh and a write is active
low. :

BUS INTERFACE

D0-D7—Data Lines. The bidirectional data lines transfer data
between the DDFDC and the 8-bit data bus.

CLK—CLOCK. The clock is a TTL compatible 8 MHz square
wave signal.

RESET—RESET. This active high input places the DDFDC in the
idle state and resets the output lines to the floppy disk drives
to the low state.

CS—Chip Select. The DDFDC is selected when the CS input
is low.
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RS—Data/Status Register Select. This input selects the Data
or Status Register for reading from or writing to. When
RS = high, the Data Register is selected and the state of R/W
determines whether it is a read (R/W = high) or a write
(R/W = low) operation. when RS = low, the Status Register is
selected. This register may only be read (R/W = high); the state
RW = low is invalid when the Status Register is séelected.

ﬁd——lnterrupt Request. This active low output is the interrupt
request generated by the'DDFDC to the MPU. IRQ is asserted
upon completion of some DDFDC commands and before a data
byte is transferred between the DDFDC and the data bus (in the
Non-DMA mode).

R/W—Read/Write. This input defines the data bus transfer as a
read or write cycle. When high (read), the data transfer is from
the DDFDC to the data bus. When low (write), the data transfer
is from the data bus to the DDFDC.

DTACK—Data Transfer Acknowledge. This signal is the asyn-
chronous handshake line for information transfer on the 68000
system bus. It is generated by the DDFDC as an acknowledge
to the CS signal in an asynchronous transfer. A low output
indicates that valid data is on the bus (read cycle) or that data
has been written (write cycle). Except when being asserted, this
signal is normally in the high impedance state.
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" The output characteristics of DTACK are the same as other
system interface signals with allowances for an external pull-
up resistor such that the output is driven to the high level first
and then to the high impedance state.

DIRECT MEMORY ACCESS CONTROLLER
(DMAC) INTERFACE

DACK—DMA Acknowledge. The DMA transfer acknowledge
signal is a TTL compatible input generated by the DMA controller
(DMAC) controlling the DDFDC. The DMA cycle is active when
DACK is low and the DDFDC is performing a DMA transfer.

REQ—Data DMA Request. The transfer request signal is a TTL
compatible output generated by the DDFDC to request a data
transfer operation under control of the DMAC (in the DMA mode).
The request is active when REQ = low. The signal is reset
inactive when DMA Acknowledge (DACK) is asserted (low).

DONE—DMA Transfer Complete. This input signal is issued to
the DDFDC when the DMA transfer for a channel is complete.
The signal is active low concurrent with the DACK input when
the DMA operation is complete as a result of that transfer.

FDD SERIAL DATA INTERFACE

RDD—Read Data. Read Data input from the floppy disk drive
(FDD) containing clock and data bits.

RDW-—Read Data Window. Data Window input generated by
the Phase Locked Loop (PLL) and used to sample data from
the FDD.

VCO—Variable Frequency Oscillator Sync. This output signal
inhibits the VCO in the PLL circuit when low and enables the
VCO.in the PLL circuit when high. This inhibits RDD and RDW
from being generated until valid data is detected from the FDD.

WCK—Write Clock. This input clock determines the Write Data
rate to the FDD. The data rate is 500 KHz in the FM mode
(MFM = low) and 1 MHz in the MFM mode (MFM = high). The
pulse width is 250 ns (typical) in both modes.

WDA—Write Data. Serial write dataroutput to the FDD contain-
ing both clock and data bits.

WE—Write Enable. This output signal enables the Write Data
into the FDD when high.

PS0-PS1—Preshift. These outputs are encoded to convey write
compensation status during the MFM mode to determine early,
late or normal times as follows:

Preshift Outputs
Write Precompensation Status PSO PS1
Normal 0 0
Late 0 1
Early 1 0
Invalid 1 1
0 = Low, 1 = High

FDD STATUS INTERFACE

RDY—Ready. An active high input signal indicates the FDD is
ready to send data to, or receive data from, the DDFDC.

IDX—Index. An active high input signal from the FDD indicates
the index hole is under the index sensor. Index is used to syn-
chronize DDFDC timing.

RW/SEEK—Read Write/Seek. Mode selection signal to the FDD
which controls the multiplexer from the multiplexed signals.
When RW/SEEK is low, the Read/Write mode is commanded;
when RW/SEEK is high, the Seek mode is commanded.

RW/SEEK Mode . Active FDD Interface Signals
Low Read/Write WP, FLT, LCT, FR
High Seek TS, TRKO, DIR, STP

WP/TS—Write Protect/Two Side. An active high multiplexed
input signal from the FDD. In the Read/Write mode, WP/TS high
indicates the media is write-protected. In the Seek mode, WP/TS
high indicates the media is two-sided.

FLT/TRKO—Fault/Track Zero. An active high multiplexed input
from the FDD. In the Read/Write mode (RW/SEEK = low),
FLT/TRKO high indicates an FDD fault. in the Seek mode,
FLT/TRKO high indicates that the read/write head is positioned
over track zero.

\_S
RESET [ 1 40 b vce
DTACK [ 2 39 [ RW/SEEK
RW 3 38 [J LCTDIR
cs]a 37 [ FRISTP
Rs (5 36 [ HDL
Do e 35 1 RDY
p1 17 34 [ 1 WPrTS
D2 |8 33 g FLT/TRKO
D3 9 32 PSO
Da T 10 31 1 Ps1
b5 T 11 30 1 wpA
pe ] 12 20 [ uso
p7 [ 13 28 [1 us1
REQ [ 14 27 [ HDSEL
DACK [ 15 26 [ 1 MFM
DONE [ 16 25 [1 WE
IDx ] 17 24 [1 vco
Ra [ 18 23 [ 3 RDD
cLk [ 19 22 [ ROW
GND [ 20 21 [ wek

R68465 Pin Diagram
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LCT/DIR—Low Current/Direction. A multiplexed output to the
FDD. In the Read/Write mode, LCT/DIR is low when the
read/write head is to be positioned over the inner tracks and the
LCT/DIR is high when the head is to be positioned over the outer
tracks. In the Seek mode, LCT/DIR controls the head direction.
When LCT/DIR is high, the head steps to the outside of the disk;
when LCT/DIR is low, the head steps to the inside of the disk.

FR/STP—Fault Reset/Step. A multiplexed output to the FDD.
In the Read/Write mode, FR/STP high resets the fault indicator
in the FDD. An FR pulse is issued at the beginning of each read
or write command prior to issuing HDL. In the Seek mode,
FR/ISTP provides the step pulses to move the read/write head
to another track in the direction indicated by the LCT/DIR signal.

HDL—Head Load. An active high output to notify the FDD that
the read/write head should be loaded (placed in contact with
the media). A low level indicates the head should be unloaded.

HD—Head Select. An output to the FDD to select the proper
read/write head. Head One is selected when HD = high and
Head Zero is selected when HD = low.

US0-US1—Unit Select. Output signals for floppy disk drive
selection as follows:

Unit Select Floppy Disk
uso USt Drive Select
0 0 0
0 1 1
1 0 2
1 1 3
0 = Low, 1 = High

MFM—MFM Mode. Output signal to the FDD to indicate MFM
or FM mode. Selects'the MFM mode when MFM = high and
the FM mode when MFM = low.

VCC—Power. +5V dc.

GND—Ground (Vgg).

170
D0-D7 <——— BUFFERS F:‘>

OPERATION K————"
™ conTROL K——————— WRITE

SERIAL [*——— RDW

- READ |«—— RDD

CONTROL . vco

f&——— WCK
SERIAL | 3 wpA

CONTROL
| PS0, PS1

w

iRQ 2

-

<

DACK — —» £

SonE DMA =
DONE ™ conTROL 12—

l«——— RDY
INPUT [ DX
PORT |e&—— WP/TS

DRIVE [«—— FLT/TRKO
INTERFACE

CONTROL

| LCT/DIR
L outPuT [ FRISTP
PORT |——» RW/SEEK

™ HDL
——» HDSEL
——— USO
——» US1
———»  MFM

Figure 2. DDFDC Block Diagram
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DDFDC REGISTERS

The DDFDC contains six registers which may be accessed by
the processor or DMA controller via the system (i.e., micro-
processor) bus: a Main Status Register, a Data Register, and
four Result Status Registers. The 8-bit Main Status Register
(MSR) contains the status information of the DDFDC, and may
be accessed at any time. The 8-bit Data Register, consisting of
several registers in a stack with only one register presented to
the data bus at a time, stores data, commands, parameters and
FDD status information. Bytes of data are read out of, or written
into, the Data Register in order to initiate a command or to obtain
the results of a command execution.

The read-only Main Status Register facilitates the transfer of data
between the system and the DDFDC. The other Status Registers
(STO, ST1, ST2 and ST3) are only available during the result
phase, and may be read only after completing a command. The
particular command which has been executed determines how
many of the Status Registers will be read.

The relationship between the status/data registers and the R/W
and RS signals is shown below.

RS RW Function

0 0 Read Main Status Register
0 0 lilegal

1 1 Read from Data Register

1 0 Write into Data Register
0 = Low, 1 = High

Table 1 shows each of the status registers used by the DDFDC
and each bit assignment within the individual registers. Table 2
defines the symbols used throughout the command definitions.
Each register bit symbol is defined in the register definition that
follows Table 2.

REGISTER DEFINITIONS

Main Status Register (MSR)

7 6 5 4 3 2 1 0
RQM | DIO | EXM cB D3B | D2B | D1B | DoB

The Main Status Register (MSR) contains the status informa-
tion of the DDFDC, and must be read by the processor before
each byte is written to, or read from, the Data Register during
the command or result phase. MSR reads are not required dur-
ing the execution phase. The Data Input/Output (DIO) and
Request for Master (RQM) bits in the MSR indicate when data
is ready and in which direction data will be transferred on the
data bus. The maximum time between the last R/W during
command or result phases and the DIO and RQM getting set
or reset is 12 us. For this reason, every time the MSR is read
the processor should wait 12 us. The maximum time from the
end of the last read in the result phase to when bit 4 (DDFDC
Busy) goes low is also 12 us.
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The DIO and RQM timing chart is shown in Figure 3.

MSR )
7 RQM —Request for Master.
0 Data Register is not ready.
1 Data Register is ready.

6 DIO  —Data Input/Output.
0 Data transfer is from system to the Data Register.
1 Data transfer is from Data Register to the system.

5 EXM —Execution Mode. (Non-DMA mode only).
0 Execution phase ended, result phase begun
1 Execution phase started.

4 ~—Controller (DDFDC) Busy.
0 DDFDC is not busy, will accept a command.
1 DDFDC is busy, will not accept a command.

MSR )
3 D3B —Floppy Disk Drive (FDD) 3 Busy.
0 FDD 3 is not busy, DDFDC will accept read or write
command.
1 FDD 3 is busy, DDFDC will not accept read or write
command.
MSR
2 D2B —FDD 2 Busy.
0 FDD 2 is not busy, DDFDC will accept read or write
command.
1 FDD 2 is busy, DDFDC will not accept read or write
command.
MSR
1 D1B —FDD 1 Busy.
0 FDD 1 is not busy, DDFDC will accept read or write
command. )
1 FDD 1 is busy, DDFDC will not accept read or write
command.
MSR
0 DOB —FDD 0 Busy.
0 FDD 0 is not busy, DDFDC will accept read or write
command.
1 FDD 0 is busy, DDFDC will not accept read or write
command.

Status Register 0 (STO)

7 6 5 4 3 2 1] o
us

ust | uso

IC SE EC NR HD

The Status Register 0 (ST0) as well as the other status registers
(ST1-ST3), are available only during the result phase, and may
be read only after completing a command. The particular com-
mand executed determines which status registers are used and
may be read.
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Table 1. DDFDC Status Register Bit Assignments

Bit Number
7 6 5 4 3 2 - 1 (1]

Main Status Register (MSR) RQM Di0 EXM cB ~ D3B D28 DB boB
Status Register 0 (ST0) IC SE EC NR HD us

Us1 uso
Status Register 1 (ST1) EN 0 DE OR .0 ND NW MA
Status Register 2 (ST2) 0 CM DD wWT SH SN BT MD
Status Register 3 (ST3) FLT wp RDY TRKO TS HD us1 uso

Table 2. Command Symbol Description
Symbol Name : Description

D Data The data pattern which is going to be written into a sector.

DO-D7 Data Bus 8-bit data bus, where DO is the least significant data line and D7 is the most significant data line.

DTL Data Length When N is defined as 00, DTL is the number of data bytes to read from or write into the sector.

EOT End of Track The final sector number on a track. During read or write operation, the DDFDC stops data transfer
after reading from or writing to the sector equal to EOT.

- GPL Gap Length The length of Gap 3. During read/write commands this value determines the number of bytes that the
é(:'? :;mll stay low after two CRC bytes. During the Format a Track command it determines the snze of

H, Head Address : Head number 0 or 1, as specified in ID field.

HD (H) Head A selected head number 0 or 1 which controls the polarity of pin 27. (H = HD in all command words).

HLT Head Load Time | The head load time in the FDD (2 to 254 ms in 2 ms increments).

HUT Head Unload Time The head unload time after a read or write operation has occurred (16 to 240 ms in 16 ms increments).

MF FM or MFM Mode When MF = 0, FM mode is selected; and when MF = 1, MFM mode is selected. :

MT Multi-Track When MT = 1, a multi-track operation is to be performed. After finishing a read/write operation on side
0, the DDFDC wull automatically start searching for sector 1 on side 1.

N Bytes/Sector The number of data bytes written in a sector.

ND Non-DMA Mode When ND = 1, operation is in the Non-DMA mode; when ND = 0, operation is in the DMA mode.

NTN New Track Number A new track number, which will be reached as a result of the Seek command. Desired head position.

PTN Present Track Number | The track number at the completion of Sense Interrupt Status command. Present head position.

‘R Record (Sector) The sector number to be read or written.

RS Register Select Controls selection of Main Status Register (RS = low) or Data Register (RS = high).

RW Read/Write Either read (R) or write (W) signal

ST Sectors/Track The number of sectors per track.

SK Skip Skip Deleted Data Address Mark.

SRT Step Rate Time The stepping rate for the FDD (1 to 16 ms in 1 ms increments). Stepping rate applies to all drives
(F=1ms, E = 2ms, etc.)

| STO Status 0 Four registers which store the status information after a command has been executed. This information

ST1 Status 1 is available during the result phase after command execution. These registers should not be confused

sT2 Status 2 with the Main Status Register (selected by RS = low). STO-ST3 may be read only after a command has

ST3 Status 3 been executed and contain information relevant to that particular command.

STP Sector Test Process During a Scan command, if STP = 01, the data in contiguous sectors is compared byte by byte with data
sent from the processor (or DMA controller); and if STP = 02, then alternate sectors are read and
compared.

T Track Number The current/selected track number of the medium (0-255).

USO0,US1 | Unit Select A selected drive number (0-3).
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sTO ST1

7 6 IC —Interrupt Code. 4 OR —Over Run.

0 0 Normal Termination (NT). Command was properly exe- 0 No error.

cuted and completed.” |

Abnormal Termination (AT). Command execution was
started, but was not successfully completed.

10 Invalid Command (IC). Received command was invalid.

o
pry

11 Abnormal Termination (AT). The Ready (RDY) signal
from the FDD changed state during command
execution.

STO B

5 SE —Seek End.

0 Seek command is not completed.
1 Seek command completed by DDFDGC.

STO
4 EC —Equipment Check.
0 No error. '
1 Either a fault signal is received from the FDD or the
track O signal failed to occur after 256 step pulses
(Recalibrate Command).

STO .
3 NR = —Not Ready.
0 FDD is ready.
1 FDD is not ready at issue of read or write command. If
a read or write command is issued to side 1 of a smgle—
snded drive, this bit is also set.

‘STO : J
2 HD. . —Head Address. (At Interrupt).
0 Head Select 0.

1 Head Select 1.

STO

1 0 Us —Unlt Select. (At Interrupt)
0 0 FDD 0 selected.’

0 1 FDD 1 selected.

1 0 FDD 2 selected.

1 1 FDD 3 selected.

Status Register 1 (ST1)

7 6 5 4 3 2 1 0
EN 0 DE OR - ND | NW | MA
ST1
7 EN —End of Track.

0 No error.
1 DDFDC attempted to access a sector beyond the last
sector of a track.

ST1
6 —Not Used. Always Zero.

ST1

5 DE —Data Error.

0 No error.

1 DDFDC detected a CRC error in ID field or the Data field.

1 DDFDC was not serviced by the system during data
transfers, within a predetermined time interval.

ST1
3. —Not Used. Always Zero.
ST1

2 ND —No Data.

0 No error.

1 3 possible errors.

1. DDFDC cannot find sector specified in ID Register
during execution of Read Data, Write Deleted Data
or Scan commands.

2. DDFDC cannot read ID field without an error during
‘Read ID command.

3. DDFDC cannot find starting sector during execution
of Read a Track command. - B

ST1 :

1 NW  —Not Writable.

0 No error.

1-  DDFDC detected a write protect signal from FDD dur-
ing execution of Write Data, Write Deleted Data or
Format a Track commands.

ST1 ‘ -

0 MA —Missing Address Mark.

0 No error.
1 2 possible errors.,

1. DDFDC cannot detect the ID Address Mark after
encountering the index hole twice.

2. DDFDC cannot detect the Data Address Mark or
Deleted Data Address Mark. The MD (Missing
Address Mark in Data field) of Status Fleglster 2isalso
set

Status Register 2 (ST2)

7 6 5 4 3 2 1 0
0 | cm DD WT SH SN BT MD
ST2
7 —Not Used. Always Zero.
ST2
6 CM —Control Mark.

0 No error.

1 DDFDC encountered a sector which contained a Deleted
Data Address Mark during execution of a Read Data,
‘Read a Track, or Scan command, or the DDFDC encoun-
tered a sector which contained a Data Address Mark dur-
ing execution of a Read Deleted Data command.
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ST2 . ST3

5 DD —Data Error in Data Field. 4 TRKO —Track 0.

0 No error. 0 Track 0 (TRKO) signal from the FDD is low.

1 DDFDC detécted a CRC error in the Data field.

ST2
4 WT = —Wrong Track.
0 . No error.
1 Contents of T on the disk is different from that stored
in IDR. Bit is related to ND (Bit 2) of Status Register 1.

ST2

3 SH  —Scan Equal Hit.’

0 No “‘equal” condition during a scan command.

1 “Equal’”’ condition satisfied during a scan command.
ST2

2 SN —Scan Not Satisfied.

0 No error.

1 DDFDC cannot find a sector on the track which meets

the scan command condition.

ST2

1 BT —Bad Track.

0 No error. :

1 Contents of T on the disk is different from that stored
in the IDR and T = FF. Bit is related to ND (Bit 2) of
Status Register 1. )

ST2 ' -
0 MD  —Missing Address Mark in Data Field.
0 No error.
1 DDFDC cannot find a Data Address Mark or:Deleted
Data Address Mark during a data read from the disk.

Status Register 3 (ST3)

7 6 5 | 4 | 3 2 1 0

FLT WP | RDY | TRKO [ TS HD us1 uso

- Status Register 3 (ST3) holds the results of the Sense Drive
Status command.

ST3 .
7 FLT —Fauit.
0 Fault (FLT) signal from the FDD is low.
1 Fault (FLT) signal from the FDD is high.

ST3
6 WP —Write Protect.
0 Write Protect (WP) signal from the FDD is low.
1 Write Protect (WP) signal from the FDD is high.

5 RDY  —Ready.
.0 Ready (RDY) signal from the FDD is low.
1 Ready (RDY) signal from the FDD is high.
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1 Track 0 (TRKO) signal is from the FDD is high.

3 TS —Two Side.
0 Two Side (TS) signal from the FDD is low.
1 Two Side (TS) signal from the FDD is high.

2 HD  —Head Select. :
0 Head Select (HD) signal to the FDD is low.
1 Head Select (HD) signal to the FDD is high.

1 US1  —Unit Select 1. )
0 - Unit Select 1 (US1) signal to the FDD is low.
1 Unit Select-1 (US1) signal to the FDD is high.

0 USO —Unit Select 0.
0 Unit Select 0 (USO) signal to the FDD is low.
1 Unit Select 0 (US1) signal to the FDD is high.

COMMAND SEQUENCE

The DDFDC is capable of performing 15 different commands.
Each command is initiated by a multi-byte transfer of data from
the system. After command execution, the result of the com-
mand may be a multi-byte transfer of data back to the system.
Because of this multi-byte transfer of information between the
DDFDC and the system, each command consists of three
phases:

Command Phase—The DDFDC receives all infotmation
required 'tp perform A‘a particular operation from the system.

Execution Phase—The DDFDC performs the instructed

operation. :

Result Phase—After completion of the operation, status and
other housekeeping information are made available to the
system.

The bytes of data sent to the DDFDC to form a command, and
read out of the DDFDC in the result phase, must occur in the
order shown for each command sequence. That is, the command
Code byte must be sent first followed by the other bytes in the
specified sequence. All command bytes must be written and all
result bytes must be read in each phase. After the last byte of
data in the command phase is received by the DDFDC, the
execution phase starts. Similarly, when the last byte of data is
read out in the Result Phase, the command is ended and the
DDFDC is ready to accept a new command. A command can
be terminated by asserting the DONE signal to the DDFDC. This
ensures that the processor can always get the DDFDC'’s atten-
tion even if the command in process hangs up in an abnormal
manner. ‘
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COMMAND DESCRIPTION

READ DATA

' A command set of nine bytes places the DDFDC into the Read
Data mode. After the Read Data command has been received
the DDFDC loads the head (if it is unloaded), waits the specified
Head Settling Time (defined in the Specify command), then
begins reading ID Address Marks and ID fields from the disk.
When the current sector number (R) stored in the ID Register
(IDR) matches the sector number read from the disk, the DDFDC
transfers data from the disk Data field to the data bus.

After completion of the read operation from the current sector,
the DDFDC increments the Sector Number (R) by one, and the
data from the next sector is read and output to the data bus.
This continuous read function is called a ‘‘Multi-Sector Read
Operation.” The Read Command terminates after reading the
last data byte from sector R when R = EOT. STO bits 7 and
6 are set to 0 and 1, respectively, and ST1 bit 7 (EN) is setto a 1.

The Read Data command can also be terminated by a low DONE
signal. DONE should be issued at the same time that the DACK
for the last byte of data is sent. Upon receipt of TC, the DDFDC
stops outputting data to the data bus, but continues to read data
from the current sector, checks CRC (Cyclic Redundancy Count)
bytes, and then at the end of that sector terminates the Read
Data command and sets bits 7 and 6 in STO to 0. The amount
of data which can be handled with a single command to the
DDFDC depends upon MT (Multi-Track), MF (MFM/FM), and N
(Number of Bytes/Sector) values Table 3 shows the transfer
capacity.

The multi-track function (MT) allows the DDFDC to read data
from both sides of the disk. For a particular track, data is trans-
ferred starting at sector 1, side 0 and completed at sector L, side
1 (sector L = last sector on the side). This function pertains to
only one track (the same track) on each side of the disk.

When N = 0 in command byte 6 (FM mode), the Data Length
(DTL) in command byte 9 defines the data length that the DDFDC
must treat as a sector. If DTL is smaller than the actual data

‘length in.a sector, the data beyond the DTL is not sent to the

data bus. The DDFDC reads (internally) the complete sector,
performs the CRC check, and depending upon the manner of
command termination, may perform a multi-sector Read opera-
tion. When N is non-zero (MFM mode), DTL has no' meaning
and should be set to FF.

At the completlon of the Read Data command, the head is not
unloaded until the Head Unload Time (HUT) interval defined in
the Specify command has elapsed. The head settling time may
be avoided between subsequent reads if the processor issues
another command before the head unloads. This time savings
is considerable when disk contents are copied from one drive
to another.

If the DDFDC detects the Index Hole twice in succession without
finding the right sector (indicated in R), then the DDFDC sets
the No Data (ND) flag in Status Register 1 (ST1) to a 1, sets
Status Register 0 (STO) bits 7 and 6 to 0 and 1, respectively,
and terminates the Read Data command.

After reading the ID.and Data fields in each sector, the DDFDC
checks the CRC bytes. If a read error is detected (incorrect CRC
in ID field), the DDFDC sets the Data Error (DE) flag in ST1 to
a 1, sets the Data Error in Data Field (DD) flag in ST2 to a 1
if a CRC error occurs in the Data field, sets bits 7 and 6 in STO
to 0 and 1, respectively, and terminates the command.

If the DDFDC reads a Deleted Data Address Mark from the disk,
and the Skip Deleted Data Address Mark bit in the first com-
mand byte is not set (SK = 0), then the DDFDC reads all the
data in the sector, sets the Control Mark (CM) flag in ST2 to a
1, and terminates the command. If SK = 1, the DDFDC skips
the sector with the Deleted Data Address Mark and reads the
next sector. The CRC bits in the deleted data field are not
checked when SK = 1.

Table 3. DDFDC Transfer Capacity

Multi-Track MFM/FM Bytes/Sector Maxi T fer Capacity Final Sector Read

(MT) (MF) N) (Bytes/Sector) (Number of Sectors) from Disk
0 0 00 (128) (26) = 3,328 26 at Side 0
0 1 01 (256) (26) = 6,656 or 26 at Side 1
1 0 00 (128) (52) = 6,656 o e
1 1 01 (256) (52) = 13,312 26 at Side 1
0 .0 01 (256) (15) = 3,840 15 at Side 0
0 1 02 (512) (15) = 7,680 or 15 at Side 1
1 0 o1 (256)(30) = 7,680 )
1 1 02 (512) (30) = 15,360 15 at Side 1
) 0 02 (512) (8) = 4,096 8 at Side 0
0 1 03 . (1024) (8) = 8,192 or 8 at Side 1
1 [ 02 (512) (16) = 8,192 )
1 1 03 (1024) (16)'= 16,384 8 at Side 1
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-During disk data transfers from the DDFDC to the system, the
DDFDC must be serviced by the system within 27 us in the FM
mode, and within 13 us in the MFM mode, otherwise the DDFDC
sets the Over Run (OR) flag in ST1 to a 1, sets bits 7 and 6 in
STO0 to 0 and 1, respectively, and terminates the command.

If the processor terminates a read (or write) operation in the
DDFDC, then the ID information in the result phase is dependent
upon the state of the MT bit in the first command byte and the
End of Track (EOT) byte. Table 4 shows the values for Track
Number (T), Head Number (H), Sector Number (R), and Number
of Data Bytes/Sector (N), when the processor terminates the
command.

Command Phase:

R/W BYTE-| 7 6 5§ (4|3 2 1 0

w MT [MF | SK |0 [0 [ 1 A 0

X | X | x|x HD | US1 | USso

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)
Gap Length (GPL)
Data Length (DTL)

y

Olo|IN|jO|O |~ =

Result Ph
R

Status Register 0 (ST0)
Status Register 1 (ST1)
Status. Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Njojo|srloiNn| =

Number of Data Bytes per Sector (N)

. Double-Density Floppy Disk Controller (DD’FDC)

WRITE DATA

A command set of nine bytes places the DDFDC in the Write
Data mode. After the Write Data command has been received
the DDFDC loads the head (if it is unloaded), waits the specified
Head Settling Time (defined in the Specify command), then
begins reading ID fields from the disk. When the four bytes (T,
H, R, N) loaded during the command match the four bytes of
the ID field from the disk, the DDFDC transfers data from the
data bus to the disk Data field.

After writing data into the current sector, the DDFDC increments
the sector number (R) by one, and writes into the Data field in
the next sector. The DDFDC continues this multi-sector write
operation until the last byte is written to sector R when R = EOT.
STO bits 7 and 6 are set to 0 and 1, respectively, and ST1 bit
7(EN)issettoat. :

The command can also be terminated by a low on DONE. If
DONE is sent to the DDFDC while writing into the current sec-
tor, then the remainder of the Data field is filled with 00 (zeros).
In this case, STO bits 7 and 6 are set to 0 and the command
is terminated. ’

The DDFDC reads the ID field of each sector and checks the
CRC bytes. If the DDFDC detects a read error (incorrect CRC)
in one of the ID fields, it terminates the Write Data command,
sets the DE flag in ST1 to a 1, and sets bits 7 and 6 in STO to
0 and 1, respectively.

The Write Data command operates in much the same manner
as the Read Data command. Refer to the Read Data command
for the handling of the following items:

¢ Transfer Capacity

¢ End of Track (EN) flag

¢ No Data (ND) flag

¢ Head Unload Time (HUT) interval

¢ ID information when the processor terminates command
(see Table 4)

¢ Definition of Data Length (DTL) when N = 0 and whenN # 0

Table 4. DDFDC Command Termination Values

Command Phase ID Resuit Phase ID
Multi- Head Final Sector Transferred Track Head Sector No. of
Track Number to/from Data Bus Number Number Number Data Bytes
(MT) (HD) m (H) ®) L]
0 Less than EOT NC NC R+ 1 NC
0 Equal to EOT T+4 NC 01 NC
(1] 1 Less than EOT NC NC R+ 1 NC
1 Equal to EOT T+ 1 NC ) 01 NC
0 Less than EOT NC NG | R+t NC
o Equal to EOT NC LSB 01 NC
1 1 Less than EOT NC NC R+ 1 NC
1 Equal to EOT T+ 1 LsB 01 NC
Notes:

1. NC (No Change): The same value as the one at the beginning of command execution.
2. LSB (Least Significant Bit): The least significant bit of H is complemented.
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In the Write Data mode, data transfers from the data bus to the
DDFDC must occur within 27 us in the FM mode, and within
13 us in the MFM mode. If the time interval between data
transfers is longer than this, then the DDFDC terminates the
‘Write Data command, sets the Over Run (OR) flag in ST1to a
1, and sets bits 7 and 6 in STO to 0 and 1, respectively.

Command Phase:

R/IW BYTE | 7 6 5 |4|13) 2 1 0

w MTIMF| O {0O{0]| 1 | O | 1

X X X [X HD | US1 | USO
Track Number (T) )

Head Number (H) ‘

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)

'|Gap Length (GPL)

oclo|lNjlojo|lsdlwind] =

Data Length (DTL)

Result Phase:

R 1 Status Register 0 (ST0),
Status Register 1 (ST1)
Status Register 2 (ST2)
Track Number (T)
Head Number (H)

Sector Number (R)

N|lolo|salwiN

Number of Data Bytes per Sector (N)

WRITE DELETED DATA

The Write Deleted Data command is the same as the Write Data
command except a Deleted Data Address Mark is written at the
beginning of the Data field instead of the normal Data Address
Mark.

Command Phase:

R/W BYTE | 7 | 6 | 5 |43 2 1 0
w MTIMF| o |o|[1]| 0 ]| o 1
X | X | X |x|{X|HD]ust|uso

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)
End of Track (EOT)

Gap Length (GPL)

Data Length (DTL)

OloIN|lO|lO|D|{|IN| =
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Result Phase:
R 1

Status Register 0 (ST0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector(N)

Njfojo|slw(N

READ DELETED DATA

The Read Deleted Data command is the same as the Read Data
command except that if SK = 0 when the DDFDC detects a Data
Address Mark at the beginning of a Data field, it reads all the
data in the sector and sets the CM flag in ST2 to a 1, and then
terminates the command. If SK = 1, then the DDFDC skips the
sector with the Data Address Mark and reads the next sector.

Command Phase:

RIW BYTE | 7 6 5 (4|3 2 1 0
w MT [ MF | SK [0 |1 1 0 0
X X X | X[X|HD | USt1 | USO
Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)

Gap Length (GPL)

Data Length (DTL)

-

Wl o|IN|jloja|~|lO|N

Result Phase:
R 1

Status Register 0 (ST0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

Njojo|[s|lwiN

READ A TRACK

The Read a Track command is similar to the Read Data com-
mand except that this is a continuous read operation where all
Data fields from each of the sectors on a track are read and
transferred to the data bus. Immediately after encountering the
Index Hole, the DDFDC starts reading the Data fields as con-
tinuous blocks of data. This command terminates when the
number of sectors read is equal to EOT. Multi-track operations
are not allowed with this command.



R68465

Double-Density Floppy Disk Controller (DDFDC)

If the DDFDC finds an error in the ID or Data CRC check bytes,
it continues to read data from the track. The DDFDC compares
the ID information read from each sector with the value stored
in the IDR, and sets the ND flag in ST1 to a 1 if there is no match.

Ifthe DDFDC does not find an ID Address Mark on the disk after
it encounters the Index Hole for the second time it terminates
the command, sets the Missing Address Mark (MA) flag in ST1
to a 1, and sets bits 7 and 6 of STO to 0 and 1, respectively.

Command Phase:

R/W BYTE | 7 6 5 (4|3 2 1 0
w 1 0O |MF|(SK|0jO| O 1 0
X X X HD | US1 | USO

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)

Gap Length (GPL)

Clo|N|O|O|d|L|N

Data Length (DTL)

Result Phase:

R 1 Status Register 0 (STO0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Njlojloa|pslw(N

Number of Data Bytes per Sector (N)

READ ID

The two-byte Read ID command returns the present position of
the read/write head. The DDFDC obtains the value from the first
ID field it is able to read, sets bits 7 and 6 in STO to 0 and ter-
minates the command.

If no proper ID Address Mark is found on the disk before the
Index Hole is encountered for the second time-then the Missing
Address Mark (MA) flag in ST1 is set to a 1, ‘and if no data is
found then the ND flag to a 1 is also set in ST1. Bits 7 and 6
in STO are set to 0 and 1, respectively and the command is
terminated.

During this command there is no data transfer between DDFDC
and the data bus except during the result phase.
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Command Phase:

R/W BYTE | 7 6
w 1 MF| 0 |0Of1] O 1 0
2 X X | X | X|X]|HD|USt | USO

Result Phase:
R

Status Register 0 (ST0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

Njlojlo|slw|p| =

FORMAT A TRACK

The six-byte Format a Track command formats an entire track.
After the Index Hole is detected, data is written on the disk: Gaps,
Address Marks, ID fields and Data fields; all are recorded in
either the double-density IBM System 34 format (MF = 1) or
the single-density IBM 3740 format (MF = 0). The particular for-
mat written is also controlled by the values of Number of
Bytes/Sector (N), Sectors/Track (ST), Gap Length (GPL) and
Data Pattern (D) which are supplied by the processor during the
command phase. The Data field is filled with the data pattern
stored in D.

The ID field for each sector is supplied by the processor in
response to four data requests per sector issued by the DDFDC.
The type of data request depends upon the Non-DMA flag (ND)
in the Specify command. In the DMA mode (ND = 0), the
DDFDC asserts the DMA Request (DRQ) output four times per
sector. In the Non-DMA mode (ND = 1), the DDFDC asserts
Interrupt Request (IRQ) output four times per sector.

The processor must write one data byte in response to each
request, sending (in the consecutive order) the Track Number
(T), Head Number (H), Sector Number (R) and Number of Bytes/
Sector (N). This allows the disk to be formatted with non-
sequential sector numbers, if desired.

The processor must send new values for T, H, R, and N to the
DDFDC for each sector on the track. For sequential formatting
R is incremented by one after each sector is formatted, thus,
R contains the total numbers of sectors formatted when it is read
during the result phase. This incrementing and formatting con-
tinues for the whole track until the DDFDC, upon encountering
the Index Hole for the second time, terminates the command
and sets bits 7 and 6 in STO to 0.

If the Fault (FLT) signal is high from the FDD at the end of a
write operation, the DDFDC sets the Equipment Check (EC) flag
in STO to a 1, sets bits 7 and 6 of STO to 0 and 1, respectively,
and terminates the command. Also, a low (RDY) signal at the
beginning of a command execution phase causes bits 7 and 6
of STO to be set to 0 and 1, respectively.

Table 5 shows the relationship between N, ST, and GPL for
various disk and sector sizes.
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Table 5.: Standard Floppy Disk Sector Size Relationship
No. of Data No. of Gap Length (GPL)*
Disk Sector Size Bytes/Sector Sectors/Tracks Read/Write Format
Size Mode Bytes/Sector (N) (ST) Command?! Command? Remarks
128 00 1A 07 1B IBM Disk 1
256 01 OF ] OE 2A . IBM Disk 2
M 512 02 08 1B 3A
1024 03 04 47 8A
2048 04 02 cs FF-
4096 05 01 cs FF
T gn 256 01 1A 0E 36 IBM Disk 2D
512 02 OF 1B 54
MEM3 1024 03 08 35 74 IBM Disk 2D
2048 - 04 04 99 FF
4096 05 02 cs FF
8192 06 01 cs FF
128 00 12 07 09
128 00 10 10 19
EM 256 01 08 18 30
512 02 04 46 87
1024 03 02 cs FF
2048 04 01 cs FF
7 256 01 12 0A oc
256 01 10 20 32
512 02 08 2A 50
3 A .
MFM 1024 03 04 80 Fo
2048 04 02 cs FF
4096 05 01 cs FF
Notes:

1. Suggested values of GPL in Read or Write commands to avoid overlapping between Data field and ID field of contiguous sections.
2. Suggested values of GPL in Format a Track command. ) .
3. In MFM mode the DDFDC cannot perform a read/write/format operation with 128 bytes/sector (N = 00).
4. Values of ST and GPL are in hexadecimal. '

Command Phase:

R/W BYTE | 7 6 5 14 (3] 2 1 0
w 1 0O |MF{ O |O0]1 1 0 1
2 X X X | X | X |HD | UST|USO
3 Number of Bytes per Sector (N)
4 Sectors per Track (ST)
5 Gap Length (GPL)
6 Data Pattern (D)

Result Phase:

R

1

Status Register 0 (ST0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)*

Head Number (H)*

| B[N

Sector Number (R)*

7

Number of Data Bytes per Sector (N)*

* The ID information has no meaning in this command.

SCAN COMMANDS

The scan commands compare data read from the disk to data
supplied from the data bus. The DDFDC compares the data, and
looks for a sector of data which meets the conditions of
Depp = Dgus: Depp = Days; of Drpp = Days (D = the data
pattern in hexadecimal). A magnitude comparison is performed
(FF = largest number, 00 = smallest number). The hex-
adecimal byte of FF either from the bus or from FDD can be
used as a mask byte because it always meets the condition of
the compare. After a whole sector of data is compared, if the
conditions are not met, the sector number is incremented
(R + STP — R), and the scan operation is continued. The scan
operation continues until one of the following events occur: the
conditions for scan are met (equal, low or equal, or high or equal),
the last sector on the track is reached (EOT), or DONE is
received.

A

Qlf conditions for scan are met, the DDFDC sets the Scan Hit (SH)
flag in ST2 to a 1, and terminates the command. If the condi-
tions for scan are not met between the starting sector (as
specified by R) and the last sector on the track (EOT), then the
DDFDC sets the Scan Not Satisfied (SN) flag in ST2to a 1, and
terminates the command. The receipt of DONE from the proces-
sor or DMA controller during the scan operation will cause the
DDFDC to complete the comparison of the particular byte which
is in process, and then to terminate the command. Table 6 shows
the status of bits SH and SN under various conditions of scan.
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* Table 6. Scan Status Codes
Status Register 2
Command Bit 2 = SN Bit3 = SH Comments
0 1 Deop = Daus
Scan Equal p 0 Drop * Daus
0 1 Drpp = Dgus
Scan Low or Equal 0 0 Depp < Dgys
1 o Depp > Days
0 1 Deop = Daus
Scan High or Equal 0 0 Dgpp > Dgys
1 0 Depp < Dgys

If SK = 0.and the DDFDC encounters a Deleted Data Address
Mark on'one of the sectors, it regards that sector as the last sec-
tor of the track, sets the Control Mark (CM) bitin ST2toa 1 and
terminates the command. If SK = 1, the DDFDC skips the sec-
tor with the Deleted Data Address Mark, sets the CM flag to a
1in order to show that a Deleted Sector has been encountered,
and reads the next sector.

When either the STP sectors are read (contiguous sectors = 01,
or alternate sectors = 02) or MT (Multi-Track) is set, the last
sector on the track must be read. For example, if STP = 02,
MT = 0, the sectors are numbered sequentially 1 through-26,
and the scan command starts reading at sector 21. Sectors 21,
23, and 25 are read, then the next sector (26) is skipped and
the Index Hole is encountered before the EOT value of 26 can
be read. This resuits in an abnormal termination of the command.
If the EOT had been set at 25 or the scanning started at sector
20, then the scan command would be completed in a normal
manner.

During a scan command data is supplied from the data bus for
comparison against the data read from the disk. In order to avoid
having the Over Run (OR) flag set in ST1, data must be available
from the data bus in less than 27 ps (FM mode) or 13 ys (MFM
mode). If an OR occurs, the DDFDC terminates the command
and sets bits 7 and 6 of STO to 0 and 1, respectively.

The following tables specify the command bytes and describe
the result bytes for the three scan commands.

SCAN EQUAL

Command Phase: ‘
BYTE | 7 |6 |5 |a|38[2] 1 | 0

R/IW
w MT [MF|[SK|[1]0]| O 0 1
X X | x X HD | US1 | USO

Result Phase:

R

Status Register 0 (ST0)

Status ﬁegister 1(ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Nlolow sl =

Number of Data Bytes per Sector (N)

SCAN LOW OR EQUAL

Command Phase:

RW | BYTE

7 (6 |5 |4(3] 2| 1

w

-

MT |MF [SK|[1[1]| 0| O

X | X | X |X|X|[HD | ust

uso

Track Number (T)

“Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)

Gap Length (GPL)

Olo|N|O|O|s~|BN

Sector Test Process (STP)

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)
End of Track (EOT)

Gap Length (GPL)

Sector Test Process (STP)

QO iIN|[D|O|H ||| =
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Result Phase:
-

Status Register 0 (ST0)

Status Register.1 (ST1).

Status Register 2 (ST2) -

Track Number (T)

Head Number (H)

Sector Number (R)

Nlo|lo|piwwiN| -

Number of Data Bytes per Sector (N)
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SCAN HIGH OR EQUAL

Command Phase:

RW BYTE | 7 6 5§ (4|3]| 2 1 ]
w 1 MT | MF | SK | 1|1 1 0 1
X X X | X| X |HD|US1|USO

Track Number (T)
Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

End of Track (EOT)

Gap Length (GPL)

Ol N0 |d|WIN

Sector Test Process (STP)

Result Phase:
R 1

Status Register 0 (ST0)

Status Register 1 (ST1)

Status Register 2 (ST2)

Track Number (T)

Head Number (H)

Sector Number (R)

Number of Data Bytes per Sector (N)

Njfojfosalwlin

SEEK

The three-byte Seek command steps the FDD read/write head
from track to track. The DDFDC has two independent Present
Track Registers for each drive. They are cleared only by the
Recalibrate command. The DDFDC compares the Present Track
Number (PTN) which is the current head position with the New
Track Number (NTN), and if there is a difference, performs the
following operation:

If PTN < NTN: Sets the direction output (LCT/DIR) high
and issues step pulses (FR/STP) to the
FDD to cause the read/write head to step
in.

If PTN > NTN: Sets the direction output (LCT/DIR) low
and issues step pulses to the FDD to
cause the read/write head to step out.

The rate at which step pulses are issued is controlled by the
Step Rate Time (SRT) in the Specify command. After each step
pulse is issued, NTN is compared against PTN. When
NTN = PTN, then the Seek End (SE) flag in STO is settoa 1,
bits 7 and 6 in STO are set to 0, and the command is terminated.
At this point DDFDC asserts IRQ.

The FDD Busy flag (bit 0-3) in the Main Status Register (MSR)
corresponding to the FDD performing the Seek operation is set
toal.

After command termination, all FDD Busy bits set are cleared
by the Sense Interrupt Status command.

1-72

During the command phase of the Seek operation the DDFDC
sets the Controller Busy (CB) flag in the MSR to 1; but during
the execution phase the CB flag is set to 0 to indicate DDFDC
non-busy. While the DDFDC is in the non-busy state, another
Seek command may be issued, and in this manner parallel seek
operations may be performed on all drives at once.

No command other than Seek will be accepted while the DDFDC
is sending step pulses to any FDD. If a different command type
is attempted, the DDFDC will set bits 7 and 6 in STOto a 1 and
0, respectively, to indicate an invalid command.

If the FDD is in a not ready state at the beginning of the com-
mand execution phase or during the seek operation, then the
DDFDC sets the Not Ready (NR) flag in STO to a 1, sets STO
bits 7 and 6 to 0 and 1, respectively, and terminates the
command.

If the time to write the three bytes of the Seek command ex-
ceeds 150 us, the time between the first two step pulses may
be shorter than the Step Rate Time (SRT) defined by the Specify
command by as much as 1 ms.

Command Phase:

"RIW BYTE | 7.| 6 5 (4|3 2 1 0
w 1 0 0 0 |01 1 1 1
X X | X | X]X]| 0 |USt|USO

New Track Number (NTN)

Result Phase: None.

RECALIBRATE .

This two-byte command retracts the. FDD read/write head to the
Track 0 position. The DDFDC clears the contents of the PTN
counters, and checks the status of the Track 0 signal from the
FDD. As long as the Track 0 signal (TRKO) is low, the direction
signal (LCT/DIR) output remains low and step pulses are issued
on FR/STP. When TRKO goes high the DDFDC sets the Seek
End (SE) flag in STO to a 1 and terminates the command. If the
TRKO is still low after 256 step pulses have been issued, the
DDFDC sets Seek End (SE) and Equipment Check (EC) flags
in STO to 1s, sets bits 7 and 6 of STO to 0 and 1, respectively,
and terminates the command.

The ability to do overlap Recalibrate commands to multiple FDDs
and the loss of the RDY signal, as described in the Seek com-
mand, also applies to the Recalibrate command.

Command Phase:
R/W BYTE | 7 | 6 | 5 [4(|3| 2| 1 0
w 1 o{o |0 |oflo] 1 1 1
2 X [ X | X |X|x| o |ust|uso

Result Phase: None.
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SENSE INTERRUPT STATUS

Interrupt request (IRQ) is asserted by the DDFDC when any of
the following conditions occur:

1. Upon entering the result phase of:
. Read Data command :
. Read a Track command
. Read 1D command
. Read Deleted Data command
. Write Data command
Format a Track command
. Write Deleted Data command
. Scan commands
Ready (RDY) line from the FDD changes state
Seek or Recalibrate command termination

During execution phase in the Non-DMA mode

JTQ S0 a0 U

>N

IRQ caused by reasons 1 and 4 above occur during normal
command operations and are easily discernible by the processor.
During an execution phase in Non-DMA mode, bit 5 in the MSR
is set to 1. Upon entering result phase this bit is set to 0.
Reasons 1 and 4 do not require the Sense Interrupt Status com-
mand. The interrupt is cleared by reading or writing data to
DDFDC. Interrupts caused by reasons 2 and 3 are identified with
the aid of the Sense Interrupt Status command. This command
resets IRQ and sets/resets bits 5, 6, and 7 of STO to identify the
cause of the interrupt. Table 7 definas the seek and interrupt
codes.

Neither the Seek or Recalibrate command has a result phase.
Therefore, it is mandatory to use the Sense Interrupt Status com-
mand after these commands to effectively terminate them and
to verify where the head is positioned by checking the Present
Track Number (PTN). :

Issuing a Sense Interrupt Status command without an interrupt
pending is treated as an invalid command.

Command Phase:
RW |BYTE| 7 |6 |5 |a|3]|2] 1
w 1 olo|olof1|o]| o

Result Phase:
R 1 Status Register 0(STO0)
2 Present Track Number (PTN)

SPECIFY

The three-byte Specify command sets the initial values for each
of the three internal timers. The Head Unload Time (HUT) defines
the time from the end of the execution phase of one of the
read/write commands to the head unload state. This timer is
programmable from 16 to 240 ms in increments of 16 ms
(1 =16 ms, 2 = 32 ms,...F = 240 ms).

The Step Rate Time (SRT) defines the time interval between
adjacent step pulses. This timer is programmable from 1 to
16msinincrementsof Ims(F = 1ms,E = 2ms,D = 3ms,. ..
0 = 16 ms).

The Head Load Time (HLT) defines the time between the Head
Load (HDL) signal going high and the start of the read/write
operation. This timer is programmable from 2 to 254 ms in
increments of 2ms (01 = 2ms, 02 = 4 ms, 03 = 6ms,...
7F = 254 ms). :

The time intervals are a direct function of the clock (CLK on
pin 19). Times indicated above are for an 8 MHz clock. If the
clock is reduced to 4 MHz (mini-floppy application) then all time
intervals are increased by a factor of two.

The choice of DMA or Non-DMA operation is made by the Non-
DMA mode (ND) bit. When this bit = 1 the Non-DMA mode is
selected, and when ND = 0 the DMA mode is selected.

Command Phase:

RW |BYTE| 7 | 6 |5 a3 2 | 1 0

w 1 olo|ojoflo| o] 1 1
SRT HUT
HLT ND

SRT — Step Rate. Time
HUT — Head Unload Time
HLT — Head Load Time
ND — Non-DMA mode

Result Phase: None.

SENSE DRIVE STATUS

This two-byte command obtains and reports the status of the
FDDs. Status Register 3 (ST3) is returned in the result phase
and contains the drive status.

Table 7. STO Seek and Interrupt Code Definition for Sense Interrupt Status

Status Register 0 (ST0) Bits

Interrupt Code (IC) Seek End (SE)

7 6 ‘5 Cause

1 1 0 RDY line changed state, either polarity

0 - 0 1 Normal termination of Seek or Recalibrate command

0 1 ' 1 Abnormal termination of Seek or Recalibrate command
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Command Phase:

R/W BYTE | 7 | 6 | 5 |4]3] 2 1 0
w 1 o|lo|ofoflof1 0 0
2 X | X | X [X]|X|HD [uUst|uso

Result Phase:
I R i 1 [ Status Register 3 (ST3) l

INVALID COMMAND

If an invalid command (i.e., a command not previously defined)
is received by the DDFDC, then the DDFDC terminates the com-
mand after setting bits 7 and 6 of STO to 1 and 0, respectively.
The DDFDC does not generate an interrupt during this condi-
tion. Bits 6 and 7 (DIO and RQM) in the MSR are both set to
a 1 indicating to the processor that the DDFDC is in the result
phase and that STO must be read. A hex 80 in STO indicates
an invalid command was received.

A Sense Interrupt Status command must be sent after a Seek
or Recalibrate interrupt, otherwise the DDFDC considers the next
command to be an invalid command.

In some applications the user may wish to use this command
as a No-Op command, to place the DDFDC in a standby or no
operation state.

Command Phase:
R/W BYTE
w 1

7]e[s]afs]2] 1] o0
Invalid Codes

Result Phase:
[ R | 1 [ statusRegistero(sto) =80 ]

PROCESSOR INTERFACE

During the command or result phases, the Main Status Register
(MSR) must be read by the processor before each byte of infor-
mation is transferred to, or from, the DDFDC Data Register. After
each byte of data is written to, or read from, the Data Register,
the processor should wait 12 us before reading the MSR. Bits
6 and 7 in the MSR must be a 0 and 1, respectively, before each
command byte can be written to the DDFDC. During the result
phase, bits 6 and 7 of the MSR must both be 1s prior to reading
each byte from the Data Register onto the data bus. Note that
this status reading of bits 6 and 7 of the MSR before each byte
transfer to and from the DDFDC is required in only the command
and result phases and not during the execution phase.

During the result phase all bytes shown in the result phaée must
be read by the processor. The Read Data command, for
example, has seven bytes of data in the result phase. All seven
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Bytes must be read to successfully complete the Read Data com-
mand. The DDFDC. will not accept a new command until all
seven bytes have been read. Other commands may require
fewer bytes to be read during the result phase.

INTERRUPT REQUEST MODE

During the execution phase, the MSR need not be read. The

* receipt of each data byte from the FDD is indicated by IRQ low

on pin 18. When the DDFDC is in Non-DMA mode, IRQ is
asserted during the execution phase. When the DDFDC is in
the DMA mode, IRQ is asserted at the result phase. The IRQ
signal is reset by a read (R/W high) or write (R/W low) of data
to the DDFDC. A further explanation of the IRQ signal is
described in the Sense Interrupt Status command on page 16.
If the system cannot handle interrupts fast enough (within 13 us
for MFM mode or 27 us for FM mode), it should poll bit 7 (RQM)
in the MSR. In this case, RQM in the MSR functions as an Inter-
rupt Request (IRQ). If the RQM bit is not set, the Over Run (OR)
flag in ST1 will be set to a 1 and bits 7 and 6 of STO will be set
to a 0 and 1, respectively.

DMA MODE

When the DDFDC is.in the DMA mode (ND = 0 in the third com-
mand byte of the Specify command), DRQ (DMA. Request) is
asserted during the execution phase (rather than IRQ) to request
the transfer of a data byte between the data bus and the DDFDC.

During a read command, the DDFDC asserts REQ as each byte
of data is available:to be read. The DMA controller responds
to this request with both DACK low (DMA Acknowledge) and RIW
high (read). When DACK goes low the DMA Request is reset
(REQ high). After the execution phase has been completed
DONE low or the EOT sector is read), IRQ is asserted to indicate
the beginning of the result phase. When the first byte of data
is read during the result phase, IRQ is reset high.

During a write command, the DDFDC asserts REQ as each byte
of data is required. The DMA controller responds to this request
with DACK low (DMA Acknowledge) and R/W low (write). When
DACK goes low the DMA Request is reset (REQ high). After the
execution phase has been completed (DONE low or the EOT
sector is written), IRQ is asserted. This signals the beginning of
the result phase. When the first byte of data is read during the
result phase, the IRQ is reset high.

FDD POLLING

After the Specify command has been received by the DDFDC,
the Unit Select lines (USO and US1) begin the polling mode.
Between commands (and between step pulses in the Seek Com-
mand) the DDFDC polls all the FDD’s looking for a change in
the RDY line from any of the drives. If the RDY line changes
state (usually due to the door opening or closing) then the
DDFDC asserts IRQ. When Status Register 0 (ST0) is read (after
Sense Interrupt Status command is issued), Not Ready (NR = 1)
will be indicated. The polling of the RDY line by the DDFDC
occurs continuously between commands, thus notifying the proc-
essor which drives are on- or off-line. Each drive is polled every
1.024 ms except during read/write commands.
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:)t:g; IN/OUT FROM DDFDC TO DATA BUS
(MSR BIT 6) FROM DATA BUS TO DDFDC l
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DATA REGISTER NOT READY TO BE WRITTEN INTO @ DATA REGISTER NOT READY FOR NEXT DATA BYTE TO BE READ

Figure 3. DDFDC and System Data Transfer Timing
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Figure 5. Clock Timing
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Figure 6. DDFDC Read Cycle Timing
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Figure 7. DDFDC Write Cycle Timing
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Figure 8. DMA Operation Timing
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WRITE DATA
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Figure 9. FDD Write Operation Timing

READ DATA
(RDD)

READ DATA WINDOW
(RDW)
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NOTE:
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Figure 10. FDD Read Operation Timing
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Figure 11. Seek Operation Timing

INDEX
FAULT RESET (1DX)
(FR)
Figure 12. Fault Reset Timing Figure 13. Index Timing

DONE [ A RESET |
- (RST) } =+

Figure 14. Terminal Count Timing Figure 15. Reset Timing

INPUT/OUT TEST POINT cLOCK TEST POINT

0.3V
INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC ‘“1”’ AND 0.45 V FOR CLOCKS ARE DRIVEN AT 3.0V FOR A LOGIC “1”” AND 0.3V FOR A
A LOGIC ““0:’ TIMING MEASUREMENTS ARE MADE AT 2.0V FOR LOGIC ‘0.’ TIMING MEASUREMENTS ARE MADE AT 2.4V FOR A
A LOGIC ““1” AND 0.8V FOR A LOGIC “0>’ LOGIC ““1” AND 0.65V FOR A LOGIC *“0”’

Figure 16. AC Timing Measurement Conditions
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AC CHARACTERISTICS
(Vo = 5.0 Vde 5%, Vg = 0 Vdc, Ty = 0°C to 70°C)

Ref. Test
Fig. | No. Characteristic Symbol | Alt. Sym. Min. Typ. Max. Unit | Conditions
1 | Clock P?riod : toy ey 120 125 500 ns CLK = 8 MHz
2 | Clock High, Low Width tea b0 40 62.5 — ns
5 |73 | Clock Rise Time " towen | o i — 20 | ns
4 | Clock Fall Time toHeL ¢ = — 20 ns
5 | CS High to R/W High [ [ 40 - — ns
6 | Address Valid to CS Low tavs tha 0 — — ns
7 | CS High to Address Invalid tsHAX tan 0 — — ns
6 8 | CS High ) tsHsL ten 150 — — ns
and 9 EMK Low to Data V_alid toLov trD - — 90 ns C_ = 100 pF
7 10 S_S_ High to Output High Z tsHoz ok 20 — — ns
11 | CS High to DTACK High tsHDH tork —_ — 120 ns
12 | Address Valid to RIW Low tavAL tws 20 — — ns
13 | R/W Low to CS Low tast | . twe 80 — — ns
14 | CS Low Pulse Width tsLsH tsL 250 — — ng
15 | Data Valid to CS High tovsH tosu 150 — — ns
16 | CS High to Data Invalid teHpz toHw 5 — - ns
17 | IRQ Delay from CS High ] tisH [ — —_ 500 us
a 18 EQ Cycle Period tracy troy 13 — — " ok = 8 MHz
19 | ACK Low to TXRQ Low : takTH tack — — 200 toy
20 | DONE Low Width tLNH thONE 1 — — ns
21 | WCK Cycle Time [ toy — note 1 — us
22 | WCK High Width tHKL [ 80 250 350 ns
23 | WCK Risé Time tkikH t, — —_ 20 ns
9 | 24 | WCK Fall Time : - tHKL 11 — — 20 ns
25 | WCK High to PSO, PS1 Valid (Delay) tirpy tep 20 — 100 ns
26 | PS0, PS1 Valid to WDA High (Delay) tpvpH tep 20 — 100 ns
27 | WDA High Width tbHDL twop twen —50 = — ns
28 | WE High to WCK High or WE Low to WCK Low tEHKH twe 20 .- 100 ns
30 | RDW Cycle Time twey twey — note 2 = us
10 31 | RDW Valid to RDD High (Setup) twvRH twrp 15 — —_ ns
32 | RDD Low to RDW Invalid (Hold) [ thow 15 — — ns
33 | RDD High Width tRHAL thop 40 = — ns
35 | USO, US1 Valid to SEEK High (Setup) tuvsH tus 12 — — us
36 | SEEK Low to USO, US1 Invalid (Hold) tsLul [ 15 — — us
37 | SEEK High to DIR Valid (Setup) [ top 7 — — us
1" 38 | DIR Inv.alid to SEEI? Low (Hold) toxsL tos 30 — — us CLK = 8 MHz
39 | DIR Valid to STP High (Setup) tovTH tost 1 — — us
40 | STP Low to DIR Invalid (Hold) tripx tsTo 24 — — us
41 | STP Low to US0, UST Invalid (Hold) trLux tstu 5 — — us
42 | STP High Width tyuTL torp - 6 7 — us
43 | STP Cycle Time troy tsc 333 — note 3 us
12 | 44 | FR High Width tenFL ten 8 — 10 us
13 | 45 [ IDX High Width ti tiox 10 —_ — toy
14 | 46 | DONE Low Width . [ tre 1 — — tor
15 | 47 | RESET Low Width ‘ tRHAL tasT 14 — — toy
Notes:
2. For MFM = 0: Typ. = 2 s
1. MFM Mini Standard For MFM = 1: Typ. = 1 48
0 4us 2 us 3. tsc = 33 us min. is for different drive units. In the case of the same unit,
tgc can be ranged from 1 ms to 16 ms with 8 MHz clock period, and
1 28 18 2 ms to 32 ms with 4 MHz clock, under software control.
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R68465 Double-Density Floppy Disk Controller (DDFDC)
ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol | - Value Unit
Supply Voltage Vee -03t0 +7.0 | V

*NOTE: Stresses above those listed under ABSOLUTE MAXI-
MUM RATINGS may cause permanent damage to the device.
This is a stress rating only and functional operation of the device
Input Voltage Vin -03t0 +7.0 | V at these or any other conditions above those indicated in other
sections of this document is not implied. Exposure to absolute

Output Voltage i Vour | -08t +70 | V maximum rating conditions for extended periods may affect
Operating Temperature Range | T, Oto +70 - ce device reliability.
Storage Temperature Range Tsta -55t0 +150 | C°

OPERATING CONDITIONS

Parameter Range
V¢ Power Supply 5.0V +5%
Operating Temperature 0°C to 70°C

DC CHARACTERISTICS
(Vec = 50 Vd¢c +5%, Vgg = 0 Vdc, T = 0°C to 70°C, unless otherwise noted)

Parameter Symbol Min Max Unit Test Conditions
Input Low Voltage Vi v
Logic -05 08
CLK and WCK -05 065
Input High Voltage Vin \
Logic 20 Vee + 05
CLK and WCK 24 Ve + 05
Output Low Voltage Voo 045 v Vec = 475V, Ig. = 20 mA
Output High Voltage Vou 24 Vee v Voo = 475V, lgy = —200 yA
Vcc Supply Current lec 150 mA Vee = 475V
Input Load Current " 10 A Vin = Ve
All Inputs -10 A Vi = OV
High Level Output Leakage Current lon 10 A Vec = OV to 525V, Vgg = OV
Vour = Vee
Low Level Output Leakage Current loL -10 A Vee = OV to 5.25V, Vgg = OV
Vour = +045V
Internal Power Dissipation Pint - 10 w Ty = 25°C
CAPACITANCE
(Ta = 25°C; f, = 1 MHz; V¢ = 0V)
Parameter Symbol Max Limit Unit
Clock Input Ciny 20 pF
Input Cin 10 pF
Output Cour 20 pF
Note: All pins except pin under test tied to ground.
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R68465 Double-Density Floppy Disk Controller (DDFDC)

PACKAGE DIMENSIONS

40-PIN CERAMIC DIP MILLIMETERS| _INCHES
DIM [ MIN | MAX | MIN | MAX
A_|50.29 | 51.311.980 | 2.020
B_[14.86 | 15.62]0.585] 0.615
C | 254| 4.19]0.100 | 0.165
D | 0.38| —0.53]0.015] 0.021
F | 076] 1.40]0.030 | 0.055
G | 254BSC 0.100 BSC
H | 076 1.780.030 | 0.070
J | 020] 0.33]0.008 | 0.013
~F . K | 254] 4.19]0.100 ] 0.165
L [14.60 | 15.37 | 0.575 | 0.605
T I EREEEEs s M | 0° | 10° | 0° | 10°
J EEERERER / ﬁt_i \/ N | 051 152]0.020] 0.060
SEATING PLANE K
H l:“._p GJ L— -LJ M -‘|
40-PIN PLASTIC DIP MILLIMETERS | INCHES
DIM [ MIN | MAX | MIN | MAX
£ N—T A | 51.28 | 52.32 | 2.040 | 2.060
I B [ 13.72 | 14.22]0.540 | 0.560
b B C | 355| 5.08]0.140 ] 0.200
D | 0.36] 0.51]0.014] 0.020
- I F_| 1.02| 152 0.040 ] 0.060
G 2.54BSC_| 0.100 BSC
A L— H | 1.65] 2.160.065] 0.085
Cr J [ 020] 0.30]0.008] 0.012
N K | 3.05] 3.560.120 | 0.140
J 1 J M | 7° [ 10° 7° [ 10°
diy dbe 4 dp K _m N | 051] 1.02]0.020 | 0.040

1-82



R68560 » R68561

N

Rockwell

R68560, R68561
MULTI-PROTOCOL COMMUNICATIONS
CONTROLLER (MPCC)

PRELIMINARY

DESCRIPTION

The R68560, R68561 Multi-Protocol Communications Controller
(MPCC) interfaces a single serial communications channel to
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
buffering, 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
protocols (BOP), such as SDLC/HDLC, and character-oriented
protocols (COP), such as IBM Bisync (BSC) in either ASCHl or
EBCDIC coding. Formatting, synchronizing, validation and 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) registers, address-
able through separate receiver and transmitter data registers,
each buffer up to eight characters at a time to aliow more MPU
processing time to service data received or to be transmitted
and to maximize bus throughput, especially during DMA opera-
tion. The two-channel Direct Memory Access (DMA) interface
operates with the MC68440/MC68450 DMA Controllers. Three
prioritized interrupt vector numbers separately support receiver,
transmitter and modem interface 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-pin R68561 supports word-length (16-bit) operation when
connected to the 68000 16-bit asynchronous bus, as well as byte-
length (8-bit) operation when connected to the 68008 8-bit bus.
The 40-pin R68560 supports byte-length operation on the 68008
bus.

FEATURES

e Full duplex synchronous/asynchronous receiver and
transmitter '

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

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

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

SDLC, HDLC, X.25, etc.

Asynchronous and isochronous modes

Modem handshake interface

High speed serial data rate (DC to 4 MH2)

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

grammable data rate

e Crystal or TTL level clock input and- buffered clock output
(8 MH2)

¢ Direct interface to 68008/68000 asynchronous bus

* Eight-character receiver and transmitter buffer registers

e 22 directly addressable registers for flexible option selection,
complete status reporting, and data transfer

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

e Maskable interrupt conditions for receiver, transmitter and
serial interface

¢ Programmable microprocessor bus data transfer: polled,
interrupt and two-channel DMA transfer compatible with
MC68440/MC68450

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

e Selectable full/half duplex, autoecho and local loop-back
modes

¢ Selectable parity (enable, odd, even) and CRC (control field
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 = 40
1 =48

Document No. 68650N06
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

A 8BYTE R .
Veg ——» (4 WORD) Tx SHIFT REG - i
GND —— v| 1xrFo [ | Mux . >0
CONTROL CRC/PARITY J I
CHARACTER GENERATOR NRZ! p:
DETECTION/ NCODI TO Rx LOGIC
INSERTION RN (TESY MODE)
< ‘ L
[ ]
TxFIFO WRITE 4
h N
Ar-ad K——> ‘
RER Vlmcropre | Tx CONTROL
— BUS 1
IRQ INTERFACE, 5TR
o077 A i> ) g
DO-D15? ’\l—"T— CONTROL 2
= REGISTERS Dex
s AND DSR
DT:,%( STATUS A 1O Tx LOGIC
Los/os? K L BAUD RATE GENERATOR
UDS/A0* Tx CLOCK . e
RESET - SELECT X
TXFIFO WRITE PoFIFD A (TCLKO) ' BCLK
x|
1 +N COUNTER PRESCALE | osc | EXTAL
(BRDR1, BRDR2) PREDY) [ AL
== Rx CLOCK
TDSR B +1, +16, +32, +64
RDSR DMA SELECT (CLKDIV) RxC
INTERFACE (RCLKIN)
DacK : T
pTc
GONE i ¥ 10 Rx LOGIC
RxFIFO READ | ‘ :"_‘>r . Rx CONTROL ]
[ j ] INTERNAL Rx CONTROL BUS (;‘é:; ';%Gl‘;g)
N . TxD'
ﬁ (TEST MODE)
. CONTROL pe
FRAME ARy CRC
qatus | | pammy pevecron | | | [PEcoe
LOGIC
svre | MUX |
(a woRrp) N\, ] Rx SHIFT REG Rx SHIFT REG Rx SHIFT REG - RxD
RXFIFO R J ‘
NOTES:
1. R68560 ONLY.
2. R68561 ONLY.
3. UDS ON R68561 A0 ON R68560
4. LDS ON R68561 DS ON R68560

Figure 1. MPCC Block Diagram
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

PIN DESCRIPTION

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

Note: The R68561 interface is described for word mode opera-
tion only and the R68560 interface is described for byte
mode operation only.

A1-Ad4—Address Lines. A1 - A4 are active high inputs used
in conjunction with the CS input to access the internal registers.
The address map for these registers is shown in Table 1.

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

CS—Chip Select. CS low selects the MPCC for programmed
transfers with the host. The MPCC is deselected when the CS
input is inactive in non-DMA mode. CS must be decoded from
the address 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 signals the completion of the bus cycle. During
read or interrupt acknowledge cycles, DTACK is asserted by
the MPCC after 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 driven high after assertion prior to being
tri-stated. A holding resistor is required to maintain DTACK high
between bus cycles.

DS—Data Strobe (R68560). During a wnte (RW low), the
DS positive transition latches data on data bus lines DO -D7
into the MPCC. During a read (R/W high), DS low enables data
from the MPCC to data bus lines DO - D7.

LDS—Lower Data Strobe (R68561). During a write (R/W low),
the positive transition latches data on the data bus lines D0 — D7
(and on D8 - D15 if UDS is low) into the MPCC. During a read
(R/W high), LDS low enables data from the MPCC to DO - D7
(and to D8 - D15 if UDS is low).

AO0—Address Line A0 (R68560). When interfacing to an 8-bit
data bus system such as the 68008, address line AQ is used
to access an internal register. AO = 0 defines an even register
and A0 = 1 defines an odd register. See Table 1b.

UDS—Upper Data Strobe (R68561). When interfacing to a
16-bit data bus system such as the 68000, a low on control bus
signal UDS enables access to the upper data byte on D8 —D15.
A high on UDS disables access to D8 — D15. Data is latched and
enabled in conjunction with LDS.

TRG—Interrupt Request. The active low IRQ output requests
interrupt service by the MPU. IRQ is driven high after assertion
prior to being tri-stated.

IACK—Interrupt Acknowledge. The active low IACK input
indicates that the current bus cycle is 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 Trans-
mitter DMA mode is active, the low TDSR output requests DMA
service.

-D15 __
DATA DO. TS
8us A1-Ad CTS
- e
Aogggss DR MODEM
' UDS/A0 DSR INTERFACE
LDS/DS « DCD
ASYNCHRONOUS cs =
BUS 4 W > <D
CONTROL Aok | (Resser/ [—— —> | TRANSMITTER
DTACK R68561 |e—2C 5 [ INTERFACE
—RESET __ |  wpPcC
TOSR RxD
[«—IDSE l«—2_____ | RECEIVER
RDSR l«—PXC_____ ' INTERFACE
-
DMA J DACK EXTAL
—_— | e
CONTROL DONE XTAL CLOCK
DTC ! BCLK INTERFACE
- —
INTERRUPT g —————— Ve
CONTROL IACK e« GND

Figure 2. MPCC Input and Output Signals
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R68560, R68561

Multi-Protocol Communications Controller (MPCC)

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

DACK—DMA Acknowledge. 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 Complete. The DTC low input indicates
that a DMA data transfer is complete. DTC in response to a
RDSR indicates that the data has been successfully stored
in memory. DTC 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 is asserted by the DMAC when the DMA transfer
count is exhausted and there is no more data to be transferred,
or asserted by the MPCC when the status byte following the last
character of a frame (block) is being transferred in response to
a RDSR. The DONE signal asserted by the DMAC in response
to a TDSR will be stored to track with the data byte (lower
byte for word transfer) through the TxFIFO.

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

DTR—Data Terminal Ready. The DTR active low output is
general purpose in nature, and is controlled by the DTRLVL bit
in the Serial Interface Control Register (SICR).

RTS—Request to Send. The RTS active low output is general
purpose in nature, and is controlled by the RTSLVL bit in the
SICR.

CTS—Clear to Send. The CTS active low input positive transi-
tion and level are reported in the CTST and CTSLVL bits in the
Serial Interface Status Register (SISR), respectively.

DSR—Data Set Ready. The DSR active low input negative
transition and level are reported in the DSRT and DSRLVL bits
in the SISR, respectively. DSR is also an output for RSYN.

DCD—Data Carrier Detect. The DCD active low input positive
transition and level are reported in the DCDT and DCDLVL bits
in the 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
input. The RxD input is shifted into the receiver with the negative
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 clock is generated by the MPCC’s internal baud
rate generator. The low-to-high transition of the clock signal nomi-
nally indicates the center of a serial data present on the TxD output.

RxC—Receiver Clock. RxC provides the MPCC receiver with
received data timing information.

oos 1 ~ 48 | iACK
DTACK [{ 2 47 [ LDS
RxD g 3 46 [ 1 DTC
D10 4 45 [ D9
DTR [ 5 44 [1CS
DSR [ 6 43 [ DACK
DCD [ 7 42 [ GND
D11 ] 8 41 [ Do
RDSR ] 9 40 [ D8
A1 ] 10 39 [ D1
GND [ 11 38 [ D2
A4 [ 12 37 [ D3
A2 [] 13 36 [ 1 D4
A3 [] 14 35 [ D5
RxC [] 15 34 [ D6
D12 [] 16 33 [1 D15
™C T 17 32 [ b7
BCLK ] 18 31 [] RESET
EXTAL [ 19 30 [ CTS
XTAL ] 20 29 [ Vee
D13 [ 21 28 [ D14
RW [] 22 27 1 DONE
iRQ ] 23 26 [ TxD
RTS [] 24 25 TDSR
R68561

a0 1 Y a0 iAck
DTACK ] 2 39 [ DS
RxD [] 3 38 [ ] DTC
DTR [] 4 37 [1CS
DSR[|5 36 [ DACK
DCD [ 6 35 [1 GND
RDSR [ 7 34 [1 DO
Al ] 8 33 [ D1
GND [ 9 32 [ D2
A4 ] 10 31 [ D3
A2 ] 11 30 [ Da
A3 [] 12 29 [ D5
RxC [] 13 28 [1 D6
TxC ] 14 27 [ D7
BCLK [] 15 26 [ 1 RESET
EXTAL [] 16 25 [ CTS
XTAL [ 17 24 [ Vge
RW [] 18 23 [ DONE
RQ ] 19 22 [ TxD
RTS [] 20 21 [] TDSR
R68560

Pin Configuration
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

EXTAL—Crystal/External Clock Input. MPCC REGISTERS
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.

Twenty-two registers control and monitor the MPCC operation.
The registers and their addresses are identified in Table 1a
(R68561 operation in word mode) and in Table 1b (R68560
operation in byte mode). When the R68561 is operated in the
word mode, two registers are read or written at a time starting
at an even boundary. When the R68560 is operated in the byte

BCLK—Buffered Clock. BCLK is the internal oscillator buffered mode, each register is explicitly addressed based on AQ.
output available to other MPCC devices eliminating the need for

additional crystals Table 2 summarizes the MPCC register bit assignments and their

access. A read from an unassigned location results in a read

Vec—Power. 5V +5%. from a “‘null register.”” A null register returns all ones for data
and results in a normal bus cycle. Unused bits of a defined
GND—Ground. Ground (Vgs). register are read as zeros unless otherwise noted.

Table 1a. R68561 Accessible Registers (Word Mode)

Addr Address Lines

Register(s) RIW | Hex) | A4 A3 A2 A1
15 8 7 0
Receiver Control Register (RCR) Receiver Status Register (RSR) R/W 00 0O 0 0 O
Receiver Data Register (RDR)—16 bits! R 02 0 0 0 1
Receiver Interrupt Enable Register (RIER) Receiver Interrupt Vector Number Register (RIVNR) RW 04 0o 0 1 O
Transmitter Control Register (TCR) Transmitter Status Register (TSR) RW 08 o 1 0 O
Transmitter Data Register (TDR)—16 bits?2 w 0A 0 1 0

Transmitter Interrupt Enable Register (TIER) Transmitter Interrupt Vector Number Register (TIVNR) | R/W oc 10 1 1 0

Serial Interface Control Register (SICR) Serial Interface Status Register (SISR) R/W 10 1 0 0 O

Reserved3 Reserved? RW 12 1 0 0 1
Serial Interrupt Enable Register (SIER) Serial Interrupt Vector Number Register (SIVNR) R/W 14 1 0 1 O
Protocol Select Register 2 (PSR2) Protocol Select Register (PSR1) RW 18 1 1 0 0
Address Register 2 (AR2) Address Register 1 (AR1) R/W 1A i 1 0 1
Band Rate Divider Register 2 (BRDR2) Baud Rate Divider Register 1 (BRDR1) RW 1C 1 1 1 0
Error Control Register (ECR) Clock Control Register (CCR) R/W 1E 11 11
Notes:

1. Accessible register of the four word RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first word.
2. Accessible register of the four word TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first word.
3. Reserved registers may contain random bit values.
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

Table 1b. - R68560 Accessible Registers (Byte Mode)

Register(s) . Rw (ﬁ'iﬂf) : A4 Aaw"’fé une:u A0
7 0

Receiver Status Register (RSR) RW 00 0 0 0 0 0
Receiver Control Register (RCR) ' . R/W o1 0 0 0 0 1
Receiver Data Register (RDR)—8 bits? ) . R 02 0 0 0 1 0
Reserved3 03 0 0 0 1 1
Receiver Interrupt. Vector Number Register (RIVNR) R/W 04 0 0 1 0 0
Receiver Interrupt Enable Register (RIER) ~ . : R/W 05 - 0 0 1 0 1
Transmitter Status Register (TSR) R/W 08 0 1 0 0 0
Transmitter Control Register (TCR) R/W 09 0 1 0 0 1
Transmitter Data Register (TDR)2—8 bits w 0A 0 1 0 1 0
Reserved? ' 0B 0 1 0 1 1
Transmitter Interrupt Vector Number Register (TIVNR) RW oc 0 1 1 0 0
Transmitter Interrupt Enable Register (TIER) RW oD 0 1 1 0 1
Serial Interface Status Register (SISR) R/W 10 1 0 0 0 0
Serial Interface Control Register (SICR) ’ R/W " 1 1] 0 0 1
- Reserved3 12 1 0 0 1 0
Reserved3 « 13 10 0 1 1
Serial Interrupt Vector Number Register (SIVNR) R/W 14 1 0 1 0 0
Serial Interrupt ‘Enable Register (SIER) * RW 15 - 1 ] 1 0 1
Protocol Select Register 1 (PSR1) R/W 18 1 1 0 0 0
Protocol Select Register 2 (PSR2) RW 19 1 1 0 0 1
Address Register 1 (AR1) S R/W 1A 1 1 0 1 0
Address Register 2 (AR2) RW 1B 1 1 0 1 1
Band Rate Divider Register 1 (BRDR1) RW 1C 1 1 1 0 0
Baud Rate Divider Register 2 (BRDR2) R/W 1D 1 1 1 0 1
Clock Control Register (CCR) ) RW - 1E 1 1 1 1 0
Error Control Register (ECR) ] RW 1F 1 1 1 1 1

Notes: ) . -
1. Accessible register of the eight byte RxFIFO. The data is not initialized, however, RES resets the RxFIFO pointer to the start of the first byte.
2. Accessible register of the eight byte TxFIFO. The data is not initialized, however, RES resets the TxFIFO pointer to the start of the first byte.

3. Reserved registers may contain random bit values.




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

Table 2. MPCC Register Bit Assignments

RIW Bit Number Reset(!)
Access 7 6 5 4 3 2 1 0 Value
RW RDA EOF 0 CIPERR | FRERR | ROVRN | RA/B | RIDLE 00 | Receiver Status
' Register (RSR)
RW 0 | RDSREN | DONEEN | RSYNEN | STRSYN | 2ADCMP | RABTEN | RRES 01 | Receiver Control
Register (RCR)
— Receiver Data
R RECEIVED DATA (RxFIFQ)2 ‘ Register (RDR)
Receiver Interrupt Vector
RW RECEIVER INTERRUPT VECTOR NUMBER (RIVN) OF Number Register (RIVNR)
RDA EOF | CIPERR | FRERR | ROVRN | RAB Receiver Interrupt Enable
RW IE IE 0 IE IE IE IE 0 9 | Register (RIER)
. . Transmitter Status
RW TDRA TFC 0 0 0 TUNRN | TFERR V] 80 Regi ster (TSR)
Transmitter Control
RW TEN TDSREN TICS THW TLAST TSYN TABT TRES 01 Register (TCR)
‘ Transmitter Data
w TRANSMITTED DATA (TxFIFO)2 —_— Register (TDR)
Transmitter Interrupt Vector
RW TRANSMITTER INTERRUPT VECTOR NUMBER (TIVN) OF Number Register (TIVNR)
TDRA TFC X TUNRN | TFERR Transmitter lnterrup} Enable
RIW E | E 0 0 0 IE e | ©° 00 | Register (TIER)
) Serial Interface Status
RW CTST DSRT DCDT CTSLVL | DSRLVL | DCDLVL ] 0 00 Register (SISR)
Serial Interface Control
RW | RTSWVL | DTRIVL | 0 0 0 ECHO | TEST | NRZI 00 | Rogister (SICR)
‘ 12 RANDOM BIT VALUES . (reserved)
13 RANDOM BIT VALUES (reserved)
; . Serial Interrupt Vector
- RW SERIAL INTERRUPT VECTOR NUMBER (SIVN) OF Number Regi sler (SIVNR)
CTS DSR DCD ) Serial Interrupt Enable
RW IE IE e | ° 0 0 0 0 00 | Register (SIER)
Protocol Select
RW 0 0 0 0 0 0 CTLEX ADDEX 00 Register 1 (PSR1)
STOP BIT SEL CHAR LEN SEL PROTOCOL SEL Protocol Select
AW |WDBYT "se2 | sB1 | ciz | cur | pss | pse | psi 90 | Register 2 (PSR2)
RW BOP ADDRESS/BSC & COP PAD 00 Address Register 1 (AR1)
RW : BOP ADDRESS/BSC & COP SYN 00 Address Register 2 (AR2)
Baud Rate Divider
RW BAUD RATE DIVIDER (LSH) 01 Register 1 (BRDRY)
Y Baud Rate Divider
RW BAUD RATE DIVIDER (MSH) 00 Register 2 (BRDR2)
CLK SEL Clock Control
RW 0 0 0 PSCDIV | TCLKO | RCLKIN CKk2 I CK1 00 Register (CCR)
CRC SEL Error Control
RW | PAREN |ODDPAR| o0 0 | CTLORC | CROPRE —on P o 04 | Register (ECR)
Notes: _—
1. RESET = Register contents upon power up or RESET.
2. 16-bits for R68561 (word mode); 8-bits for R68560 (byte mode).
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. Multi-Protocol Communications Controller (MPCC)

REGISTER DEFINITIONS

RECEIVER REGISTERS
Receiver Status Register (RSR)’

7 6 5 4 3 2 1 0

RDA | EOF | 0 | C/PERR | FRERR | ROVRN | RA/B | RIDLE

heset Value = $00

The Receiver Status Register (RSR) contains the status of the
receiver including error conditions. Status bits are cleared by
writing a 1 into 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 reflecting the error (the first byte or word
in the RxFIFO) must be read prior to resetting the correspond-
ing status bit in the RSR. The IRQ output is asserted if any
of the conditions reported by the status bits occur and the cor-
responding interrupt enable bit in the RIER is set.

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

RSR .
7 RDA —Receiver Data Available. (RSR only).
0 ° The RxFIFO is empty (i.e., no received data is
available).
1 Received data is available in the RxFIFO and can be
read via the RDR.
RSR
6. 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 Half 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
(DO - D7) of the data bus.

1 The lower half of the data bus (DO — 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 receiver
overrun. )
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RSR
2 ROVRN —Receiver Overrun.

0 No receiver overrun detected.

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

RSR
1 RA/B —Receiver Abort/Break.

0 Normal Operation.

1 ABORT detected after an opening flag (BOP), ENQ
detected in a block of text data (BSC), or BREAK
detected (ASYNC).

RSR
0 RIDLE —Receiver Idle. (RSR only).
0 Receiver not idle. )
1 15 or more consecutive *“1’s” have been received and

the receiver is in an inactive idle state.

*Frame Status (RSR)
7| 6 5 | 4 3 2 1 0
0 | EOF | RHW | C/PERR | FRERR | ROVRN | RA/B | 0

For the BSC and BOP protocols which have defined message
blocks or frames, a ‘‘frame status’’ byte will be loaded into the
RxFIFO following the last data byte of each block. The frame
status contains all the status contained within the RSR with the
exception of RDA and RIDLE. But, in addition to the RSR con-
tents, the frame status byte has a RHW status in bit 5 which
indicates either an even or odd boundary (applicable to word
mode only).

If 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 loaded into the RxFIFO
prior to loading the frame status byte in order to force the ‘“frame
status’’ byte and the next frame to be on an even boundary.
When RHW = 0, the last word of the frame contains data on
the upper half and status on the lower half of the data bus. If
RHW = 1, the lower half of the bus contains status but the upper
half is a blank or invalid byte.

In the byte mode, the status byte will always 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 RxFIFO.

In the receiver DMA mode, when the EOF status in the RSR
is set, DONE is asserted to the DMAC. Thus the last byte
accessed by the DMAC is always a status byte, which the
processor may read to check the validity of entire frame.
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WORD D15 D8 D7 Do WORD D15 D8 D7 Do
N DATA STATUS N DATA DATA
WORD MODE N+1 NEXT FRAME N+1 BLANK STATUS
(RHW = 0) N+ 2 NEXT FRAME
(RHW = 1)
BYTE D7 Do BYTE D7 Do
™ DATA ™ 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)

7 6 5 4 3 2 1 o}

—|RDSREN |DONEEN|RSYNEN|STRSYN|2ADCMP|RABEN [RRES

Reset value = $01

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 Enable receiver DMA mode.
RCR

5 DONEEN —DONE Output Enable.

0 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 Input DSR on DSR.

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 AR1

and AR2.
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RCR
1 RABTEN —Receiver Abort Enable (BOP only).

0 Do not abort frame upon error detection.

1 Abort frame upon RxFIFO overrun (ROVRN bit = 1in
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
cycle and is cleared by writing a 0 into this bit. RRES
requires clearing after RESET.

Receiver Data Register (RDR)
R68561 (Word Mode)

15[14[13][12[11]10]o Ja [7 6 [5s[4[3]2]1]0
MSB  Byte1  LSB | MSB  Byte0  LSB
RE8560 (Byte Mode)
7 [ 6 [ s [ 4«4 [ 3] 2]1]o0o
MSB Byte 0 - LsB

The receiver has an 8-byte (or 4-word) First In First Out (FIFO)
register file (RxFIFO) where received data are stored before
being transferred to the bus. The received data is transferred
out of the RxFIFO 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 to 1.
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Receiver Interrupt Vector Number Register (RIVNR)
7 [ 6 [ s [ 4 321170
Receiver Interrupt Vector Number (RIVN)

Reset value = $OF

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, IRQ output
is asserted to request MPU receiver interrupt service. When the
JACK input is asserted from the bus, the Receiver Interrupt Vec-
tor Number (RIVN) from the Receiver Interrupt Vector Number
Register (RIVNR) is placed on the data bus.

Receiver Interrupt Enable Register (RIER)

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

Reset value = $00

The Receiver Interrupt Enable Register (RIER) contains inter-
rupt enable bits for the Receiver Status Register (RSR). When
enabled, the TRQ output is asserted when the corresponding
condition is detected and reported in the RSR.

RIER .
7 RDAIE —Receiver Data Available Interrupt
Enable.
0 Disable RDA Interrupt.
1 Enable RDA Interrupt.
RIER
6 EOFIE —End of Frame Interrupt Enable.
0 Disable EOF Interrupt.
1 Enable EOF Interrupt.
RIER
5 —Not used.
RIER
4 C/PERR IE —CRC/Parity Error Interrupt Enable.
0 Disable C/PERR Interrupt.
1 Enable C/PERR Interrupt.
RIER
3 FRERR IE —Frame Error Interrupt Enable.
0 Disable FRERR Interrupt.
1 Enable FRERR Interrupt.
RIER
2 ROVRN IE —Receiver Overrun Interrupt Enable.
0 Disable ROVRN Interrupt.
1 Enable ROVRN Interrupt.
RIER
1 "RA/BIE —Receiver Abort/Break Interrupt Enable.
0 Disable RA/B Interrupt.
1 Enable RA/B Interrupt.
RIER
0 —Not used.
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TRANSMITTER REGISTERS
Transmitter Status Register (TSR)

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

Reset value = $80

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

TSR
7 TDRA —Transmitter Data Register Available.

0 The TxFIFO is full.

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

TSR
6 TFC —Transmitted Frame Complete. (BOP, BSC
and COP only).

0 Frame not complete.

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

TSR
53 —Not used. -
TSR
2 TUNRN —Transmitter Underrun (BOP, BSC and
COP only). A transmitter underrun occurs
when the transmitter runs out of data dur-
ing a transmission. For BOP, the underrun
condition is treated as an abort. For BSC
and COP, SYN characters are transmitted
until more data is available in the TxFIFO.

0 No transmitter underrun occurred.

1 Transmitter underrun occurred.

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

Transmitter Control Register (TCR)

7 6 5 4 3 2 1 0

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

Reset value = $01

The Transmitter Control Register (TCR) selects transmitter con-
trol function.

TCR
7 TEN —Transmitter Enable.
0 Disable transmitter. TxD output is idled. The TxFIFO
may be loaded while the transmitter is disabled.
1 Enable transmitter. :



R68560, R68561

Multi-Protocol Communications Controller (MPCC)

TCR
6 TDSREN —Transmitter Data Service Request
Enable.
0 Disable transmitter DMA mode.
1 Enable transmitter DMA mode.
TCR
5 TICS —Transmitter Idle Character Select. Selects
the idle character to be transmitted when
the transmitter is in an active idle mode
(transmitter enabled or disabled).
0 Mark Idle (TxD output is held high).
1 Content of AR2 (BSC and COP), BREAK condition
(ASYNC and ISOC), or FLAG character (BOP).
TCR
4 THW —Transmit Half Word. (R68561, word mode-

only). This bit is used when the frame or
block ends on an odd boundary in conjunc-
tion with the TLAST bit and indicates that
the last word in the TxFIFO contains valid
data in the upper byte only. This bit must
always be 0 in byte mode (R68560).

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

1 Transmit upper byte (8 bits) from the TxFIFO.
TCR
3 TLAST  —Transmit Last Character (BOP, BSC and
COP only).
0 The next character is not the last character in a frame
or block.
1 The next character to be written 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 TxFIFO. If the transmitter
DMA 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 character. 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 Transmitter Shift Register.

TCR
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.
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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 in “‘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 0 into this bit. TRES
requires clearing after RESET.

Transmit Data Register (TDR)

R68561 (Word Mode)

15[14[13[12 |11 [10 ]9 [8
MsB Byte 1 LSB

7]e[s]a]s]2]1]0
MSB  Byte0  LSB

R68560 (Byte Mode)

7 [ 6 | s ] a]asa]2]17]0o

MSB Byte 0 LSB

The transmitter has an 8-byte (or 4-word) FIFO register file
(TxFIFO). Data to be transmitted is transferred from the bus into
the TxFIFO via the TDR in 8-bit bytes or 16-bit words depend-
ing on the WD/BYT bit setting in PSR2. The TDRA status bit
in the TSR is set to 1 when the TxFIFO is ready to accept another
data word/byte.

Transmitter Interrupt Vector Number Register (TIVNR)
7 | 6 | s ] a3 2]1]o0
Transmitter Interrupt Vector Number (TIVN)

Reset value = $0F

If a transmitter interrupt condition occurs (as reported by status
bits in the TSR that correspond to interrupt enable 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 is asserted from the bus, the Transmitter
Interrupt Vector Number (TIVN) from the Transmitter Interrupt
Vector Number Register (TIVNR) is placed on the data bus.

Transmitter Interrupt Enable Register (TIER)

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

Reset value = $00

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 TDRAIE -—Transmitter Data Register (TDR) Avail-
able Interrupt Enable.

0 Disable TDRA Interrupt.

1 Enable TDRA Interrupt.
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TIER
6 TFCIE  —Transmit Frame Complete (TFC) Interrupt
Enable.
0 Disable TFC Interrupt.
1 Enable TFC Interrupt.
TIER
53 —Not used.
TIER
2 TUNRN IE —Transmitter Underrun (TUNRN) Interrupt
Enable.
0 Disable TUNRN Interrupt.
1 Enable TUNRN Interrupt.
TIER
1. TFERR IE —Transmit Frame Error (TFERR) Interrupt
Enable.
0 Disable TFERR Interrupt.
1 Enable TFERR Interrupt.
TIER
0 —Not used.

SERIAL INTERFACE REGISTERS
Serial Interface Status Register (SISR)

7 [} 5 4 3 2 110
CTST | DSRT | DCDT | CTSLVL | DSRLVL | DCDLVL {0 | O
Reset value = $00

The Serial Interface Status Register (SISR) contains the serial
interface status information. The transition status bits (CTST,
DSRT and DCDT) are cleared by writing a 1 into their respec-
tive positions, or by RESET. The level status bits (CTSLVL,
DSRLVL and DCDLVL) reflect the state of their respective inputs
and cannot be cleared internally. The IRQ output is asserted
if any of the conditions reported by the transition status bits occur
and the corresponding interrupt enable bit in the SIER is set.

SISR
7 CTST —Clear to Send Transition Status.
1 CTS has transitioned positive (from active to inactive).
(TRES must be zero).
0 CTS has not transitioned positive.
SISR
6 DSRT = —Data Set Ready Transition Status.
1 DSR has transitioned negative (from inactive to active).
0 DSR has not transitioned negative.
SISR
5 DCDT —Data Carrier Detect Transition Status.
1 DCD has transitioned positive (from active to inactive).
0 DCD has not transitioned positive.
SISR
4 CTSLVL —Clear to Send Level.

0 CTS input level is negated (high).
1 CTS input level is asserted (low).
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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 level is negated (high).
1 DCD input level is asserted (low).
SISR
1-0 —Not used.

Serial Interface Control Register (SICR)

7 6 5| 4 3 2 1 0
RTSLVL | DTRLVL | 0 | O 0 | ECHO | TEST | NRZI

Reset value = $00

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).
NOTE

In BOP, BSC, or COP, when the RTSLVL bit is cleared
in the middle of data transmission, the RTS output-
remains asserted until the end of the current frame
or block has been transmitted. In ASYNC or ISOC, the
RTS output is negated when the TxFIFO is empty. If
the transmitter is idling when the RTSLVL bit is reset,
the RTS output is negated within two bit times.

SICR )
6 DTRLVL —Data Terminal Ready Level.
0 Negate DTR output (high).
1 Assert DTR output (low).
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 Echo mode. Received data (RxD) is routed
back through the transmitter to- TxD. The contents of
the TxFIFO is undisturbed. 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 ‘‘loopback” self-test may be used for
all protocols. RxC is external regardless of the state
of CCR bit 2. CCR bit3maybeaOora .
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SICR
0 NRzI —NRZI Data Format Select. Selects the
transmit and receive data format to be NRZ
or NRZI.
0 Select NRZ data format. NRZ coding—high = 1 and
low = 0.
1 Select NRZI data format. The serial data remains in

the same state to send a binary 1 and switches to the
opposite state to send a binary 0. A 1 bit delay is added
to the TxD output to allow for encoding.

Serial Interrupt Vector Number Register (SIVNR)

7 | e [ s [ a ] 3a]2]1]o
Serial Interrupt Vector- Number (SIVN)

Reset value = $OF

If a serial interface interrupt condition occurs (as reported by
status bits in the SISR that correspond to interrupt enable bits
in the SIER) and the corresponding bit in the SIER is set, the
IRQ output is asserted to request MPU serial interface interrupt
service. When the IACK input is asserted from the bus, the Serial
Interrupt Vector Number (SIVN) from the Serial Interrupt Vector
Number Register (SIVNR) is placed on the data bus.

Serial Interrupt Enable Register (SIER)

7 6 5 4 3 2 1 0

CTs DSR DCD 0 0 0 0 0
IE IE IE

Reset value = $00

The Serial Interrupt Enable Register (SIER) contains interrupt
enable bits for the Serial Interface Status Register. When an
interrupt enable bit is set, the IRQ output is asserted when the
corresponding condition occurs as reported in the SISR.

SIER
7 CTSIE —Clear to Send (CTS) Interrupt Enable.
0 Disable CTS Interrupt.
1 Enable CTS Interrupt.

SIER

6 DSRIE —DataSet Ready (DSR) Interrupt Enable.
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
4-0 —Not used.

GLOBAL REGISTERS

The global registers contain command information applying to
different modes of operation and protocols. After changing global
register data, TRES in the TCR and RRES in the RCR should
be set then cleared prior to performing normal mode processing.

Protocol Select Register 1 (PSR1)

7 6 5 4 3 2 1 0
0 0 0 0 0 0 CTLEX ADDEX

Reset value = $00

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 only).
0 Disable address extension. All eight bits of the
address byte are utilized for addressing.
1 Enable address extension. When bit O in the address

byte is a 0 the address field is extended by one byte.
An exception to the address field extension occurs
when the first address byte is all 0’s (null address).

Protocol Select Register 2 (PSR2)

7 6 | 5 4« [aJ2]1]o
WD/BYT | STOP BIT SEL [CHAR LEN SEL| PROTOCOL SEL
sB2 | sB1 | cL2 | o1 | ps3 | ps2 | Pst

Reset value = $00

Protocol Select Register 2 (PSR2) selects 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 humber 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 initial-
ized by RESET to the byte mode.

1 Select word mode. For operation with the 16-bit bus,
select the word mode by sending $80 on D7 — DO to
address $19 prior to transferring subsequent data
between the MPCC and the data bus.

PSR2

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

No. of Stop Bits

6 5
SB2 SB1 ASYNC Isoc
0 0 1 1
0 1 1172 2
1 0 2 2
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PSR2
4-3 CHAR LEN SEL —Character Length Select. 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.

Character Length
5 bits
6 bits
7 bits
8 bits

-l-*OO|‘I?'b

N

-‘o-‘°|l'.“'
-

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

control bits.
2 1 0
PS3 Ps2 PS1 Protocol
0 -0 0 BOP (Primary)
0 0 1 BOP (Secondary)
0 1 0 Reserved
0 1 1 CcoP
1 .0 0 BSC EBCDIC
-1 0 1 BSC ASCII
1 1 0 ASYNC
1 1 1 1ISOC

Address Register 1 (AR1)

7 |6 [ 5 [+ s [2]1]o
BOP ADDRESS/BSC & COP PAD
Reset value = $00
Address Register 2 (AR2)
7 | 6 | s ] a [ s 21710

BOP ADDRESS/BSC & COP SYN

Reset value = $00

The protocol selected‘in PSR2 (BOP, BSC and COP only) deter-
mines the function of the two 8-bit Address Registers (AR1 and
AR2). As a secondary station in BOP, the contents of the address
registers are used for address matching depending on the
2 ADCMP selection in the RCR. In BSC and COP, AR1 and AR2
contain programmable leading PAD and programmable SYN
characters, respectively.

Address Reglsier (AR) Contents

Protocol Selected 2ADCMP AR1 AR2
BOP (Primary) X X X
BOP (Secondary) 0 Address X

1 Address Address
BSC EBCDIC X Leading PAD SYN
BSC ASCII X Leading PAD SYN
COP ) X Leading PAD SYN
*X = Not used
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Baud Rate Divider Register 1 (BRDR1)

7 [ 6 [ s [ a4 a]2]T17o
BAUD RATE DIVIDER (LSH)
Reset value = $01 ‘
Baud Rate Divider Register 2 (BRDR2)
7 [ 6 [ s [ a3 2T]1T0o
BAUD RATE DIVIDER (MSH)
Reset value = $00

The two 8-bit Baud Rate Divider Registers (BRDR1 and BRDR2)
hold the divisor of the Baud Rate Divider circuit. BRDR1 con-
tains the least significant half (LSH) and BRDR2 contains the
most significant half (MSH), With an 8.064 MHz EXTAL input,
standard bit rates can be selected using the combination of
Prescaler Divider (in the CCR) and Baud Rate Divider values
shown in Table 3. For isochronous or synchronous protocols,
the Baud Rate Divider value must be multiplied by two for the
same Prescaler Divider value.

The Baud F(ate Divider (BRD) value can be computed for other
crystal frequency, prescaler divider and desired baud rate values
as follows: .

Crystal Frequency

BRD = -
(Prescaler Divider) (Baud Rate) (K)

1 for isochronous or synchronous
2 for asynchronous

where: K =

Clock Control Register (CCR)

7]6]s 4 3 2 1 ] o
o | o[ o]Pscoiv|TcLko | RCLKIN | CLK SEL
ck2 | cki

Reset value = $00

The CCR selects various clock options.

CCR
7-5 —Not used.
CCR
4 PSCDIV —Prescaler Divider. The Prescaler Divider

network reduces the external/oscillator fre-
quency to a value for use by the internal
Baud Rate Generator.

0 Divide by 2.

1 Divide by 3.

CCR

3 TCLKO —Transmitter Clock Output Select.
0 Select TxC to be an input.

B Select TxC to be an output.
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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 ©to1) Value (MSH) (LSH) value (MSH) (LSH)
50 3 1 26,880 89 00 53,760 D2 00
75 2 0 26,880 69 00 53,760 D2 00
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 17,920 46 00
300 2 0 6,720 1A 40 13,440 34 80
1200 3 1 1,120 04 60 2,240 08 co
1800 2 0 1,120 04 60 2,240 08 co
2400 2 0 840 03 48 1,680 06 90
3600 2 0 560 02 30 1,120 04 60
4800 3 1 280 01 18 560 02 30
7200 2 0 280 01 18 560 02 30
9600 3 1 140 00 8C 280 o1 18
19200 3 1 70 00 46 140 00 8C
38400 3 1 35 00 23 70 00 46
CCR ECR
2 RCLKIN —Receiver Clock Internal Select (ASYNC 6 ODDPAR —Odd/Even Parity Select (Effective only
only). when PAREN = 1).
0 Select External RxC. 0 Generate/check even parity.
1 Select Internal RxC. 1 Generate/check odd parity.
CCR ECR
1-0 CLKDIV —External Receiver Clock Divider. Selects 54 —Not used.
the divider of the external RxC to determine ECR
the receiver data rate. 3 CFCRC  —Control Field CRC Enable.
0 Disable control field CRC. Enables an intermediate
CK2 CK1 Divider CRC remainder to be appended after the address/con-
0 0 1 (ISOC) trol field in transmitted BOP frames and checked in
0 1 16 received frames. The CRC generator is reset after con-
1 0 32 trol field CRC calculation.
1 1 64
ECR )
. 2 CRCPRE —CRC Generator Preset Select.
Error Control Register (ECR) 0 Preset CRC Generator to 0.
7 6 5|4 3 2 1 ] 0 1 Preset CRC Generator to 1 and transmit the 1’s com-
PAREN | ODDPAR | — | — | CRCCTL | CRCPRE | CRCSEL plement of the resulting remainder.
CR2 | CR1 ECR

Reset value = $04

The Error E)ontrol 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.
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1-0 CRCSEL —CRC Polynomial Select. Selects one of the
RC polynominals.

1 0

R2 CR1 Polynominal

0 0 x164+x124+x5+1 (CCITT V.41)
0 1 x16 + x15+x2+ 1 (CRC-16)

1 0 x8+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 FUNCT IONS
MPU INTERFACE

Transfer of data between the MPCC and the system bus involves
the following signals:

R68561 R68560
Address Lines Al-A4 AO-A4
Data Lines D0-D15 DO-D7
Read/Write RW RW
Data Transfer Acknowledge DTACK DTACK
Chip Select CS . cs
Data Strobes UDS and LDS DS

Figures 10 and 11 show typical interface connections.

Read/Write Operation

The RIW 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
I/O buffer 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 the R68561 is connected to the 16-bit bus for operation
in the word mode (WD/BYT = 1 in the PSR2), address lines
A1-A4 select the internal register(s) (the 8-bit control/status
registers are accesed 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 register
data are placed on the data bus when the data strobes (LDS and
UDS) are asserted. LDS strobes the eight data bits from the even
numbered registers to the lower data bus lines (D0-D7) and UDS
strobes the eight data bits from the odd numbered registers to
the upper data bus lines (D8-D15). The MPCC asserts Data
Transfer Acknowledge (DTACK prior to placing data on the data
bus. Conversely, when the MPCC is selected (CS low) during
a write (R/W low) LDS and UDS strobe data from the DO -D7
and D8-D15 data bus lines into the addressed even and odd
numbered registers, respectively, and the MPCC asserts DTACK.
DTACK is negated when CS is negated. Figures 12 and 13
show the read and write timing relationships.

When the R68560 is connected to the 8-bit 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 s
low) during a read (R/W high), eight bits of reglster_d_ata are placed
on data bus lines D0-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 DO-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 MC68450
DMAC in the single address mode. Based on 4 Mb/s serial data
rate and 5 bits/character, the maximum DMA required transfer
rate is 800 Kbytes per second.

The MPCC has separate DMA enable bits for the transmitter and
receiver, each of which requires 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 between the
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MPCC and the DMAC is accomplished by a two-signal
request/acknowledge handshake. Since the MPCC has only one
acknowledge 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
acknowledge and the Receiver Data Service Request (RDSR)
acknowledge.

Receiver DMA Mode

The receiver DMA mode is enabled when the RDSREN bit in the
RCR is set to 1. When data is 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 (i.e., a full sequence of DACK, DS, and DTC).

In response to RDSR assertion, the DMAC sets the RIW line to
write, asserts the memory address, address strobe, and DMA
acknowledge. 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 tlmlng 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 is available, Transmitter
Data Service Request (TDSR) is asserted for one transmitter clock
period to initiate the memory to MPCC DMA transfer. The next
TDSR cycle may be initiated as soon as the current TDSR cycle
is completed.

In the transmitter DMA mode, the TxFIFO Is implicitly addressed.
That is, when the transfer is from memory to the TxFIFO, only
the memory is addressed. In response to TDSR assertion, the
DMAC sets the R/W line to read, asserts the memory address,
the address strobe, the data strobes and DMA acknowledge. The
memory places data on the data bus and asserts DTACK. Data
is valid at this time and will remain valid until the data strobes
are negated. The DMAC asserts DTC to indicate to the MPCC
that data is available. The MPCC loads the data into the TxFIFO
on the negation (rising edge) of DS and the transfer is complete.
A timing diagram for the transmitter DMA Mode is shown in
Figure 15.

TDSR is inhibited when either TDSREN is reset to 0 or TRES
is set to 1 (both in the TCR), or when ’RESET is asserted.

DONE Signal

When the DMA transfer count is exhausted in transmitter DMA
mode, the DMAC asserts DONE which sets the TLAST bit in the
TCR to indicate that the last word/byte has been transferred. In
the receiver DMA mode, DONE is asserted by the MPCC when
the last character of the frame/block is being transferred from the
RXxFIFO to the data bus if the DONEEN bit is set to a 1 in the RCR.
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INTERRUPTS

If an interrupt generating status occurs and the interrupt is
enabled, the MPCC asserts the IRQ output. Upon receiving IACK
for the pending interrupt request, the MPCC places an interrupt
vector on DO-D7 data bus and asserts DTACK.

The MPCC has three vector registers: Receiver Interrupt Vector
Number Register (RIVNR), Transmitter Interrupt Vector Number
Register (TIVNR), and Serial Interrupt Vector Number Register
(SIVNR). The receiver interrupt has higher priority over the
transmitter interrupt, and the transmitter interrupt has priority over
the serial interface interrupt. For example, if a pending interrupt
request has been generated simultaneously by the receiver and
the transmitter, the Receiver Interrupt Vector Number (RIVN) is
placed on DO-D7 when acknowledged by the MPU. Upon com-
pletion of the first interrupt request cycle (which clears the receiver
interrupt), IRQ will remain low to start the transmitter interrupt
cycle. IRQ is negated by clearing all bits set in a status register
that could have caused the interrupt.

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

SERIAL INTERFACE

The MPCC is a high speed, high performance device supporting
the more popular bit and character oriented data protocols. The
lower speed asynchronous (ASYNC) and isochronous (ISOCH)
modes are also supported. An on-chip clock oscillator and baud
- rate generator provide an output data clock at a frequency of DC
to 4 MHz. The clock can also be used in the ASYNC mode to
provide a receive clock for the incoming data. The serial inter-
face consists of the following signals:

RTS (Request to Send) Output

The RTS output to the DCE 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
transmitted. 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 CTS input signal is normally generated by the DCE to indi-
cate whether or not the data set is ready to transmit data. The
CTST bit in the SISR reflects the transition status of the CTS input
while the CTSLVL bit in the SISR reflects the current level. A
positive transition on the CTS pin asserts IRQ if the CTS IE bit
in the SIER is set. The CTS input in an inactive state disables
the start of transmission.

DCD (Data Carrier Detect) Input

The DCD input signal is normally generated by the DCE and indi-
cates that the DCE is receiving a data carrier signal suitable for
demodulation. The DCDT bit in the SISR reports the transition
status of the DCD input while the DCDLVL bit in the SISR con-
tains the current level. A positive transition on the DCD pin asserts
the IRQ output if the DCD IE bit in the SIER is set. A negated
DCD input disables the start of the receiver.
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DSR (Data Set Ready) Input/RSYN Output

The DSRT input from the DCE indicates the status of the local
set. The DSRT bit in the SISR contains the transition status of
the DSR input while the DSRLVL bit in the SISR 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 synchroniza-
tion signal (RSYN) in the receiver is output on the DSR pin. In
this mode, DSR output low 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 in nature and can be used
to control switching of the DCE. The DTR output is controlled by
the DTRLVL bit in the SICR.

TxC (Transmitter Clock) ‘Input/0utput

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 provided externally. The
TxD output changes state on the negative-going edge of the
transmitter clock. In the asynchronous mode when TCLKO = 0
in the CCR, the TxC input 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 complement) data format as selected by the NRZI con-
trol bit in the SICR.

RxC (Receiver Clock) Input
The receiver latches data on the negative transition of the RxC.

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 NRZI control bit setting in the SICR.

Serial Interface Timing

The timing for the serial interface clock and data lines is shown
in Figure 18. The MPCC supports high speed synchronous opera-
tion. As shown, the TxD output changes with the negative-going
edge of TxC and the received data on RxD is latched on the
negative edge of RxC. This assures high speed two-way opera-
tion between two MPCCs connected as shown in Figure 17.

For low speed operation between the MPCC and a modem or
RS-232C Data Communications Equipment (DCE), an inverter can
be used in the TxC output lines as shown in Figure 17. RS-232
and RS-423 (covering serial data interface up to 100K baud)
require that data be centered +25% about the negative-going
edge of the RxC. This criteria is met for frequencies up to 1.25
MHz using the inverter. Use of the inverter also allows MPCC
to MPCC operation up to 2.17 MHz.
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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, 112, or 2 stop bits. The data character
is 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 is held
low) is used for control purposes. Figure 4 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 synchro-
nization, (2) character assembly and optional parity check, and
(3) stop bit detection. The receiver bit stream may be synchro-
nized by the internal baud rate generator clock or by an external
clock on RxC. When RCLKIN in the CCR is set to 0, an external
clock with a frequency of 16, 32, or 64 times the data rate
establishes the data bit midpoint and maintains bit synchroniza-

tion. The character assembly process does not start if the start
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 RxFIFO 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
required with the data on RxD and the serial data bit is latched
on the falling edge of each clock pulse. The requirement for the
detection of a valid start bit, or the beginning of a break, is satisfied
by the detection of a high-to-low transition on the serial data input
line. Error detection and status indication are the same as the
asynchronous mode.

Asynchronous and Isochronous Transmit

In asynchronous and isochronous transmit modes, output data
tansmission on TxD begins with the start bit. This is followed by
the data character which is transmitted LSB first. If parity genera-
tion is enabled, the parity bit is transmitted after the MSB of the
character.

ASYNCHRONOUS FRAME FORMAT

DATA | |

START

LBS l

ISOCHRONOUS FRAME FORMAT

- F——T_-"'ee"’"“'—l’—-'r__T—I_T—l-
‘__L___L___.ea.____._L_.__.L___l

L———— 5TO 8 BITS ———P»

I R
MSB PARITY | STOP
(OPT) (1, 1%2, OR 2 BITS)

CLK
— it Bttt Cobnnintes Rk (eniel s s S
DATA l | r
- 1 1__ ————l ] - —_—
START LBS _ee- MSB PARITY STOP
(OPT) (1 OR 2 BITS)

L_— 5 TO 8 BITS ————’!

Figure 4. Asynchronous and Isochronous Frame Format
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SYNCHRONOUS MODES

In synchronoué modes, a one-times clock is provided along with
the data. Serial output data is shifted out and input data is latched
on the falling edge of the clock.

BIT ORIENTED PROTOCOLS (BOP)

In bit oriented protocols (BOP), messages (data) are transmitted
and received in frames. Each frame contains an opening flag,
address field, control field, frame check sequence, and a closing
flag. A frame may also contain an information field. (See Figure 5).

The opening flag is a special character whose bit pattern is
01111110. It marks the frame boundaries and is the interframe
fill character. The address field of a frame contains the address
of the secondary station which is receiving or responding to a
command. The address field may be one or more bytes long. The
address field can be extended by setting the ADDEX bit to a 1
in 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
is also made. The control field of one or two bytes is transparent
to the MPCC and sent directly to the host without interpretation.

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 transmitted as the
frame check sequence field. For BOP, the polynomial X16 + X12
+ 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 1s, and the 1s
complement of the resulting remainder is transmitted. (See
X.25 Recommendation.)

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

The end of the frame is determined by the detection of the closing
Flag special character which is the same is the opening Flag.

With the control options offered by the MPCC, commonly used
bit oriented protocols suchas SDLC, HDLC and X.25 standards
can be supported. Figure 6 compares the requirements of these
options.

BOP Receiver Operation

In BOP, the receiver starts assembling characters and accumu-
lating 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 deletion 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 0 of a closing flag serves as the begin-
ning 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 accumulation in-
cludes all the characters between the opening Flag and the clos-
ing Flag. The contents of the CRC register 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, checks for short frame (no control
field) and CRC error conditions are made and the appropriate
status is updated. When an Abort (seven 1s) is detected, the re-
maining frame is discarded and the RA/B bit is set in the RSR.
When a link idle (15 or more consecutive 1s) is detected, the RI-
DLE status bit is set in the RSR. The zeros that have been inserted
to distinguish data from special characters are detected and
deleted 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 assembled.

FLAG ADDRESS CONTROL INFORMATION FCS FLAG
01111110 10RN 10R N BYTES 2 BYTES 01111110
. BYTES 2 BYTES (OPTIONAL)
Figure 5. Bit Oriented Protocol (BOP) Frame Format
IBM SDLS 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 10R N BYTES 2 BYTES 01111110
2 BYTES
Figure 6. Implemented Bit Oriented Protocols
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For the control field, one or two bytes are assembled and passed
on to the RxFIFO depending on the state of the extended con-
trol field bit.

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

BOP Transmitter Operation

In BOP, the TxFIFO can be preloaded through the TDR while
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 transmitted followed by continuous
Flags or marks until a new sequence is initiated.

The TLAST bit in the TCR must be set prior to loading the last
character of the message to signal the transmitter to append the
two-byte Frame Check Sequence (FCS) following 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 TxFIFO. o

The serial data from the Transmitter Shift Registef is continuously
monitored for five consecutive 1s, and a 0 is inserted 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.

BISYNC (BSC)

The structure of messages utilizing the IBM Binary Synchronous
Communications (BSC) protocol, commonly called Bisync, is
shown in Figure 7. The MPCC can process both transparent and
nontransparent messages using either the EBCDIC or the ASCII
codes. The CRC-16 polynomial should be selected by setting the
appropriate CRCSEL bits in the ECR for both transparent and

non-transparent EBCDIC and for transparént ASCIl coded
messages. VRC/LRC should be selected for non-transparent
ASCII coded messages. BSC messages are formatted using
defined data-link control characters. Data-link control characters
generated and recognized by the MPCC are listed in Table 4.

Table 4. BSC Control Sequences—Inclusion
in CRC Accumulation

ASCll EBCDIC )

Command | Byte1 | Byte2 | Command | Byte 1 | Byte 2
SYN 16* - SYN 32+ —
SOH S0 — | SOH 01 —
STX 02 — | 8TX 02 —
ETB 17 — EOB (ETB) 26 —
ETX 03 — ETX 03 -
ENQ 05 — .| ENQ 2D —
DLE 10 - DLE 1 10 | —
I8 1F — ITB - F | -
EOT 04 — EOT 37 s
ACK N* 10 30-37 | ACKO 10 70
NAK 15 - ACK 1 10 61
WACK | 10 3B NAK 3D —
RVI S 10 | 3C WACK 10 6B
: RVI 10 7C

Note: *Programmable '

A heading is a block of data starting with an SOH and containing
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) accumulation, 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 con-
taining only a heading is terminated with an ITB or an ETB
followed by the BCC. Only the first SOH or STX in a transmis-
sion 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 messages,
which are initiated by STX and concluded 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 block of a message, which ends with
ETX). A single transmission can contain any number of blocks
(ending with ETB) or messages (ending with ETX). An EOT follow-
ing the last ETX block indicates a normal end of transmission.
Message blocking without line turnaround can be accomplished
by using ITB (see the Additional Data Link Capabilities section,
IBM GA 27-3004-2).

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

BODY BCC . TRAILING
PAD

11111111

Figure 7. BSC Block Format
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CONTROL/RESPONSE BLOCKS:

T T

LEADING . |{FoLLow- ' FOLLOW-

ooh SYN SYN EoT  [Ioran | SYN SYN ADDRESS BT veiivt

POLLING OR SELECTION
T

LEADING FOLLOW-

pap | SYN | SWN Acko ING PAD

POSITIVE ACKNOWLEDGEMENT

LEADING : " |FoLLOW-

PAD SYN SYN | NAK |\\G pap

NEGATIVE ACKNOWLEDGEMENT
HEADING AND TEXT BLOCKS:
RESET BCC i INCLUDED IN BCC I
- T 7 T : T

LEADING ' > FOLLOW-

PAD SYN SYN SOH HEADING ETB BCC NG PAD

. )
HEADING ONLY
RESET Bcc—+——— INCLUDED IN BCC —l |<—|NCLUDED IN Bcc—‘
N » . ).
W B W0 ALY I

LEADING : FOLLOW-

-y SYN SYN | soH HEADING STX TEXT SYN TEXT ETX - BCC G PAD

2 ‘ 4 ¥ :
NONTRANSPARENT HEADING AND TEXT
RESET BCC —»>}INCLUDED IN BCC ; |-——mc|.uoso IN BCC* —
2 ¥ .

LEADING ' . ' FOLLOW-

SAD SYN SYN | DLE | sTX - TEXT DLE | SsYN | DLE ETX BCC ING PAD |

).

N
¢ K N -
TRANSPARENT TEXT *DLE EXCLUDED FROM BCC CALCULATION

Figure 8. BSC Message Format Examples
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Two modes of data transfers are used in BSC. In non-transparent
mode, data link control characters may not appear as text data.
In transparent mode, each control character is preceded by a data
link escape (DLE) character to differentiate it from the text data.
Table 5 indicates which control characters are excluded in the
CRC generation. All characters not shown in the table are included
in the CRC generation. Figure 8 shows various formats for
Control/Response Blocks and Heading and Text Blocks.

Table 5. BSC Control Sequences — Inclusion
in CRC Accumulation

Included in CRC Accumulation

Character of Sequence Yes No

TSYN — DLESYN

TSOH — DLESOH

TSTX* — DLESTX

TETB ETB DLE

TETX ETX DLE

TDLE (DLE)DLE DLE(DLE)
*If not preceded within the same block by transparent heading

information.

BSC Receiver Operation

Character length defaults to eight bits in BSC mode. When ASCII
is selected, the eighth bit is used for parity provided that VRC/LRC
polynomial is selected. Character assembly starts after the receipt
of two consecutive SYN characters. Serial data bits are shifted
through the Receiver Shift Register into the Serial-to-Parallel
Register and transferred to the RxFIFO. The RDA status bit in
the RSR is set to 1 each time data is transferred to the RxFIFO.
The SYN character in non-transparent mode and DLE-SYN pairs
in transparent mode are discarded.

The receiver starts each block in the non-transparent mode. It
switches to transparent mode if a block begins with a DLE-SOH
or DLE-STX pair. The receiver remains in transparent mode until
a DLE-ITB, DLE-ETB, DLE-ETX or DLE-ENQ pair is received.
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 BCC accumulation.
The first DLE of a DLE-DLE sequence is not included in the BCC
accumulation and is discarded. 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 detected,
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 the closing character was
an ITB, BCC accumulation and character assembly starts again
on the first character following the BCC.

BSC Transmitter Operation

BSC transmission begins with the sending of an opening pad
(PAD) and two sync (SYN) characters. These characters are pro-
grammable and stored in AR1(PAD) and AR2(SYN). SOH or STX
initiates the block-check-character (BCC) accumulation. An initial
SOH or STX is not included in the BCC accumulation. Should
an underrun condition occur, the content of AR2 (normally SYN
character) is 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 is fetched
from the TxFIFO. The closing PAD is 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 5 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
TxFIFO, ETC, ETX, ITB, or ENQ with a TLAST tag is treated as
a control character and the MPCC automatically inserts a DLE
immediately preceding these characters, DLE-ETB, DLE-ETX,
DLE-TB, or DLE-ENQ terminates 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 1 in the TCR, a SYN-SYN (DLE-SYN sequence on
transparent messages) sequence is transmitted before the next
character is fetched from the TxFIFO.

CHARACTER ORIENTED PROTOCOLS

The character oriented protocol (COP) option uses the format
shown in Figure 9. It may be used for various character oriented
protocols with 5-8 bit character sizes and optional parity check-
ing. The input data is checked on a bit-by-bit basis for a pair of
consecutive SYN characters to establish character synchroniza-
tion. These SYN characters are discarded after detection. The
PAD and SYN characters may be 5-8 bits long and are user pro-
grammable 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 message will
be discarded and will not be passed on to the RxFIFO. if STRSYN
is reset, SYNs detected within the message will be treated as data.

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

MESSAGE

5-8 BIT CHARACTERS

Figure 9. Character Oriented Protocol Format
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Figure 10. Typical Interface to 68000-Based System

19S89H ‘09589H

(DDd) 4911013U0H SUOHEIIUNWWOY |020J0Id-RINN




904~}

AQ-A19
(1 D0-07 -~
N rmr |
b —
AS -
MC68008 DTACK
=
MPU ] 3 3
- ] : SE i
— © [e]
% - ISR
BGACK | >
° lGATE +8v
o 8l [sus
1 R ek
PR 2 »
2 w GATED & (9
PLT_| 7aisras [ 3 oz |glzlg] |x 3|33z 5]l \eus N 12128
5 |+ R R B |2 RN B 3
Feo s mGs & sl |2 AR | o X B
———— ©!
FC1 6 >
F:; 0 1RG6 [ ‘L > < VL “ ; YV 4 RTS
o REQO g TOSA g
ReQi - RDSR [
MC68440 ACKO J— ="
MEMORY BACK SR
olz DMAC ACKi ad 455
2|2 ) DTC . le-2c0
o . vo l¢—L2NE ), R68560 1Dy,
- MPCC Ll
Az B Ya ¢PD
Al e l_ sik L [——
7aus138 | Y3 % T3/l g _ RC
. i I X
G2A Y4 .3l Kl - i =
La az8 Ys§ TACKE TACK =
. ve TACKE EXTAL
+5V—AAA—] G1 AN
2
E
0
SYSTEM CLOCK 3
cLock
osc

Figure 11. Typical Interface to 68008-Based System
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

A1-Aﬁ;: —_— >_._
_ O~ — o
cs —N ]L

s \ f

_—'@'———

® <O
DO-D15 N 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 VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED.

Figure 12. MPCC Read Cycle Timing

gt | —
O ‘ U
cs -;L
i \ Ve
Riw y,
G~
DTACK h ‘—@—j[i
1
*———-@————-—‘n—@—n
DO-D15 =9 R,
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 VOLTS AND A HIGH VOLTAGE
OF 2.0 VOLTS, UNLESS OTHERWISE NOTED.

Figure 13. MPCC Write Cycle Timing
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'R68560, R68561 : Multi-Protocol Communications Controller (MPCC)

INTERNAL

RECEIVER ~ \ J /—

cLocK N\
(BAUD RATE)

RDSR N HIGH FOR 1 CLOCK

\ PERIOD MINIMUM
[<€—— ASSERTED FOR 1 CLOCK CYCLE

DACK - :

/!

LDS/DS
UDS/A0? \ e

—®~ €

.

Do-D15

3
+  TTTITIOY

> |9
GoNE | \ P

NOTES: ¢

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE
OF 2.0 VOLTS UNLESS OTHERWISE NOTED.

2. WORD MODE ONLY.

Figure 14.° MPCC to Memory DMA Transfer Cycle Timing (Receiver DMA Mode)
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

INTERNAL
TRANSMITTER
CLOCK

(BAUD RATE)

HIGH FOR 1 CLOCK
PERIOD MINIMUM

TDSR

ASSERTED FOR 1 CLOCK CYCLE

ww \ Y

DO-D15

]

e

DTC

NOTES:
1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE

OF 2.0 VOLTS UNLESS OTHERWISE NOTED.
2. WORD MODE ONLY.

Figure 15. Memory to MPCC DMA Transfer Cycle Timing (Transmitter DMA Mode)
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

m T\ Vamm™
- 2\ ’
Q‘

Lo

INTERRUPT VECTOR —

6s/05 \

DO-D7

d
®
(®
rxl/u

NOTES:

1. TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH
VOLTAGE OF 2.0 VOLTS, UNLESS OTHERWISE NOTED.

2. IRQ IS NEGATED WHEN ALL BITS IN STATUS REGISTERS THAT COULD HAVE CAUSED THE INTERRUPT

ARE CLEARED.
Figure 16. Interrupt Request Cycle Timing

MDCC1 MPCC2 MPCC 1 MODEM/DCE
TxC > RxC TxC ——Do—> Rx TIMING (DD)
TxD RxD TxD > Rx DATA (BB)
RxC - TxC RxC Tx TIMING (DA)
RxD TxD RxD Tx DATA (BA)

HIGH SPEED INTERFACE LOW SPEED (RS-232) INTERFACE

Figure 17. Serial Interface
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R68560, R68561 Multi-Protocol Communications Controller (MPCC)

HIGH SPEED APPLICATION

TxC/RxC b

- @)

LOW SPEED APPLICATION (RS-232 COMPATIBLE)

A
Y

-

(20)
&) -

TxC B c D

~@ |
TxD DATA A DATA B DATAC @

B - @—t—@—
RXC (TxC) —ﬁm—

Figure 18. Serial Interface Timing

RxD )’

TxD

NOTE:
TIMING MEASUREMENTSS ARE REFERENCED TO AND FROM A LOW VOLTAGE OF 0.8 VOLTS AND A HIGH VOLTAGE

OF 2.0 VOLTS, UNLESS OTHERWISE NOTED.

Figure 19. Serial Interface Echo Mode Timing
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R68560, R68561 Muiti-Protocol Communications Controller (MPCC)

AC CHARACTERISTICS
(Voo = 5.0 Vdc +5%, Vgg = 0 Vdc, Ta = 0°C to 70°C)

Number Parameter Symbol Min Max Unit
1 R/MW High to CS, DS Low tausL 0 - ns
2 Address Valid to CS, DS Low tavsL 30 - ns
3m CS Low to DTACK Low toLoaL . 0 60 ns
40 CS, DS Low to Data Valid tsLov 0 140 : ns
5 CS, DS High to Data Invalid tsHOXR 10 150 ns
6 CS, DS High to DTACK High . tsHpAT ‘ ) 40 ‘ ns
7 CS, DS High to Address Invalid tsHal - 20 — ns
8 CS, DS High to RIW Low tsHRL 20 — ns
9 R/W Low to CS, DS Low taLsL ‘ 0 - ns

10 CS High, DS High to RW High tsHRH 20 — ns
1 Data Valid to CS, DS High tovsH 60 — ns
12 CS, DS High to Data Invalid tsHoXw 0 - ns
17 DTC Low to DS High toisn 60 — ns
18 DACK Low to Data Valid, DONE Low taLov 0 140 ns
19 DS High to Data Invalid tsHOXDR 10 150 ns
21 Data Valid to DS High : tovs 60 - ns
22 DS High to Data Invalid tsHDXDW 0 — ns
25 IACK Low to DTACK Low taaL- 0 40 ns
26 TACK, DS Low to Data Valid taLov 0 140 ns
27 DS High to Data Invalid tisHol N 10 150 ns
28 TACK High to DTACK High tiAHDAT 0 40 ns
30 RxC and TxC Period tep 248 — ns
31 TxC Low to TxD Delay troLtd 0 200 ns
32 RxC Low to RxD Transition (Hold) tRcLRD 0 — ns
33 RxD Transition to RxC Low (Setup) trRoRCL 30 — ns
34 RxD to TxD Delay (Echo Mode) - troTD —_ 200 ns
35 R/W Low to DTACK Low (Setup) tRLAL 0 — ns
6 DACK High to DONE High ' tanpH 0 — 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)

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed under ABSOLUTE MAX-

1 IMUM RATINGS may cause permanent damage to the device.

Supply Voltage Vec | -0310+7.0] V This is a stress rating only and functional operation of the device
Input Voltage Vin -03to +7.0 | V at these or any other conditions above those indicated in other

sections of this document is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

0to +70 °C
-55t0 +150 | °C

Operating Temperature Range Ta

Storage Temperature Tsta

THERMAL CHARACTERISTICS

Parameter Symbol Value Rating
Thermal Resistance [N " °CW
Ceramic . 50
Plastic 68
OPERATING CONDITIONS
Parameter Range
Ve Power Supply 5.0V £5%
Operating Temperature 0°C to 70°C

DC CHARACT! ERISTICS
(Voc = 5.0 Vdc 5%, Vgg = 0 Vdc, Ta = 0°C to 70°C unless otherwise noted)
Parameter Symbol Min Max Unit Test Conditions
Input High Voltage Vin 2.0 Vee v ’
All Inputs ‘
Input Low Voltage Vi -03 +0.8 v
All Inputs
Input Leakage Current (Viy = 0 to 5.25V) In — 10.0 rA VIN = 0to 5.25V
R/W, RESET, CS -0
Three-State (Off State) Input Current (Viy = 0.4 to 2.4) Trs) — 10.0 rA VIN = 0.4 to 2.4V
IRQ, DTACK, D0-D15 Vee = 5.0V
Output High Voltage Vou Vgs + 2.4 - v Vge = 4.75V
. RDSR, TDSR, IRQ, DTACK, D0-D15, DSR, DTR, RTS, lloap = —400xA
TxD, TxC : Croap = 130 pF
BCLK Vou Vgs + 24 — v Vee = 475v
CLOAD = 30 pF
Output Low Voltage VoL — 0.5 v Vee = 475V
RDSR, TDSR, IRQ, DTACK Do-D15 DSR, DR, RTS, loap = 32 mA
TxD, TxC, BCLK,
DONE Voo = 4.75V
lLoap = 8.8 MA
Internal Power Dissipation PNt —_ 1 w Tp = 25°C
Input Capacitance Cin — 13 pF Viy = OV
Tp = 25°C
f=1MHz

1-113




R68560, R68561 - Multi-Protocol Communications Controller (MPCC)

PACKAGE DIMENSIONS

48-PIN CERAMIC DIP

48 25 ' MILLIMETERS |  INCHES

MIN | MAX | MIN | MAX
60.35 |61.57 |2.376 | 2424
14.63 [15.34 | 0.576 | 0.604

3.05 | 432 |0:120 | 0.160

0.381| 0.5330.015 | 0.021

0.762| 1.397|0.030 | 0.055
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254 | 419 10100 | 0.165 | -
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12 10° o 10°
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.

51.28 | 52.32 | 2.040 | 2060
1372 | 14.22 | 0.540 | 0.560
355 | 5.08 [ 0.140 [0.200
036 | 0.51|0.014 [ 0.020
1.02 1.52 | 0.040 | 0.060
254BSC_ | 0.100 BSC
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020 | 0300008 |0012
305| 3560120 |0.140
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R68802

N

Rockwell

LOCAL NETWORK CONTROLLER (LNET)

R68802

PRELIMINARY

DESCRIPTION

The R68802" Local Network Controller (LNET) implements the
IEEE 802.3 CSMA/CD Access Method local network standard.
More generally, it is designed to support a variety of local net-
work designs with varying performance requirements.

The basic function of the LNET is to execute the CSMA/CD
algorithm, perform parallel-to-serial and serial-to-parallel con-
versions of the 10M bps packet data stream, and assemble and
disassemble-the packet format. In addition, the LNET provides
the necessary asynchronous handshake signals to the 68000
family processors, the required DMA interfaces, and the proper
interface to the Manchester Interface (M!) component(s) used
to connect the LNET to an IEEE 802.3 defined Media Attach-
ment Unit (MAU).

The controller can interface data terminal equipment to local
networks with differing performance requirements. At the high
end, the R68802 meets the IEEE 802.3 10M bps specification
and supports the implementation of ISO layers one and two. For
low cost networks, the controller can be run at greatly reduced
data rates and inexpensive system components (drivers, cables,
etc.) may be selected.

The LNET controller implements a protocol known as Carrier
Sense Multiple Access with Collision Detection (CSMA/CD),
which allows multiple Data Terminal Equipment to share the
same commuinication medium without the need for a central
arbiter of medium utilization.

Ethernet nodes needing to transmit wait exactly 9.6 us before
transmitting data to provide recovery time for other controllers
and the cable itself. If a collision with another station is detected,
the transmission is aborted and a jam signal transmitted to alert
other nodes. Following a jam, the station waits a random amount
of time based on a Binary Exponential Back-off algorithm before
retransmitting. Repeated collisions result in repeated retries and
an increase in the randomly selected time interval to improve
trafficking.

ORDERING INFORMATION

Part Number
R68802. Temperature Range: 0°C to 70°C

Package:
C = Ceramic
P = Plastic

FEATURES

Serial data rates as high as 10M bps

o Compatible with a variety of 8- or 16-bit processors and DMA
controllers

Meets the IEEE 802.3 (as well as Ethernet*) specifications for
local networks

o Interfaces to SEEQ 8002 Manchester Code Converter (MCC)

e Programmable interframe wait times for smaller topologies
and lower data rates

o CSMA/CD algorithm:
—Wait before transmit
—Jam on collision
—Binary exponential backoff

e Programmable 2- or 6-byte address recognition
o Supports three modes of node self-test
o Programmable disable on reception
e 32-bit CRC generation and reception
o Broadband applications
e TTL compatible /O
e 40-pin DIP
e Single 5V power supply
*R68802 is a trad k of the R | Corporation.
*Ethernet is a trademark of the Xerox Corporation.
vee 1 40 [ MAUREQ
RW2 39 [ MAUAVAIL
RESET( 3 38 [ ISOLATE
DO 4 37 [ TXCLK
D15 36 [ TXDATA
D26 35 TXEN
D37 34 [ SIGQUAL
D48 33 SENSE
D59 32 RXCLK
D6 10 317 RXDATA
D7 11 30 [ MILOOP
D812 29[ TXREQ
D913 28 RXREQ
D10 14 27 DACK
D11J15 26 ) DONE
D12 16 25/ IRQ
D13 {17 241 DTACK
D14]18 233 DS
D15 19 221 1ACK
cs20 211GND

R68802 Pin Assignments

Document No. 68650N07
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Figure 1. LNET Block Diagram
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R68802

Local Network Controller (LNET)

PIN DESCRIPTION

Throughout the document, signals are .presented using the
terms active and inactive or asserted and negated independent
of whether the signal is active in the high-voltage state or low-
voltage 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.

DATA DO-D15
BUS
t ~ WAUREG,, )
E .mm:
AstcHRONoUS (::Eg:j —E%fﬁb
AW, ¢ TXCLK
CONTROI. DTACK TXDATA,
RESET R68802 TXEN
\ __BESET o f. et MANCHESTER
i .S'GWAL INTERFACE
< FEC ¢ SENSE
m:u { ¢« FXREQ -.':;c::
CONTI DACK_,, O
| - DONE_, _ulmOf. ]
RQ -
INTERRUPT ( b ae— F‘— Vee
CONTROL IACK » GND
Figure 2. LNET Input and Output Signals

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

CS—Chip Select. CS low selects the LNET for programmed
transfers with the host. The LNET is deselected when the CS

input is inactive in non-DMA mode. CS must be decoded from

the address 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 signals the completion of the bus cycle. During
read or interrupt acknowledge cycles, DTACK is asserted by the
LNET after data has been provided ‘on the data bus; during
write cycles it is asserted after data has been accepted at the
data bus. A pull up resistor is required to-maintain DTACK high
between bus cycles.

DS—Data Strobe. During a write (RW low), the DS positive
transition latches data from the external data bus lines into the
LNET. During a read (R/W high), DS low enables data from the
LNET onto data bus lines.

IRQ—Interrupt Request. The active low IRQ output requests
interrupt service by the MPU.

IACK—Interrupt Acknowledge. The active: low. TACK input
indicates that the current bus cycle is an interrupt acknowledge
cycle. When IACK is asserted the LNET places an interrupt
vector on the lower byte (D0-D7) of the data bus.

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

DONE—Done DONE is a bidirectional active low signal. The
DONE signal is asserted by the DMAC when the DMA transfer
count is exhausted.and there is-no more data to be transferred,
or is asserted by the LNET when either the last byte of receive
data is transferred or a collision is detected during a transmission.

RESET—Reset. The active low, high impedance RESET input
initializes all LNET functions. RESET must be asserted for at
least 500 TXCLKs to initialize the LNET.

RXREQ-—Receive DMA Request. When receive data becomes
available in the RXFIFO, RXREQ output is asserted and held
low for 16 (single address burst modey DMAC cycles (16
sequential DACK pulses) or until the end of the receive block.
When the last data byte of the receive block is transferred,
DONE is asserted by the LNET with the last DACK strobe and
the negation of

TXREQ—Transmit DMA Réquest. When fhe ‘Transmitter

Enable bit.is set in Command Register 1, TXREQ output is
asserted and held low for 16 (single address burst mode) DMAC
cycles (16 sequential DACK pulses) or until the end of the
transmit data block as signaled by the DMAC's assertion of
DONE.

MILOOP—MI Loopback. With an active MILOOP output, the
Mi shunts its LNET data-in path to its LNET data-out path,
effectively routing the LNET TXDATA output into the LNET
RXDATA input. .

RXDATA—Receive Data. The LNET receives serlal data via
the RXDATA input. The RXDATA input is shiftéd into the receiver
on the positive going edge of RXCLK.

. RXCLK—Receive Clock. The free-running Receive Clock prd-

vides the LNET with received data timing information. The. pos-

‘itive (low-to-high) clock transmon enables an RXDATA bit into

the LNET.

SENSE—Carrier Sense. The active high SENSE: input indi-
cates the presence of.data on the RXDATA serial input line.

" SIGQUAL—Signal Quality. The assertion of the active hidh‘
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SIGQUAL input by the Ml indicates an error condition on the

‘medium. During the transmission mode the LNET interprets this

as a collision.

TXEN—Transmit Enable. The active high TXEN output indi-
cates to the Ml that data is present on the TXDATA output.
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Local Network Controller (LNET)

TXDATA—Transmit Data. The LNET transmits serial data on
the TXDATA line. The TXDATA output changes on the positive
going edge of TXCLK.

TXCLK—Transmit Clock. The Transmit Clock input is a free-
running clock supplied by the Mi that provides both a system
clock and a means of shifting out serial data bit on the TXDATA
output line.

ISOLATE—Isolate MAU. The active low ISOLATE output is
asserted when the Isolate bit in Command Register 1 is set to
1 to isolate the MAU from the medium. As long as ISOLATE is
low, the MAU is unable to transmit or receive on the medium.

MAUAVAIL—MAU Available. When the active low MAUAVAIL
input is asserted, the transmission algorithm can proceed.

MAUREQ—MAU Request. The active low MAUREQ output is
asserted prior to transmission if MAUAVAIL is not asserted.

Vec—Power. 5V £ 5%.
GND—Ground. Ground.

LNET REGISTERS

. The LNET contains three groups of registers accessible from
the MPU bus which initialize the LNET, control-and monitor
LNET operation, and transfer data between the LNET and the
MPU bus. These register groups, specific registers within each
group, and the size, aocess and mode of each register are listed
in Table 1.

All registers, except the Mode Register, may be accessed either
in the word or byte mode, depending on the MPU data bus
length (8-bit or 16-bit) and the Word/Byte mode selected in bit
4 of the Mode Register during initialization. In the word mode,
two registers are read or written during one cycle with the least
significant byte (DO-D7) accessed first.

INITIALIZATION REGISTERS

The initialization registers contain command information to con-
figure the LNET for normal operation. The registers are the one-
byte Mode Register (MR}, the one-byte Interrupt Vector Number
Register (IVNR) and the two- or six-byte Station Address Reg-
ister (SARY). These registers must be loaded upon RESET (either
caused by power up or initiated during normal operation) or upon
setting of the RESET bit in Command Register 1. Any of these
conditions reset the LNET by clearing the Mode Register, Sta-
tion Address Register, Command Registers and Status Regis-
ters. The Interrupt Vector Number Register is auto-initialized to
its default value of $OF.

All initialization registers must be written to by the MPU instruc-

. tion sequence immediately after a reset in.the manner decribed

below even if no data is changed in a register. The number of
bytes written depends upon the number of bytes in the Station
Address as selected in bit 4 of the Mode Register.

After the proper number of write cycles have been completed,
the LNET Initialized bit in Status Register 1 is set and further
MPU writes to the LNET. will address only Command Register
1 or Command Register 2. All MPU reads of the LNET after
initialization is' complete will access only Status Register 1 or

- Status Register 2.

Initialization Procedure for 16-Bit MPU Bus

Write cycle 1—write the Mode byte on the lower byte of the
data bus D0-D7. The upper byte is not used and can contain
any data. o

Write cycle 2—write the Interrupt Vector Number on the lower
byte of the data bus DO-D7. The upper byte is not used and can
contain any data.

Write cycle 3 or write cycles 3 through 5—write the one- or
three-word Station Address (depending on the ‘Station Address
Size loaded into the Mode Register), least significant words first.

Table 1. LNET MPU Bus Accessible Registers

: ‘ ) Size Reset
Register Group . Register Name (No. Bytes) Access Value Mode
Mode Register (MR) 1 CS =L, RW = L (write one byte') $00
Initialization Interrupt Vector Number Register (IVNR) 1 CS = L, RW =L (write one byte?) | $OF MPU Write
‘Registers : TS =L, RW =L (write 1 or 3
Station ‘Address ‘Register (SAR) 20r6 sequential words or 2 or 6 $00
' sequential bytes)
| Command Register 1 (CR1) 1 S o1 RW .
Operating Comimand Register 2 (CR2) 1 CS=LRW=L $00 MPU Write
Registers Status Regi == W : i
gister 1 (SR1) 1 _ _
Status Register 2 (SR2) 1 CS =L, RW =H ' $00 MPU Read
Data Transmit FIFO Register File (TXFIFO) 32 TXREQ =L $XX DMA Write
Buffers Receive FIFO Register File (RXFIFO) 32 RXREQ = L $XX . | DMA Read
Notes: )
1. Second byte of word ignored.
2. Second byte in word mode ignored.
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Initialization Procedure for 8-Bit MPU Bus
Write cycle 1—write the Mode byte on the data bus.

Write cycle 2—write the Interrupt Vector Number on the data
bus.

Write cycles 3 through 4 or 3 through 8—write the two- or six-

byte Station Address (depending on the Station Address Size
loaded into the Mode Register), least significant bytes first.

Mode Register (MR)

7 6 5 4 3 2 1 0

IFWT BYTE |INTCOL | DISRX| NOLC | SAS

The Mode Register sets conditions during initialization for use
during normal operations. It must be the first byte written during
initialization. All mode bits are active high, i.e., = 1. All bits are
cleared upon RESET or setting the RESET bit to 1 in Command
Register 1.

MR IFWT —Interframe Wait Time
7-5 No. of TXCLKs

000 16
001 32
010 48
011 64
100 80
101 96
110 112
111 128
MR

4 BYTE —Data Bus Byte Mode
0 Select word mode (for use with 16-bit MPU bus).
1 Select byte mode (for use with 8-bit MPU bus).

Assert only DONE on collision.

MR
3 INTCOL —Interrupt on Collision
0
1 Assert IRQ and DONE on collision.

Enable receiver after each packet reception.

MR

2 DISRX —Disable Receiver

0

1 Disable receiver after each packet reception.

1 NOLC —No Length Count
0 Use length count in packet format.
1 Do not use length count in packet format.

MR

0 SAS  —Station Address Size
0 6-byte station address.
1 2-byte station address.

Interrupt Vector Number Register (IVNR)

7] e [ s [ 4] 3. ]21]1 7o
Interrupt Vector Number (IVN)

If an interrupt condition occurs (as _reported by bits in Status
Register 1 and Status Register 2), IRQ is asserted to request
MPU interrupt service. Upon IACK input assertion, the Interrupt
Vector Number (IVN) from the Interrupt Vector Number Register
(IVNR) is placed on the data bus (D0-D7). The IVN must be the
second byte initialized during LNET initialization. The IVN is set
to $OF upon RESET or setting the RESET bit to 1 in Command
Register 1.

Station Address Register (SAR)

7] e[ s 4] 32T 1 TJo

Station Address

The Station Address Register holds the Station Address for the
Receiver Address Recognition circuitry. The Station Address
bytes must be written to the LNET following the Interrupt Vector
Number during the initialization sequence. Either two or six
bytes must be written, least significant bytes first, depending on
the Station Address Size loaded into the Mode Register.

OPERATING REGISTERS

The command or status registers are addressed during an MPU
write or read, respectively, after initialization -is complete as
indicated by the LNET Initialized bit in Status Register 1. In word
mode, both command registers are written during one write
cycle. Command Register 1 occupies the lower byte of the word.
Likewise, while reading the status registers in word mode, Status
Register 1 occupies the lower byte of the word.

COMMAND REGISTERS

Command Register 1 (CR1)

Command Register 1 controls the operation of the LNET. All
command bits are active high (i.e., = 1).

7 6 5 4 3 | 2 1 | o
RESET| ENRX|RECALL|NOISOL [MILOOP|INLOOP|ODDND[ENMAU

CR1
7 RESET —Reset
0 Enable LNET operation.
1 Reset LNET.

Note: The RESET bit is automatically cleared to 0
upon the completion of the reset sequence. This
bit is unaffected by the RESET pin level.
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CR1

6 ENRX —Enable Receiver after Packet Reception

0 Disable receiver after packet reception.

1 Enable receiver after packet reception. This bit must be
set after each packet is received to enable reception of
the next packet only if bit 2 in the Mode Register is set
at initialization. Reception of the packet clears this bit.

Note: This bit is not used if bit 2 in the Mode Register is
not set at intitialization.

CR1
5 RECALL—Receive All Packets
0 Receive only addressed packets. The address must
correspond to the Station Address loaded into the Sta-
tion Address Register upon initialization.
1 Receive all packets (regardless of address).

CR1
4 NOISOL —No Isolate
0 Assert ISOLATE to the Ml to request that the MAU iso-
late itself from the medium.
1 Negate ISOLATE to the MI to request that the MAU
connect itself to the medium.

CR1
3 MILOOP—Manchester Imerface Loopback Test
0 Negate_ MILOOF MILOOP to command MI normal operation.
1 Assert MILOOP to command MI loopback operation.

CR1
2 INLOQP—Internal LNET Loopback Test

0 Enable LNET normal operation.
1 Enable LNET internal loopback operation.

CR1

1 ODDNO —Odd Number of Bytes

0 Transmit even number of bytes in a block.

1 Transmit odd number of bytes in a block.
CR1

0 ENMAU —Enable MAUREQ

0  Negate MAUREQ.

1 Assert MAUREQ.

Command Register 2 (CR2)

7 | 6 | [« [ sl 2] 1 To

Reserved for future use

This register not presently in use. When programming, $00
should be written to CR2 to assure future software compatibility.
In byte mode, $00 must be written to this register following the
Command Register 1 write cycle.

STATUS REGISTERS

The two interrupt driven status registers report the status of the
LNET receiver and transmitter operations. Status registers cannot
be polled, they can only be read upon interrupt service by the
MPU. Status is reported in either discrete or encoded bits. All
discrete (or non-encoded) status bits are active high (i.e., = 1).

A change in any of these status bits causes IRQ to be asserted
(except as noted). Reading of the status registers resets the
individual bit or encoded field that caused the IRQ assertion and
negates IRQ (except as noted). In the byte mode, both status
registers must be read in consecutive read cycles.

Status Register 1 (SR1)

7 6 5 4 3 2 1 0
HRTBT TXSTAT OoDD RXSTAT

SR1

7 HRTBT —Heartbeat Absent

0 Heartbeat present.

1 Heartbeat absent (part of the transmission algorithm is
to listen for the heartbeat before posting transmit status.
Set concurrent with the transmitter status field.). The
Heartbeat test checks the collision detection circuitry by
listening for a “ping” within seven TXCLKs after the end
of a transmission).

SR1
6-4 TXSTAT —Transmitter Status

000 Transmitter idle.

001  Transmit successful.

010  Collision (Assertion of SIGQUAL within the first 512 bit
times causes DONE, or DONE and IRQ, to be asserted
depending on the state of MR bit 3).

011 Signal Quality error (SIGQUAL asserted after the first
512 bit times).

100  Transmit retry count exceeded.

101 Transmit buffer underflow during transmission (indi-
cates the TXFIFO emptied between the 16th data byte
delivered for transmission and the assertion of DONE).

110  Transmit in progress (indicates the real time activity of
the TXDATA pin. This state does not set the TRQ bit in
SR2 nor cause IRQ to be asserted. This bit pattern is
not reset to the transmitter idle pattern upon reading
SR1.

111 MAUAVAIL changed state during transmission.

SR1 )

3 ODD —Odd Number of Receive Bytes

0 Even number of bytes in the receive packet.
1 Odd number of bytes in the receive packet.

SR1

2-0 RXSTAT —Receiver Status

000 Receiver idle.

001  Receive successful.

010  Minimum packet size error.

011 Receive buffer overflow. -

100 Frame terminated on a non-byte boundary error.

101 Frame Check Sequence (FCS) error.

110  Receive in progress (indicates a valid address has been
recognized and DONE has not been asserted. This
state does not set the IRQ bit in SR2 nor cause IRQ to
be asserted. This bit pattern is not reset to the receiver
idle pattern upon reading SR1.

111 Reserved
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Status Register 2 (SR2)
7 6 5 4 3 2 1 0
IRQ 0 INIT | MAUAVAIL COLCNT
SR2
7 IRQ —Interrupt Request

0  Aninterrupt condition has not occurred and IRQ has not
been asserted.

1 An interrupt condition has occurred and IRQ has been
asserted.

Note: This bit is cleared when SR2 is read and there is
no pending interrupt condition.

SR2
6 —Not used
0 Always reads zero.
SR2
5 INIT —LNET Initialized
0 LNET initialization not complete.
1 LNET initialization complete (set after the last station

address byte has been written).

Note: This bit is cleared upon RESET or RESET bit set
in Command Register 1.

SR2
4 MAUAVAIL—MAU Available
0 MAU is not available.
1 MAU is available.

Note: This bit is not cleared when SR2 is read.

SR2
3-0 COLCNT—Collision Count
0000 Zero

1111 Fifteen

Note: Reset to zero when the enable MAUREQ bit is set
in CR1. If Mode Register bit 3 is negated the
changing count does not generate IRQ interrupts.

TRANSMIT DATA BUFFER (TXFIFO)

The Transmit data buffer is a 32-byte FIFO register file (TXFIFO)
which can be loaded only by DMA service. One half of the
TXFIFO loads data for transmission via the DMAC; the other
half holds data currently being transmitted out serially on
TXDATA. When the transmitting half is empty it becomes the
loading half and the current loading buffer becomes the trans-
mitting half. If the transmitting buffer empties before the loading
buffer is fully loaded, TRQ is asserted and the transmitter buffer
underflow bit pattern (101) is set in Status Register 1.

The time required to load half the transmitter buffer under DMAC
control must be less than the time it takes to serialize out the
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transmitting half on TXDATA. From the assertion of TXREQ to
the end of the 16th DMAC bus cycle, no more than 128 TXCLKs
can elapse. -

RECEIVE DATA BUFFER (RXFIFO)

The Receive data buffer is a 32-byte FIFO register file (RXFIFO)
which can be read only during DMA service. One half of the
RXFIFO is a receiving buffer for the data from the Serial-to-Par-
allel Register; the other half is a reading buffer for the data ready
to be transferred to the MPU bus. As soon as the receiving
buffer is full, these two halves switched roles. if the receiving
buffer is fully loaded before the reading buffer is empty, IRQ is
asserted and the receive buffer overflow bit pattern (011) is set
in Status Register 1.

The time it takes to unload the reading buffer under DMAC con-
trol must be less than the time it takes to load the receiving
buffer from RXDATA. The loading time is 128 RXCLKs.

INPUT/OUTPUT FUNCTIONS

In addition to being directly compatible with the 68000 and the
68008 MPU's, the LNET supports DMA transfers when used
with the 68440, 68450, AMZ9516, or AMZ8016 DMA controller.
The LNET also provides the necessary synchronous signals for
interfacing to the Manchester Interface device.

MPU INTERFACE

Transfer of data between the LNET and the system bus involves
the following signals: Data Bus DO through D15 and control sin-
gals consisting of R/'W, DTACK, CS, IACK, and DS.

16-Bit MPU Interface

When connecting the LNET to the 16-bit 68000 MPU data bus,
the LNET DS input is connected to the bus LDS line and the
LNET D0-D15 data lines are connected to the bus DO-D15 data
lines (see Figure 4).

Bit 4 in the Mode Register, left in its default value of 0 during
initialization, selects the word mode. In the word mode, a read
of both status registers performed with one word read cycle
transfers Status Register 1 on DO-D7 and Status Register 2 on
D8-D15. A write to the command registers is also accomplished
in one cycle which transfers Command Register 1 on D0-D7 and
Command Register 2 on D8-D15.

8-Bit MPU Interface

When connecting the LNET to the 8-bit 68008 MPU data bus,
the DS input is connected to the bus DS line and the LNET DO-
D7 data lines are connected to the bus DO-D7 data lines (see
Figure 5).

Bit 4 of the Mode Register set to 1 during initialization selects
byte mode. In the byte mode, reading of the-status registers is
performed with two consecutive byte read cycles to enable first
Status Register 1 and then Status Register 2 onto D0-D7.
Writing to the command registers also requires two consecutive
byte write cycles with Command Register 1 transferred first fol-
lowed by Command Register 2.
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Read/Write Operation

The R/W input controls the direction of data flow on the data
bus. CS (Chip Select) enables the LNET for access to the
internal registers and other operations. When CS is asserted
the data I/O buffer acts as an output driver during a read oper-
ation, and as an input buffer during a write operation. CS must
be decoded from the address bus and gated with address strobe
(AS).

If the LNET is selected (CS = low) for a read (RIW = high),
data is placed on the data bus from the status register when the
DS is asserted. The LNET asserts Data Transfer Acknowledge
(DTACK) concurrent with the output data.

If the LNET is selected (CS = low) for a write (R/'W = low), DS
strobes data into the selected register and the LNET asserts
DTACK immediately after DS is asserted.

DMA INTERFACE

During receiving or transmitting data from the MPU bus, the
LNET asserts a receive or transmit request (RXREQ or TXREQ)
to the DMAC. A DMA acknowledge (DACK) signal is asserted
in response to RXREQ or TXREQ when the DMAC is ready to
service the request. Both receive request and transmit request
share the same DACK pin; therefore, in the case of DMAC
devices with a DACK for each channel, they must be ORed
together externally.

Transmit DMA Request

In servicing the TXREQ, the DMAC writes to the TXFIFO a byte
or aword at a time. The TXFIFO input pointer (TIP) is advanced
and data latches on the rising edge of DS.

Receive DMA Request

In servicing the RXREQ, the DMAC reads from the RXFIFO a
byte or word at a time. Data is enabled out on the falling edge
of DACK and the RXFIFO output pointer (ROP) is advanced on
the rising edge of DACK. The data lines are tri-stated following
the rising edge of DACK.

DONE

DONE is a bidirectional signal line to or from the DMAC. With
the AMZ8016 and the AMZ9516, DONE auto-initializes the
DMAC back to the start of the packet when a collision occurs
during transmission. With the 68440, the DONE output is routed
to the 68440's PCL input after gating with TXREQ line. For the
68450 it is necessary for the MPU to reinitialize the DMAC on
collision.

INTERRUPTS

The IRQ output asserts when there is status information avail-
able after the completion of a transmit or receive transaction.
The MPU grants the interrupt by asserting an interrupt acknowl-
edge (IACK) signal and reads the interrupt vector when the
LNET asserts data transfer acknowledge (DTACK). The sub-
sequent negation of IACK and IRQ preceed MPU interrupt
processing.
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MANCHESTER INTERFACE (MI) SIGNALS

The abbreviation MI refers to the Manchester Interface com-
ponent(s) necessary to interface the LNET to an IEEE 802.3
specified Media Access Unit (MAU).

SENSE (Sense Carrier) Input

The Ml asserts SENSE when it has detected a change in Carrier
Sense from no carrier present to carrier present. SENSE stays
active as long as carrier is present and is negated when the
carrier disappears.

ISOLATE (Isolate Message Request) Output

The LNET asserts ISOLATE to direct the Mi to send an Isolate
message to the MAU. When ISOLATE is negated, the Ml sends
a Normal message to the MAU unless the LNET requires that
the MAU request message be sent to permit data output.

MAUREQ (MAU Request) Output

The LNET asserts MAUREQ when CR 1 bit 0 is active. MAUREQ
stays active and a MAU request message is sent until the end
of a packet transmission.

MAUAVAIL (MAU Available) Input

The MI asserts MAUAVAIL when an MAU available rhessage
from the MAU is received. MAUAVAIL is negated when an MAU
not available message is received from the MAU.

SIGQUAL (Signal Quality) Input

SIGQUAL is asserted by MI when a Signal Quality Error Mes-
sage is received from the MAU.

TXEN (Transmission Enable) Output

The LNET starts a transmission by asserting TXEN and outputs
serial data on TXDATA which is Manchester encoded by the MI.
TXEN is active until the end of the transmission.

RXCLK (Receive Clock) Input

RXCLK shifts receive data into the LNET and is free running at
10 MHz, or slower.

TXCLK (Transmitter Clock) Input

The TXCLK is a free running 10 MHz, or slower, clock used to
clock data into the M1 and perform operations in the transmitter.
MILOOP (MI Loopback) Output

The MILOOP output signals the Ml component(s) that the cur-
rent data is a test frame and it is to be “looped back” to the
LNET instead of being sent to the MAU.
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LNET FUNCTIONAL DESCRIPTION

The LNET transmits and receives serial data on an IEEE 802.3
CSMA/CD Access Method defined communications medium
and transfers parallel data to and from a host system under pro-
gram or DMA control according to the IEEE 802.3 data link
specification.

Frame Format

Serial data transfers synchronously between the LNET and the
MI within the frame structure for data communications using
local area network media access control (MAC) procedures.
Each MAC frame, or packet, consists of eight fields: Preamble,
Start Field Delimiter (SFD), Destination Address, Source
Address, Length Count, Data, Pad and Frame Check Sequence
(FSC). Figure 3 illustrates the frame format.

The Preamble consists of seven bytes of alternating 1’s and 0’s,
i.e., 1010...1010.

The Start Field Delimiter (SFD) consists of one byte of bit pat-
tern 10101011 immediately following the Preamble pattern which
indicates the start of a valid frame.

The Destination and Source Addresses are either two or six
bytes in length. Addresses may be any one of the following
three types: Station Address, Logical Group, or Broadcast. Log-
ical Group and Broadcast Addresses are identified by a 1 in the
first bit position received. The first bit of a Station Address is 0.

The Length Count field is two bytes in length and specifies the
Data field length (in an Ethernet application this field is the Type
field and the Length Count field in the Mode Register must be
initialized appropriately).

The Data field can have a variable number of bytes. If the Data
field is less than 46 bytes (in a six-byte address mode), or less
than 54 (in a two-byte address mode), pad bytes are added to
the frame on transmission to bring the overall packet size up to
the minimum size of 72 bytes. The maximum Data field length
must be programmed into the DMAC operating with the LNET.

The Frame Check Seq';lence (FCS) field is four bytes in length.
Frame Reception

The Receiver consists of the following sections: Delimiter Rec-
ognition, Receive CRC, Serial-to-Parallel Register, Receive
Length Counter, Address Recognition, and a 32-byte FIFO reg-
ister file (RXFIFO). These registers are all driven or loaded by
RXCLK or a derivative.

In the absence of serial input data from the network bus, the
SENSE input from the Ml is inactive. The Receive Clock (RXCLK)
is free running and the Receiver front end is idling.

The assertion of SENSE defines the beginning of a frame. The
rising edge of RXCLK enables SENSE and concurrently the first
Preamble bit on RXDATA to the LNET. The falling edge of
RXCLK shifts the first bit of the Preamble into the Delimiter Rec-
ognition logic and SENSE into the SENSE Detection logic.
Delimiter Recognition is deferred for eight RXCLKS after the
assertion of SENSE, to give the Ml unit time to synchronize on
the Preamble.

If sequential zeros are detected during the time the LNET is
searching for the double ones delimiter, the packet's reception
is aborted.

The Preamble bits are shifted through the Delimiter Recognition
logic without result. As the last bit of the Delimiter is shifted in,
an internal signal is asserted.

The data is then routed to the Receive CRC and the Serial-to-
Parallel Register. The Byte Alignment and Odd/Even byte mon-
itor is initialized, and a Byte Counter is started.

At the appropriate byte count, the first byte of Destination-Address
is converted to parallel data, and compared with the first byte
of Station Address and loaded into the RXFIFO.

The RXFIFO Input Pointer (RIP) is then advanced by one. The
next byte(s) of destination and source addresses are loaded in
the same manner. As the two length count bytes are sent to the
RXFIFO they are also loaded into the Length Counter. If this
field is non-zero it is decremented on each succeeding byte of
the packet.

The remainder of the first 16 bytes of the packet are loaded into
the RXFIFO (unless the Length Counter reaches its terminal
count or the packet terminates).

With 16 bytes buffered, the RXFIFO is half ful. RXREQ is now
asserted, the receiving half of the buffer becomes the reading
half, and the first 16 bytes of receive data are unloaded by
advancing the RXFIFO Output Pointer (ROP) as a function of
the DMAC's DACK and DS signals. Meanwhile the empty,
receiving half, of the RXFIFO continues to fill.

As the 32nd byte of received data is loaded, RXREQ is asserted
again and RIP proceeds to the just emptied reading buffer while
DMA bus cycles unload the new reading buffer.

The RXFIFO continues to load and unload in this manner
throughout the duration of the packet’s Data field.

The position of RIP indicates when to load the Length Counter
from the data stream, when to check for a valid address, when
to assert or negate RXREQ and to flag an overrun of the receive
DMA service.

00 @O
PREAMBLE START DESTINATION | SOURCE LENGTH DATA PAD FRAME
FIELD ADDRESS ADDRESS COUNT CHECK'
DELIMITER SEQUENCE
(SFD)
200 ' 0o0e
7 1 20R6 20R 6 2 VARIABLE NO. 4
BYTES BYTE BYTES BYTES BYTES OF BYTES BYTES
‘- 72 BYTES MINIMUM > it

Figure 3. MAC Frame Format
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The two-byte Length Counter is located either four or twelve
bytes (depending on the address mode) after Valid Delimiter.
The Length Counter is decremented every eight RXCLKs. When
the Length Counter equals zero, indicating the end of the Data
field, RIP is disabled and RXREQ asserts long enough to unioad
the last bytes.

In the case of a normal termination of the packet, after the last
bytes are unloaded, the LNET asserts DONE concurrent with
the last DACK strobe and negates RXREQ. The CRC Register
continues to calculate over the Pad and Frame Check Sequence
fields and the Byte Alignment Checker continues to run until
packet end. The state of the Odd/Even byte checker is latched
at the time of the Length Counter’s terminal count.

The end of the packet is recognized as follows. The last FCS
bit shifts in as RXCLK goes low in the normal manner. Two
RXCLKSs later the negated value of SENSE shifts in. At the next
rising edge of RXCLK the CRC syndrom_i_s__c:‘ombared and the
result is posted to Status Register 1 and IRQ is asserted.

If, during the course of a reception, the Data byte count held
by the system exceeds the maximum number (1500 bytes for
Ethernet), a maximum frame size error is flagged by DONE from
the DMAC. The LNET responds by negating RXREQ and
clearing the status registers without generating an TRQ.

Frame Transmission

The Transmitter consists of the following: Parallel-to-Serial Reg-
ister, Transmit Length Counter, 32-byte Transmitter FIFO reg-
ister file (TXFIFO), Transmit CRC Generator, Preamble and
Delimiter Generator, Jam Generator, Interframe Delay Counter,
and the Binary Exponential Back-Off Counter. These sections
are all driven by TXCLK or a derivation.

Frame transmission commences with a MPU write to Command
Register 1 setting the Enable MAUREQ bit. The LNET responds
by asserting Transmit DMA Request (TXREQ). Under DMA
control, 16 bytes are loaded from the MPU bus into the TXFIFO
by advancing the TXFIFO Input Pointer (TIP) as a function of
DACK and DS. The LNET then negates TXREQ until the first
byte of this data has been serialized out.

While the first 16 bytes are being loaded into the TXFIFO, the
LNET is monitoring the SENSE input. Upon SENSE negation
the Transmitter waits 96 TXCLKS (strict IEEE 802.3 or Ethernet
application, otherwise the delay follows whatever is pro-
grammed into Mode Register bits 5-7) and then serializes out
the first byte of data on TXDATA if the TXFIFO is half full (if it
is not half full yet, the LNET returns to monitoring SENSE). If
SENSE is active the LNET waits until it is negated and then
starts the Interframe Delay Counter.

At the terminal count of the Interframe Delay Counter the first
preamble bits are shifted out under TXCLK control and the
transmitter begins to monitor the SIGQUAL input. At the same
time TXREQ is asserted again and another 16-byte data burst
is transferred into the empty half of the TXFIFC.

As the TXFIFO Output Pointer (TOP) advances to the first byte
of the most recently filled half of the buffer, TXREQ is again
asserted to reload the half just emptied.
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Upon the assertion of the DONE input by the DMAC (at the time
of the last byte or word transfer), the transmitter finishes seri-
alizing the last bytes out, zeros the TXFIFO Input Pointer (TIP)
and serializes the contents of the CRC Register out on TXDATA.

If SIGQUAL is asserted by the Mi during the first 512 TXCLKS,
the LNET assumes there has been a collision between its own
transmission and that of another node in the network. The
response of the LNET at its Ml interface is to abort the frame
transmission after appending a Jam signal consisting of 48
alternating zeros and ones to it. The Jam signal is sent when-
ever the LNET has successfully contended for the medium and
then has been interrupted in its transmission during the collision
window.

DMA TRANSFER MODES

The response of the LNET at its MPU/DMAC interface to a col-
lision is programmable to one of two modes in the Mode Reg-
ister at initialization.

This allows for the LNET to be used with DMACs of differing
capabilities. Specifically, some DMACs need to be reinitialized
by the MPU if they are to restart a block transfer that has been
aborted by a peripheral's assertion of a DONE and an IRQ.
Others are capable of automatically re-starting a block by them-
selves if a DONE is detected during a transfer.

Mode One: Assert IRQ plus DONE On Collision.

Assertion of SIGQUAL during the first 512 TXCLKS after trans-
mission begins sets the collision code (010) in the encoded
Transmitter Status field in Status Register 1 and increments the
Collision Count field in Status Register 2 by one. Next, IRQ is
asserted, and the Interrupt Vector Number from the Interrupt
Vector Number Register is output on the data bus when IACK
is asserted.

The MPU processes the interrupt by reading the status registers
to determine the cause of the interrupt and to clear the interrupt.
The MPU then reinitializes the. DMAC and reloads the first 16
bytes of the aborted data packet into the TXFIFO. Meanwhile
the LNET is sending the Jam signal followed by a delay interval
determined by the Binary Exponential Back-off Counter. At the
end of this time interval the LNET begins to transmit the preamble
and delimiter again if the TXFIFO has been reloaded with the
first 16 bytes of the packet. If the TXFIFO has not been reloaded
by the time the Jam signal and the back-off delay interval are
over, the LNET will wait for data.

Mode Two: Assert only DONE On Collision.

Upon the assertion of SIGQUAL during the first 512 TXCLKs,
the LNET zeros the TIP, asserts DONE to the DMAC concurrent
with the next DACK signal, increments the retry count and
remains in the transmit mode (TXREQ asserted, etc.), the Jam
is sent, and the Back-off delay is observed. In the meantime,
16 bytes of data are loaded into the TXFIFO by the DMAC. The
packet is then transmitted as before.

If the MI asserts SIGQUAL after the first 512 TXCLKs, TRQ is
asserted and the Transmitter Status field in Status Register 2
is set to 011.
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Figure 4. Typical Interface to 68000-Based System
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R68802 Local Network Controller (LNET)

< () >

RXDATA
SENSE
I
< -
TRQ
L)
DS
NOTE: Timing are refi d to and from a low voltage of |
0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.
Figure 6. Manchester Interface Serial Receiver Timing
(1)
" /
TXDATA *
7
TXEN
SIGQUAL
(2)
T\

Ra*
DS
MAUREQ

MILOOP !

ISOLATE %

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

*IRQ assertion on collision not r_eq_uired-—-Bit 3 of the mode register
(MR) determines whether or not IRQ asserts on collision.

Figure 7. Manchester Interface Serial Transmitter Timing
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R68802 Local Network Controller (LNET)

S X Vi

Fa

@]
RW M{Q;‘" A 5;55355

DTACK
(5)
D0-D7/D0-D15 oI »
I
NOTE:
Timing ements are refer d to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.
Figure 8. LNET Read Cycle Timing.
i~
cs \_\_ 7
"y
D!
s X Y,
RW
T T
DTACK
D0-D7/D0-D15 < 5
NOTE:

Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volits, unless otherwise noted.

Figure 9. LNET Write Cycle Timing
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R68802 Local Network Controller (LNET)

TN /

Pex X vy
” A\ /
@ @
D0-D7/D0-D15 :‘ D
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 10. LNET to Memory DMA Transfer Cycle Timing
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R68802 : Local Network Controller (LNET)

TXREQ

BT/ L
2

. '}/////////

55 J
s

o =
o1 ® ®
6% o em)  ALOA L LALLM A AN WY
..—’

oY ;‘I//////Z/

:
)

NOTES: 1. Timing ts are reft d to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise
noted.
2. Word mode only.

Figure 11. Memory to LNET DMA Transfer Cycle Timing
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R68802

Local Network Controller (LNET)

N

= T\
y
IACK
DTACK 1
DS
D0-D7

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless

otherwise noted.

dkth

Figure 12. Interrupt Request Cycle Timing
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R68802 Local Network Controller (LNET)
SPECIFICATIONS

AC ELECTRICAL CHARACTERISTICS (V¢c = 5.0Vdc * 5%, Vg = 0Vde, Ta = 0 to 70°C)

Number Characteristic Symbol Min Typ Max Unit
1 Clock Period tep 90 1000 ns
2 Receive Clock Puise Width tcrr 45 — ns
3 Receive Data/Sense Setup tRxs .30 — ns
4 RXDATA, Sense Hold Time trxH 20 - ns
5 IRQ Delay from RXCLK trid 0 © 80 ns
6 DS to IRQ Clear (Status Read) top 50 — ns
7 TXDATA/TXEN Delay (C, = 35pF) trxp 20 60 ns
8 SIGQUAL Hold Time tepn 0 — ns
9 iRQ Delay from SIGQUAL Edge (Optional)* tisp i 0 ns
10 MAU/MI Control Output Delay tmop 0 80 ns
11 R/W High to CS, DS Low trusL 0 — ns
12 CS Low to DTACK Low tcioaL 20 40 80 ns
13 TS, DS High to R/W Low tsHRL 20 — ns
14 CS High to DTACK Tristate tsHDAT 20 40 80 ns
15 CS, DS Low to Data Valid tsiov 0 140 ns
16 CS, DS High to Data Invalid tsupi 10 150 ns
17 R/W Low to CS, DS Low taLsL 0 — ns
18 CS, DS High to R/W High tsHRH 20 - ns
19 Data Valid to CS, DS High tovsm 100 - ns
20 CS, DS High to Data Invalid tsHp! 10 — ns
¥ 21 TACK Low to DTACK Low tiaaL 20 40 80 ns
22 TACK High to DTACK Tristate tiAHDAT 20 40 80 ns
23 TACK Low to Data Valid tiaLov 0 140 ns
24 DS High to Data Invalid tisHb! 10 50 ns
25 DACK Low to DONE/Data Valid toLov 0 50 ns
26 DTACK High to DONE Invalid/Data toHov ] 40 ns
27 DS Low to DACK High tpLoH 0 50 ns
28 DS High to Data Invalid tsHp! 0 40 ns
29 Data Invalid to DS High tovsh 65 — ns
30 Clock Low to DONE (to LNET) Low teloL 0 100 ns
31 External DONE Pulse Width teppw 70 250 ns
32 DACK Low to Internal DONE Low Delay toLip 80 ns
33 DACK High to Internal DONE High Delay towio 80 ns
34 DONE Low to RXREQ High toLAxH 2 RXCLK
35 DS High to TRQ High tosHIH 2 RXCLK
Note:
*IRQ assertion on collision dependent on bit 3 of mode register (MR).
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R68802 Local Network Controller (LNET)

MAXIMUM RATINGS THERMAL CHARACTERISTICS
Characteristics Symbol Value Characteristics Symbol Value | Rating
Supply Voltage Vee -0.3to +7.0V Thermal Resistance 04a
Ceramic 50 °C/W
Input Voltage Vin —-0.3to +7.0V Plastic 68 °C/W
Operating Temperatures Ta 0to 70°C
Storage Temperatures Tste —55to +150°C
Note:

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

DC ELECTRICAL CHARACTERISTICS (V¢ = 5.0Vde = 5%, Vgs = 0Vdc, Ta = 0 to 70°C unless otherwise noted)

Characteristics Symbol Min Max Unit Test Conditions

Input High Voltage Vin +2.0 Vee \
Input Low Voltage Vi -0.3 +0.8 \
Input Leakage Current Iin - 10 Vin-= 0to 5.25V

R/W, RESET, CS A Vee = OV
Input Leakage Current for Three-State (Off) Irsi — Vin = 0.4 t0 2.4V

DTACK, DO-D15 10 HA Vee = 0V
Output High Voltage Vou - Vee =475V

RXREQ, TXREQ, DTACK, +2.4 — \ loap = —400 pA, Cioap = 130 pF
D0-D15, MILOOP, MAUREQ, ISOLATE +2.4 —_ \ l.oap = —400 uA, Cioap = 32 pF
TXEN, TXDATA +2.4 — v lLoap = 0, Croap = 30 pF
Output Low Voltage Vou Vee = 4.75V

RXREQ, TXREQ, TXEN, TXDATA, DTACK, D0-D15 — 0.5 v loap = 3.2 MA

MILOOP, MAUREQ, ISOLATE

IRQ, DONE -_ 0.5 v lLoap = 8.8 MA
Power Dissipation PinT - 1.0 w Ta = 26°C
Input Capacitance Cin — 13 pF Vge = 5.0V

ViN =0V
f=1MHz
Ta = 25°C
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R68802 Local Network Controller (LNET)
PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

40 — = = = n
INCHES
MIN

L B loim[ MIN_TMAX
51.31

[A 5029 [1.980 [ 2.020

14.86 [15.62 [0.585 | 0.615

R 2 254] 4.190.100 [ 0.165
B — 038 053]0.015] 0.021

| 076 ] 1.40]0.030] 0.055
25485C | 0100BSC
0.76 | 1.76 [0.030 | 0.070
020 | 0.33]0.008]-0013

5 254 419]0.100] 0.165
14.60 [15.37[0,575 | 0.608
o [0 ] o [

‘ U TA N ! 051 ] 1.52]0.020] 0.060
HJ A.‘_JL SEATINGPLANEA[J L K
G

41,1

.
© T

=
A

40-PIN PLASTIC DIP

MILLIMETERS INCHES
DIM]| MIN- | MAX | MIN | MAX
51.28 [52.32 [2.040 | 2.060
13.72 [ 14.22 [0.540 | 0.560
3.55] 5.08 [0:140 | 0.200
0.51 |0.014 | 0.020
1.02] 1.52[0.040 | 0.060
2.54 BSC 0.100 BSC
1.65] 2.16 [0.065 | 0.085
0.20] 0.30 [0.008 | 0.012
305] 3.56}0.120 | 0.140
15.24 BSC '| 0.600 BSC

7 1o | 7 | 10°
0.51] 1.02]0.020 | 0.040

xlo|mo|o|mi>
o
<
]

z;irx
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R68C552

N

Rockwell

DUAL ASYNCHRONOUS COMMUNICATIONS
INTERFACE ADAPTER (DACIA)

R68C552

PRELIMINARY

DESCRIPTION

The Rockwell CMOS R68C552 Dual Asynchronous Communica-
tions Interface Adapter (DACIA) provides an easily implemented,
program controlled interface between 16-bit microprocessor-based
systems and serial communication data sets and modems.

The DACIA has an internal baud rate generator. This feature elim-
inates the need for multiple component support circuits, a crystal
being the only other part required. The Transmitter baud rate can
be selected under program control to be either 1 of 15 different
rates from 50 to 38,400 baud, or at 1/16 times an external clock
rate. The Receiver baud rate may be selected under program con-
trol to be either the Transmitter rate, or at 1/16 times the external
clock rate. The DACIA is programmable for word lengths of 5, 6,
7 or 8 bits; even, odd, or no parity; and 1 or 2 stop bits.

The DACIA is desighed for maximum programmed control from
the microprocessor (MPU) to simplify hardware implementation.
Dual sets of registers allow independent control and monitoring
of each channel. The DACIA also provides a unique, program-
mable Automatic Address Recognition mode for use in a multi-
drop environment.

The Control Register and Status Register permit the MPU to
easily select the R68C552's operating modes and determine
operational status.

The Interrupt Enable Registers (IER) and Interrupt Status
Registers (ISR) allow the MPU to control and monitor the interrupt
capabilities of the DACIA.

The Control and Format Register (CFR) permits selection of badd
rates, word lengths, parity and stop bits as well as control of DTR
and RTS output signals.

The Status Register-(SR) gives the MPU access to the state of
the modem control lines, framing error, transmitter underrun and
break conditions.

The Compare Data Registers (CDR) hold the data value to be
used in the compare mode. '

The IRQ Vector Register (IVR) holds the interrupt vector for use
in the interrupt acknowledge state, or commands a Transmit
Break and provides for parity/address recognition during Auto-
matic Address Recognition mode.

ORDERING INFORMATION

Part Number:
R68C552
Package:
C = Ceramic
P = Plastic

FEATURES
* Low power CMOS N-well silicon gate technology

* Two independent full duplex channels with buffered receivers
and transmitters.

e Data set/modem control functions

e Internal baud rate generator with 15 programmable baud rates
(50 to 38,400)

* Program-selectable internally or externally controlied receiver
rate

¢ Programmable word lengths, number of stop bits, and parity
bit generation and detection

e Programmable interrupt control *

e Programmable control of edge detect for DCD, DSR, DTR,
RTS, and CTS

* . Program-selectable serial echo mode for each channel

e Automatic Address Recognition mode for multi-drop operations
* 5.0 Vdc +5% supply requirements

® 40-pin plastic or ceramic DIP

e Full TTL or CMOS input/output compatibility

¢ Compatible with R68000 microprocessor family

RES 1 40 [ Vgo
DTACK ]2 39 [ CS
XTALI T 3 38 1 RIW
XTALO |4 37 [ Rs2
CLKOUT 5 36 [ RS1
1ACK2 |6 35 [ RSO
DSR2 |7 34 [ 1ACK1
DCD2 ] 8 33 [ DSR1
CTs2 9 32 [ DCD1
RTS2 ] 10 31 [ CTS1
iRQ2 ] 11 30— RTS1
RxD2 12 29 [ IRGT
DTR2 {13 28 [ RxD1
TxD2 [ 14 27 [ DTR1
T>C ] 15 26 [J TxD1
D7 T 16 25 [ RxC
D6 |17 24 [ DO
D5 18 23 D1 .
D4 ] 19 22 3 D2
Vss [ 20 21 1 D3

Figure 1. R68C552 Pin Configuration

Document No. 68650N09

Product Description Order No. 708
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R68C552 Dual Asynchronous Communications Interface Adapter (DACIA)

INTERFACE SIGNALS

Figure 2 shows the DACIA interface signals associated with the
microprocessor and the modem.

DATA BUS (D0-D7)

The D0-D7 pins are eight data lines that transfer data between
the microprocessor (MPU) and the DACIA. These lines are bidirec-
tional and are normally high-impedance except during READ cycle
when the DACIA is selected.

REGISTER SELECTS (RS0, RS1, RS2)

The three register select lines are normally connected to the proc-
essor address lines to allow the MPU to select the various inter-
nal registers. Table 1 shows the internal register select coding
and identifies the abbreviations (ABBR) used throughout the text
for each register. Table 2 summarizes the control and status
registers and shows each bit allocation.

READ/WRITE (R/W)

The R/W input, generated by the micropgceséor, controls the
direction of data transfer. A high on the R/W line indicates a read
‘cycle, while a low indicates a write cycle.

CHIP SELECT (CS)

The chip select input is normally connected to the processor
address lines either directly or through decoders. The DACIA
latches address and R/W inputs on the falling edge of CS and
latches the data bus inputs on the rising edge of CS.

RESET (RES)

During system initialization a low level on the RES mput causesa
RESET to occur. At this time the IER’s are set to $80, the DTR and
RTS lines go to the high state, the RDR register is clearid
the IVR is set to $0F, the compare mode is disabled, and the CTS,
DCD, DSR flags are cleared. No other bits are affected.

‘TRANSMIT DATA (TXD1, TXD2)

The TxD outputs transfer serial non-return to zero (NRZ) data to
the data communications equipment (DCE). The data is trans-
ferred, LSB first, at a rate determined by the baud rate generator.

RECEIVE DATA (RXD1, RXD2)

The RxD inputs transfer serial NRZ data into the DACIA from the
DCE, LSB first. The receiver baud rate is determined by the baud
rate generator..

CLEAR TO SEND (CTS1, CTS2)

The CTS control line inputs allow handshaking by the transmitter.
When CTS is low, the data is transmitted continuously. When CTS
is high, the Transmit Data Register empty bit in the ISR is not set.

The word presently in the Transmit Shift Register is sent normally.

Any active transition on the CTS lines sets the CTS bit in the
appropriate ISR. The CTﬁatus bit in the SR reflects the cur-
rent high or low state of CTS.

DATA CARRIER DETECT (DCD1, DCD2)

These two lines may be used as general purpose inputs. An active
transition sets the DCD bit in the ISR. The DCD bit in the SR
reflects the current state of the DCD line.

ACIA1 e¢———— DCD1
REGISTERS | |«————— DSR1

AND | j———— RxD1 ACIA
CONTROL e TxD1 CHANNEL 1

LOGIC - DTR1

TACKT — | IACK1
LOGIC
ACIA1
IRQT <@————— | INTERRUPT
LOGIC
RAN ——— ‘
€S ————| | /0 CONTROL
RES —— ] AND
. DTACK «———| | REGISTER DTACK
R68000 RS0 =1 SELECT LOGIC
BUS RS1 ———»] LOGIC

ACIA1 BAUD
RATE SELECT

K | ————— XTALI
C'-°°c J————» cLKOUT
Loal —— —» XTALO

G| ws || o
110

BUFFERS

MUX
ACIA2
IRQ2 ] INTERRUPT
LOGIC
IACK2
- IACK2 ——————> LOGIC

ACIA2 BAUD
RATE SELECT

ACIA2 }————» DTR2
REGISTERS | [——® TxD2 ACIA
AND > RxD2 CHANNEL 2
CONTROL [<@— DSR2
LOGIC [<@— DCD2

Figure 2. DACIA Interface Signals
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R68C552 ‘Dual Asynchronous Communications Interface Adapter (DACIA) *

DATA SET READY (DSR1, DSR2)

These two lines may be used as general purpose inputs. An active
transition sets the DSR bit in the ISR. The DSR bit in the SR
reflects the current state of the DSR line.

REQUEST TO SEND (RTS1, RTS2)

These two lines may be used as general purpose outputs. They
are set high upon reset. Their state may be programmed by set-
ting the appropriate bits in the CFR high or low. The state of the
RTS line is reflected by the RTS bit in the SR.

DATA TERMINAL READY (DTR1, DTR2)

These two lines may be used as general purpose outputs. They
are set high upon reset. Their state may be programmed by set-
ting the appropriate bits in the CFR high or low. The state of the
DTR line is reflected by the DTR bit in the SR.

INTERRUPT REQUEST (IRQ1, IRQ2)

The IRQ lines are open-drain outputs from the interrupt control
logic. IRQ is associated with ACIA1 and IRQ2 is associated with
ACIA2. These lines are normally high but go low when one of the

flags in the ISR is set, provided that its corresponding enable bit

is set in the IER.

CLOCK CIRCUIT

The internal clock oscillator supplies the time base for the baud
rate generator. The oscillator can be driven by a crystal or an
external clock, or it can be disabled, in which case the time base
for the baud rate is generated by the Receiver External Clock
(RxC) and Transmitter External Clock (TxC) input pins. Figure 3
shows the three possible clock configurations.

CRYSTAL (XTALI, XTALO)

" These pins are normally connected to an external 3.6864 MHz
crystal used as the time base for the baud rate generator. As an
alternative, the XTALI pin may be driven with an externally
generated clock in which case the XTALO pin must float.

RECEIVER CLOCK (RxC)

This pin is the Receiver 16x clock input when the baud rate gen-
erator is programmed for External Clock. Figure 15 shows tim-
ing considerations for RxC.

TRANSMITTER CLOCK (TxC)

This pin is the transmitter 16x clock input when the baud rate
generator is programmed for External Clock. Figure 16 shwos tim-
ing considerations for TxC.

Note

When RxC and TxC are used for external clock input,
XTALI must be tied to ground (Vss) and XTALO must be
left open (floating).

CLOCK OUT (CLK OUT)

This output is a buffered output from the 3.6864 MHz crystal
oscillator. It may be used to drive the XTALI input of another
DACIA. This allows multiple DACIA chips to be used in a system
with only one crystal needed. CLK OUT is in phase with XTALI.

RECEIVER
EXTERNAL L | XTALI

cLocK RxC
TRANSMITTER
EXTERNAL  ° | T*C

CLOCK [ °— XTALO

OPEN EXTERNAL
CIRCUIT CLOCK

15-20 pF EXTERNAL

XTAUI o— XTALI
3.6864 MHz | T cLock
. CRYSTAL[ ]
—[i— XTALO | OPEN olyx1AIO
15-20 pF T CIRCUIT
= INTERNAL EXTERNAL
cLocK cLOCK

Figure 3. DACIA Clock Generation
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Dual Asynchronous Communications Interface Adapter (DACIA)

TRANSMIT TRANSMIT
DATA SHIFT TxD1
REGISTER REGISTER

INTERRUPT
ENABLE
nex REGISTER
TAEKT - LoGic
INTERRUPT p——————— DCDT
bSAT
REGISTER | @ oSt
2 STATUS
2 REGISTER
1RQ g .
G [ ;
1 Loaic a CONTROL/ BFRT
2 FORMAT
H ATST
4
w
= INTERRUPT
e
ACIA CHANNEL 1 3 STER
] <
RECEIVE
CoMPARE CONTROL RXD1
— REGISTER |
i LOGIC 1
00070 oara oATA
DATA 110 <::> Fay
<:> BUFFERS Mux ¥ -
RECEIVE RECEIVE
. DATA SHIFT
REGISTER | REGISTER
RSO ; YT ACIA CHANNEL 1
RSt —* : - : L GENERATOR I e TG
RS2 —w| 1O < clock | xmau
> CONTROL OSCILLATOR cLKOUT
W —»] LOGIC A — 1 LoGIC XTALO
i BAUD AxC
[ —— RATE ; l
" RES — GENERATOR ACIA CHANNEL 2
(] RECEIVE RECEIVE
| DATA SHIFT
REGISTER REGISTER
oTACK a—| Doae u_‘:) AVZ [}
COMPARE RECEIVE
CONTROL RxD2
ﬂ REGISTER LOGIC
S——
ACIA CHANNEL 2 a INTERRUPT
a VECTOR
< REGISTER
<
S CONTROL/ ATSZ
g FORMAT
__ . z REGISTER o
1R@2 LoGIc w
z STATUS
P REGISTER
g
INTERRUPT crs2
DSR2
— REGISTER i
TAtK2 LOGIC PN
INTERRUPT
__r_—'__| M EnaBLE
Pym— REGISTER
s = COMMON LOGIC o
~—1+—# = CONTROL LINES Ry TRANSMIT | o TxD2
@D = &8IT DATALINES REGISTER REGISTER
MULTL-BIT CONTROL LINES

Figure 4. DACIA Block Diagram
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R68C552

Dual Asynchronous Communications Interface Adapter (DACIA)’

FUNCTIONAL DESCRIPTION

Figure 4 is a block diagram of the DACIA which consists of two
" asynchronous communications interface adapters with common
microprocessor interface control logic and data bus buffers. The
individual functional elements of the DACIA are described inthe
following paragraphs.

DATA BUS BUFFER

The Data Bus Buffer is a bidirectional interface between the
system data lines and the internal data bus. When R/W is high and
CSis low, the Data Bus Buffer passes data from the internal data
bus to the system data lines. When R/W is high, CS is high, and
either IACK line is low, the IRQ vector is passed to the system
data bus. When R/W is low and CS is low, data is brought into the
DACIA from the system data bus. The following table summarizes
the Data Bus Buffer states.

Data Bus Buffer Summary

RW ggmmﬁnﬁcxz Data Bus Buffer State
L L L L ILLEGAL MODE — TRI STATE
L L L H ILLEGAL MODE — TRI STATE
L L H L ILLEGAL MODE — TRI STATE
L L H H WRITE MODE — TRI STATE
L H L L ILLEGAL MODE — TRI STATE
L H L H ILLEGAL MODE — TRI STATE
L H H L ILLEGAL MODE — TRI STATE
L H H H TRI STATE
H L L L ILLEGAL MODE — OUTPUT $0F
H L L H ILLEGAL MODE — OUTPUT $0F
H L H L ILLEGAL MODE — OUTPUT $0F
H L H H READ MODE — CUTPUT DATA
H H L L ILLEGAL MODE — OUTPUT $0F
H H L H OUTPUT IRQ VECTOR 1
H H-H L OUTPUT IRQ VECTOR 2
H H H H - TRI STATE

TRANSMIT AND RECEIVE DATA REGISTERS

These registers are used as temporary data storage for the DACIA
Transmit and Receive circuits. The Transmit Data Register is
characterized as follows:

e Bit 0 is the leading bit to be transmitted.
* Unused data bits are the high-order bits and are ‘“don’t care”’
for transmission.

¢ Write-Only Register.

The Receive Data Register is characterized in a similar fashion
as follows:

o Bit 0 is the leading bit received. v

¢ Unused data bits are the high order bits and are ‘0" for the
receiver.

* Parity bits are not contained in the Receive Data Register, but
are stripped off after being used for external parity checkmg
Parity and all unused high-order bits are “0”

¢ Read-Only Register
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Figure 5 shows an example of a single transmitted or received
data word. In this example, the data word is formatted with 8 data
bits, parity, and two stop bits. Figure 5 also shows a single
character transmitted or received in Address Recognition mode.
In this example, the address or data word is 8 bits, there is no
parity bit, and there are two stop bits. The 10th bit, (normal parity
bit) is an address/data indicator bit. A 1 means the 8 bits are an
address that will be compared with the address stored in the Com-
pare Data Register. A 0 means the 8 bits are data.

PARITY MODE :
“ L [etT2[eTeTs e [ Tr  rs]z]
[- ST
START DATA PARITY STOP
BIT BIT ~ BITS

ADDRESS/DATA MODE

—ll [of1]z]se]s[e]7 [pls]>s]

v —J I R e
START ADDRESS 1 STOP
BIT OR BITS
DATA 0
Figure 5. Typical Data Word
INTERRUPT LOGIC

The interrupt logic causes the IRQ lines (IRQT or IRQ2) to go low
when conditions are met that require the attention of the MPU.
There are two registers (the Interrupt Enable Register and the
Interrupt Status Register) involved in the control of interrupts in
the DACIA. Corresponding bits in both registers must be set to
cause an IRQ.

INTERRUPT ENABLE REGISTER (IER)

The Interrupt Enable Register (IER) is a write-only. register that
allows each of the possible IRQ sources to be enabled, or dis-
abled, individually without affecting any of the other interrupt
enable bits in the register. IRQ sources are enabled by writing
to the IER with bit 7 set to a 1 and every bit set to a 1 that cor-
responds to the IRQ source to be enabled. IRQ sources are
disabled by writing to the IER with bit 7 set to a 0 and every bit
set to a 1 that corresponds to the IRQ source to be disabled. Any
bit (except bit 7) to which a 0 is written is unaffected and remains
in its original state. As an example, writing $7F to the IER will
disable all IRQ source bits, but writing $FF to the IER will enable

all IRQ source bits. A hardware. reset (RES) clears all IRQ

source bits to the 0 state. Bit assignments for the IER are as
follows:

7 6 5 | 4 | 3 2 1] o
CLEAR! | TOR | oo | oo | e | PARITY g'\q,"a" RDR
seT | empry [ CI° | PCD | DSR | erpon | OV | FuLL
BITS | IE [ R




R68C552 Dual Asynchronous Communications Interface Adapter (DACIA)
Table 1. DACIA Register Selection
REGISTER SELECT CONTROL & FORMAT|
HEX LINES REGISTER BITS REG . REGISTER ACCESS
00 L L L — — IER1 INTERRUPT ENABLE INTERRUPT STATUS
ISR1 REGISTER 1 " REGISTER 1
0 — CFR1 CONTROL STATUS
01 L L H ‘ SR1 REGISTER 1 REGISTER 1
1 — CFR1 FORMAT INVALID -
REGISTER 1
— 0 CDR1 COMPARE INVALID
DATA
o L " L REGISTER 1
— 1 IVR1 IRQ INVALID
VECTOR 1
03 L H H — - TDR1 TRANSMIT DATA RECEIVE DATA
RDR1 REGISTER 1 REGISTER 1
04 H L L — — IER2 INTERRUPT ENABLE INTERRUPT STATUS
ISR2 REGISTER 2 REGISTER 2
0 — CFR2 CONTROL STATUS
05 H L H SR2 REGISTER 2 . REGISTER 2
1 — CFR2 FORMAT INVALID
: REGISTER 2
— 0 CDR2 | COMPARE INVALID
N DATA
06 H H L. REGISTER 2
— 1 IVR2 IRQ INVALID
VECTOR 2
07 H H H — — TDR2 TRANSMIT DATA RECEIVE DATA
RDR2 REGISTER 2 REGISTER 2
Table 2. Control and Status Registers Format Summary
REGISTER BIT NUMBERS ) REGISTER RES
7 6 5 4 3 2 1 )
TDR S — —_ PARITY FRM RDR INTERRUPT
CLEAR/SET CTS DCD* DSR OVR FULL ENABLE $80
BITS EMPTY IE IE IE ERROR BRK IE REGISTERS
; IE IE IE
-y TOR Tis BB BSR PARITY iy ROR DNTERRUPT | | _
SET EMPTY TRANS TRANS | TRANS ERROR BRK FULL REGISTERS
FRAMING TRANS CTS DCD DSR REC DTR RTS STATUS _
ERROR UNDR | STATUS | STATUS | STATUS | BREAK STATUS STATUS REGISTERS
~ IVRICDR NO. CONTROL
0 REG %‘:‘?g ECHO BAUD RATE SELECTION REGISTERS
AND —
NUMBER OF PARITY PARITY DTR _ RTS FORMAT
1 DATA BITS _ SELECTION ENABLE CONTROL CONTROL REGISTERS
courane
COMPARE BITS (ADDRESS RECOGNITION) A STER
1A MODE
IRQ VECTOR ADDRESS IRQ SOURCE
INTERRUPT
‘ reaister | | *F
TRANS PAR/ T
NOT USED BRK ADDR
T/R MODE
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INTERRUPT STATUS REGISTER (ISR)

The Interrupt Status Register (ISR) is a read-only register that
identifies the current status condition for each DACIA internal IRQ
source. Bits 6 through 0 of the ISR are set to a 1 whenever the
corresponding IRQ source condition has occurred in the DACIA.
Bit 7 identifies if any of the IRQ source status bits have been set
in the ISR.

7 6 5 4 3 2 1 0
AB'T;/ TOR | CTS | DCD | BSR |PamiTy| 5% | ROR
SET EMPTY | TRANS | TRANS | TRANS | ERROR BRK FULL

Bit7 Any Bit Set
1 Any bit (6 through 0) has been set to a 1
0 No bits have been setto a 1
Bit 6 Transmit Data Register Empty (TDR EMPTY)
1 Transmit Data Register has been transferred to
the shift register
0 New data has been written to the Transmit Data
Register
Bit5 Transition On CTS Line (CTS TRANS)
1 A positive or negative transition has occurred on
CTS
0 No transition has occurred on CTS, or ISR has
been read
Bit4 Transition On DCD Line (DCD TRANS)
1 A positive or negative transition has occurred on
DCD
0 No transition has occurred on DCD, or ISR has
been read
Bit 3 Transition On DSR Line (DSR TRANS)
1 A positive or negative transition has occurred on
DSR
0 No transition has occurred on DSR, or ISR has
been read
Bit 2 Parity Error
1 A parity error has occurred in received data
0 No parity error has occurred, or the Receive
Data Register (RDR) has been read
Bit 1 Frame Error, Overrun or Break (FRM, OVR,
BRK)
1 A framing error, receive overrun, or receive
break has occurred
0 No error, overrun, break has occurred or RDR
has been read
Bit0 Receive Data Register Full (RDR FULL)
1 Shift register data has been transferred to
Receive Data Register
0 Receive Data Register has been read

INTERRUPT VECTOR REGISTER (IVR)

The DACIA has two Interrupt Vector Registers which are write-only
registers. By storing the appropriate vector address number in bits
7 through 2 of the IVR, the DACIA will place the vector on the data
bus when requested by the IACK signal. In this mode, bits 1 and 0
identify the source of the IRQ.

Note: In order for the IVR Vector Address to be recognized, bit 6
of the CFR must be a 1.

During the Transmit Receive mode, bits 7 through 2 are not used
and are treated as ‘‘don’t care” bits. In this mode, bits 1 and 0
are used for Transmit Break and Parity/Address recognition.

Writing a 1 to bit 1 of the IVR causes a continuous Break to be
transmitted by the ACIA associated with the register. Writinga 0 to
this bit allows normal transmission to resume. Writing a 1 to bit 0
of the IVR commands the value of the Parity bit to be sent to the
Parity Error bit (bit 2 of the ISR). Writing a 0 to this bit allows normal
Parity Error recognition to be in force. When an RES is received
bythe DACIA, both of these bits are reset to 0. The bits format for
the IVR are as follows:

7 6 5 4 3 2 1 0
IRQ VECTOR ADDRESS IRQ SOURCE
TRANS PAR/
NOT USED BRK ADDR

Interrupt Acknowledge Mode (IA Mode)

Bits 7-2 IRQ Vector Address
Bit 1 IRQ Source Channel
1 ACIA1 selected
0 ACIA2 selected
Bit0 IRQ Source
1 Other IRQ(CTS, DCD, DSR Parity, Break, OV)
0 Transmit or Receive IRQ

Transmit/Receive Mode (T/R Mode)

Bits 7-2 Not used (don’t care)

' Bit 1 Transmit Break (TRANS BRK)
1 Transmit continuous Break until disabled
0 Resume normal transmission .

Bit0 Parity/Address Recoghitlan (PAR/ADDR)
1 Send value of parity to ISR bit 2 (Address
Recognition mode)
0 Return to normal Parity Error recognition mode
COMPARE DATA REGISTER

The Compare Data Register (CDR) is a write-only register which
can be accessed when CFR bit 6 = 0. By writing a value into the
CDR, the DACIA is put in the compare mode. In this mode, set-
ting of the RDRF bit is inhibited until a character is received which
matches the value in the CDR. The next character is then received
and the RDRF bit is set. The receiver will now operate normally
until the CDR is again loaded.
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STATUS REGISTER (SR) Bit 5 Number of Stop Bits
The Status Register (SR) is a read-only register that provides I/O ‘1) g:: ::gg !;::s
status and error condition information. The SR is normally read
gfter an IRQ h.a.s occurred to determine the exact cause of the Bit 4 Echo Selection (ECHO)
interrupt condition. 1 Echo activated
7 P 5 2 3 > p 0 0 Echo deactivated
FRAMING|TRANS| CTS | DCD | DSR | REC | DTR | RTS Bits 3-0 Baud Rate Selection
ERROR | UNDR |STATUS | STATUS [STATUS [BREAK|STATUS | STATUS 3210 Baud Rate
Bit7 Framing Error g 8 g ? ?gg 2
1 A framing error occurred in receive data 0010 1 34' 58
0 No framing error occurred, or the RDR was e
read 00 11 150
0100 300
Bit 6 Transmitter Underrun (TRANS UNDR) 0101 600
1 Transmit shift register is empty and TDRE bits 01 10 1200
in IER and ISR are set o1 1 1 1800
0 A write to the TDR has occurred 1000 2400
) — 1.0 0 1 3600
Bit5 CTS Status 1 0 1 0 4800
1 CTS line high 101 1 7200
0 CTS line low 1100 9600
Bit4 DCD Status 110 1 19200
1 DCD line high 1110 38400
0 DCD line low 11 11 External TxC and RxC Clocks
Bit 3 DSR Status Format Register (CFR Addressed with Bit 7 = 1)
1 DSR line high
0 DSR line low 7 6 5 4 3 2 1 0
Bit 2 REC Break .| SOMEER | PamiTy |PARITY | DTR | ATS
1 A Receive Break has occurred BITS SELECTION | ENABLE | CONTROL | CONTROL
0 No Receive Break occurred, or RDR, was read
Bit 1 DTR Status Bits 6-5 Number of Data Bits Per Channel
1 DTR line high 65 No. Bits
0 DTR line low 0o 5
— 01 6
Bit 0 RTS Status 10 7
1 RTS line high 11 8
0 RTS line low
CONTROL AND FORMAT REGISTER (CFR) BeYS 23y Mode Selection
The Control and Format Register (CFR) is a dual-function, write- oA .
" N 00 QOdd Parity
only register which allows control of word length, baud rate, con- 0 1 Even Parit
trol line outputs, parity, echo mode, and compare/IVR access. 10 Mark P aritz
When the CFR is written to with bit 7 = 0, the CFR functions as 11 Space Parity
a Control Register. When the CFR is written to with bit 7 = 1, the P
CFR operates as a Formal Register. Bit 2 Parity Enable
Control Register (CFR Addressed with Bit 7 = 0) ! Parity as specified by bits 4-3
0 No Parity
7 6 5 4 3 2 1 0
NO. Bit 1 DTR Control
0 |IVRICDR | STOP |ECHO | BAUD RATE SELECTION 1 DTR high
BITS : 0 DTR low
‘Bit6 IVR/CDR Bit0 RTS Control
1 Access the IRQ Vector Register (IVR) 1 RTS high
0 Access the Compare Data Register (CDR) 0 RTS low
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OPERATION CONTINUOUS DATA TRANSMIT
The ten modes (or conditions) of operation of the DACIA are: In the normal operating mode, the TDRE bit in the ISR signals
e Continuous Data Transmit the MPU that the DACIA is ready to accept the next data word.

An IRQ occurs if the corresponding TDRE IRQ enable bit is set

* Continuous Data Receive in the IER. The TDRE bit is set at the beginning of the start bit.

¢ Transmit Underrun Condition When the MPU writes a word to the TDR the TDRE bit s cleared.
* Effects of CTS on Transmitter In order to maintain continuous transmission the TDR must be
« Effects of Overrun on Receive loaded before the stop bit(s) are ended. Figure 6 shows the rela-
e Echo Mode Timing tionship between IRQ and TxD for the Continuous Data Transmit
¢ Framing Error mode.
* Transmit Break Character
* Receive Break Character
* Automatic Address Mode
CHAR #n CHAR ilfn +1 CHAR #n + 2 CHAR #n + 3
1 1 1
vo| p[m]e] [efe]y] 4o ]e] [mr]y[g]]e] [a]e]y]g[o]e] [ale]y]
I'START STOP | START o STOP|START STOP| START STOP!
| ! ! !
— ~
IRQI ”I l I “I | ”l l.
PROCESSOR MUST
. LOAD NEW DATA
PROCESSOR PROCESSOR IN THIS TIME
INTERRUPT READS INTERVAL OTHERWISE,
(TRANSMIT DATA ISR, CAUSES CONTINUOUS “MARK”’
REGISTER EMPTY) IRQ TO CLEAR IS TRANSMITTED

Figure 6. Continuous Data Transmit

CONTINUOUS DATA RECEIVE a full data word. This occurs at about the 9/16 point through the
stop bit. The processor must read the RDR before the next stop
Similar to the continuous data transmit mode, the normal receive bit, or an overrun error occurs. Figure 7 shows the relationship
mode sets the RDRF bitin the ISR when the DACIA has received between IRQ and RxD for the continuous Data Receive mode.
CHAR #n CHAR #n+ 1 CHAR #In +2 CHAR ﬁn +3
__ __ __ . N\
mol 4 [eo]e] [au]e] ] 4 [e]e] [oe] [y [eo]e] “[eu[ ][4 [ee o] e /]
START STOP! START STOP| START STOP! START STOP!
| t |
_— P
Ll | | Ll L
/ [ '
IRQ PROCESSOR
INTERRUPT OCCURS
ABOUT 9/16 INTO
LAST STOP BIT PROCESSOR MUST READ
PARITY OVERRUN, PROCESSOR READS RECEIVER DATA IN THIS
AND FRAMING ERROR ISR, CAUSES TIME INTERVAL, OTHERWISE
UPDATED ALSO IRQ TO CLEAR OVERRUN OCCURS

Figure 7. Continuous Data Receive
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TRANSMIT UNDERRUN CONDITION flag is set. This condition persists until the TDR is loaded with a
If the MPU is unable to load the TDR before the last stop bit is new word. Figure 8 shows the relation between IRQ and TxD for
sent, the TxD line goes to the MARK condition and the underrun the Transmit Underrun Condition.
: CHAR #n CONTINUOUS ““MARK"’ CHAR #n + 1 CHAR #n + 2
] 1 . 1
_ - -- AN -
o [y [4[eofe] [a]e]y] Lt[ofe] foe[e ]y 4 [oo]e] [o]
STOP | START STOP | START STOP | START
m | | i L]
X
f WHEN PROCESSOR FINALLY LOADS
NEW DATA, TRANSMISSION STARTS
PROCE >
,NTE%RSUS,,?rR PROCESSOR READS IMMEDIATELY AND INTERRUPT
FOR DATA UNDERRUN BIT ISR, CLEARS IRQ OCCURS, INDICATING TRANSMIT
EMPTY SET DATA REGISTER EMPTY

Figure 8. Transmit Underrun Condition Relationship

EFFECTS OF CTS ON TRANSMITTER the TDRE bit in the ISR from becoming set. The word currently
The CTS control line controls the transmission of data or the hand- in the shift register continues to be sent but any word in the TDR
shaking of data to a “‘busy’’ device (such as a printer). When the is held until CTS goes low. At the high-to-low transition the CTS bit
CTS line is low, the transmitter operates normally. Any transition in the ISR is again set. Figure 9 shows the relationship of IRQ,

on this line sets the CTS bit in the ISR. A high condition inhibits TxD, and CTS for the effects of CTS on the transmitter.

NEXT CHARACTER IS SENT IMMEDIATELY
UPON CTS GOING LOW IF PROCESSOR

CHAR #n CHAR[#n +1 HAS ALREADY LOADED NEW DATA,
TxD ' CONTINUOUS MARK  OTHERWISE IT WAITS FOR NEW DATA.
- - 1 77
[e] Jesfe iy [tfeele] [o]efs Puex vy [ fefe]
- STOP|START sToP| CHARACTER START -
IS NOT SENT

WHEN PROCESSOR
TORE IS NOT SET MPU FINALLY, LOADS

CLEARS  NEw DATA, .
IRQ AGAIN  ypANSMISSION STARTS

) \ IMMEDIATELY AND

\ \ \ INTERRUPT OCCURS,
Cts  INDICATING TRANSMIT
‘ l N MPU Ra DATA REGISTER EMPTY
&S CLEAR-TO-SEND cTs CLEARS
IRQ iRQ

Figure 9. Effects of CTS on Transmitter



R68C552 Dual Asynchronous Communications Interface Adapter (DACIA)

EFFECTS OF OVERRUN ON RECEIVER RDR contains the last word not read by the MPU and all follow-
If the processor does not read the RDR before the stop bit of the ing datais lost. The receiver will return to normal operation when
next word, an overrun error occurs, the overrun bit is set in the the RDRis read. Figure 10 shows the relation of IRQ and RxD for
ISR, and the new data word is not transferred to the RDR. The the effects of overrun on the receiver.
CHAR #n CHAR #n + 1 CHAR #n + 2 CHAR#n + 3
I | 1
AY - - - -—
mo [,]t[efe] [a]e] ]yle]a] [a]e] [t]o]e] [a]e] ]4[e]e] [o]
srop| START T sToP | START T srop| START - l svopl START o
ma | ] | l
PROCESSOR — / X CHAR #n + 2
INTERRUPT MPU DOES MPU READS IRQ.
FOR RECEIVER NOT READ ISR CHAR #n + 1
DATA REGISTER RDR. OVERRUN CLEARS IRQ IS LOST
FULL BIT SET

Figure 10. Effects of Overrun on Receiver

ECHO MODE TIMING mal transmit mode if TDRE occurs (indicating end of data) an
underflow flag would be set and continuous Mark transmitted. If
In the Echo Mode, the TxD line re-transmits the data received on Echo is initiated, the underflow flag will not be set at end of data
the RxD line, delayed by 1/2 of a bit time. An internal underrun and continuous Mark will not be transmitted. Figure 11 shows the
mode must occur before Echo Mode will start transmitting. In nor- relationship of RxD and TxD for Echo Mode.
END OF
STOP START STOP START STOP DATA

wo JHL 4 [ao] “[a[eT V¢ [s]o] [l TF ]
AR R T T T TR N o
D FLIT]TIBOIBJ__lBNIPlTl?[_B:l—lﬂ-_lanlp|¢l _____

STOP START STOP START STOP
IF ECHO MODE,
NO UNDERFLOW,

THEREFORE NO
CONTINUOUS MARK

Figure 11. Echo Mode Timing
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FRAMING ERROR quent data words are tested separately, so the status bit always

Framing error is caused by the absence of stop bit(s) on received reflects the last data word received. Figure 12 shows the relation-
data. The framing error bit is set when the RDRF bit is set. Subse- ship of IRQ and RxD when a framing error occurs.
STOP STOP START STOP STOP START
2 1 2
RxD T y/ \' /
(EXPECTED) IBGIPI\ 'II IB°IB‘|82IB’|B‘|B5IBSIPI ;I [B°I
sTOP STOP START sTOP ' STOP START

1 ., 11
hCTuAL) _J_Bil_i_'\"’/I/|B°|°‘|B=|33|B'[°5|B‘|"yﬁ:/IB"'
L

- L

NOTES: 1. FRAMING ERROR DOES NOT MISSING
INHIBIT RECEIVER OPERATION. STOP PROCESSOR
BIT INTERRUPT,
2. IF NEXT DATA WORD IS OK, FRAMING
FRAMING ERROR IS CLEARED. ERROR
BIT SET

Figure 12. Framing Error

TRANSMIT BREAK CHARACTER $00 is stored in the IER at which time a stop bit is sent and

A Break may be transmitted by storing a value of $00 in the IER. transmission may resume. At least one full word time of Break
After storing zero in the |IER the Break is transmitted immediately. will be sent regardless of the length of time between starting and
Care should be exercised so that a character in transmission is stopping the Break character. Figure 13 shows the relationship
not disturbed inadvertently. The Break level lasts until other than of IRQ and TxD for a Transmit Break character.

\ __

o Ty ]4[efe] [e]e]y] [+ 14lee] [ouTe] 414l Te]
x T BB le"B‘ _| P 4 | Bo "PT 4 By
STOP | START srop START STOP’ y STOPISTART STOP [START
m | I I_IJJ L

IRQ PERIOD DURING
1 WHICH PROCESSOR /
— SELECTS

CONTINUOUS :gggEAs\;ov:mcu PROCESOR
“BREAK” MODE SELECTS INTERRUPT
NORMAL NORMAL TO LOAD
INTERRUPT TRANSMIT TRANSMIT
MODE DATA

Figure 13. Transmit Break Character
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RECEIVE BREAK CHARACTER

In the event that a Break character is received by the receiver,
the Break bit is set. The receiver does not set the RDRF bit and

remains in this state until a stop bit is received. At this time the
next character is to be received normally. Figure 14 shows the
relationship of IRQ and RxD for a Receive Break Character.

— CONTINUOUS “BREAK”’ SToP __
s [s 14,58 [ ]2 =] e] 14 ]e]e]
RxD |‘I__I "lplf fl o By B P T bl il Bn P/ }|Bo|B
smpl START stop| ' | START sropl START
- u I
IRQ | LU I_”
\* :“g; NO INTERRUPT T
SINCE RECEIVER. NORMAL
PROCESSOR INTERRUPTS
INTERRUPT PROCESSOR DISABLED UNTIL RECEIVER
FOR INTERRUPT FIRST STOP BIT INTERRUPT
RECEIVER WITH BREAK AND FRAMING ERROR BIT SET.
DATA REGISTER EVEN PARITY CHECK WILL ALSO GIVE A PARITY
FULL ERROR BECAUSE ALL ZEROS (CONTINUOUS
BREAK) REPRESENT EVEN PARITY.

Figure 14. Receive Break Character

AUTOMATIC ADDRESS RECOGNITION

The DACIA offers a unique solution to the standard problem
associated with multi-drop environment UARTs and communica-
tion interface controllers. In the standard configuration used by
other devices, the slave CPU must be constantly interrupted to
analyze incoming characters on the communications net to deter-
mine if an address word is present and if so, does that address
match the address assigned to the slave UART. This CPU inter-
rupt scheme can become intolerable in very large multi-drop net-
works because every slave on the communications net must
“‘wake-up”’ it's CPU for every character sent down the network
by the master. The end results is that the CPUs on the com-
munications net are constantly being interrupted for the mundane
task of address recognition.

To avoid this constant CPU interrupt problem, the DACIA has
been designed to do address comparison and recognition inter-
nally without the need for CPU intervention. Therefore, the slave
CPU is not interrupted until the DACIA has determined that the
character sent over the communications net by the master was
an address and the address matched the address stored in the
DACIA Compare Register. At this point the DACIA interrupts the
CPU, goes out of Compare Mode, and receives the string of
characters being transmitted by the master, (i.e., the data
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characters). When all data has been received by the slave, it's
CPU must again write the slave address into the DACIA Compare
Register which automatically puts it back into the Compare Mode,
waiting for another address character.

GENERATION OF NON-STANDARD BAUD RATES

Divisors

The internal counter/divider circuit selects the appropriate divisor
for the crystal frequency by means of bits 0-3 of the CFR Control
Register, as shown in Table 4.

Generating Other Baud Rates
By using a different crystal, other baud rates may be generated.
These can be determined by:

Baud Rate = Crystal .F.requency

Divisor
Furthermore, it is possible to drive the DACIA with an off-chip
oscillator to achieve other baud rates. In this case, XTALI (pin 3)
must be the clock input and XTALO (pin 4) must be a nonconnect.



R68C552 Dual Asynchronous Communications Interface Adapter (DACIA)
Table 4. Divisor Selection
Control
Register Divisor Selected Baud Rate Generated Baud Rate Generated
Bits For The With 3.6864 MHz With a Crystal

3 2 1 0 Internal Counter Crystal of Frequency (f)
0 0 0 0 73,728 (3.6864 x 10°)/73,728 = 50 /73,728

0 0 0 1 33,5638 (3.6864 x 10°%/33,538 = 109.92 /33,538

0 0 1 0 27,408 (3.6864 x 10°)/27,408 = 134.58 /27,408

0 0 1 1 24,576 (3.6864 x 10%/24,576 = 150 /24,576

0 1 0 0 12,288 (3.6864 x 10°/12,288 = 300 {112,288

0 1 o] 1 6,144 (3.6864 x 10°)/6,144 = 600 /6,144

0 1. 1 0 3,072 (3.6864 x 10°%/3,072 = 1,200 {13,072

0 1 1 1 2,048 (3.6864 x 10%)/2,048 = 1,800 /2,048

1 0 0 0 1,536 (3.6864 x 10%)/1,536 = 2,400 /1,536

1 0 0 1 1,024 (3.6864 x 10%)/1,024 = 3,600 1,024

1 0 1 0 768 (3.6864 x 10°)/768 = 4,800 /768

1 0 1 1 512 (3.6864 x 10%/512 = 7,200 /512

1 1 -0 0 384 (3.6864 x 10°/384 = 9,600 /384

1 1 0 1 192 (3.6864 x 10%/192 = 19,200 1192

1 1 1 0 96 (3.6864 x 10°%/96 = 38,400 /96

1 1 1 1 16 TxC/16 = Baud Rate or RxC/16 = Baud Rate

I 16 CLOCK PULSES -

RxC

o 7 I
RXD D@x LATCH )lDATA K ® X

@ TRANSFER DATA TO SHIFT REGISTER

Figure 15. DACIA External Clock Timing — Receive Data

} 16 CLOCK PULSES -

TxC ‘
INTERNAL
+ 16 (¢
J)

TcO

(L
\\ TRANSMIT DATA
77

TxD

Figure 16. DACIA External Clock Timing — Transmit Data
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'a
RS0-RS2 x X
. Y B

DACIA Read Cycle Timing

: p'S
RS0-R$2 ><7

e mOmmOn
s \_. /
DATA ] h
(D0-D7) \ )
BTACK \ /-‘
®
DACIA Write Cycle Timing
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w e N C Y

1

TxD ><

®

CTS, DCD, DSR X

RTS, DTR

DACIA Transmit/Receiver Timing

m_—_\ J‘

a
-~

DO-D7 \ :

®

DACIA Interrupt Acknowledge Timing
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SPECIFICATIONS

AC CHARACTERISTICS

(Vec = 5 Vdc + 5%, Vgg = 0 Vdc, T, = T, to T, unless otherwise noted)

[ Number |  Characteristic [ symbo [ min. Max. unit |

READ/WRITE TIMING
1 R/W, RS0-RS2 Valid to CS Low (Setup) tavel 0 — ns
CS Low to R/W, RS0-RS2 Read )

2 (Hold Time) oy 65 - ns
3 CS Low to Data Valid teLov — 100 ns
4 CS High to DTACK High toHTH — 10 ns
5 Data Valid to CS High toveH 20 — ns
[ CS High to Data Invalid (Read) tcHpz 10 30 ns
7 CS High to Data Invalid (Write) tcHpz — 40 ns
8 CS Low to DTACK Low (Write) toLe (] — . ns
9 Data Valid to DTACK Low (Read) tovTL 0 — ns

TRANSMIT/RECEIVE TIMING .
10 Transmit/Receive Clock Rate toy 250 - ns

1 Transmit/Receive Clock High ten 100 — ns
12 Transmit/Receive Clock Low o 100 —_ ns
13 XTALLI to TxD Propagation Delay tero —_ 250 ns
14 XTALI to TRQ Propagation Delay teLp — 250 ns
15 CTS, DCD, DSR Valid to IRQ Low tsviL — 150 ns
16 TRQ Propagation Delay (Clear) tirac — 150 ns
17 RTS, DTR Propagation Delay trorD - 150 ns

INTERRUPT ACKNOWLEDGE TIMING

18 TACK Low to Data Valid tiov - 100 ns
19 TACK Low to DTACK Low e 0 — ns
20 TACK High to DTACK High YHTH 0 — ns
21 TACK High to Data Invalid tipz 10 30 ns
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ABSOLUTE MAXIMUM RATINGS*

*NOTE: Stresses above those listed may cause permanent
damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above
those indicated in other sections of this document is not implied.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Parameter Symbol Value Unit
Supply Voltage Vee -0.3t0 +7.0 Vdc
Input Voltage Vin -03toVee +0.3 | Vde
Output Voitage Vour -0.3toVge +0.3 | Vde
Operating Temperature Ta °C
Commercial Oto +70
Industrial -40to +85
Storage Temperature Tsta -55t0 +150 °C
OPERATING CONDITIONS
Parameter Symbol Value
Supply Voltage Vee 5V+5%
Temperature Range Ta
Commercial 0 to 70°C
Industrial —40°C to +85°C
DC CHARACTERISTICS

(Vec = 5.0V 5%, Vgg = 0, T4 = T to Ty, unless otherwise noted)

Parameter Symbol Min Typ Max Unit Test Conditions
Input High Voitage Viu Vv
Except XTALI and XTALO +20 — Vee + 0.3
XTALI and XTALO +2.4 — Ve + 0.3
Input Low Voltage ViL v
Except XTALI and XTALO -03 — +0.8
XTALI and XTALO -03 — +0.4
Input Leakage Current In wA Vin = 0V to 5.0V
R/W, RES, RS0, RS1, RS2, RxD, CTS, DCD, DSR, RxC, - 10 50 Vee = 5.25V
TxC, CS, IACK
Input Leakage Current for Three-State Off lrst pA Vin = 0.4V to 2.4V
Do-D7 — +2 10 Vge = 5.25V
Output High Voltage Vou +24 — — v Veo = 4.75V
DO-D7, TxD, CLK OUT, RTS, DTR 1.5 — — lLoap = —100 gA
Output Low Voltage Voo — — +0.4 v Vee = 4.75V
D0-D7, TxD, CLK OUT, RTS’, DTR lLoap = 1.6 mA
Output Leakage Current (Off State) lorr A Vee = 5.25V
IRQ, DTACK — t2 +10 Vour = 010 2.4V
Power Dissipation Pp — — 10 mW/MHz
Input Capacitance Cin Vge = 5.0V
Except XTALI and XTALO — — 5 pF Viy = 0V
XTALI and XTALO — — 10 pF f = 2MHz
— Tp = 25°C
Output Capacitance Cout — 10 pF
Notes:
1. All units are direct current (dc) except for capacitance.
2. Negative sign indicates outward current flow, positive indicates inward flow.
3. Typical values are shown for Vgc = 5.0V and T, = 25°C,
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PACKAGE DIMENSIONS

40-PIN CERAMIC DIP

7

L B INCHES
MIN | MAX | MIN | MAX |
50.29 | 51.31 | 1.980 | 2.020
14.86 | 15.62 {0.585 {0.615
o = 2.54 | 4.190.100/0.165
0.38 | 0.53 {0.015(0.021
0.76 | 1.40 {0.030 |0.055

2.54 BSC 0.100 BSC
i 0.76 | 1.78 {0.030|0.070
0.20 | 0.33 {0.008 [0.013
2.54 | 4.19 {0.100{0.165
14.60 | 15.37 |0.575 |0.605

T

N X 0° 10° 0° 10°

Hesl 0.51 | 1.52 {0.020/0.060
B, G——I l-— I =

40-PIN PLASTIC DIP MILLIMETERS| INCHES

»

z:r:u.xm'nﬂﬂmijg

DONONANNANNOANNNANANNNDNNDD |IDIM| MIN | MAX | MIN | MAX
A |51.28 | 52.32 | 2.040 [2.060
V [13.72 | 14.22 |0.540 |0.560 |
C 3.55| 5.08 |0.1400.200 |
“ D 0.36 | 0.510.014)0.020
) F 1.02 | 1.52 [0.040{0.060
G 2.54 BSC 0.100 BSC
[:JUUUUVUUUUUUUUUUUUUU H 1.65| 2.16 [0.065 [0.085
L J 0.20 | 0.30 {0.008 [0.012
| K | 305 356[0.120]0.140
L 15.24 BSC | 0.600 BSC
M| 70 T10° [ 70 T10°
N [ 051] 1.02{0.020[0.040

~—la «F—feD
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R6500 MICROPROCESSOR AND PERIPHERAL FAMILY
Fastest Executing, Largest Selling 8-Bit Family Now Also In CMOS

There is no microprocessor family easier to implement
than the R6500. It's the fastest instruction executing 8-bit
family. It's software compatible with a family of single-chip
microcomputers. It’s available in NMOS and CMOS
versions. It has a wide variety of CPUs and peripheral
controllers and versatile memory-lI/O-timer combinations.

In the 8-bit range, nothing gives higher performance than
this third generation microprocessor family. Pipeline
architecture provides much faster instruction execution
(1usec). Thirteen address modes provide the most efficient
ways of addressing memory. R6500 peripherals are system
oriented, designed to implement systems with minimum
chips.

And now, it’s available in CMOS, for even higher speed,
low power applications—the R65C00 family. It's now
possible to move complete product and system designs
directly into CMOS, being downward software compatible
with the NMOS R6500 family.

Because of its inherent characteristics, the advanced
Rockwell CMOS provides low power consumption, high
noise immunity and high speed operation. Its 2 MHz CPU
dissipates only 40 mW (compared to 700-800 mW in NMOS)
and requires only 10 pA standby current. Instructions can
be executed in only 500 nanoseconds. Instruction memory
requirements are 20% less due to added bit manipulation
features. And, there are even more advantages.

The entire 8-bit R6500 family is upward compatible with
the 16-bit R68000 bus, software compatible to the R6500/+
single-chip microcomputers and are the building blocks for
the RM 65 module family and AIM 65 board microcomputer
families, for a wide range of system applications. There’s no
wonder it’s one of the world’s largest selling families of
microprocessors, as documented by Dataquest. (See below)

Millions of Units
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15+ §
14
13
12
114 —
10+
” - &
8 .
] — 156
7_
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5- 9.8
9.37 lo.2 ‘ o2
47 \ 772 7.57
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2 : 4771 |as2| [474| [455
1 AW l2'13| 2.34 \§\
! ] ] ] ] ] ] | DN | ] | |
0 TRe502 8060785
6502 6800 8060/85| R6502 80 6800 8060/85| RE502 6800 8060/85|R6502 6800 )
gamily 280 Family Family | Family FamilyFamily | Family Family Family {Family Family Family
1979 1980 1981 1982

Source: Dataquest—April 1983

Estimated Worldwide Shipments of Multisourced 8-Bit Microprocessors
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R650X e R651X

‘ ' R650X and R651X
Rockwell MICROPROCESSORS (CPU) |

DESCRIPTION FEATURES

The 8-bit R6500 microprocessor devices are produced with
N-channel, silicon gate technology. Its performance speeds are
enhanced by advanced system architecture. This innovative
architecture results in smaller chips—the semiconductor
threshold is cost-effectivity. System cost-effectivity is further
enhanced by providing a family of 10 software-compatible
microprocessor (CPU) devices, described in this document.
Rockwell also provides single chip microcomputers, memory and
peripheral devices—as well as low-cost design aids and
documentation.

N-channel, silicon gate, depletion load technology
8-bit parallel processing

56 instructions

Decimal and binary arithmetic

Thirteen addressing modes

True indexing capability

Programmable stack pointer

Variable length stack

Interrupt request

Non-maskable interrupt

Use with any type of speed memory

8-bit bidirectional data bus

Addressable memory range of up to 64K bytes

Ten CPU devices are available. All are software-compatible.
They provide options of addressable memory, interrupt input,
on-chip clock oscillators and drivers. All are bus-compatible with
earlier generation microprocessors like the M6800 devices.

The R650X and R651X family includes six microprocessors with

: “R " inout
on-board clock oscillators and drivers and four microprocessors Di ea:inelnpu A bilit
driven by external clocks. The on-chip clock versions are aimed irec m?"’ c.cess capapility
at high performance, low cost applications where single phase Bus compatible with ME800

inputs, crystal or RC inputs provide the time base. The external
clock versions are geared for multiprocessor system applica-
tions where maximum timing control is mandatory. All R6500 On-chip clock options
microprocessors are also available in a variety of packaging _ X .

(ceramic and plastic), operating frequency (1 MHz, 2 MHz and External ‘smgle c@k input

3 MHz) and temperature (commercial and industrial) versions. —Crystal time base input

Commercial and industrial temperature versions
Pipeline architecture )

e Single +5V supply

1 MHz, 2 MHz, and 3 MHz versions
Choice of external or on-chip clocks

ORDERING INFORMATION

Part Number: R65XX._ _ _
| emperature Range (T, to Ty: R6500 CPU FAMILY MEMBERS
No letter = 0°C to +70°C N
E — —40°C to +85°C Microprocessors with Internal Two Phase Clock Generator
Package: - Model No. Pins Addressable Memory
C = Ceramic R6502 40 64K Bytes
P = Plastic R6503 28 4K Bytes
L R6504 28 8K Bytes
Frequency Range: R6505 28 4K Bytes
- No letter = 1 MHz R6506 28 4K Bytes
A = 2MHz R6507 28 8K Bytes
B = 3MHz
Microprocessors with External Two Phase Clock Input
Model Designator:
XX = 02,08, 04,...15 Model No. Pins Addressable Memory
R6512 40 64K Bytes
R6513 28 4K Bytes
R6514 28 8K Bytes
R6515 28 4K Bytes
Document No. 29000D39 Data Sheet Order No. D39

2.3 Rev. 6, February 1984



R650X, R651X

R6500 Microprocessors (CPU)

INTERFACE SIGNAL DESCRIPTIONS

CLOCKS (91, 92)

The R651X requires a two phase non-overlapping clock that
runs at the V¢ voltage level. The R650X clocks are supplied
with an internal clock generator. The frequency of these clocks
is externally controlled.

ADDRESS BUS (A0-A15, R6502)

The address line outputs access data in memory device loca-
tions or cells, access data in I/O device registers and/or effect
logical operations in 1/O or controller devices depending on
system design. The addressing range is determined by the
number of address lines available on the particular CPU device.
The R6502 and R6512 can address 64K bytes with a 16-bit
address bus (A0-A15); the R6504, R6507, and the R6514 can
address 8K bytes with a 13-bit address bus (A0-A12); and the
R6503, R6505, R6506, R6513, and R6515 can address 4K
bytes with a 12-bit address bus (A0-A11). These outputs are
TTL-compatible and are capable of driving one standard TTL
load and 130 pF.

DATA BUS (D0-D7)

The data lines (D0~D7) form an 8-bit bidirectional data bus
which transfers data between the CPU and memory or periph-
eral devices. The outputs are tri-state buffers capable of driving
one standard TTL load and 130 pF.

DATA BUS ENABLE (DBE, R6512 ONLY)

The TTL-compatible DBE input allows external control of the tri-
state data output buffers and will enable the microprocessor bus
driver when in the high state. In normal operation DBE is driven
by the phase two (#2) clock, thus allowing data output from
microprocessor only during #2. During the read cycle, the data
bus drivers are internally disabled, becoming essentially an
open circuit. To disable data bus drivers externally, DBE should
be held low.

READY (RDY)

The Ready input signal allows the user to halt or single cycle
the microprocessor on all cycles except write cycles: A negative
transition to the low state during or coincident with phase one
(#1) will halt the microprocessor with the output address lines
reflecting the current address being fetched. If Ready is low
during a write cycle, it is ignored until the following read oper-
ation. This condition will remain through a subsequent phase two
(@2) in which the Ready signal is low. This feature allows micro-
processor interfacing with the low speed PROMs as well as
Direct Memory Access (DMA).

INTERRUPT REQUEST (IRQ)

The TTL level active-low TRQ input requests that an interrupt
sequence begin within the microprocessor. The microprocessor
will complete the current instruction being executed before rec-
ognizing the request. At that time, the interrupt mask bit in the
Processor Status Register will be examined. If the interrupt
mask flag is not set, the microprocessor will begin an -interrupt
sequence. The Program Counter and Processor Status Register

24

are stored in the stack. The microprocessor will then set the
interrupt mask flag high so that no further interrupts can occur.
At the end of this cycle, the program counter low will be loaded
from address FFFE, and program counter high from location
FFFF, therefore transferring program control to the memory
vector located at these addresses. The RDY signal must be in
the high state for any interrupt to be recognized. A 3K() external
resistor should be used for proper wire-OR operation.

NON-MASKABLE INTERRUPT (NWi)

A negative going edge on the NMI. input requests that a non-
maskable interrupt sequence be generated within the micro-
processor.

NMI is an unconditional interrupt. Following completion of the
current instruction, the sequence of operations defined for TRQ
will be performed, regardless of the state interrupt mask flag.
The vector address loaded into the program counter, low and
high, are locations FFFA and FFFB respectively, thereby trans-
ferring program control to the memory vector located at these
addresses. The instructions loaded at these locations cause the
microprocessor to branch to a non-maskable interrupt routine
in memory.

NMi also requires an external 3KQ register to V¢ for proper
wire-OR operations. :

Inputs TRQ and NMi are hardware interrupts lines that are sam-
pled during @2 (phase 2) and will begin the appropriate interrupt
routine on the @1 (phase 1) following the completion of the cur-
rent instruction.

SET OVERFLOW FLAG (S0)

A negative going edge on the SO0 input sets the overflow bit in
the Processor Status Register. This signal is sampled on the
trailing edge of @1 and must be externally synchronized.

SYNC

The SYNC output line identifies those cycles in which the micro-
processor is doing an OP CODE fetch. The SYNC line goes high
during @1 of an OP CODE fetch and stays high for the remainder
of that cycle. If the RDY line is pulled low during the @1 clock
pulse in which SYNC went high, the processor will stop in its
current state and will remain in the state until the RDY line goes
high. In this manner, the SYNC signal can be used to control
RDY to cause single instruction execution.

RESET (RES)

The active low RES resets, or starts, the microprocessor from
a power down or restart condition. During the time that this line
is held low, writing to or from the microprocessor is inhibited.
When a positive edge is detected on the input, the microproc-
essor will immediately begin the reset sequence.

After a system initialization time of six clock cycles, the mask
interrupt flag is set and the microprocessor loads the program
counter from the memory vector locations FFFC and FFFD. This
is the start location for program control.

After V¢ reaches 4.75 volts in a power up routine, reset must
be held low for at least two clock cycles. At this time the RIW
and SYNC signals become valid. )




R650X, R651X

R6500 Microprocessors (CPU)

R6502 FEATURES

vss 40} RES
e 64K addressable bytes of memory (AO-A15) Roy g2 393 02 (ouT)
o ®1 (ouTI3 38f3s.o
o IRQ interrupt L= 7B 60 0N
o On-chip clock :_'jl E 5 3sfaN.c.
TTL-level single phase input AR ;i g v
RC time base input vee s 33T oo
crystal time base input - - RE502 e
e SYNC signal A2 [= R} 30[3 o3
(can be used for single instruction execution) I~ = rgo
o RDY signal A5 g 14 27f3 06
(can be used to halt or single cycle execution) & g =
A1
e Two phase output clock for timing of support chips A8 gv 243 are
_ A9 18 23
o NMl interrupt a0 e 22 ;,:::
e 40-pin DIP An 20 213 vss
RES .7 2819 ¢, (ouT)
R6503 FEATURES vss o2 275 ogm
Ra 3 2603 R/W
» 4K addressable bytes of memory (AO-A11) = 259 po
. vee s a3 o1
e On-chip clock =D 23 02
o IRQ interrupt % o Reso3 o1 os
o NMI interrupt a3 3o 20 b5
o 8-bit bidirectional data bus e :_E. " e g o
-pin A6 12 1 An
o 28-pin DIP A7 13 160 At0
A8 (e 15 A9
AEs 1 28}5 ¢, (ouT)
vss 32 . 27/ @og UN)
R6504 FEATURES =N b AW
vec a4 253 DO
o 8K addressable bytes of memory (A0-A12) a0 s 24301
o On-chip clock :; E f R6504 ;2 3 32
o IRQ interrupt A3 g8 2104
. . . a4 [Jo 20/ DS
e 8-bit bidirectional data bus as (10 =11
e 28-pin DIP a6 1 1807
a7 2 17 A2
Ag 13 168 AN
a9 T4 15fA10
AeEs 1 283 ¢, (ouT)
R6505 FEATURES vss 2 » g :/o_um
RDY 3 W
s 4K addressable bytes of memory (A0-A11) o (4 25p oo
L vee (s 24 01
e On-chip clock a0 e 233 b2
o iRQ interrupt 2 mesos 210 02
o RDY signal a3 3o 207 05
o 8-bit bidirectiona! data bus :; [ :? :: ::g E:
e 28-pin DIP as (12 173 an
A7 g3 16 Al0
A8 (4 15 E A9

25




R650X, R651X R6500 Microprocessors (CPU)

vss 1 28} RES
R6513 FEATURES @1 (IN) 2 273 ¢2 (IN)
TRG I3 261 R/AW
o 4K addressable bytes of memory (A0O-A11) M a4 25 g DO
e Two phase clock input vee s 243 D1
o IRQ interrupt A0 g 6 REs13 23 g g:
_ A1 7 22
o NMI lnte’rrupt A2 s 21|5 pa
o 8-bit bidirectional data bus A3 s 20} D5
e 28-pin DIP A4 10 19| D6
A5 (111 18 D7
A6 112 1719 A11
A7 313 16 A10
A8 (14 15[ A9
vss F 2815 RES
@1 (IN) 2 273 ¢2 (IN)
: IRQ 3 263 R/W
vee Cla 257 po
R6514 FEATURES A0 s 243 D1
_ A1 6 23102
o 8K addressable bytes of memory (A0-A12) a2 ; Res1s 22003
e Two phase clock input A3 s 21 b4
o IRQ interrupt : A4 o 20705
e 8-bit bidirectional data bus AS 10 197 D6
A6 1 18f3 07
A7 112 17 A12
A8 113 163 Al1
A9 114 15 A10
vss 1 283 RES
RDY (]2 2713 ¢2 (IN)
) , 61 IN ] 3 2603 R/W
R6515 FEATURES iRa 4 2513 po
vce s 243 p1
e 4K addressable bytes of memory (A0-A11) A0 5 6 232
o Two phase clock input A1 7 Re515 22[3 D3
o IRQ interrupt A2 48 21 o4
. A3 [Jo 201 D5
e RDY signal A4 [Ji0 19 D6
o B8-bit bidirectional data bus A5 (11 18 b7
A6 (12 17 A1
A7 13 16 A10
A8 [J14 1573 A9
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R650X, R651X ‘ R6500 Microprocessors (CPU)

RES 1 283 ¢, (OUT)
vss 32 271 ¢9 (IN)
R6506 FEATURES 1 (ounHs3 28RN
iRQ g4 251 D0
o 4K addressable bytes of memory (A0-A11) vee s 243 D1
o On-chip clock A0 o 231 D2
o iRQ interrupt o E 7 Resos - g o
o Two phase output clock for timing of support chips A3 o 201 DS
o 8-bit bidirectional data bus ‘ A4 10 191 D6
o 28-pin DIP As  Omn 18po7
A6 12 17 A1
A7 113 161 A10
A8 14 15 A9
REs .1 281 ¢2 {(ouT)
vss ]2 2711 ¢o (IN)
RDYC]3 26 JR/W
R6507 FEATURES vceH4 2509 po
. ) A0 s 243 p1
o 8K addressable bytes of memory (A0-A12) A1 [Je6 23 D2
e On-chip clock : A2 47 Re507 223 D3
. A3 8 213 D4
° RD‘Y spflal . aa o 205 b5
o 8-bit bidirectional data bus as 10 19 o6
e 28-pin DIP . As CJ11 18] b7
A7 []12 179 A12
A8 13 16 A11
A9 J14 15[ A10
vss. 1 401 RES
RDY []2 390 ¢, (OUT)+
$1(N) 3 38[ s.0.
TRa a4 373 b2 (IN)+
. vss s 363 DBE
R6512 FEATURES N e s N,
e 64K addressable bytes of memory (A0-A15) sYNC 7 34 R/W
iRQ interru vee s 333 Do
.T(n)'ll' errupt a0 o RE512 323 D1
o NMI interrupt A o 313 b2
e RDY signal A2 1 303 D3
e 8-bit bidirectional data bus :i J12 29 g g;
. 13 28
o SYNC signal AS 12 2753 pe
e Two phase clock input A6 15 263 D7
o Data Bus Enable A7 16 253 A15
e 40-pin DIP A8 17 241 A14
A9 {18 23] A13
A10 —f19 223 A12
A11 J20 213 vss
*Pins 37 and 39 are connected internally

2.7



R650X, R651X

R6500 Microprocessors (CPU)

FUNCTIONAL DESCRIPTION

The internal organization of all R6500, CPUs is identical except
for some variations in clock interface, the number of address
output lines, and some unique input/output lines between
versions.

CLOCK GENERATOR

The clock generator develops all internal clock signals, and (where
applicable) external clock signals, associated with the device. It is
the clock generator that drives the timing control unit and the exter-
nal timing for slave mode operations.

TIMING CONTROL

The timing control unit keeps track of the instruction cycle being
monitored. The unitis set to zero each time an instruction fetch is
executed and is advanced at the beginning of each phase one
clock pulse for as many cycles as is required to complete the
instruction. Each data transfer which takes place between the reg-
isters depends upon decoding the contents of both the instruction
register and the timing control unit.

PROGRAM COUNTER

The 16-bit program counter provides the addresses which step
the microprocessor through sequential instructions in a program.

Each time the microprocessor fetches an instruction from pro-
gram memory, the lower byte of the program counter (PCL) is
placed on the low-order bits of the address bus and the higher
byte of the program counter (PCH) is placed on the high-order 8
bits. The counter is incremented each time an instruction or data
is fetched from program memory.

INSTRUCTION REGISTER AND DECODE

Instructions fetched from memory are gated onto the internal
data bus. These instructions are latched into the instuction regis-
ter, then decoded, along with timing and interrupt signals, to gen-
erate control signals for the various registers.

2-8

ARITHMETIC AND LOGIC UNIT (ALU)

All arithmetic and logic operations take place in the ALU including
incrementing and decrementing internal registers (except the pro-
gram counter). The ALU has no internal memory and is used only to
perform logical and transient numerical operations.

ACCUMULATOR

The accumulator is a general purpose 8-bit register that stores
the results of most arithmetic and logic operations, and in addi-
tion, the accumulator usually contains one of the two data words
used in these operations.

INDEX REGISTERS

There are two 8-bit index registers (X and Y), which may be used
to count program steps or to provide an index value to be used in
generating an effective address.

When executing an instruction which specifies indexed addressing,
the CPU fetches the op code and the base address, and modifies
the address by adding the index register to it prior to performing the
desired operation. Pre- or post-indexing of indirect addresses is
possible (see addressing modes).

STACK POINTER

The stack pointer is an 8-bit register used to control the addressing
of the variable-length stack on page one. The stack pointer is auto-
matically incremented and decremented under control of the micro-
processor to perform stack manipulations under direction of either
the program or interrupts (NMI) and IRQ). The stack allows simple
implementation of nested subroutines and multiple level interrupts.
The stack pointer should be initialized before any interrupts or stack
operations occur.

PROCESSOR STATUS REGISTER

The 8-bit processor status register contains seven status flags.
Some of the flags are controlled by the program, others may be
controlled both by the program and the CPU.



R650X, R651X R6500 Microprocessors (CPU)

<4—— REGISTER SECTION CONTROL SECTION ——»

b— Z,

- INTERRUPT
LOGIC

A0 ] INDEX -
REGISTER
Y

B ; . | . ‘ { J
A2 - INDEX -
REGISTER
x j¢———————— RDV2
A3
ABL e SYNC2
s - 2 STACK
4 mil N POINT K
S REGISTER
< (s) 1
AS z
t'n_a INSTRUCTION
5 DECODE
A - I -t
ALY cq
A7
ADDRESS
BuS?
-] 3
A8 < ACCUMULATOR TIMING
';' A K> CONTROL
A9 «—i ﬁ
=
z ra—— $1 (IN}*
L]
A10 - -
C.q PcL 62
ad $2 (Ny*
AT g v PCH ca
ABH K= I cLock
STATUS
- 0 (IN)®
REGISTER GENERATOR
A12 g — F [
INPUT .
ke 1 T o]
DATA
LATCH - — 41 0une
A13 - - .
(oL) 1 L ¢30uUn?
L—
A14 g
. - DBE?
DATA BUS INSTRUCTION
[
s L] L BUFFE REGISTER
} L— [ I3
Do
>
LEGEND: » 01
» D2
ﬂ _ | —® 03 | pata
=8.BIT LINE o 04 | sus
— D5
| =1 BIT LINE - D6
—— D7
NOTE

1. CLOCK GENERATOR IS NOT INCLUDED ON R6512, R6513, R6514 AND R6515.

2. ADDRESSING CAPABILITY AND CONTROL OPTIONS VARY WITH EACH OF
THE CPUs.

. R6502, R6503, R6504, R6505, R6506 AND R6507.

. R6512, R6513, R6514 AND R6515.

. R6512 ONLY.

. R6502 ONLY.

[ N7

R650X and R651X Internal Architecture
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R650X, R651X R6500 Microprocessors (CPU)

INSTRUCTION SET

The R6500 CPU has 56 instruction types which are enhanced mulator, index registers, Program Counter, Stack Pointer and
by up to 13 addressing modes for each instruction. The accu- Processor Status Register are illustrated below.

Alphabetic Listing of Instruction Set

Mnemonic Function Mnemonic Function
ADC Add Memory to Accumulator with Carry ) JMP Jump to New Location
AND “AND” Memory with Accumulator JSR Jump to New Location Saving Return Address
ASL Shift Left One Bit (Memory or Accumulator) :
LDA Load Accumulator with Memory
BCC Branch on Carry Clear LDX Load Index X with Memory
BCS Branch on Carry Set LDY Load Index Y with Memory
BEQ Branch on Result Zero LSR Shift One Bit Right (Memory or Accumulator)
BIT Test Bits in Memory with Accumulator ’ :
BMI Branch on Result Minus NOP No Operation
BNE Branch on Result not Zero
BPL Branch on Result Plus ORA ’ “OR” Memory with Accumulator
BRK Force Break .
BVC Branch on Overflow Clear PHA Push Accumulator on Stack
BVS Branch on Overflow Set PHP " Push Processor Status on Stack
PLA Pull Accumulator from Stack
CcLC Clear Carry Flag PLP Pull Processor Status from Stack
CLD Clear Decimal Mode
CLI Clear Interrupt Disable Bit ROL Rotate One Bit Left (Memory or Accumulator)
CLv Clear Overflow Flag ROR Rotate One Bit Right (Memory or Accumulator)
CMP Compare Memory and Accumulator RTI Return from Interrupt
CPX Compare Memory and Index X RTS Return from Subroutine
CPY Compare Memory and Index Y
SBC Subtract Memory from Accumulator with Borrow
DEC Decrement Memory by One SEC Set Carry Flag
DEX Decrement index X by One SED Set Decimal Mode
DEY Decrement Index Y by One SEI Set Interrupt Disable Status
STA Store Accumulator in Memory
EOR “Exclusive-OR” Memory with Accumulator STX Store Index X in Memory
STY Store Index Y in Memory
INC Increment Memory by One
INX Increment Index X by One TAX Transfer Accumulator to Index X
INY Increment Index Y by One TAY Transfer Accumulator to Index Y
TSX Transfer Stack Pointer to Index X
TXA Transfer Index X to Accumulator
TXS - Transfer Index X to Stack Register
TYA Transfer Index Y to Accumulator
7 0 7 0
(A ] accumurator A (n]v[1TB[p[1Tz]c] PROCESSOR STATUS REG ‘P
7 0 L
INDEX REGISTER Y CARRY 1=TRUE
s 7I—_—0| INDEX REGISTER X L ZERO 1=RESULT ZERO
N PCH | PCL _| PROGRAM COUNTER “PC” L IRQ DISABLE 1=DISABLE
8 7 0
[1] S ] STACK POINTER “g” ~——— DECIMAL MODE 1=TRUE
BRK COMMAND 1=BRK
OVERFLOW 1=TRUE
NEGATIVE 1=NEG.

Programming Model

2-10
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ADDRESSING MODES

The R6500 CPU family has 13 addressing modes. In the following
discussion of these addressing modes, a bracketed expression fol-
lows the title of the mode. This expression is the term used in the
Instruction Set Op Code Matrix table (later in this product descrip-
tion) to make it easier to identify the actual addressing mode used
by the instruction.

ACCUMULATOR ADDRESSING [Accum]—This form of ad-
dressing is represented with a one byte instruction, implying an
operation on the accumulator.

IMMEDIATE ADDRESSING [IMM]—In immediate addressing,
the second byte of the instruction contains the operand, with no
further memory addressing required.

ABSOLUTE ADDRESSING [Absolute]—In absolute address-
ing, the second byte of the instruction specifies the eight low
order bits of the effective address while the third byte specifies
the eight high order bits. Thus, the absolute addressing mode
allows access to the entire 64K bytes of addressable memory.

ZERO PAGE ADDRESSING [ZP]—The zero page instructions
allow for shorter code and execution times by fetching only the
second byte of the instruction and assuming a zero high address
byte. Careful use of the zero page can result in significant
increase in code efficiency.

INDEXED ZERO PAGE ADDRESSING [ZP, X or Y]I—(X, Y
indexing)—This form of addressing is used with the index reg-
ister and is referred to as “Zero Page, X" or “Zero Page, Y".
The effective address is calculated by adding the second byte
to the contents of the index register. Since this is a form of “Zero
Page” addressing, the content of the second byte references
a location in page zero. Additionally, due to the “Zero Page”
addressing nature of this mode, no carry is added to the high
order eight bits of memory and crossing of page boundaries
does not occur.

INDEXED ABSOLUTE ADDRESSING [ABS, X or Y]—(X, Y
indexing)—This form of addressing is used in conjunction with
X and Y index register and is referred to as “Absolute, X” and
“Absolute, Y”. The effective address is formed by adding the
contents of X or Y to the address contained in the second and
third bytes of the instruction. This mode allows the index register
to contain the index or count value and the instruction to contain
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the base address. This type of indexing allows any location ref-
erencing and the index to modify multiple fields, resulting in
reduced coding and execution time. :

IMPLIED ADDRESSING [Implied]—In the implied addressing
mode, the address containing the operand is implicitly stated in
the operation code of the instruction.

RELATIVE ADDRESSING [Relative]—Relative addressing is
used only with branch instructions and establishes a destination
for the conditional branch.

The second byte of the instruction becomes the operand which
is an “Offset” added to the contents of the lower eight bits of
the program counter when the counter is set at the next instruc-
tion. The range of the offset is —128 to +127 bytes from the
next instruction.

INDEXED INDIRECT ADDRESSING [(IND, X)]—In indexed
indirect addressing (referred to as (Indirect, X)), the second byte
of the instruction is added to the contents of the X index register,
discarding the carry. The result of this addition points to a
memory location on page zero whose contents are the low order
eight bits of the effective address. The next memory location in
page zero contains the high order eight bits of the effective
address. Both memory locations specifying the high and low
order bytes of the effective address must be in page zero.

INDIRECT INDEXED ADDRESSING [(IND), Y]—In indirect
indexed addressing (referred to as (Indirect), Y), the second
byte of the instruction points to a memory location in page zero.
The contents of this memory location are added to the contents
of the Y index register, the result being the low order eight bits
of the effective address. The carry from this addition is added
to the contents of the next page zero memory location, the result
being the high order eight bits of the effective address.

ABSOLUTE INDIRECT [Indirect}—The second byte of the
instruction contains the low order eight bits of a memory loca-
tion. The high order eight bits of that memory location are con-
tained in the third byte of the instruction. The contents of the
fully specified memory location are the low order byte of the
effective address. The next memory location contains the high
order byte of the effective address which is loaded into the six-
teen bits of the program counter. (JMP (IND) only)




R650X, R651X

R6500 Microprocessors (CPU)

INSTRUCTION SET OP CODE MATRIX

The following matrix shows the Op Codes associated with the
R6500 -family of CPU devices. The matrix identifies the hex-
adecimal code, the mnemonic code, the addressing mode, the

number of instruction bytes, and the number of machine cycles
associated with each Op Code. Also, refer to the instruction set
summary. for additional information on these Op Codes.

o P o 1 2 3 4 5 6 8 9 A B c D E F
(2]
= BRK ORA ORA ASL PHP ORA ASL ORA ASL
0 | Implied |(IND, X) zP zP Implied | IMM | Accum ABS | ABS [}
174(26 23|25 1312212 34|36
| .BPL ORA ORA ASL CLC ORA ’ ORA | -ASL
1 | Relative | (IND), Y 2P, X | ZP, X Implied | ABS, Y ABS, X | ABS, X 1
22|25 24|26 12 |3 4 3 4|37
JSR | AND BIT AND | ROL PLP | AND | ROL BIT AND | ROL
2 | Absolute| (IND, X) P p4d P Implied | IMM | Accum ABS | ABS | ABS 2
36 (26 23 (23|25 14 12212 34| 34|36
BMI AND AND ROL SEC AND AND ROL
3 | Relative| (IND), Y 2P, X | ZP, X Implied | ABS, Y ABS, X | ABS, X . 3
2 2| 2 5 2426 12 (3 4 3 4|37
RTI EOR EOR | LSR PHA | EOR | LSR JMP | EOR | LSR
4 | Implied | (IND, X) P zZP Implied | IMM | Accum ABS ABS ABS 4
16| 26 23|2s5 13 (22|12 33| 34136
BVC EOR EOR LSR CLI EOR EOR LSR
5 | Relative | (IND), Y ZP, X | ZP, X Implied | ABS, Y ABS, X | ABS, X 5
2 27| 2 5 24 2 6 12 3 4 3 4|37
RTS ADC ADC ROR PLA ADC | ROR : JMP ADC ROR'
6 | Implied | (IND, X) ZP P Implied | IMM | Accum Indirect| ABS ABS 6
16|26 2325, 14122 |12 35| 34|36
BvVS | ADC : ADC | ROR SEl | ADC ADC | ROR
7 | Relative |-(IND), Y zZP, X | ZP, X Implied | ABS, Y ABS, X | ABS, X 7
2 2| 2 5* 24|26 123 &4 3 4|37
STA STY STA STX DEY TXA STY STA STX
8 (IND, X) P 2P zP Implied Implied ABS | ABS | ABS 8
2 6 2 3 238 2 3 12 12 3 4 3 4 3 4
BCC STA STY STA STX TYA STA XS STA
9 |Relative| (IND), Y 2P, X | ZP, X | ZP Y Implied | ABS, Y |Implied ABS, X 9
2271 26 24| 24|24 12 (35 |12 35
LDY LDA LDX LDY LDA LDX - TAY LDA | TAX LDY LDA LDX
A IMM [(IND, X) | IMM zP pigd zP Implied | IMM |Implied ABS ABS ABS A
22|26 [22 23|23 |23 12 |22 |12 34| 34|34
BCS LDA Loy LDA- LDX CLV LDA TSX LDY LDA LDX
B | Relative| (IND), Y ZP, X | ZP, X | ZP,Y Implied | ABS, Y |Implied ABS, X| ABS, X | ABS, Y B
2 2|2 5 24 | 24124 12 {3 4 |12 3 4|3 4 |3 4
CPY CMP CPY ‘CMP DEC INY CMP DEX CFPY CMP DEC ,
C | IMM [(IND, X) zP zP P Implied | IMM |Implied ABS | ABS | ABS (¢}
22|26 23| 23|25 12|22 |12 34| 34|36
BNE CMP CMP DEC CLD CMP cmpP DEC
D |Relative| (IND), Y ZP, X | ZP, X implied | ABS, Y ABS, X | ABS, X D
2 27|25 24|26 12 (|3 & 3 4 |37
CPX | sBC CPX | SBC INC INX SBC | NOP CPX | SBC INC
E | IMM [(IND, X) zP zP zP Implied | 1MM | Implied ABS | ABS | ABS E
22|26 23|23 |25 12 |22 |12 34| 34|36
BEQ SBC SBC INC SED SBC SBC INC
F | Relative| (IND), Y ZP, X | ZP, X Implied | ABS, Y ABS, X | ABS, X F
2 20|25 24|26 12 |3 4 3 4 |37
0 1 2 3 4 5 6 8 9 A B C D E F
0 *Add 1 to N if page boundary is crossed.
**Add 1 to N if branch occurs to same page;
0 BRK | —OP Code add 2 to N if branch occurs to different page.

Implied | —Addressing Mode
1 7 | —Instruction Bytes; Machine Cycles
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INSTRUCTION SET SUMMARY

INSTRUCTIONS IMMEDIATE | ABSOLUTE | ZEROPAGE | ACCUM | IMPLIED | (ND.X) | (IND).Y | Z PAGE.X | ABS.X ABS. Y | RELATIVE | INDIRECT | 2 PAGE. Y| copgs STAus

MNEMONIC OPERATION 0P n |« JoP| nfu]op| n|alop|n|afor|n|u]op|n|ufor|n|uforfn|uforn|wfor|n|ufor|n|w|op|nfwlop|n 'Z#?/f‘s?)?;g
ADC A+Me+C-A @mesf 2|2 [6D| 43 65| 3|2 61| 6(2f7|sf2|5[af2[of afafrefa]a NV....z2C| aDC
AND AAM=A m2g| 2|2 |20f a|3|25]| 32 21| 6|2|31] 5|2 |35 a2 [30| a3 |30f a3 Ne@veeo2Zof AND
ASL c{i___9~0 OoE{ 6 (3 {06| 5{2 [0A[ 2[1 )62 ]1€E] 7|3 Neo-oozc| ast
BCC BRANCHONC = 0 (2) | 2|2 e +e ... .. BCC
8CS BRANCHONC = 1 (2) 80| 2| 2 e ... .. BCS
BEQ BRANCHONZ = 1 (2 Fof 2] 2 . .e.....]BEQ
BT AAM 2c| 4 f3fea} 3|2 MMg= = = = 2| BT
BMI BRANCHONN = 1 (2) 0|22 I -
BNE BRANCHONZ = 0 (2 Dok2 | 2 e X S
BPL BRANCHONN = 0 (2 wl2]2 cee e e e BRPL
BRK BREAK 00|71 Te e 1. | BRK
BvcC BRANCHON V. @ s0|2|2 P YT
BVS BRANCKONV = 1 (2) 7022 I IR
cLc 0-C 821 e ... ..0]lcLe
cLo 0-D o8| 2|1 ve..0+--|lcrLD
cu 01 58| 2|1 ce e e a0 .l
cLv 0-v 88| 2 (1 I P A
cMP A-M co| 2|2 fco| 4| 3]cs| 3| 2 ci|6|2fp1|s[2|os|«|2]opj4|3|ps|a|3 N.....2clcCcMmp
cPx XM €0f 2| 2|ec| 4| 3feq| 3|2 Ne-ooozc|lCPx
cPy Y-M co| 2f2]ccla|3|cela]2 N.-....2c]lcCPyY
DEC M-1-M CE[ 6] 3|C6f 5| 2 D6/ 6| 2oE| 7|3 N oo v a2 DEC
DEX X - 1=X ca| 2| 1 N++ooo2z.|DEX
DEY Y-1-Y 88l 2|1 N« o « v o Z . DEY
EOR AVYM -4 (y{a9| 2| 2(4D| 4 |3fa5) 3] 2 arl6)2]s1|5)2]ss/a]2]sp)a|3]59]a)3 N.+.+..-.2.l€E0nR
INC Mo 1M Ee| 6| 3|E6[5 2 F6l6|2|FE| 7|3 NeweoeozoiNC
K X4 1-X esf 21 N+ s o2 iNX
INY Ya+1-Y caf2|1 N+ ooz iNY
imP JUMP TO NEW LOG acl3fa sC| 5|3 R IR
JSR JUMP SUB 20|63 T X
LDA M~A  |asl 2] 2]ap| 4| 3fas| 3|2 Allel2]B1|sl2[85[4|2(BD{4|3B9|a|3 N+-+-c+z-lLDA
LD X M=x (o) (a2 2| 2|AE[ 4| 3fA6| 3] 2 BE|4 |3 86| af2[Ne¢ e -« o Z-[LDX
LoY M-y o fao| 2| 2 |ac| & | 3|a4f 3|2 Bal a|2eC| 4|3 Ne v Zloy
LSR [V CR— o} 4E[6[3]46[ 5| 2aaf 2|1 56| 6| 2|5€| 73 0-~-‘~ZCLLSR
NOP NO OPERATION EAl 21 P X
ORA AVM—~A 09) 2| 2foDf 4)3]J05[3]|2 016 2f1|s|2]|s|a|2|o|a|3]|ofals N+« « « « 2+ ORA
PHA A=Ms S-1-5 MEBE N
PHP P~Ms S-1-s 08|31 P TS
PLA S+1-8 Ms—~A 68|41 Ne -+ z-lpLA
PLP S+ 1-5 Ms~P 28|41 (RESTORED) pLP
ROL -9 | 26| 6[3]26) 5] 2|28/ 2|1 FIIEIEIRAE N.=--+-2Cc|lROL
ROR S — 6E(6|3]66] 5|2 6al 21 76| 6| 2(7€l 7|3 N+ -+ 2C| ROR
RTI RTRNINT 40|61 (RESTORED) RTI
RTS RTRNSUB 60[ 6|1 N R Y
sBC A-M-C-a () les| 2|2 (eoja|3[es| 3|2 e1f6(2|F1|s|2|Fsla|2]|FD| al3]Folafa NVe e z@fssC
SEC 1-C 8|21 v e e e e oy 8EC
SED 1-0 F8l 2|1 EEEEEEC I BRI SED
S E I 1 {21 w e v+ s 1. ] SEN
STA A-M 8D| 4 38532 s1]6|2f91|672]95| «f2]op|5|3]99 5|3 ce e e s s el sTA
ST x X-=M BE(4a|3fe6| 3|2 olal2]s v o o] sTX
STY Y-M 8C|a|3|8a| 3|2 94f 4|2 e e e e e sl sTY
TAX A~X AAf 2|1 N+ + ooz | Tax
TAY A=Y a8l 2|1 N-+v++--+-2Z<TaY
TS X S-X BA| 2| 1 N+ ooz T18x
TXA X~A 8A[ 2 1 Nevwoowoz-lTxa
TXxSs x-S 9l 2] 1 I T
TYA YA 98|21 N+++o+2-]Tva

1) ADD1to ‘N IF PAGE BOUNDARY IS CROSSED X INDEX X +  ADD M.  MEMORY BIT 7

TR N SR S e L Lo e

31 CARAYNOT = BORROW M MEMORY PER EFFECTIVE ADDRESS v OR ¥ NO.BYTES

(41 IF INDECIMAL MODE Z FLAG IS INVALID

ACCUMULATOR MUST BE CHECKED FORZERO RESULT Ms  MEMORY PERSTACK POINTER ¥ EXCLUSIVE OR

2-13



R650X, R651X - R6500 Microprocessors (CPU)

R650X CLOCK TIMING
Teve
Tido Tugo
—Xz0v oV VT T T T o Vin
$0 (IN) ———= \l—o.-v o-VJZ \ v,
Fo ] f—Tg Tao— e Te "
T o gy =]
$1 ©oum) 20V 20v .
R
osv osv
— | Tp Tp (——
Tp—e={ T'W“d,
¢2 oun \ 20V Z0V 20v
o8V o8V 0.8V
T
REFA REFB REF A
R651X CLOCK TIMING
Teve
T
g, T
. V.o 02V N
S1an / Veg 02V cc Voo 02
0.2v 02V 0.2V
T fe— T
@2 (IN) voc-o.zv Vee-02V cc - 92
02V 0.2V 9.2V
T I-— Tn—~i Trwng,
" REFA REFB REF A
R65XX READ WRITE TIMING
REFA REFB REFA
RV foov AEAD 20V
osv WRITE osv
Taws —=] = THaw —*=1
ADDRESS 20V zovy
LiNes Losv ) osv
Taps: Ta Tosy—mr=—Tua
DBATA LINES _Azov Zov E
READ E;Mv o8V
Tur
DATA LINES I 2ov
WRITE Yosv 08 V.
T, L
a— sm—-l Tuos Ty
20V f20v
sYNC ﬁ
— A Tppy}=— f—Tsyn
20V
ROY
4 Xasv
55
REF A
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R650X, R651X R6500 Microprocessors (CPU)
AC CHARACTERISTICS

R65XX RE5XXA R65XXB
(1 MH2) (2 MHz) (3 MH2)
Characteristic Symbol Min Max Min Max Min Max Unit

R650X CLOCK TIMING
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 us
P0 (IN) Low Pulse Width Tioo 480 — 240 — 160 —_ ns
@0 (IN) High Pulse Width Trao 460 —_ 240 — 160 - ns
90 (IN) Rise and Fall Time!. 2 Tro» Tro — 10 — 10 — 10 ns
P1 (OUT) High Pulse Width Tewkor 460 —_ 235 -— 155 — ns
P2 (OUT) High Pulse Width TewHoz 460 — 240 — 160 — ns
Delay Between @1 (OUT) and ¢2 (OUT) To 0 — 0 — 0 — ns
@1 (OUT), ¢2 (OUT) Rise and Fall Tr, Tr - 25 - 25 —_ 15 ns
Time'. 2

R651X CLOCK TIMING
Clock Cycle Time Teve 1.0 10 0.5 10 0.33 10 s
@1 (IN) High Pulse Width Tewkor 430 — 215 - 150 — ns
@2 (IN) High Pulse Width Tewkoz 470 - 235 — 160 - ns
Delay Between @1 and $2 To 0 —_ 1] — 0 — ns
@1 (IN), @2 (IN) Rise and Fall Time!. 3 Tr, Te - 25 —_ 20 — 15 ns

R65XX READ/WRITE TIMING
R/W Setup Time Taws - 225 — 140 - 110 ns
R/W Hold Time Thrw 30 — 30 — 15 - ns
Address Setup Time Taos — 225 — 140 - 110 ns
Address Hold Time Tha 30 —_ 30 —_ 15 —_ ns
Read Access Time Tace — 650 — 310 - 170 ns
Read Data Setup Time Tosu 100 — 50 - 50 - ns
Read Data Hold Time Tur 10 —_ 10 — 10 — ns
Wirite Data Setup Time Twos — 175 - 100 - 85 ns
Write Data Hold Time Thw 30 — 30 — 15 — ns
SYNC Hold Time Tsvn 30 — 30 — 15 — ns
RDY Setup Time Trov 100 _ 50 —_ 35 _— ns
SO Setup Time Teo 100 = 50 = 35 = ns
SYNC Setup Time Tsyn — 225 —_ 140 - 110 ns

Notes:

1. Loads: All output except clocks = 1 TTL + 130 pF. Clock outputs = 1 TTL + 30 pF.

2. Measured between 0.8 and 2.0 points on waveform load.

3. Measured between 10% and 90% points on waveforms.

4. *RDY must never switch states within Rapy to end of §2.
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R650X, R651X ' R6500 Microprocessors (CPU)

RECOMMENDED TIME BASE GENERATION FOR R6502

1.5K 3.0K
_—M'— AWV
R650X
% 1’>o——$>o— 40 (IN)
15K < 7404 . - 7404 7404 RE502
1 |U| #2 (OUT) — ¢2
XTAL

(1 MHz ~ 3 MH2)*

*CRYSTAL: CTS KNIGHTS MP SERIES, OR EQUIVALENT
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R650X, R651X v ~ R6500 Microprocessors (CPU)

ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value “Unit *NOTE: Stresses above those listed may cause permanent
- y damage to the device. This is a stress rating only and functional
Supply Voltage V =0.3to +7.0 | Vdc > N A
PPl 9 cc operation of the device at these or any other conditions above
Input Voltage Vin -0.310 +7.0 | Vdc those indicated in the other sections of this document is not
Operating Temperature Range | Ty °C implied. Exposure to absolute maximum ratmg condmons for
Commercial extended periods may affect device reliability.
Industrial ~40to +85
Storage Temperature Tsta ~-55t0 +150 | °C

OPERATING CONDITIONS

Parameter Symbol Value,
Supply Voltage Vee 5V +5%
Temperature Range Ta
Commercial . 0°C to 70°C .
Industrial —40°C to +85°C -

'DC CHARACTERISTICS
(Ve = 5.0V 5%, Vgg = 0, T, = T, to Ty, unless otherwise noted)

Parameter Symbol Min. Typ.5 Max. Unit! Test Conditions
Input High Voltage Vi ) v
Logic, $0 (IN) ' : a 2.0 — Vee
61 (IN), 92 (IN) Vee -0.3 L Vee + 0.25
Input Low Voltage ‘ Vi \
Logic, @0 (IN) . -0.3 — 0.8
@1 (IN), g2 (IN) -03 —_ 0.4
Input Leakage Current In rA Vin = OV to 5.25V
Logic (Excl. RDY, S.0.) — - 25 Ve = OV
@1 (IN), 92 (IN) — - 100
@0 (IN) : - - 10
Input Leakage Current for Three State Off s rA Vin = 0.4V to 2.4V
Do-D7 ) — — 10 Vee = 5.25V
Output High Voltage _ Vou \ loap = —100 pA
SYNC, D0-D7, A0-A15, R/W, @#1 (OUT), ¢2 (OUT) +2.4 — —_ Ve = 4.75V
Output Low Voltage _ VoL V| loap = 1.6 MA
SYNC, D0-D7, A0-A15, R/W, ¢1 (OUT), ¢2 (OUT) +0.4 Voo = 4.75V
Power Dissipation Pp mwW
1 and 2 MHz — 450 700
3 MHz — 500 800
Capacitance c ‘ pF Vee = 5.0V
Logic Cin - - 10 Vin = 0V
DO-D7 - - 15 f=1MHz
AO-A15, RIW, SYNC ) Cout — = 12 Ta = 25°C
@0 (IN) C°q|N) - -— 15
91 (IN) (o' 3} — 30 50
92 (IN) oo . Co2 — 50 80
Notes:
1. All units are direct current (dc) except for capacitance.
2. Negative sign indicates outward current flow, positive md:catas inward flow.
3. IRQ and NMI require 3K pull-up resistor.
4. 91 (IN) and @2 (IN) apply to R6512, 13, 14, and 15; §0 (IN) applies to R6502, 03, 04, 05, 06 and 07.
5. Typical values shown for Ve = 5.0V and T, = 25°C. -
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R6501Q ® R6511Q
R6500 Miciocomputer System

N

| Rockwell

R6501Q AND R6511 Q
ONE-CHIP MICROPROCESSOR

 INTRODUCTION

The Rockwell R6501Q and R6511Q are extended, high perform-
ance 8-bit NMOS-3, single chip microprocessors, and are com-
patible with all members of the R6500 family.

The devices contain an enhanced R6502 CPU, an internal clock
oscillator, 192 bytes of Random Access Memory, and versatile
interface circuitry. The interface circuitry includes two 16-bit pro-
grammable timer/counters, 32 bidirectional input/output lines
(including four edge sensitive lines and input latching on one
8-bit port), a full-duplex serial /O channel, ten interrupts and
bus expandability. A full 16-bit address bus and 8-bit data bus
provide accessing to 65K bytes of external memory.

The devices come in a 64-pin Quad Iniine package (QUIP).

The devices may be used as a CPU-RAM-I/O counter device
in multichip systems or as an emulator for the R6500/11 family
of microcomputers. They provide all R6500/11 interface lines,
plus the address bus, data bus and control lines to interface with
external memory.

SYSTEMS DEVELOPMENT

Rockwell supports development of the devices with the Rockwell
Design Center System and the R6500/* Personality Set: Com-
plete in-circuit emulation with the Personality Set allows total
systems test and evaluation.

This data sheet is for the reader familiar with the R6502 CPU

hardware and programming capabilities. For additional infor-

mation see the R6501Q Product Description, (Document Order

Number 2145) or the R6511Q Product Description, (Document
- Order Number 2133).

ORDERING INFORMATION

Part 'Package Frequency Temp.
Number Type Option Range
R6501Q Plastic (QUIP) 1 MHz 0°C to 70°C
R6501AQ Plastic (QUIP) 2 MHz 0°C to 70°C
R6511Q Plastic (QUIP) 1 MHz 0°C to 70°C
R6511AQ Plastic (QUIP) 2 MHz 0°C to 70°C
FEATURES

¢ Enhanced R6502 CPU
—Four new bit manipulation instructions

Set Memory Bit (SMB)

Reset Memory Bit (RMB)

Branch on Bit Set (BBS)

Branch on Bit Reset (BBR)
—Decimal and binary arithmetic modes
—13 Addressing modes
—True indexing

192-byte static RAM

32 bidirectional, TTL-compatible I/O lines (four ports)

One 8-bit port may be tri-stated under software control
One 8-bit port may have latched inputs under software control
Two 16-bit programmable counter/timers, with 3 latches
—Pulse width measurement

—Pulse generation (1 symmetrical, 1 asymmetrical)
—Interval timer

—Event counter

—Retriggerable interval timer

‘Serial Port'— Full Duplex, Buffered UART

—Receiver Wake Up and Transmitter End of Transmission
Features .

—Programmable Standard Asynchronous Baud Rates from
50 to 125K bits/sec at 2 MHz
Satisfies SMPTE 422 Broadcast Standard (8 Data, Parity,
1 Stop) at 38.4K bits/sec

' —Programmable 5-8 bit Character Lengths, with or without

parity
—Receiver Error Detection for Framing, Parity, and Overrun

—Synchronous Shift Register alternate mode (250KC at
2 MHz)

Ten interrupts

' —Four edge-sensitive lines; two positive, two negative

—Two counter underflows

—Serial data receiver buffer full

—Serial data transmitter buffer empty

—Non-maskable

—Reset

Full data and address pins for 65K bytes of external memory
Flexible clock circuitry

—2 MHz or 1 MHz internal operation

—Internal clock with external XTAL at four times internal fre-
quency (R6501Q) or two times internal frequency (R6511Q)

- —External clock input divided by one or four (R6501Q) or one

or two (R6511Q)

68% of the instructions have execution times less than 2 us
at 2 MHz )

- NMOS-3 silicon gate, depletion load technoiogy :

Single +5V power supply

12 mW stand-by power for 32 bytes of the 192-byte RAM
65-pin QUIP

R6501Q has pullup resistors on PA, PB, and PC
R6511Q has no pullup resistors

Document No. 29000D84
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R6501Q and R6511Q

One-Chip Microprocessor

FUNCTIONAL DESCRIPTION

CENTRAL PROCESSING UNIT (CPU)

The internal CPU of the device is a standard R6502 configuration
with the standard R6502 instructions plus 4 new bit manipulation
instructions. These new bit manipulator instructions form an
enhanced R6502 instruction set and improve memory utilization
efficiency and performance.

Set Memory Bit (SMB #,ADDR.)

This instruction sets to *‘1”” one bit of the 8-bit data field specified
by the zero page address (memory or I/O port). The first byte
of the instruction specifies the SMB operation and which one
of 8 bits to be set. The second byte of the instruction designates
the address (0-225) of the byte or I/O port to be operated upon.

Reset Memory Bit (RMB #,ADDR.)

This instruction is the same operation and format as the SMB
instruction except a reset to ‘0" of the bit results.

Branch on Bit Set Relative (BBS #,ADDR.,DEST)

This instruction tests one of 8 bits designated by a 3-bit immedi-
ate field within the first byte of the instruction. The second byte
is used to designate the location of the byte or I/O port to be
tested within the zero page address range. The third byte of the
instruction is used to specify the 8-bit relative address to which
the instruction branches if the bit tested isa *‘1”". If the bit tested
is not set, the next sequential instruction is executed.

Branch on Bit Reset Relative (BBR #,ADDR.,DEST)

This instruction is the same operation and format as the BBS
instruction except that a branch takes place if the bit tested is
a “0".

Random Access Memory (RAM)

The RAM consists of 192 by 8 bits of read/write memory with
an assigned page zero address of 0040 through 00OFF. The
devices provide a separate power pin (Vgg) which may be used
for standby power. In the event of the loss of V¢ power, the
lowest 32 bytes of RAM data will be retained if standby power
is supplied to the Vg pin.

Clock Oscillator

The clock oscillator provides the basic timing signals. A reference
frequency can be generated with the on board oscillator (with
external crystal) or an external reference source can be driven
into the XTLI pin. If the XTLO pin is left floating, the reference
frequency is internally divided by four (R6501Q) or two (R6511Q)
to obtain the internal clock. The internal clock is then available
as an output at the @2 pin. The XTLI pin may be used as an
undivided clock input by connecting XTLO to Vgg, in which
case the internal division circuitry is bypassed and the device
operates at the reference frequency.

Parallel Input/Output Ports

The devices have 32 I/0 lines grouped into four 8-bit ports (PA,
PB, PC, PD). Ports A through C may be used either for input
or output individually, or in groups of any combination. The

2-19

R6501Q has pullup resistors on PA, PB and PC. The R6511Q
has no pullup resistors. Port D may be used as all inputs or all
outputs. It has active pull-ups.

Port A (PA) can be programmed as a standard parallel 8-bit /0
port or under software control as serial 1/O lines, counter I/Q
lines, positive (2) and negative (2) edge detects, or an input data
strobe for the Port B (PB) input latch.

Port B (PB) can be programmed as an I/O port with latched input
enabled or disabled.

Port C (PC) can be programmed as an 1/O port, as an abbre-
viated bus, as a multiplexed bus, or as part of the full address
mode. In the full address mode pins PC6 and PC7 serve as
addresses A13 and A14, respectively; PCO-PC5 are /O pins.

Port D (PD) functions as an 1/O port, an 8-bit tri-state data bus,
or as a multiplexed address/data bus.

Serial Input/Output Channel — UART

The devices provide a full duplex serial /0O channel with program-
mable bit rates covering all standard baud rates from 50 to
125K bits/sec including the SMPTE 422 standard at 38.4K bits/
sec. Character lengths of 5 to 8 bits, with or without parity are
programmable. A full complement of flags provides for Receiver
Wake Up; Receiver Buffer Full; Receiver Error Conditions detect-
ing Framing, Parity, and Overrun errors; Transmitter End of
Transmission and Transmitter Buffer Empty. In addition, a syn-
chronous shift register mode to 250 KC at 2 MHz is available.

Wake-Up Feature

In a multi-distributed microcomputer application, a destination
address is usually included at the beginning of the message.
The Wake-Up Feature allows non-selected CPUs to ignore the
remainder of the message until the beginning of the next
message by setting the Wake-Up bit.

Counter/Latch Logic

The devices contain two 16-bit counters (Counter A and
Counter B) and three 16-bit latches associated with the counters.
Counter A has one 16-bit latch and Counter B has two 16-bit
latches. Each counter can be independently programmed to
operate in one of four modes:

Counter A Counter B
e Pulse width ® Retriggerable Interval
measurement Counter
® Pulse Generation e Assymmetrical Pulse
e Interval Timer Generation

e Interval Timer
e Event Counter

¢ Event Counter

Mode Control Register (MCR)

The Mode Control Register contains control bits for the multi-
function 1/O ports and mode select bits for Counter A and
Counter B.
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Ports C and D Operation Modes

PAG-PA7
(PAQ, PAT,
PA2, PA3
EDGE
DETECTS)

s>

STROBE)*

PCO-PC7/
(A13, A14
Full
address
mode)"

iK38C> PDo-PD7/

(DATA/ADDR
BUS

>

A4-A11)

|t~ CA (PA4)"
CB (PA5)*

——— SO (PA6)
|~ sl (PA7)"

There are four operating modes available in ports C and D, soft- XTLO <]
ware programmable via the Mode Control Register. The full XTL1 CLOCK eoaE DETECT
address mode allows access to a full 65K bytes of external v OSCILLATOR SRR
storage. In this mode PC6 and PC7 are automaticallyu used for "
A13 and A14. In the Input/Output mode the four ports are all RES ———>
INTERRUPT
used for 1/O. In the abbreviated and muitiplexed modes some [ p—— LoaGIC PORT A
port pins set up for addressing 64 or 16,384 bytes of external Voo ]
memory.
i Vs CPU PORT B
Interrupt Flag Register (IFR) and .
Interrupt Enable Register (IER) o fee— .
e s PORT C
The devices include an Interrupt Flat Register and an Interrupt 0B0-DB7 (8] RAM
Enable Register which flags and controls I/O and counter status. A0-A12,
) ats Q1D
' SYNC ~—qf BUS CONTROL PORT D
R/W «—rf
16 BIT
CONTROL.
REGISTERS COUNTE:/LATCH
R6501Q or R6511Q
FFFE IRQ 16 BIT SERIAL RECEIVE,
COUNTER/LATCHES TRANSMIT
FFFC RES B REGISTERS
FFFA NMI R6511Q
“MULTIPLEXED FUNCTIONS PINS (Software Selectable)
‘ BLOCK DIAGRAM
INTERNAL REGISTERS
READ WRITE ADDRESS
USER PROGRAM _ —_ 001F
/ Lower Counter B Upper Latch B* # 001E
/ Upper Counter B Upper Latch B 001D
II Lower Counter B # Lower Latch B 001C
— —_ 0018
Lower Counter A Upper Latch A* # 1
Il 001A
1 Upper Counter A Upper Latch A 0019
1 Lower Counter A # Lower Latch A 0018
/ Ser Rec Data Reg.. Ser Trans Data Reg. 0017
/ Serial Status Reg. Serial Status Reg. (1) 0016
/ Serial Control Reg. Serial Control Reg. 0015
II Mode Control Reg. Mode Control Reg. 0014
—_— — 0013
II Interrupt Enable Reg. Interrupt Enable Reg. 0012
1 Interrupt Flag Reg. _ 0011
1 Read FF Clr Interrupt Flag (2) 0010
I T
00FF ! 000F
INTERNAL :
RAM (192) ll USER AVAILABLE
/
0040 l 0007
/ 0006
1 (Reserved for I/O ports E, F, & G when
RESERVED / emulating the R6500/12)
u 0004
001F 0003
1/O & REGISTERS '
1/0 PORT D
1/0 PORT C
1/0 PORT B
1/0 PORT A
0000 0000

"—LOAD & START COUNTER

# CLEAR FLAG
(1) BITS 4 & 5 ONLY
(2) BITS 0-3 ONLY

MEMORY MAP
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KEY REGISTER SUMMARY

7 o

L2777 J accumuaton A

7 g o . E

[ Y INDEX ¥ Y

7 Q

[ X "] INDEX REGISTER X x
15 7 [ o .
| PCH 1 PCL ] PROGRAM COUNTER PC

7 ]

STACK POINTER s

7 0

v[ TeJoT1 Jz]c] = STATUS REG - P

CPU Registers

wen [ e o [ o [ 2 [ [ o Joosron

Counter A
Counter B Mode Select
Mode Select  6——0 interval Timer
0—— 1 Pulse Generation
1 0 Event Counter
Bus Mode Select 1————1 Pulse with Meas.
0 —— 0 Interval Timer
0 —— 1 Pulse Generation
1 ——0 Event Counter
1——1 External Trigger
ort B Latch
Port D Tri-State -
(0 = Tri-State)
0 —— 0 Full Addr Mode
0 ——1 Normal
1-——0 Abbr. Bus
1——1Mux'd Bus ~

Mode Control Register

SCCRI‘7]GI’5|4|3|2|1IoJAddroms

0~-0Odd Parity
1~Even Parity
0 Parity Disable
1 Parity Enable
0~ 8 Bits/Char
1~7 Bits/Char
0~ 6 Bits/Char
1~ 5Bits/Char
0 ——0 XMTR & RCVR ASYN Mode
0 — 1 XMTR ASYN, RCVR S/R
1 ==X XMTR S/R, RCVR ASYN
0 RCVR Disable
1 RCVR Enable
- 0 XMTR Disable
1 XMTR Enable

Serial Communications Control Register

- a00
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LD LT

1= Carry Set

0 =Carry Clear

zero @2 @D
1=Zero Result
0=Non-Zera Result

- INTERRUPT DISABLE () @)

1 = IRQ Interrupt Disabled
0 :21RQ Interrupt Enabled

DECIMAL MODE (D) [0)

1= Decimal Mode
0 = Binary Mode

BREAK COMMAND (B) D

1= Break Command
0 =Non Break Command

OVERFLOW (0) (D

1-= Overflow Set
0= Overtiow Clear

NEGATIVE (N) D

NOTES
Not initialized by RES
Set to Logic 1 by RES

Processor Status Register

K3
[T
nannnEs

5 4
5 4
l_ PAO Positive
Edge Detect
PA1 Positive
Edge Detect
PA2 Negative
Edge Detect
Underflow Flag

1= Negative Value
0= Postive Value

IFRI7lsl

[ ]
B

PA3 Negative
Edge Detect
Counter A
Counter B
Underfiow Flag
| Rcvm
Flag
L XMTR
Flag

Interrupt Enable and Flag Registers

s annnnnnn

[ RCVR Data
Reg Full

RCVR Over-Run

Addr 0016

Parity Error
Frame Error
Wake-Up

End of Transmission

L XMTR Data Reg Empty

L XMTR Under-Run

Serial Communications Status Register
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ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Value Unit *NOTE: Stresses above those listed may cause permanent
Supply Voltage Vec & VRr | -0.3t0 +7.0 | Vdc damage to the device. This is a stress rating only and functional
Input Voltage Vin 0310 +7.0 | vde operat.lon_ of thg device at tl}ese or apy other confintnon§ abpve
- - those indicated in other sections of this document is not implied.
o‘gra"“g T,e’l"‘pe'a'“'e T 010 470 Exposure to absolute maximum rating conditions for extended
ommercia o + periods may affect device reliability.
Storage Temperature Range Tste -55t0 +150 | °C '
DC CHARACTERISTICS
(Vee = 5V 5% Vgg = 0)
Parameter Symbol Min Typ Max Unit
Power Dissipation (Outputs High)
Commercial at 25°C Pp - — 1200 mw
RAM Standby Voltage (Retention Mode) Vrr 3.0 — Vee Vde
RAM Standby Current (Retention Mode) laR mAdc
Commercial at 25°C — 4 -
Input High Voltage Except XTLI Vi +20 — Voo Vde
Input High Voltage (XTLI) Vin +4.0 —_ Vee Vde
Input Low Volitage Vi -0.3 - +0.8 Vde
Input Leakage Current (RES, NMI) In — - 110 uAdc
Viy = 0to 5.0 Vde
Input Low Current e — -1.0 -1.6 mAdc
(Vi = 0.4 Vdc)
Output High Voltage Except XTLO Vo +2.4 — Vee Vdc
(lLoap = —100 pAdc)
Output Low Voltage VoL — — +0.4 Vde
(l.oap = 1.5 mAdc)
Input Capacitance Cin pF
(Viy =0, Tp = 25°C, f = 1.0 MHz)
XTL1, XTLO : — -_ 50
All Others —_ - 10
I/0 Port Puli-Up Resistance
PA0-PA7, PBO-PB7, PCO-PC7 R, 3.0 6.0 15 KQ
R6501Q only

Note: Negative sign indicates outward current flow, positive indicates inward flow.

AC CHARACTERISTICS

(Vec = 5V £6% Vgg = 0

1 MHz 2 MHz
Parameter . Symbol Min Max Min Max Unit
XTLI Input Clock Cycle Time Teove 1.0 10.0 0.500 10.0 psec
Internal Write to Peripheral Data Valid
(TTL) Trow 1.0 0.5 usec
Peripheral Data Setup Time Trosu 500 A 500 nsec
Count and Edge Detect Pulse Width Tew 1.0 0.5 usec
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PACKAGE DIMENSIONS

Interface Diagram -
PD3 1 . = PD2 1 N~ X ) _— —%
PD4c—] 2 63 ——pp1 !::: O : “:. € A
PD5 =3 62 0 PDO [= L !
PD6 — 4 61 ——pc7 —
PO7 s 60 3 PCé ¥ = =
RES—— 6 59'E——1pcs — — —
3 =7 58 =3 pca = =]
Al2e—— 8 57 —=pcC3 .020 TYP.—/—— = |
At1 =9 56 PC2 (.508 MM) [= = H |
A0—— 10 55 ——pct . — e
A9 [=R1] 54 B2 PCO [= =
A8 c— 12 §3 ——1DBO — —
A7 =313 52 DB1 = =
A C— 14 51 ——=DB2 ——] —
AS =15 50 B2 DB3 1.628 = =
Ad— 16 49 —pB4 (4135 MM) T ——
A3 =17 43 O DB5 — B
A2——] 18 47 —DB6 — e | 1
A= 45 DB7 = = 2
A0 —— 20 a5 ——go — — g =
cc 21 4P| Vg = - o 0
SYNC ——] 22 43 v, — — 97e
NMI — 23 420 XTL! — aa] o >
PB7 — 24 41 —XTLO — S— z ; |
PB6E 25 W08 Rpw [= =] 2 9
PBS — 26 39 E—pA0 — —— g 3
PB4 a7 B PAl = =] S m '
PB3 28 37 F—IPA2 — —] @
PB2 29 363 PA3 = B
PB1—— 30 35 ——=PA4 —] ——)
PBO = 31 ¥Bp PAS [= . P—
PA7C—] 32 33 PAG \ —3 L B—0-¢ e
050 REF J 420 REJ
. . . 680 (1.27 MM) -
Pin Out Designation (17.27 1w Tve _J | T
925 1.50
(23495 MM) ——>| (3.81 MM)
< 750
l (19.05 MM)
— - ] - I -
.200
(s.oa*MM)
| i . . ! ]
¢ ¢ Dimensioned Outline ¢ ¢ 64 PIN QuIP
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PERIPHERAL INTERFACE ADAPTER (PIA)

R6520

DESCRIPTION

The R6520 Peripheral Interface Adapter (PIA) is designed to
solve a broad range of peripheral control problems in the imple-
mentation of microcomputer systems. This device allows a very
effective trade-off between software and hardware by providing
significant capability and flexibility in a low cost chip. When
coupled with the power and speed of the R6500, R6500* or
R65C00 family of microprocessors, the R6520 allows implemen-
tation of very complex systems at a minimum overall cost.

Control of peripheral devices is handled primarily through two
8-bit bidirectional ports. Each of these lines can be programmed
to act as either an input or an output. In addition, four peripheral
control/interrupt input lines are provided. These lines can be
used to interrupt the processor or to ‘‘handshake’ data between
the processor and a peripheral device.

FEATURES

e Direct replacement for MC6820 PIA

e Two 8-bit bidirectional I/O ports with individual data direction
control

e Automatic ‘‘Handshake’ control of data transfers

e Two interrupts (one for each port) with program control
e Commercial and industrial temperature range versions
e 40-pin plastic and ceramic versions

* 5 volt +5% supply requirements

e Compatible with the R6500, R6500/* and R65C00 family of
microprocessors

* 1 and 2 MHz versions

N\
Ves 1 40 [OcA,
PA, O2 39caA,
PA; O3 38 [JTRGA
PA, O 4 37 3iRaB
PA; O5 36 RS,
ORDERING INFORMATION " 55 = g;‘_zls
5 7
PA; 8 33 :Do
PA, o 32D,
Part Number PBy 0 10 31Qo,
R6520 e a T toT) PB, 11 30D,
emperature Range (T, to Ty):
Blank = 0°C to +70°C PB, 0 12 2900,
E = —40°C to +85°C PB; 413 2811D;
PB, ] 14 273 Dg
Package:
C = Ceramic P85 g s i
P = Plastic PBg (16 i e
PB, d7 24 ::Ics1
— Fr;qulel:tcy I'ﬂ‘ar;«zi'a:l_| c8, ] 18 23¢Cs,
o letter = r4
A = 2 MHz cB, OJ19 22 :lcs2
Veed20 21PR/W
Figure 1. R6520 Pin Configuration

Document No. 29651N30
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R6520 Peripheral Interface Adapter (PIA)

FUNCTIONAL DESCRIPTION

The R6520 PIA is organized into two independent sections
referred to as the A Side and the B Side. Each section consists
of a Control Register (CRA, CRB), Data Direction Register
(DDRA, DDRB), Output Register (ORA, OBR), Interrupt Status
Control (ISCA, ISCB), and the buffers necessary to drive the

Peripheral Interface buses. Data Bus Buffers (DBB) interface
data from the two sections to the data bus, while the Data Input
Register (DIR) interfaces data from the DBB to the PlA registers.
Chip Select and R/W control circuitry interface to the processor
bus control lines. Figure 2 is a block diagram of the R6520 PIA.

IRQA INTERRUPT STATUS @ CA1
* o CONTROLA (1SCA) |g—p cA2
CONTROL
—> :?:A?TER A DATA DIRECTION
— REGISTER A
0o I N (DDRA)
D1 ——P >
D2 <¢—> | |
p3@——p{ DATABUS K ——————ourpPur BUS —
BUFFER ' PAO
D4 ¢——P >
P (o8a) PERIPHERAL > PA1
oS OUTPUT ~ PERIPHERAL — PA2
D6 —— r-_-> REGISTER A l ~ INTERFACE —P PA3
p7 (ORA) BUFFER A l@— PAs
b7 4™ (PIBA) l@— PAS
—— PAG
j < g— PA7
DATA INPUT PBO
REGISTER -t
PERIPHERAL .
D
(OIR) OUTPUT — PERIPHERAL l—— PB2
;> REGISTER B INTERFACE l¢—p PB3
(ORB) ' l BUFFER B §— PBa
(PIBB) g— PBS
cso @—> PB6
CS1 ———p PB7
cs2 ™ chrp ﬁ
RSO — et INPUT BUS
—_— &
RSt conhll‘!:‘,ROL l l DATA DIRECTION
AW . CONTROL REGISTER B
92 ——— | —>{ recisTERB (DDRB)
RES —P> (CRB) —>
—1 INTERRUPT STATUS [ CB1
IRQB @~ CONTROL B (ISCB) a2

Figure 2. R6520 PIA Block Diagram
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DATA INPUT REGISTER (DIR)

When the microprocessor writes data into the PIA, the data
which appears on the data bus during the ¢2 clock pulse is
latched into the Data Input Register (DIR). The data.is then
transferred into one of six internal registers of the PIA after the
trailing edge of the @2 clock. This assures that the data on the
peripheral output lines will make smooth transitions from high
to low (or from low to high) and the voltage will remain stable
except when it is going to the opposite polarity.

CONTROL REGISTERS (CRA and CRB)

Table 1 illustrates the bit designation and functions in the two
control registers. The control registers allow the microprocessor
to control the operation of the Interrupt Control inputs (CA1,
CA2, CB1, CB2), and Peripheral Control outputs (CA2, CB2).
Bit 2 in each register controls the addressing of the Data Direc-
tion Registers (DDRA, DDRB) and the Output Registers (ORA,
ORB). In addition, two bits (bit 6 and 7). in each control register
indicate the status of the Interrupt Input lines (CA1, CA2, CBH1,
CB2). These Interrupt Status bits (IRQA1, IRQA2 or IRQB1,
IRQB2) are normally interrogated by the microprocessor during
the IRQ interrupt service routine to determine the source of the
interrupt.

DATA DIRECTION REGISTERS (DDRA, DDRB)

The Data Direction Registers (DDRA, DDRB) allow the pro-
cessor to program each line in the 8-bit Peripheral 1/O port to
be either an input or an output. Each bit in DDRA controls the
corresponding line in the Peripheral A port and each bit in DDRB
controls the corresponding line in the Peripheral B port. Writing
a “0” in a bit position in the Data Direction Register causes the
corresponding Peripheral |/O line to act as an input; a “1”
causes it to act as an output.

Bit 2 (DDRA, DDRB) in each Control Register (CRA and CRB)
controls the accessing to the Data Direction Register or the
Peripheral interface. If bit 2 is a “1,” a Peripheral Output register
(ORA, ORB) is selected, and if bit 2 is a “0,” a Data Direction
Register (DDRA, DDRB) is selected. The Data Direction Reg-
ister Access Control bit, together with the Register Select lines
(RS0, RS1) selects the various internal registers as shown in
Table 2. :

In order to write data into DDRA, ORA, DDRB, or ORB registers,
bit 2 in the proper Control Register must first be set. The desired
register may then be accessed with the address determined by
the address interconnect technique used.

PERIPHERAL OUTPUT REGISTERS (ORA, ORB)

The Peripheral Output Registers (ORA, ORB) store the output
data from the Data Bus Buffers (DBB) which appears on the
Peripheral /O port. If a line on the Peripheral A Port is pro-
grammed as an output by the DDRA, writing a 0 into the cor-
responding bit in the ORA causes that line to go low (<0.4 V);
writing a 1 causes the line to go high. The lines of the Peripheral
B port are controlled by ORB in the same manner.

INTERRUPT STATUS CONTROL (ISCA, ISCB)

The four interrupt/peripheral control lines (CA1, CA2, CB1, CB2)
are controlled by the Interrupt Status Control logic (A, B). This
logic interprets the contents of the corresponding Control Reg-
ister and detects active transitions on the interrupt inputs.

PERIPHERAL 1/0 PORTS (PA0-PA7, PB0-PB7)

The Peripheral A and Peripheral B /O ports allow the micro-
processor to interface to the input lines on the peripheral device
by writing data into the Peripheral Output Register. They also
allow the processor to interface with the peripheral device output
lines by reading the data on the Peripheral Port input lines
directly onto the data bus and into the internal registers of the
processor. :

Each of the Peripheral I/O lines can be programmed to act as
an input or an output. This is accomplished by setting a 1 in the
corresponding bit in the Data Direction Register for those lines
which are to act as outputs. A 0 in a bit of the Data Direction
Register causes the corresponding Peripheral /O lines to act
as an input.

The buffers which drive the Peripheral A /O lines contain “pas-
sive” pull-up devices. These pull-up devices are resistive in
nature and therefore allow the output voltage to go to VCC for
a logic 1. The switches can sink a full 3.2 mA, making these
buffers capable of driving two standard TTL loads.

In the input mode, the pull-up devices are still connected to the
1/O pin and still supply current to this pin. For this reason, these
lines also represent two standard TTL loads in the input mode.

The Perjpheral B /O port duplicates many of the functions of
the Peripheral A port. The process of programming these lines
to act as an input or an output is similar to the Peripheral A port,
as is the effect of reading or writing this port. However, there
are several characteristics of the buffers driving these lines
which affect their use in peripheral interfacing.

Table 1. Control Registers Bit Designations

7 6 5 4 3 2 1 0
DDRA
CRA IRQA1 IRQA2 CA2 Control Access CA1 Control
7 6 5 4 3 2 1 0
DDRB
CRB IRQB1 IRQB2 CB2 Control Access CB1 Control
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The Peripheral B /O port buffers are push-pull devices i.e., the
pull-up devices are switched OFF in the O state and ON for a
logic 1. Since these pull-ups are active devices, the logic 1
voltage will not go higher than +2.4V.

Another difference between the PAO-PA7 lines and the PBO
through PB7 lines is that they have three-state capability which
allows them to enter a high impedance state when programmed
to be used as input lines. In addition, data on these lines will be
read properly, when programmed as output lines, even if the
data signals fall below 2.0 volts for a “high” state or are above
0.8 volts for a “low” state. When programmed as output, each
line can drive at least ‘a two TTL load and may also be used as
a source of up to 1 milliampere at 1.5 volts to directly drive the
base of a transistor switch, such as a Darlington pair.

Because these outputs are designed to drive transistors directly,
the output data is read directly from the Peripheral Output Reg-
ister for those lines programmed to act as inputs.

The final characteristic is the high-impedance input state which
is a function of the Peripheral B push-pull buffers. When the
Peripheral B /O lines are programmed to act as inputs, the
output buffer enters the high impedance state.

DATA BUS BUFFERS (DBB)

The Data Bus Buffers are 8-bit bidirectional buffers used for data
exchange, on the D0-D7 Data Bus, between the microprocessor
and the PIA. These buffers are tri-state and are capable of
driving a two TTL load (when operating in an output mode) and
represent a one TTL load to the microprocessor (when oper-
ating in an input mode).

INTERFACE SIGNALS

The PIA interfaces to the R6500, R6500/* or the R65C00 micro-
processor family with a reset line, a 92 clock line, a read/write
line, two interrupt request lines, two register select lines, three
chip select lines, and an 8-bit bidirectional data bus.

The PIA interfaces to the peripheral devices with four interrupt/
control lines and two 8-bit bidirectional data buses.

Figure 1 (on the front page) shows the pin assignments for these
interface signals and Figure 3 shows the interface relationship
of these signal as they pertain to the CPU and the peripheral
devices.

CHIP SELECT (CS0, CS1, CS2)

The PIA is selected when CSO0 and CS1 are high and CS2 is
low. These three chip select lines are normally connected to the
processor address lines either directly or through external
decoder circuits. When the PIA is selected, data will be trans-
ferred between the data lines and PIA registers, and/or periph-
eral interface lines as determined by the R/W, RS0, and RS1
lines and the contents of Control Registers A and B.

RESET SIGNAL (RES)

The Reset (RES) input initializes the R65C21 PIA. A low signal
on the RES input causes all internal registers to be cleared.

CLOCK SIGNAL (02)

The Phase 2 Clock Signal (92) is the system clock that triggers
all data transfers between the CPU and the PIA. @2 is gener-
ated by the CPU and is therefore the synchronizing signal
between the CPU and the PIA.

READ/WRITE SIGNAL (R/W)

Read/Write (R/W) controls the direction of data transfers between
the PIA and the data lines associated with the CPU and the
peripheral devices. A high on the R/W line permits the peripheral
devices to transfer data to the CPU from the PIA. A low on the
R/W line allows data to be transfered from the CPU to the
peripheral devices from the PIA.

REGISTER SELECT (RS0, RS1)

The two Register Select lines (RSO, RS1), in conjunction with
the Control Registers (CRA, CRB) Data Direction Register access
bits (see Table 1, bit 2) select the various R65C21 registers to
be accessed by the CPU. RS0 and RS1 are normally connected
to the microprocessor (CPU) address output lines. Through con-
trol of these lines, the CPU can write directly into the Control

( Do-D7 6)

02—

——
R6500, :glov

RE500/" Re1 .

OR CS0 ——
R65C00 ce1

MICROPROCESSOR ¢ .
FAMILY cs2

RES —

{RQA |

IRQB @*+———————|

V§§ —

vee ———————

—E—
PERIPHERAL
DEVICE
le————— cA1 A
e—————— CA2
R6520
PIA
le—o—
‘ CB1 | PERIPHERAL
“ > CB2 DEVICE
B
) PBO-PB7

Figure 3.
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Registers (CRA, CRB) the Data Direction Registers (DDRA,
DDRB) and the Peripheral Output Registers (ORA, ORB). In
addition, the processor may directly read the contents of the
Control Registers and the Data Direction Registers. Accessing
the Peripheral Output Register for the purpose of reading data
back into the processor operates differently on the ORA and the
ORB registers and therefore are shown separately in Table 2.

Table 2. ORA and ORB Register Addressing

Register | Data Direction|
Register Select Lines Control Register Operation
Address CRA | CRB _ _
(Hex) | RS1 | RSO | (Bit 2) [(Bit2)] R/MW=H RW=L
0 L L 1 — |Read PIBA |Write ORA
0 L L 0 — |Read DDRA|Write DDRA
1 L H — — |Read CRA |Write CRA
2 H L — 1 |Read PIBB |Write ORB
2 H L —_ 0 |Read DDRB|Write DDRB
3 H H — — |Read CRB |Write CRB

INTERRUPT REQUEST LINES (IRQA, IRQB)

The active low Interrupt Request lines (IRQA and TRQB) act to
interrupt the microprocessor either directly or through external
interrupt priority circuitry. These lines are open drain and are
capable of sinking 1.6 milliamps from an external source.. This
permits all interrupt request lines to be tied together in a wired-
OR configuration. The A and B in the titles of these lines cor-
respond to the peripheral port A and the peripheral port B so
that each interrupt request line services one peripheral data
port.

Each Interrupt Request line has two interrupt flag bits which can
cause the Interrupt Request line to go low. These flags are bits
6 and 7 in the two Control Registers (CRA, CRB). These flags
act as the link between the peripheral interrupt signals and the
microprocessor interrupt inputs. Each flag has a corresponding
interrupt disable bit which allows the processor to enable or dis-
able the interrupt from each of the four interrupt inputs (CA1,
CA2, CB1, CB2). The four interrupt flags are set (enabled) by
active transitions of the signal on the interrupt input (CA1, CA2,
CB1, CB2).

CRA bit 7 (IRQAT1) is always set by an active transition of the
CAT1 interrupt input signal. However, IRQA can be disabled by
setting bit 0 in CRA to a 0. Likewise, CRA bit 6 (IRQA2) can be
set by an active transition of the CA2 interrupt input signal and
IRQA can be disabled by setting bit 3 in CRA to a 0.

Both bit 6 and bit 7 in CRA are reset by a "Read Peripheral
Output Register A" operation. This is defined as an operation
in which the read/write, proper data direction register and reg-
ister select signals are provided to allow the processor to read
the Peripheral A I/O port. A summary of IRQA control is shown
in Table 3.

Control of IRQB is performed in exactly the same manner as
that described above for IRQA. Bit 7 in CRB (IRQB1) is set by
an active transition on CB1 and IRQB from this flag is controlled
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by CRB bit 0. Likewise, bit 6 (IRQB2) in CRB is set by an active
transition on CB2, and IRQB from this flag is controlled by CRB
bit 3.

Also, both bit 6 and bit 7 of CRB are reset by a “Read Peripheral
B Output Register” operation. A summary of IRQB control is
shown in Table 3.
Table 3. IRQA and IRGB Control Summary

Control Register Bits
CRA-7=1 and CRA-0=1
CRA-6=1 and CRA-3=1
CRB-7=1 and CRB-0=1
CRB-6=1 and CRB-3=1

Action

IRQA goes low (Active)
IRQA goes low (Active)
IRQB goes low (Active)

IRQB goes low (Active)

Note:

The flags act as the link between the peripheral interrupt signals
and the processor interrupt inputs. The interrupt disable bits allow
the processor to control the interrupt function.

INTERRUPT INPUT/PERIPHERAL CONTROL LINES
(CA1, CA2, CB1, CB2)

The four interrupt input/peripheral control lines provide a number
of special peripheral control functions. These lines greatly
enhance the power of the two general purpose interface ports
(PAO-PA7, PB0-PB7). Figure 4 summarizes the operation of
these control lines.

CAT1 is an interrupt input only. An active transition of the signal
on this input will set bit 7 of the Control Register A to a logic 1.
The active transition can be programmed by setting a “0” in bit
1 of the CRA if the interrupt flag (bit 7 of CRA) is to be set on
a negative transition of the CA1 signal or a “1” if it is to be set
on a positive transition.

Note:

A negative transition is defined as a transition from a high
to a low, and a positive transition is defined as a transition
from a low to a high. voltage.

CAZ2 can act as a totally independent interrupt or as a peripheral
control output. As an input (CRA, bit 5 = 0) it acts to set the
interrupt flag, bit 6 of CRA, to a logic 1 on the active transition
selected by bit 4.of CRA. '

These control register bits and interrupt inputs serve the same
basic function as that described above for CA1. The input signal
sets the interrupt flag which serves as the link between the
peripheral device and the processor interrupt structure. The
interrupt disable bit allows the processor to exercise control over
the system interrupt.

In the output mode (CRA, bit 5 = 1), CA2 can operate inde-
pendently to generate a simple pulse each time the micropro-
cessor reads the data on the Peripheral A I/O port. This mode
is selected by setting CRA, bit 4 to a 0 and CRA, bit 3to a 1.
This pulse output can be used to control the counters, shift reg-
isters, etc., which make sequential data available on the Periph-
eral input lines.
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CONTROL REGISTER A (CRA)
CA2 INPUT MODE (BIT 5 = 0)

7 6 5 4 3 2 1 1]
IRQA1 IRQA2 CA2 INPUT IRQA2 IRQA ORA IRQA1 IRQA
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION FOR IRQA2 TRANSITION FOR IRQA1
IRQA/IRQA2 TRQA/IRQA1
CONTROL CONTROL
CA2 OUTPUT MODE (BIT5 = 1)

7 6 5 4 3 : 2 1 0
IRQA1 0 CA2 OUTPUT CA2 CA2 ORA IRQAt IRQA
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQA1
CA2 IRQA/IRQA1
CONTROL CONTROL
CA2 INPUT OR OUTPUT MODE (BIT5 =0or 1)
Bit7 IRQA1 FLAG
1 A transition has occurred on CAT1 that satisfies the bit 1 IRQA1 transition polarity criteria. This bit is cleared by a read of Output Register
A or by RES.
0 No transition has occurred on CA1 that satisfies the bit 1 IRQA1 transition polarity criteria.
Bit 2 OUTPUT REGISTER A SELECT
1 Select Output Register A.
0 Select Data Direction Register A.
Bit 1 IRQA1 POSITIVE TRANSITION
1 Set IRQA1 Flag (bit 7) on a positive (low-to-high) transition of CA1.
0 Set IRQA1 Flag (bit 7) on a negative (high-to-low) transition of CA1.
Bit 0 IRQA ENABLE FOR IRQA1
1 Enable assertion of IRQA when IRQA1 Flag (bit 7) is set.
[¢] Disable assertion of IRQA when IRQA1 Flag (bit 7) is set. .
CA2 INPUT MODE (BIT 5 = 0) CA2 OUTPUT MODE (BIT 5 = 1)
Bit6 IRQA2 FLAG Bit6 NOT USED
1 A transition has occurred on CA2 that satisfies the bit 4 0 Always zero.
IRQA2 transition polarity criteria. This flag is cleared by :
a read of Output Register A or by RES. Bit5 CA2 MODE SELECT
0 No transition has occurred on CA2 that satisfies the bit 1 Select CA2 Output Mode.
4 IRQA2 transition polarity criteria.
Bit4 CA2 OUTPUT CONTROL
Bit5 CA2 MODE SELECT 1 CA2 goes low when a zero is written into CRA bit 3.
0 Select CA2 Input Mode. CA2 goes high when a one is written into CRA bit 3.
0 CA2 goes low on the first negative (high-to-low) $2
Bit4 IRQA2 POSITIVE TRANSITION clock transition following a read of Output Register A.
1 Set IRQA2 Flag (bit 6) on a positive (low-to-high) CA2 returns high as ‘specified by bit 3.
transition of CA2.
0 Set IRQA2 Flag (bit 6) on a negative (high-to-low) Bit3 CA2 READ STROBE RESTORE CONTROL (4 = 0)
transition of CA2. 1 CA2 returns high on the next §2 clock negative
transition following a read of Output Register A.
Bit 3 IRQA ENABLE FOR IRQA2 0 CA2 returns high on the next active CA1 transition
1 Enable assertion of IRQA when IRQA2 Flag (bit 6) is following a read of Output Register A as specified by
set. bit 1.
0 Disable assertion of IRQA when IRQA2 Flag (bit 6) is
set.

Figure 4. Control Line Operations Summary (1 of 2)
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CONTROL REGISTER B (CRB)

CB2 INPUT MODE (BIT 5 = 0)

7 6 5 4 3 2 1 0
IRQB1 IRQB2 CB2 INPUT IRQB2 RQB ORB IRQB1 TRGB
FLAG FLAG MODE SELECT POSITIVE ENABLE SELECT POSITIVE ENABLE

(=0) TRANSITION | FOR IRQB2 TRANSITION FOR IRQB1
RQB/IRQB2 RQB/IRQB1
CONTROL CONTROL
CB2 OUTPUT MODE (BIT 5 = 1)

7 6 5 4 3 2 1 0
IRQB1 0 CB2 OUTPUT cB2 cB2 ORB . IRQB1 RQB
FLAG MODE SELECT OUTPUT RESTORE SELECT POSITIVE ENABLE

(=1) CONTROL CONTROL TRANSITION FOR IRQB1
cB2 RQE/IRQB1
CONTROL CONTROL

CB2 INPUT OR OUTPUT MODE (BIT 5 =0 or 1)

Bit7

IRQB1 FLAG

A transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria. This bit is cleared by a read of Output Register

B or by RES.

No transition has occurred on CB1 that satisfies the bit 1 IRQB1 transition polarity criteria.

OUTPUT REGISTER B SELECT "
Select Output Register B.
Select Data Direction Register B.

IRQB1 POSITIVE TRANSITION

Set IRQB1 Flag (bit 7) on a positive (low-to-high) transition of CB1.
Set IRQB1 Flag (bit 7) on a negative (high-to-low) transition of CB1.

IRQB ENABLE FOR IRQB1

Enable assertion of IRQB when IRQB1 Flag (bit 7) is set.
Disable assertion of IRQB when IRQB1 Flag (bit 7) is set.

CB2 INPUT MODE (BIT 5 =0)

CB2 OUTPUT MODE (BIT 5 = 1)

Bit 6
1

Bit §

Bit 4

. Disable assertion of IRQB when IRQB2 Flag (bit 6) is

IRQB2 FLAG .

A transition has occurred on CB2 that satisfies the bit 4
IRQB2 transition polarity criteria. This flag is cleared by
a read of Output Register B or by RES.

No transition has occurred on CB2 that satisfies the bit
4 IRQB2 transition polarity criteria.

CB2 MODE SELECT
Select CB2 Input Mode.

IRQB2 POSITIVE TRANSITION

Set IRQB2 Flag (bit 6) on a positive (low-to-high)
transition of CB2.

Set IRQB2 Flag (bit 6) on a negative (high-to-low)
transition of CB2.

IRQB ENABLE FOR IRQB2
Enable assertion of IRQB when IRQB2 Flag (bit 6) is
set.

set.

Bit 6
0

Bit5
1

Bit 4
1

0

Bit 3

NOT USED
Always zero.

CB2 MODE SELECT
Select CB2 Output Mode.

CB2 OUTPUT CONTROL

CB2 goes low when a zero is written into CRB bit 3.
CB2 goes high when a one is written into CRB bit 3.
CB2 goes low on the first negative (high-to-low) ¢2
clock transition following a write to Output Register B.
CB2 returns high as specified by bit 3.

CB2 WRITE STROBE RESTORE CONTROL
(BIT4=0)

CB2 returns high on the next @2 clock negative
transition following a write to Output Register B.

CB2 returns high on the next active CB1 transition
following a write to Output Register B as specified by
bit 1.

Figure 4. Control Line Operations Summary (2 of 2)
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A second output mode allows CA2 to be used in conjunction
with CA1 to “handshake’” between the processor and the
peripheral device. On the A side, this technique allows positive
control of data transfers from the peripheral device into the
microprocessor. The CA1 input signals the processor that data
is available by interrupting the processor. The processor reads
the data and sets CA2 low. This signals the peripheral device
that it can make new data available.

The final output mode can be selected by setting bit 4 of CRA
to a 1. In this mode, CA2 is a simple peripheral control output
which can be set high or low by setting bit 3 or CRAto a 1 or
a 0 respectively.

CB1 operates as an interrupt input only in the same manner as
CA1. Bit 7 of CRB is set by the active transition selected by bit
0 of CRB. Likewise, the CB2 input mode operates exactly the
same as the CA2 input modes. The CB2 output modes, CRB
bit5 = 1, differ somewhat from those of CA2. The pulse output
occurs when the processor writes data into the Peripheral B Out-
put Register. Also, the “‘handshaking’’ operates on data transfers
from the processor into the peripheral device. '

READING THE PERIPHERAL A I/O PORT

Performing a Read operation with RS1 = 0, RS0 = 0 and the
Data Direction Register Access Control bit (CRA-2) = 1, directly

transfers the data on the Peripheral A 1/O lines to the data bus.
In this situation, the data bus will contain both the input and out-
put data. The processor must be programmed to recognize and
interpret only those bits which are important to the particular
peripheral operation being performed.

Since the processor always reads the Peripheral A 1/0 port pins
instead of the actual Peripheral Output Register (ORA), it is
possible for the data read by the processor to differ from the
contents of the Peripheral Output Register for an output line.
This is true when the 1/O pin is not allowed to go to a full
+2.4V DC when the Peripheral Output register contains a
logic 1. In this case, the processor will read a 0 from the
Peripheral A pin, even though the corresponding bit in the
Peripheral Output register.is a 1.

READING THE PERIPHERAL B I/0 PORT

Reading the Peripheral B I/O port yields a combination of input
and output data in a manner similar to the Peripheral A port.
However, data is read directly from the Peripheral B Output
Register (ORB) for those lines programmed to act as outputs.
It is therefore possible to load down the Peripheral B Output lines
without causing incorrect data to be transferred back to the
processor on a Read operation.
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