




































































































































































































































































































































































































































































































































































































































































































































































































































































Exception processing for privilege violations is nearly identical to that for
illegal instructions. After the instruction is fetched and decoded and the pro-
cessor determines that a privilege violation is being attempted, the processor
starts exception processing before the instruction is executed. The status
register is copied, the supervisor state is entered, and the trace state is turned
off. The vector number is generated to reference the privilege violation vector;
the privilege violation vector number, current program counter, and status
register are saved on the supervisor stack. The saved value of the program
counter is the address of the first word of the instruction causing the privilege
violation. Finally, instruction execution commences at the address contained
in the privilege violation exception vector.

6.2.10 Tracing

To aid in program development, the M68000 processors include a facility to
allow instruction execution by instruction tracing. The CPU32 also allows
instruction tracing to change program flow. In trace mode, a trace exception
is generated after an instruction is executed, allowing a debugging program
to monitor the execution of a program under test.

The trace facility uses the T1 and T0 bits in the supervisor portion of the
status register. If both T bits are clear, tracing is disabled, and instruction
execution proceeds normally (see Table 6-3).

If the T1 bit is clear and the TO bit is set at the beginning of the execution of n
an instruction and if that instruction causes the program counter to be updated

in a nonsequential manner, a trace exception is generated after the execution

of that instruction has completed. Instructions that can be traced in this mode

are all branches, jumps, subroutine calls, returns, and status register manip-

ulations. If the branch is not taken, an exception is not generated.

If the T1 bit is set and the TO bit is clear at the beginning of the execution of
any instruction, a trace exception is generated after the execution of that

Table 6-3. Tracing Control

71} T0 Tracing Function

0 0 |No Tracing

0 1 | Trace on Change of Flow

1 0 |[Trace on Instruction Execution
1 1 |(Undefined; Reserved)
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instruction has completed. If the instruction is not executed, either because
an interruptis taken or the instruction is illegal, unimplemented, or privileged,
the trace exception does not occur. The trace exception also does not occur
if the instruction is aborted by a reset, bus error, or address error exception.
In those cases, the trace exception is deferred until after execution of the
instruction has successfully completed. If the instruction is executed and an
interrupt is pending on completion, the trace exception is processed before
the interrupt exception. If, during the execution of the instruction, an excep-
tion is forced by that instruction, the forced exception is processed before
the trace exception.

If an instruction is executed and a breakpoint is pending upon completion
of the instruction, the trace exception is processed before the breakpoint.

In general terms, a trace exception can be viewed as an extension to the
function of any instruction. If a trace exception is generated by an instruction,
the execution of that instruction is not complete until the trace exception
processing associated with it is completed. If the instruction does not com-
plete execution due to a bus error or address error exception, trace exception
processing is deferred until after the execution of the suspended instruction
is restarted (by the associated RTE) and completed normally. If the instruction
is executed and an interrupt is pending on completion, the trace exception
processing is completed before the interrupt exception processing starts. If,
during the execution of the instruction, an exception is forced by that
instruction, the forced exception is processed before the trace exception is
processed.

If the processor is in trace mode when an attempt is made to execute an
illegal, unimplemented, or privileged instruction, that instruction will not
cause a trace since it is not executed. This is of particular importance to an
instruction emulation routine that performs the instruction function, adjusts
the stacked program counter to beyond the unimplemented instruction, and
then returns. Before the return is executed, the status register on the stack
should be checked to determine if tracing is on. If tracing is on, the trace
exception processing should also be emulated for the trace exception handler
to account for the emulated instruction.

The exception processing for trace starts at the end of normal processing for
the traced instruction and before the start of the next instruction. An internal
copy is made of the status register. The transition to supervisor state is made,
and the T bits of the status register are cleared, disabling further tracing. A
vector number is generated to reference the trace exception vector. The
address of the instruction that caused the trace exception, the trace exception
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vector offset, the current program counter, and the copy of the status register
are saved on the supervisor stack. The saved value of the program counter
is the address of the next instruction to be executed. Instruction execution
commences at the address contained in the trace exception vector.

Tracing affects the normal operation of two instructions. If the STOP or LPSTOP
instructions begin execution with T1 set, a trace exception will be taken after
the STOP (LPSTOP) instruction loads the status register. Upon return from
the trace handler routine, execution will continue with the instruction follow-
ing STOP (LPSTOP), and the processor will never enter the stopped condition.
Also, an RTE from a bus error or address error will not be traced because of
the possibility of continuing the instruction from the fault.

6.2.11 Interrupts

Seven levels of interrupt priorities are provided. Devices may be chained
within interrupt priorities, allowing an unlimited number of peripheral devices
to interrupt the processor. Interrupt recognition and subsequent processing
are based on the internal interrupt request signals (IRQ7-IRQ1) and the cur-
rent processor priority set in the priority mask (12, 11, 10) of the status register.
Interrupt request level zero (IRQ7-IRQ1T negated) indicates that no service is
requested. When interrupt level one through six is requested via IRQ6-IRQT1,
the processor compares the request level with the interrupt mask to deter-
mine whether the interrupt should be processed. Interrupt requests are in-
hibited for all priority levels less than or equal to the current processor priority.
The exception is level seven, which is nonmaskable.

The CPU32 input synchronization circuitry for the IRQ7-IRQ1 control lines
samples these inputs on consecutive rising edges of the processor clock to
synchronize and debounce these signals. An interrupt request held constant
for two consecutive clock periods is considered a valid input; therefore, it is
possible that an interrupt request is held for as short a period as two clock
cycles could be recognized. Valid edges on level seven are latched until
acknowledged.

Interrupt requests arriving at the processor do not force immediate exception
processing but are made pending. Pending interrupts are detected between
instruction executions and at the end of exception processing. 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, the privilege state is set to supervisor, tracing is suppressed, and
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the processor priority level is set to the level of the interrupt being acknowl-
edged. The processor fetches the vector number from the interrupting device,
classifying the bus cycle as an interrupt acknowledge (CPU space $F) and
displaying the encoded level number of the acknowledged interrupt on the
address bus.

If the interrupting device requests automatic vectoring, the processor inter-
nally generates a vector number determined by the interrupt level number.
If the response to the interrupt acknowledge bus cycle is a bus error, the
interrupt is taken to be spurious, and the generated vector number references
the spurious interrupt vector. The processor then proceeds with the usual
exception processing, saving the exception vector number, 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 occurred. The content of the interrupt vector, whose
vector number was previously obtained, is fetched and loaded into the pro-
gram counter, and normal instruction execution commences in the interrupt
handler routine.

Priority level seven is a special case. Level-seven interrupts cannot be inhib-
ited by the interrupt priority mask, thus providing a nonmaskable interrupt
capability. Level-seven requests are necessarily edge triggered to eliminate
continuous servicing and inevitable stack overflow. A level-seven interrupt
is generated 1) each time the interrupt request level changes from some
lower level to level seven (regardless of the processor priority mask level)
or 2) if the request level remains at level seven and the processor priority
mask is changed from level seven to a lower level.

Many M68000 peripherals provide for programmable interrupt vector num-
bers to be used in the interrupt request/acknowledge mechanism of the sys-
tem. If this vector number is not initialized after reset and if the peripheral
must acknowledge an interrupt request, the peripheral should return the
vector number for uninitialized interrupt vector (vector 15).

See the system integration user's manual for detailed information on the
interrupt acknowledge cycle operation.

6.2.12 Return from Exception

After exception stacking operations have completed for all pending excep-
tions, the processor resumes instruction execution at the address contained
in the vector referenced by the last exception to be processed. Once the
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exception handler has completed execution, the processor must return to
the system context in existence prior to the exception (if possible). The mech-
anism to accomplish this action for any exception is the RTE instruction.

When the RTE instruction is executed, the processor examines the stack frame
on top of the supervisor stack to determine if it is a valid frame and what
type of context restoration should be performed. See SECTION 7 DEVELOP-
MENT SUPPORT for a description of each format type. For a normal four-
word frame, the processor updates the status register and program counter
with the data pulled from the stack, increments the supervisor stack pointer
by eight, and resumes normal instruction execution. For the six-word frame,
the status register and program counter are updated from the stack, the active
supervisor stack pointer is incremented by 12, and normal instruction exe-
cution resumes.

For the bus fault frame, the format value on the stack is first checked for
validity. In addition, the version number contained on the stack must match
the version number of the processor that is attempting to read the stack
frame. The version number is located in the most significant byte (bits [15:8])
of the internal register word at location SP + $14 in the stack frame. A validity
check is used to insure that the data in a multiple processor system will be
properly interpreted by the RTE instruction. If the frame is invalid or
inaccessible, a format error or a bus error exception is taken, respectively.
Otherwise, the processor reads the entire frame into the proper internal
registers, deallocates the stack (12 words), and resumes normal processing.
Bus error frames for faults during exception processing require that the RTE n
instruction rewrite the faulted stack frame. If an error occurs during any of
the bus cycles required to rewrite the frame, the processor will enter the
halted state.

If a format error or bus error occurs during execution of an RTE instruction
due to any of the errors previously described or an illegal format code, the
processor will create a normal four-word or a bus-cycle fault stack frame
below the frame that it was attempting to use. In this way, the faulty stack
frame remains intact and may be examined and repaired by the format error
or bus error exception handler or used by a different type processor (e.g.,
an MC68010, MC68020, or a future M68000 processor) in a multiprocessor
system.
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6.3 FAULT RECOVERY
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There are four facets to recovery from the memory fault: recognizing the
fault, saving the processor state, repairing the fault (if possible), and restoring
the processor state. Saving and restoring the processor state are described
in the following paragraphs.

The stack contents are identified by the SSW. In addition to identifying the
fault type represented by the stack frame, the SSW contains the internal
processor state corresponding to the fault.

15 14 13 12 n 10 9 8 1 6 5 4 3 2 0

[Pl o Jmwm]er [eo]mam] wn[aw]iw|[ sz | FUNC |
TP — BERR Frame Type

MV — MOVEM in Progress

TR — Trace Pending

B1 — Breakpoint Channe! 1 Pending

BO  — Breakpoint Channel 0 Pending

RR — Rerun Write Cycle after RTE

RM  — Faulted Cycle Was Read-Modify-Write (RMW)
IN — Instruction/Other

RW  — Read/Write of Faulted Bus Cycle

LG  — Original Operand Size Was Long Word

FUNC — Function Code of Faulted Bus Cycle

SIZ —Remaining Size of Faulted Bus Cycle

The SSW defines the class of the faulted bus operation in the TP field. Two
BERR exception frame types are defined to support faults on prefetch and
operand accesses and exception frame stacking:

0 — Operand or prefetch bus fault

1 — Exception processing bus fault

MV is set when the operand transfer portion of the MOVEM instruction is in
progress at the time of the bus fault. If a prefetch bus fault occurs while
recovering from the MOVEM fault (e.g., when refetching the MOVEM opcode
and extension word), both the MV and IN bits will be set in the stacked SSW.
0 — MOVEM was not in progress when fault occurred
1 — MOVEM in progress when fault occurred

TR indicates that a trace exception was pending when the bus error exception

was processed; thus, the instruction that generated the trace will not be
restarted upon returning from the exception handler. This includes the MOVEM
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and released write bus errors indicated by the assertion of either MV or RR
in the stacked SSW.

0 — Trace not pending

1 — Trace pending

B1 indicates that a breakpoint exception was pending on channel 1 (external
breakpoint source) when the bus error exception was processed. Pending
breakpoint status is stacked, regardless of the type of bus error exception
being processed.

0 — Breakpoint not pending

1 — Breakpoint pending

B0 indicates that a breakpoint exception was pending on channel 0 (internal
breakpoint source) when the bus error exception was processed. Pending
breakpoint status is stacked, regardless of the type of bus error exception
being processed.

0 — Breakpoint not pending

1 — Breakpoint pending

RR will be set in the stacked SSW if the faulted bus cycle was a released
write. If the write is completed (rerun) in the exception handler, the stacked
RR bit should be cleared before executing the RTE. The bus cycle will be
rerun if the stacked RR bit is set upon returning from the exception handler.
0 — Faulted cycle was read, RMW, or unreleased write
1 — Faulted cycle was a released write

Faulted RMW bus cycles set the RM bit in the stacked SSW. This bitis ignored
during unstacking.

0 — Faulted cycle was non-RMW cycle

1 — Faulted cycle was either the read or write of an RMW cycle

Instruction prefetch faults are distinguished from operand (both read and
write) faults by the IN bit in the stacked SSW. If IN is cleared, the error was
on an operand cycle; if IN is set, the error was on an instruction prefetch. IN
is ignored during unstacking.

0 — Operand

1 — Prefetch

Read and write bus cycles are distinguished by the RW bit in the stacked
SSW. Read bus cycles will set this bit, and write bus cycles will clear this bit
in the stacked SSW. This bit is reloaded into the bus controller if the RR bit
is set during unstacking.

0 — Faulted cycle was an operand write

1 — Faulted cycle was a prefetch or operand read
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An original operand size of long word is conveyed in the LG bit in the stacked
SSW. LG is cleared if the original size of the operand was byte or word; SIZ
will indicate the original (and remaining) size. LG is set if the original size of
the operand was long word; SIZ will indicate the remaining size at the time
of the fault. LG is ignored during unstacking.

0 — Original operand size was byte or word

1 — Original operand size was long word

The operand size remaining when the fault was detected is available in the
SIZ field of the stacked SSW. This field does not indicate the initial size of
the operand. It also does not necessarily indicate the proper status of a
dynamically sized bus cycle. Dynamic sizing occurs at the external bus and
is transparent to the CPU. The byte size is shown only when the original
operand was a byte. This field is reloaded into the bus controller if the RR
bit is set during unstacking. The SIZ field is encoded as follows:

00 — Long word

01 — Byte

10 — Word

11 — Unused, reserved

The function code for the faulted cycle is stacked in the FUNC field of the
SSW, which is a copy of FC2-FCO for the faulted bus cycle. This field is
reloaded into the bus controller if the RR bit is set during unstacking. All
unused bits are stacked as zeros and are ignored during unstacking. Further
discussion of the SSW is included in 6.3.1 Types of Faults.

Types of Faults

An efficient implementation of instruction restart dictates that faults on some
bus cycles be treated differently than faults on other bus cycles. The CPU32
defines four fault types: released write faults, faults during exception proc-
essing, faults during the operand transfer portion of MOVEM, and faults on
any other bus cycle.

6.3.1.1 TYPE I: RELEASED WRITE FAULTS. CPU32 instruction pipelining is the
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overlap of the final instruction write with the execution of the following
instruction. These overlapped writes are referred to as released writes. Since
the machine context is lost (for the instruction that queued the write) as soon
as the following instruction starts, it would not be possible to restart the
faulted instruction.

Released write faults are taken at the next instruction boundary, and the
stacked program counter is that of the next unexecuted instruction. Should
a subsequent instruction attempt an operand access with a released write
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fault pending, the instruction will be aborted and the write fault acknowl-
edged. This action prevents any possibility of stale data being used by the
instruction.

The SSW for a released write fault contains the following bit pattern:

5 4 13 12 1 1w 9 8 71 6 5 4 3 2 0
ol ol ofmle e[ 1] o]o]of[w] sz | FUNC |

The trace and breakpoint pending bits (TR, B1, B0) are set if the corresponding
exception is pending when the BERR exception is taken. Status regarding
the faulted bus cycle is reflected in the LG, SIZ, and FUNC fields of SSW.

The remainder of the stack contains the program counter of the next unex-
ecuted instruction, the current status register, the address of the faulted
memory location, and the contents of the data buffer which was to be written
to memory. This data is written on the stack in the format depicted in
Figure 6-3.

6.3.1.2 TYPE IIl: PREFETCH, OPERAND, RMW, and MOVEP FAULTS. The majority
of BERR exceptions are included in this category: all instruction prefetches,
all operand reads, all RMW cycles, and all operand accesses resulting from
the execution of the MOVEP instruction (except the last write of a MOVEP
Rn,(ea) or the last write of MOVEM, which is a type | fault). The TAS, MOVEP,
and MOVEM instructions account for all operand writes not considered re- n
leased.

All type Il faults cause an immediate exception, resulting in the current in-
struction being aborted. Any registers that were altered as the result of an
effective address calculation (i.e., postincrement or predecrement) are re-
stored prior to processing the bus cycle fault.

The SSW for faults in this category contains the following bit pattern:

15 14 13 12 " 10 9 8 7 6 5 4 3 2 0
o] o] of ofm || ofam|mNn][aw]iw]| sz | FUNC |

The trace pending bit is always cleared in the SSW for type Il faults, since
the instruction will be restarted upon returning from the handler. Saving the
pending exception on the stack would have resulted in the trace exception
being taken prior to restarting the instruction. Assuming that the exception
handler does not alter the stacked SR trace bits, the trace is requeued when
the instruction is started.
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The breakpoint pending bits are stacked in the SSW, even though the
instruction is restarted upon returning from the handler. This stacking avoids
problems with bus state analyzer equipment, which has been programmed
to breakpoint only the first access to a specific location or which is counting
accesses to the programmed location. If this response is not desired, the
exception handler can clear the bits before returning. The RM, IN, RW, LG,
FUNC, and SIZ fields all reflect the type of bus cycle causing the fault. If the
bus cycle was an RMW, the RM bit will be set with the RW bit indicating
whether the fault was on the read or write.

6.3.1.3 TYPE lli: FAULTS DURING MOVEM OPERAND TRANSFERS. Bus faults
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occurring as a result of a MOVEM operand transfer are classified as type Il
faults. Instruction prefetch faults associated with MOVEM are type Il faults.

Type Ill faults cause an immediate exception, resulting in the current instruc-
tion being aborted. None of the registers altered during execution of the
faulted instruction are restored prior to executing the fault handler, including
any register predecremented as a result of the effective address calculation
or any registers overwritten during the course of instruction execution. Since
postincremented registers are not updated until the end of the instruction,
the register retains its preinstruction value (unless overwritten by operand
movement).

The SSW for faults in this category contains the following bit pattern:

% 4 13 12 1 w0 9§ 8 7 6 5 4 3 2 0
Lol v T o]me[e[m]o]wN]amw|[w] sz ] FUNC |

MV is set in the stacked SSW, indicating that the MOVEM should be continued
from the point of the fault upon returning from the exception handler. TR,
B1, and B0 are set if the corresponding exception is pending when the BERR
exception is taken. IN is set if a bus fault occurred during an attempt to restart
the instruction while refetching the opcode or an extension word. RW, LG,
SlIZ, and FUNC all reflect the type of bus cycle which caused the fault. All
write faults have the RR bit set, indicating that the write should be rerun
upon returning from the exception handler.

The remainder of the stack frame contains the processor’s internal state
necessary to continue the MOVEM with the operand transfer following the
faulted transfer. The next operand to be transferred, incremented or decre-
mented by the operand size, is stored in the faulted address location ($08).

CPU32 REFERENCE MANUAL MOTOROLA



The stacked transfer counter is set to 16 minus the number of transfers
attempted (including the faulted cycle). Refer to Figure 6-3 for the stacking
format.

6.3.1.4 TYPE IV: FAULTS DURING EXCEPTION PROCESSING. The final instance
in which a fault can occur is during exception processing. If the exception is
another address or bus error, the machine halts with the “double bus fault”
condition. However, if the exception is one that causes a four- or six-word
stack frame to be written, a bus cycle fault frame is written below the faulted
exception stack frame.

The SSW for a fault within an exception contains the following bit pattern:

5 14 13 12 1 w0 9 8§ 7 6§ 5 4 3 2 0
[ o] ofm]e e [olo]o] 1 Jw] sz | FUNC |

TR, B1, and BO are set if the corresponding exception is pending when the
BERR exception is taken.

The contents of the faulted exception stack frame are included in the bus

fault stack frame. The pre-exception status register and the format/vector

word of the faulted frame are stacked. From the format/vector word, the type

of exception can be determined. If the faulted exception stack frame was a

six-word frame, the program counter of the instruction causing the initial

exception is stacked as well. This data is written on the stack in the format n
depicted in Figure 6-4. The stacked RTE return address is that to which the

initial exception would have returned.

6.3.2 Correcting the Fauit

Methods for correcting type |, Il, Ill, and IV faults are discussed in the following
paragraphs.

6.3.2.1 COMPLETING RELEASED WRITES (TYPE I) VIA SOFTWARE. There are two
methods of completing a faulted released write bus cycle. The first method
is to use a software handler; the second method involves having the bus
cycle rerun by the RTE instruction. To complete the bus cycle in software,
the handler must transfer the data in the stacked image of the data output
buffer to the external location indicated by the image of the fault address in
the address space defined by the function code field of the SSW.
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The internal 16-bit data bus requires splitting long operands into two bus
accesses. A fault on the second access of a long operand causes the LG bit
in the SSW to be set with the SIZ field, indicating the operand size remaining
at the time of the fault. If operand coherency is important, the complete
operand should be rewritten, not just the portion remaining when the fault
occurred. After completion of the bus cycle, the RR bit in the stacked SSW
should be cleared. Failure to clear this bit may result in an attempt by the
RTE to rerun the bus cycle. It is not necessary to adjust the program counter
(or any other stack contents) before executing the RTE instruction.

6.3.2.2 COMPLETING RELEASED WRITES (TYPE 1) VIA RTE. Type | faults need
not be completed in a software exception handler since the RTE instruction
can complete the faulted bus cycle. After correcting the cause of the fault,
the handler should execute an RTE instruction. The fault address, data output
buffer, program counter, and status register are restored from the stack. Any
pending breakpoint or trace exceptions, as indicated by the TR, B1, and B0
bits in the stacked SSW, are requeued during the restoration of SSW. As part
of the unstacking operation, the RR bit in the SSW is checked. If set, the SSW,
RW, FUNC, and SIZ fields are copied into the machine. Utilizing the restored
state, the CPU32 initiates a bus cycle to rerun the released write cycle.

Long-word write operand coherency can be maintained only if the stack
contents are adjusted prior to execution of the RTE. The fault address should
be decremented by two if LG is set and SIZ indicates a remaining byte or
word size. SIZ must also be set to long. All other fields should be unaltered.
Utilizing this modified state, the bus controller initiates the bus cycle(s) to
rerun the complete released write operand.

NOTE

Manipulating the stacked SSW value can cause unpredictable re-
sults. The RR bit is checked by RTE; however, the RW bit is not
checked. Therefore, it is possible that the bus cycle rerun by the RTE
instruction will not be a write or will not be to the same address
space as the initial bus cycle. If the bus cycle is a read, the returned
data will be ignored.

6.3.2.3 CORRECTING TYPE Il FAULTS VIA RTE. Instructions aborted due to a type
Il fault are restarted upon returning from the exception handler. It is imper-
ative that the fault handler perform corrective steps which allow the instruc-
tion to be safely executed when restarted. If the fault was due to a nonresident
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page in a demand-paged virtual memory configuration, the fault address
should be read from the stack, and the corresponding page should be swapped
in. An RTE instruction terminates the exception handler. After unstacking the
machine state, the instruction is refetched and restarted.

6.3.2.4 CORRECTING TYPE Ill FAULTS VIA SOFTWARE. MOVEM operand fault
recovery is by one of three methods: completion of the instruction in soft-
ware, converting the fault to type Il and restarting the instruction via RTE, or
continuing the instruction from the fault via RTE. The preferred method is
the latter of the three. Sufficient information is contained in the stack frame
to complete the instruction in software. After correcting the cause of the
memory fault, the faulted bus cycle should be rerun. The following steps are
required to complete the instruction through software:

1. The MOVEM opcode and extension are read from the location pointed
to by the stacked PC and PC+2. The handler need not recalculate the
effective address since the next operand address is saved in the stack
frame; however, the effective address field in the opcode must be
examined to determine what updates should be done to the address
register and program counter at the completion of the instruction.

2. Before restarting the instruction, the mask must be adjusted to account
for the operands already transferred. The stacked operand transfer count
is subtracted from 16 to obtain the actual number of operands trans-
ferred. Using this count value, the mask should be scanned. Each time
a set bit is found, it should be cleared, and the count should be decre-
mented. When the count reaches zero, the mask is ready for continuation
of the MOVEM.

3. The operand address must be adjusted. If the effective addressing mode
is predecrement, subtract the operand size (i.e., four if the size is long)
to the stacked value; otherwise, add the operand size. The instruction
may now be continued.

4. Continue scanning the mask for set bits. As each bitis found, the selected
register is read/written from/to the operand address.

5. As each operand is transferred, the mask bit is cleared and the operand
address incremented (decremented if predecrement effective address).
When all bits in the mask are cleared, all operands have been transferred.

6. Ifthe addressing mode was predecrement or postincrement, the register
should be updated to complete the execution of the instruction.
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7. If the TR bit is set in the stacked SSW, a six-word stack frame should
be created and the trace handler should be executed. Likewise, if either
the B1 or B0 bit is set in the SSW, another six-word stack frame should
be created, and the hardware breakpoint handler should be executed.

8. The stack is deallocated, and control is returned to the faulted program.

In some situations, it may be necessary to rerun all operand transfers instead
of continuing from the faulted operand. Clearing the MV bit in the stacked
SSW converts a type lll fault into a type Il fault. Consequently, MOVEM, as
with all other type Il exceptions, will be restarted upon returning from the
exception handler. When the faulted operand was not the first transferred,
operand transfers completed before the fault are not “undone.” These mem-
ory locations are accessed a second time when the instruction is restarted.
If any registers used in the effective addressing calculation were overwritten
before the fault occurred, an incorrect effective address is calculated upon
restarting the instruction.

6.3.2.5 CORRECTING TYPE Ill FAULTS VIA RTE. The preferred method for

recovering from a MOVEM bus fault is to correct the cause of the fault and
to execute an RTE instruction without altering the contents of the stack. The
RTE recognizes that a MOVEM was in progress when the fault occurred,
restores the appropriate machine state, refetches the instruction, and con-
tinues the instruction with the faulted transfer. This instruction is the only
instruction continued upon returning from the exception handler. Although
the instruction is refetched, the effective address is not recalculated, and the
mask is rescanned the same number of times as before the fault. Therefore,
modifying the code prior to the RTE causes unexpected results.

6.3.2.6 CORRECTING TYPE IV FAULTS VIA SOFTWARE. BERR exceptions
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potentially occur at two points during exception processing: while fetching
the exception vector or while stacking. The same stack frame and SSW are
used for both possibilities; the fault address distinguishes between the two.
The format/vector word image in the BERR stack frame identifies the type of
faulted exception and the contents of the remainder of the frame.

A fault address corresponding to the stacked format/vector word indicates
that the error occurred while trying to acquire the address of the exception
handler. After correcting the cause of the fault, the BERR exception handler
should execute an RTE. The RTE restores the internal machine state, fetches
the address of the original exception handler, creates the original exception
stack frame, and resumes execution at the address of the exception handler.
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If the memory fault is uncorrectable, the exception handler should rewrite
the faulted exception stack frame at SP+$14 +$06 and jump directly to the
exception handler. The stack frame can be generated from the information
in the BERR frame: the pre-exception status register (SP+$0C), the format/
vector word (SP+$0E), and, if the frame being written is a six-word frame,
the program counter of the instruction causing the exception (SP+$10). The
return program counter value is available at SP+$02.

A stacked fault address of the current stack pointer may indicate that, although
the first exception received a BERR while stacking, the BERR exception stack-
ing completed successfully. While this practice is highly unlikely, it is a pos-
sibility supported by the CPU32. Once the exception handler is assured that
the fault has been corrected, recovery can proceed as described previously.
If the fault cannot be corrected, the supervisor stack should be moved to
another area of memory, any valid stack frames copied to the new stack area,
the faulted exception frame created on top of the stack, and execution re-
sumed at the address of the exception handler.

6.4 CPU32 STACK FRAMES

The CPU32 generates three different stack frames. These frames consist of
the normal four- and six-word stacks and the twelve-word BERR stack frame.

6.4.1 Normal Four-Word Stack Frame

This stack frame is created by noninstruction-related exceptions, including
interrupts and format error. It is also used for TRAP #n instructions, illegal
instructions, A-line and F-line emulator traps, and privilege violations. The
program counter value contains the address of the next instruction to be
executed or the instruction that caused the exception, depending on the
exception type (see Figure 6-3).

sPy STATUS REGISTER
+502 PROGRAM COUNTER HIGH

PROGRAM COUNTER LOW |
wso6 0o [ o o | o] VECTOR OFFSET |

Figure 6-3. Format $0 — Four-Word Stack Frame
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6.4.2 Normal Six-Word Stack Frame

This stack frame is created by instruction-related traps, which include CHK,
CHK2, TRAPcc, TRAPV, and zero divide. This frame is also used for trace
exceptions. For these cases, the faulted instruction program counter value
is the address of the instruction causing the exception. The current program
counter value is the address of the next instruction to be executed and the
address to which the RTE instruction returns.

Hardware breakpoints also utilize this format. The stacked faulted instruction
program counter is the address of the instruction executing when the break-
point was sensed. In most cases, this is the address of the instruction that
caused the breakpoint; however, since the final operand write of an instruc-
tion is allowed to overlap into the next instruction(s), the faulted instruction
program counter is not always that of the instruction causing the breakpoint.
The current program counter value is the address of the next instruction to
be executed and the address to which the RTE instruction returns (see Figure
6-4).

15 0
sPs STATUS REGISTER
+$02 NEXT INSTRUCTION PROGRAM COUNTER HIGH
NEXT INSTRUCTION PROGRAM COUNTER LOW
vs6[ o [ o | 1 | o] VECTOR OFFSET
+508 FAULTED INSTRUCTION PROGRAM COUNTER HIGH
FAULTED INSTRUCTION PROGRAM COUNTER LOW

Figure 6-4. Format $2 — Six-Word Stack Frame

6.4.3 BERR Stack Frame

6-28

This stack frame is created whenever a bus cycle fault is detected. The CPU32
BERR stack frame is quite different from the equivalent stack frame on any
other M68000 Family member. The only internal machine state required in
the CPU32 stack frame is the bus controller state at the time of the error and
a single internal register. The bus operation in progress at the time of the
fault is conveyed in the SSW.

5 14 13 12 n 10 9 & 71 & 5 4 3 2 0
[ Twmv] o Jmle Jeo]wrm[am]mn[aw]|iw|[ sz FUNC
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The CPU32 BERR stack frame is 12 words in length. There are three variations
of this frame, each distinguished by a different value in the TP:MV field of
the SSW. Faults occurring during normal instruction execution (both pre-
fetches and non-MOVEM operand accesses) utilize the SSW with TP:MV =00.
Figure 6-5 depicts this stack frame. An internal transfer count register appears
at location SP+$14 in all three bus error stack frames. The register contains
an 8-bit microcode revision number, and, for type Il faults, an 8-bit transfer
count. The format of this register is depicted in Figure 6-6.

15 0
sPy STATUS REGISTER
+502 RETURN PROGRAM COUNTER HIGH
RETURN PROGRAM COUNTER LOW
= EEEEERER VECTOR OFFSET
+508 FAULTED ADDRESS HIGH
FAULTED ADDRESS LOW
+50C DBUF HIGH
DBUF LOW
+510 CURRENT INSTRUCTION PROGRAM COUNTER
CURRENT INSTRUCTION PROGRAM COUNTER
514 INTERNAL REGISTER
wsi| 0 | o | SPECIAL STATUS WORD

Figure 6-5. Format $C — BERR Stack for Prefetches and Operands

MICROCODE REVISION NUMBER I TRANSFER CODE

Figure 6-6. Internal Transfer Count Register
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The microcode revision number is checked by the CPU when restoring a
BERR stack frame via the RTE instruction. This precaution ensures that, should
multiple processors be used in a system, the processor restarting from the
stacked information is at the same revision level as the processor which
created the stack frame. The transfer count is ignored unless the MV bit in
the stacked SSW is set. If the MV bit is set, the least significant byte of the
internal register is reloaded into the MOVEM transfer counter during the RTE
instruction. An internal transfer count register appears at location SP+$14
in all three BERR stack frames.

If a bus error occurs during exception processing, the SSW TP:MV field is
set to TP:MV=10. The frame detailed in Figure 6-7 is written below the
faulting frame. Stacking begins at the address pointed to by SP—6 (the SP
value is the value before initial stacking on the faulted frame).

The fault address of a dynamically sized bus cycle is the upper byte. There
is no indication which of the two bytes caused the BERR.

15 0
sPo STATUS REGISTER
+502 NEXT INSTRUCTION PROGRAM COUNTER HIGH
NEXT INSTRUCTION PROGRAM COUNTER LOW
=Y EEEEEREN VECTOR OFFSET
+508 FAULTED ADDRESS HIGH
FAULTED ADDRESS LOW
0 PRE-EXCEPTION STATUS REGISTER
FAULTED EXCEPTION FORMAT/VECTOR WORD
+$10 FAULTED INSTRUCTION PROGRAM COUNTER HIGH (SIX-WORD FRAME ONLY)
FAULTED INSTRUCTION PROGRAM COUNTER LOW (SIX-WORD FRAME ONLY)
INTERNAL REGISTER
= ERER SPECIAL STATUS WORD

Figure 6-7. Format $C — BERR Stack During Four- or Six-Word Stack
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The third stack format is for faults that occur during the operand portion of
the MOVEM instruction. This format is identified by TP:MV=01. Figure 6-8
details this stack frame.

15 0
sPs STATUS REGISTER
+502 RETURN PROGRAM COUNTER HIGH
RETURN PROGRAM COUNTER LOW
= EEERERER VECTOR OFFSET
+508 FAULTED ADDRESS HIGH
FAULTED ADDRESS LOW
+50C DBUF HIGH
DBUF LOW
+$10 CURRENT INSTRUCTION PROGRAM COUNTER
CURRENT INSTRUCTION PROGRAM COUNTER
INTERNAL TRANSFER COUNT REGISTER
w6 o | 1 | SPECIAL STATUS WORD

Figure 6-8. Format $C — BERR Stack on MOVEM Operand
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SECTION 7
DEVELOPMENT SUPPORT

All M68000 Family members include the following to facilitate applications
development:

Trace on Instruction Execution — M68000 processors include an instruc-
tion-by-instruction tracing facility as an aid to program development; how-
ever, the MC68020, MC68030, and CPU32 also allow tracing only those
instructions causing a change in program flow. In the trace mode, a trace
exception is generated after each instruction is executed, allowing a debug-
ger program to monitor the execution of a program under test. See 6.2.10
Tracing for more information.

Breakpoint Instruction — An emulator may insert software breakpoints into
the target code to indicate when a breakpoint has occurred. On the MC68010,
MC68020, MC68030, and CPU32, this function is provided via illegal
instructions ($4848-$484F) that serve as breakpoint instructions. See 6.2.5
Software Breakpoints for more information.

Unimplemented Instruction Emulation — When an attempt is made to
execute an illegal instruction, an illegal instruction exception occurs.
Unimplemented instructions (F-line, A-line, . ..) utilize separate exception
vectors to permit efficient emulation of unimplemented instructions in soft-
ware. See 6.2.8 lllegal or Unimplemented Instructions for more informa-
tion.

7.1 CPU32 INTEGRATED DEVELOPMENT SUPPORT

The CPU32 not only incorporates all the previous features but also provides
additional features that aid development tools in advancing support for
integrated system development. These additions include background debug
mode, deterministic opcode tracking, hardware breakpoints, and internal visi-
bility in the single-chip environment.
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7.1.1 Background Debug Mode (BDM) Overview

7-2

Microcomputer systems generally provide a debugger, implemented in soft-
ware, for system analysis at the lowest level. The BDM on the CPU32 is
unique in that the debugger is implemented in CPU microcode. Registers
can be viewed and/or altered, memory can be read or written to, and test
features can be invoked. Incorporating these capabilities on-chip simplifies
the environment in which an in-circuit emulator operates. The traditional
in-circuit emulator configuration (see Figure 7-1) removes the MCU from the
target, replacing it with hardware resident in the emulator. An expensive
cable provides the communication path between the target system and the
emulator. By contrast, with an integrated debugger, the traditional emulator
configuration can be replaced by a bus state analyzer (BSA) (see Figure
7-2). The advantage of this configuration is twofold: 1) the processor remains
in the target hardware, serving as its own emulation processor and 2) this
integration reduces cost by eliminating the cable. The BSA provides a means
for monitoring target processor operation; the on-chip debugger provides
the mechanism for altering the operating environment. Many of the problems
experienced with the classic emulator configuration are minimized: i.e., lim-
itations on high-frequency operation, AC and DC parametric mismatches,
and restrictions on cable length.

IN-CIRCUIT
EMULATOR

TARGET

SYSTEM <::> TARGET
MCU

A
Y

Figure 7-1. Traditional In-Circuit Emulator Diagram

TARGET
SYSTEM

BUS STATE
TARGET ANALYZER

A
Y

AV

Figure 7-2. Bus State Analyzer Configuration
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7.1.2 Deterministic Opcode Tracking Overview

CPU32 function code outputs are augmented by two supplementary signals
to monitor the instruction pipeline. The instruction pipe (IPIPE) output indi-
cates the start of each new instruction and each mid-instruction pipeline
advance. The instruction fetch (IFETCH) output identifies those bus cycles in
which the operand data is loaded into the instruction pipeline. Pipeline flushes
are also signaled with IFETCH. Monitoring these two signals allows a BSA
to synchronize to the instruction stream and monitor the activity. Refer to
7.3 DETERMINISTIC OPCODE TRACKING for a complete description.

7.1.3 On-Chip Hardware Breakpoint Overview

An external breakpoint input and on-chip hardware breakpoint allow a break-
point trap on any memory access. Off-chip address comparators preclude
breakpoints on internal accesses unless show cycles are enabled. Breakpoints
on instruction prefetches, which are ultimately flushed from the instruction
pipeline, are not acknowledged; operand breakpoints are always acknow!-
edged. Acknowledged breakpoints optionally initiate exception processing
or BDM. See 6.2.6 Hardware Breakpoints for more information.

7.2 BACKGROUND DEBUG MODE (BDM)

7.2.1

BDM is an alternate CPU32 operating mode in which normal instruction
execution is suspended while special microcode performs the functions of a
debugger. BDM is initiated by one of several sources: externally generated
breakpoints, internal peripheral breakpoints, the background (BGND) instruc-
tion, or catastrophic exception conditions. While in BDM, the CPU32 ceases
fetching instructions via the parallel bus and, instead, accepts commands via
a dedicated serial interface. A high-speed, SPI-type serial link provides BDM
communication between the CPU and the development system. Figure 7-3
illustrates a block diagram of the BDM.

Enabling BDM

Accidentally entering BDM in a nondevelopment environment could inad-
vertently lock up the CPU32 since the serial command interface would prob-
ably not be available. For this reason, BDM is enabled during reset via the
breakpoint (BKPT) signal. When BKPT is asserted (low) at the rising edge on
RESET, BDM operation is enabled until the next system reset. A high BKPT
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SERIAL
INTERFACE
(
> |PIPE/DSO
MICROCODE SEQUENCER
> |FETCH/DSI
\
IRC j=- IRB j<=— IR
L] BERR (J BERR |«— BERR BUS BKPT/DSCLK
BKPT jee—] BKPT | BKPT CONTROL 1 DATABUS
[ l«——— BERR

|——> FREEZE

EXECUTION

UNIT | > ADDRESS BUS

Figure 7-3. BDM Block Diagram

signal at the trailing edge of RESET disables BDM and all sources of entry
revert to their normal operation. BKPT is relatched on each rising transition
of RESET.

BKPT is synchronized internally; therefore, the signal must be held low for
at least two clock cycles prior to the negation of RESET. Special care must
be taken in the design of the BDM enable logic. If the hold time on BKPT
(after the trailing edge of RESET) extends into the first bus, the possibility
exists that the bus cycle could be inadvertently tagged with a breakpoint.
Refer to the system integration module user’'s manual for actual timing
information.

7.2.2 BDM Sources

Once BDM has been enabled, any of several sources are capable of causing
the transition from normal operation into BDM. These sources include 1)
external breakpoint hardware, 2) the BGND instruction, 3) double bus faults,

7-4 CPU32 REFERENCE MANUAL MOTOROLA



and 4) internal peripheral breakpoints. If BDM is not enabled when the
exception condition occurs, the exception is processed normally. Table 7-1
summarizes the processing of each source for both the enabled and disabled
cases. As depicted in the table, the BKPT instruction never causes a transition
into the BDM of operation.

Table 7-1. BDM Source Summary

Source BDM Enabled BDM Disabled
BKPT Background Breakpoint Exception
Double Bus Fault Background Halted
BGND Instruction Background Ilegal Instruction

BKPT Instruction

Opcode Substitution
Illegal Instruction

Opcode Substitution
lllegal Instruction

7.2.2.1 EXTERNAL BKPT SIGNAL. Once enabled, BDM is initiated whenever
assertion of BKPT is acknowledged. If BDM is disabled, a breakpoint exception
(vector $0C) is acknowledged. Timing on the BKPT input is the same as that
for read cycle data with respect to the trailing edge of data strobe. A break-
point acknowledge bus cycle is not run when entering BDM.

7.2.2.2 BGND INSTRUCTION. An illegal instruction, $4AFA, is reserved for use by
development tools. The CPU32 defines $4AFA (BGND) to be a BDM entry
point when BDM is enabled. If BDM is disabled, an illegal instruction trap is
acknowledged. lllegal instruction traps are discussed in 6.2.8 lllegal or
Unimplemented Instructions.

7.2.2.3 DOUBLE BUS FAULTS. Two bus faults in succession, or double bus faults,
normally indicate that a catastrophic error has occurred within the system,
resulting in the suspension of instruction execution. When this error condition
occurs during initial system debug (e.g., a fault in the reset logic), further
debugging is impossible until the situation is corrected. Through BDM, the
fault can be bypassed temporarily, the cause of the problem can be deter-
mined, and the effects of the problem can be corrected. Should BDM be
disabled, a double bus fault causes the processor to terminate instruction
execution until reset.

7.2.2.4 PERIPHERAL BREAKPOINTS. Peripherals capable of requesting break-
points do so by asserting the BKPT signal. With respect to the CPU32, the
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operation of peripheral breakpoints is identical to that of external breakpoints.
Consult the appropriate peripheral user's manual for additional details on
the generation of peripheral breakpoints.

7.2.3 Entering BDM

Upon detecting a breakpoint or double bus fault or upon decoding a BGND
instruction, the processor suspends instruction execution and asserts the
FREEZE output. This action is the first indication that the processor has entered
BDM. Once FREEZE has been asserted, the CPU enables the serial commu-
nication hardware and awaits the first command.

As part of the process of entering BDM, the CPU writes a unique value into
temporary register A (ATEMP), indicating the source that caused the tran-
sition. By issuing a read system register command as the initial command,
the user can poll the register and determine the source (see Table 7-2).

Table 7-2. Polling the BDM Entry Source

Source ATEMP [31:24] ATEMP [23:0]
Double Bus Fault SSwW $FFFF
BGND Instruction $0000 $0001
Hardware Breakpoint $0000 $0000

ATEMP is used in most debugger commands for temporary storage; there-
fore, it is imperative that the read system register (RSREG) command be the
first command issued after the transition into BDM.

A double bus fault during the initial stack pointer/program counter (SP/PC)
fetch sequence is further distinguished by a value of $00000001 in the current
instruction PC. At no other time will the processor write an odd value into
this register.

7.2.4 Command Execution

7-6

As each command is accumulated in the serial shifter, the microcode routine
corresponding to that command is executed. If the command can complete
without additional serial traffic, it does. However, if addresses or operands
are required, the microcode reads each word as it is assembled by the serial
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CPU ACTIVITY DEVELOPMENT SYSTEM ACTIVITY

ENTER (BDM)
« ASSERT FREEZE SIGNAL
« WAIT FOR COMMAND SEND INITIAL COMMAND
- LOAD COMMAND REGISTER
« ENABLE SHIFT CLOCK
« SHIFT OUT 17 BITS
+ DISABLE SHIFT CLOCK
EXECUTE COMMAND
+LOAD: NOT READY/RESPONSE [*€
« PERFORM COMMAND
- STORE RESULTS
READ RESULTS/NEW COMMAND
« LOAD COMMAND REGISTER

> + ENABLE SHIFT CLOCK

+ SHIFT INOUT 17 BITS

* DISABLE SHIFT CLOCK

+ READ RESULT REGISTER

A

IF RESULTS =
"NOT READY"

CONTINUE

Figure 7-4. BDM Command Execution Flowchart

interface. The CPU then performs the desired operation, including any nec-
essary memory or register accesses. Result operands are loaded into the
output shift register to be shifted out as the next command is read. This
process is repeated for each instruction until the CPU returns to the normal
operating mode.

7.2.5 Returning from BDM

BDM is terminated when a resume execution (GO) or call user code (CALL)
command is received. Both GO and CALL flush the instruction pipeline and
refetch instructions from the location pointed to by the current PC. The current
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PC and the memory space referred to by the status register SUPV bit reflect
any changes made during BDM. FREEZE is negated prior to initiating the first
prefetch. Upon negation of FREEZE, the serial subsystem is disabled, and
the signals revert to IPIPE/IFETCH functionality.

7.2.6 Serial Interface

Communication with CPU32 during BDM sessions is via a dedicated serial
interface, which shares pins with other development features. The BKPT
signal becomes the serial clock (DSCLK); serial input data (DSI) is received
on IFETCH, and serial output data (DSO) is transmitted on IPIPE.

The serial interface is a full-duplex synchronous protocol similar to the serial
peripheral interface (SPI) protocol. The development system serves as the
master of the serial link since it is responsible for the generation of DSCLK.
By deriving DSCLK from the CPU32 system clock, the design of the devel-
opment system serial logic is unhindered by the operating frequency of the
target MCU. Operable frequency range of the serial clock is from DC to one-
half the MCU system clock frequency.

The serial interface operates in a full-duplex mode — that is, data is both
transmitted and received simultaneously by the master and slave devices.
In general, data transitions occur on the falling edge of the DSCLK and are
stable by the following rising edge of DSCLK. Data is transmitted most sig-
nificant bit first and is latched on the rising edge of DSCLK.

The serial data word is 17 bits wide — 16 data bits and a status/control bit.
For CPU-generated messages, bit 17 indicates the message status as shown
in Table 7-3.

Command and data transfers initiated by the development system should
clear bit 17. The current implementation ignores this bit; however, Motorola
reserves the right to use this bit for future enhancements.

7.2.6.1 CPU SERIAL LOGIC. The CPU serial logic block diagram, pictured in the

left-hand portion of Figure 7-5, consists of the transmit and receive shift
registers and control logic containing synchronization logic, serial clock gen-
eration circuitry, and a received bit counter.
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Table 7-3. CPU-Generated Message Encoding

16 15 0
[ sc ] DATA FIELD |
-
STATUS/CONTROL
Bit 17 Data Message Type
0 XXXX Valid Data Transfer
0 FFFF Command Complete; Status OK
1 0000 Not Ready with Response; Come Again
1 0001 BERR Terminated Bus Cycle; Data Invalid
1 FFFF Illegal Command
CPU DEVELOPMENT SYSTEM
INSTRUCTION
REGISTER BUS DATA
A 15
16 ¢
0
RCV DATA LATCH COMMAND LATCH
A
\
SERIAL IN <« oSl PARALLEL IN
PARALLEL OUT < > SERIAL OUT
DSO -~
i ~ PARALLEL OUT
SERIAL OUT s L_H
A A
118 Y
EXECUH[%Nr < / RESULT LATCH
STATUS <€ 16
SYNCHRONIZE ¢ STATUS DATA
MICROSEQUENCER i 't
DSCLK
CONTROL << CONTROL SERIAL
LOGIC loeic [ clock

MOTOROLA

Figure 7-5. Debug Serial I/0 Block Diagram
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Both DSCLK and DSI are synchronized to the on-chip clocks, thereby mini-
mizing the chance of propagating metastable states into the serial state
machine. Data is sampled during the high phase of CLKOUT. At the falling
edge of CLKOUT, the sampled value is made available to the internal logic.
The effect of this synchronization technique on the user is that the minimum
hold time on DSI with respect to DSCLK is one full period of CLKOUT.

The serial state machine begins a sequence of events based on the rising
edge of the synchronized DSCLK (see Figure 7-6). The synchronized serial
data is transferred to the input shift register, and the received bit counter is
decremented. One-half clock period later, the output shift register is updated,
bringing the next output bit to the DSO signal. DSO changes relative to the
rising edge of DSCLK and does not necessarily remain stable until the falling
edge of DSCLK.

One clock period after the synchronized DSCLK has been seen internally, the
updated counter value is checked. If the counter has reached zero, the receive

data latch is updated from the input shift register. At this same time, the
output shift register is reloaded with the “not ready/come again” response.

wor || [ [ L[ 1T L
FREEZE |
DSCLK I I

Ds! I
SAMPLE

wNoow 2 Y /A “

stcHnomzsﬁ |

L) |

INTERNAL
SYNCHRONlZDED |
I L

awor ||| L[ ]

Figure 7-6. Serial Interface Timing Diagram
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Once the receive data latch has been loaded, the CPU is released to act on
the new data. Response data overwrites the “not ready” response when the
CPU has completed the current operation.

Data written into the output shift register appears immediately on the DSO
signal. In general, this action changes the state of the signal from a high
(“not ready” response status bit) to a low (valid data status bit) logic level.
However, this level change only occurs if the command completes success-
fully. Error conditions overwrite the ““not ready”’ response with the appro-
priate response that also has the status bit set.

A user may take advantage of the state change on DSO to signal hardware
that the next serial transfer may begin. A timeout of sufficient length should
also be incorporated into the design to trap error conditions that do not
change the state of DSO. Hardware interlocks in the CPU prevent result data
from corrupting serial transfers in progress.

7.2.6.2 DEVELOPMENT SYSTEM SERIAL LOGIC. The development system, as the
master of the serial data link, must supply the serial clock. However, normal
and BDM operations could inadvertently interact if the dual operating modes
are not properly considered when designing the clock generator.

Breakpoint requests are made by asserting BKPT to the low state using one
of two methods. The predominant method (one described thus far) is to assert
BKPT during the single bus cycle for which the exception is desired. A second
method is to assert BKPT and continue asserting it until the CPU32 responds
by asserting FREEZE. This method is useful for forcing a transition into BDM
when the bus is not being monitored. Each BKPT assertion method requires
a slightly different approach in the design of the serial logic to avoid spurious
serial clocks.

psai LML L L L L

BGND_FORCE

BKPTTAG —— L

T N e S in g g ip g igigigiginin i N e
FREEZE | L

Figure 7-7. BKPT Timing for Single Bus Cycle
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Figure 7-7 represents the timing required for asserting BKPT during a single
bus cycle. Figure 7-8 depicts the timing of the BKPT/FREEZE method. In both
cases, the serial clock is left high after the final shift of each transfer. This
technique eliminates the possibility of accidentally tagging the prefetch
initiated at the conclusion of a BDM session. As mentioned previously, all
timing within the CPU is derived from the rising edge of the clock; whereas,
the falling edge is effectively ignored.

Figure 7-9 represents a sample circuit providing for both BKPT assertion
methods. As the name implies, FORCE-BGND is used to force a transition
into BDM by the assertion of BKPT. FORCE-BGND can be a short pulse or
can remain asserted until FREEZE is asserted. Once asserted, the set-reset
latch holds BKPT low until the first DSCLK is applied.

BKPT-TAG should be timed to the bus cycles since it is not latched. If extended
past the assertion of FREEZE, the negation of BKPT-TAG appears to the

. CPU32 as the first DSCLK.

DSCLK is the gated serial clock. Normally high, it pulses low for each bit to
be transferred. At the end of the seventeenth clock period, it returns high
until the start of the next transmission. Clock frequency is implementation
dependent and may range from DC to the maximum specified frequency.

DSCLK Lo g

BGND_FORCE [

7-12

BKPT_TAG

wer L ooy —
FREEZE ] L

Figure 7-8. BKPT Timing for Forcing BDM

BKPT_TAG >0 >
DSCLK > —>-BRFTOSCLK

3 1 Qb—>
RESET —-Do—> S2
FORCE_BGND —————>{R Q

Figure 7-9. BKPT/DSCLK Logic Diagram
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Although performance considerations might dictate a hardware implemen-
tation, software solutions are not precluded provided serial bus timing is
maintained.

7.2.7 Command Set
Following is a description of the command set available in BDM.

7.2.7.1 COMMAND FORMAT. The following standard bit format is utilized by all
BDM commands.

15 10 9 8 7 6 5 4 3 2 0

OPERATION [ o [rw] opsze | o | o [ap|  recisteR

EXTENSION WORD(S)

Operation Field:
Commands are distinguished by the operation field. This 6-bit field pro-
vides for a maximum of 64 unique commands.

R/W Field:
The direction of the operand transfer is specified in this field. When this
bit is a one, the operation is from the CPU to the development system.
When this bit is a zero, data is written into the CPU or memory from the
development system.

Operand Size:
For sized operations, this field specifies the operand data size. All addresses
are expressed as 32-bit absolute values. The size field is encoded as follows:

Encoding Operand Size
00 Byte
01 Word
10 Long
1 Reserved

Address/Data (A/D) Field:
Used by those commands that operate on address and data registers, the
A/D field determines whether the register field specifies a data or address
register. A one indicates an address register; a zero selects a data register.
For other commands, this field may be interpreted differently.
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Register Field:
In most commands, this field specifies the register number when operating
on an address or data register.

Extension Words (as required):
Some commands require immediate data or addresses in the form of
extension words. Addresses require two extension words each since
addressing capability is limited to absolute long. Immediate data can be
either one or two words. Byte and word data each require a single extension
word; long-word data requires two words. Operands and addresses are
transferred most significant word first. At this time, no command requires
an extension word to fully specify the operation to be performed (i.e.,
single-word commands only).

7.2.7.2 COMMAND SEQUENCE DIAGRAMS. A command sequence diagram

7-14

illustrates the serial bus traffic for each command. Each bubble in the diagram
represents a single 17-bit transfer across the bus. The top half in each diagram
corresponds to the data transmitted by the development system to the CPU;
likewise, the bottom half corresponds to the data returned by the CPU in
response to the development system commands. Command and result trans-
actions are overlapped to minimize latency.

The command sequence diagram in Figure 7-10 demonstrates the use of
these diagrams. The cycle in which the command is issued contains the
command mnemonic issued by the development system (in this example,
read memory location). During the same cycle, the CPU is responding with
either the lowest order results of the previous command or with a command
complete status if no other results were required.

During the second cycle of the diagram, the development system supplies
the high-order 16 bits of the memory address. The CPU returns the “not
ready” response unless the received command was decoded as unimple-
mented, in which case the response data is the illegal command encoding.
If an illegal command response occurs, the development system should
retransmit the command.

NOTE

The “not ready’” response can be ignored except in those cases when
a memory bus cycle is in progress. In all other cases, the CPU can
accept a new serial transfer with eight system clock periods.
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— COMMANDS TRANSMITTED TO THE CPU

—COMMAND CODE TRANSMITTED DURING THIS CYCLE

— HIGH-ORDER 16 BITS OF MEMORY ADDRESS

LOW-ORDER 16 BITS OF MEMORY ADDRESS

NONSERIAL-RELATED ACTVITY

SEQUENCE TAKEN IF
OPERATION HAS NOT

NEXT

COMMAND
Y 0K CODE
"NOT READY, LOCATION 'NOT READY, R
REXT D
LS RESULT
XXX
BERR/AERR "NOT READY",
DATA UNUSED FROM
THIS TRANSFER
SEQUENCE TAKEN IF BUS ERROR
SEQUENCE TAKEN F OR ADDRESS ERROR OCCURS ON
ILLEGAL COMMAND
IS RECEIVED BY CPU
— HIGH AND LOW-ORDER
“— RESULTS FROM PREVIOUS COMMAND 16 BITS OF RESULT
'— RESPONSES FROM THE CPU

Figure 7-10. Command-Sequence-Diagram Example

In the third cycle, the development system supplies the low-order 16 bits of
the memory address. The CPU always returns the “not ready’’ response in
this cycle. At the completion of the third cycle, the CPU initiates the memory
read operation. Any serial transfers that begin while the memory access is
in progress will return the “not ready’’ response.

The results are returned in the two serial transfer cycles following the com-
pletion of the memory access. The data transmitted to the CPU during the
final transfer is the opcode for the following command. Should the memory
access generate either a bus or address error, an error status is returned in
place of the result data.
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7.2.7.3 COMMAND SET SUMMARY. The BDM command set is summarized in
Table 7-4. Detailed descriptions of each command can be found in subsequent
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paragraphs.

Table 7-4. BDM Command Summary

Command

Mnemonic

Description

Read A/D Register

RAREG/RDREG

Read the selected address or data register and
return the results via the serial interface.

Write A/D Register

WAREG/WDREG

The data operand is written to the specified ad-
dress or data register.

Read System Register

RSREG

The specified system control register is read. All
registers that can be read in supervisor mode
can be read in BDM.

Write System Register

WSREG

The operand data is written into the specified
system control register.

Read Memory Location

READ

Read the sized data at the memory location spec-
ified by the long-word address. The source func-
tion code register (SFC) determines the address
space accessed.

Write Memory Location

WRITE

Write the operand data to the memory location
specified by the long-word address. The desti-
nation function code register (DFC) register de-
termines the address space accessed.

Dump Memory Block

DUMP

Used in conjunction with the READ command to
dump large blocks of memory. An initial READ
is executed to set up the starting address of the
block and to retrieve the first result. Subsequent
operands are retrieved with the DUMP com-
mand.

Fill Memory Block

FILL

Used in conjunction with the WRITE command
to fill large blocks of memory. An initial WRITE
is executed to set up the starting address of the
block and to supply the first operand. Subse-
quent operands are written with the FILL com-
mand.

Resume Execution

GO

The pipeline is flushed and refilled before re-
suming instruction execution at the current PC.

Call User Code

CALL

Current PC is stacked at the location of the cur-
rent SP. Instruction execution begins at user patch
code.

Reset Peripherals

RST

Asserts RESET for 512 clock cycles. The CPU is
not reset by this command. Synonymous with
the CPU RESET instruction.

No Operation

NOP

NOP performs no operation and may be used as
a null command.
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7.2.7.4 READ A/D REGISTER (RAREG/RDREG). Read the selected address or data
register and return the results via the serial interface.

Command Format:

15 14 13 12 " 10 7 6 5 4 3 2 0

3 8
oo v JofoJolol r ][ v T ol o] o]an] reaser |

Command Sequence:

kﬁ RDREG/RAREG XXX\ /NEXTCMD )

7 /Y " \WMSRESULT/ ~ \ LSRESULT/
XXX NEXT CMD
"ILLEGAL” “NOT READY;,

Operand Data:
None

Result Data:
The contents of the selected register are returned as a long-word value.
The data is returned most significant word first.

NOTE

Accesses to register A7 follow the supervisor (S) bit at the time BDM
was entered. If S=0, A7 corresponds to the user SP; if S=1, A7
corresponds to the supervisor SP. BDM writes to SR, which affect
the S bit, have no effect on the selection of A7. Use the RSREG/
WSREG commands to directly access a specific SP.
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7.2.7.5 WRITE A/D REGISTER (WAREG/WDREG). The operand (long-word) data
is written to the specified address or data register. All 32 bits of the register
are altered by the write.

Command Format:

15 14 13 12 n 10 9 8 7 6 5 4 3 2 0
[ oo 1t oJofof[o] o] 1 ]o] o] of[an] reismr
Command Sequence:

WOREGWAREG WS DATA IS DATA NEXT CMD
m MS RESULT "NOTREADY) > \(CMD COMPLETE"
XRX NEXT CID
LLEGAL” *NOT READY:

Operand Data:

The long-word data is written into the specified address or data register.
The data is supplied most significant word first.

Result Data:

Command complete status ($0FFFF) is returned when the register write
has completed.

NOTE

Accesses to register A7 follow the S bit at the time BDM was entered.
If S=0, A7 corresponds to the user SP; if S=1, A7 corresponds to
the supervisor SP. BDM writes to SR, which affect the S bit, have
no effect on the selection of A7. Use the RSREG/WSREG commands
to directly access a specific SP.
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7.2.7.6 READ SYSTEM REGISTER (RSREG).

The specified system control register

is read. All registers that can be read in supervisor mode can be read in BDM.

Several internal temporary registers are also accessible.

Command Format:

15 14 13 12 " 10 9 8 7 6 5

4

o o v oo v o] v v [ o]ofo]

Command Sequence:

(BSREG_\ o/ XXX__\ ./ NEXTCMD)
\_ 72 J\ ~\WSRESULT/ ~ \LSRESULT/

XXX NEXT CMD
"ILLEGAL" “NOT READY",

Operand Data:
None

Result Data:

Always returns 32 bits of data, regardless of the size of the register being
read. If the register is less than 32 bits, the result is returned zero extended.

Register Field:

The system control register is specified by the register field according to

the following table:

System Register Select Code
Return Program Counter (RPC) 0000
Current Instruction Program Counter (PCC) 0001
Status Register (SR) 1011
User Stack Pointer (USP) 1100
Supervisor Stack Pointer (SSP) 1101
Source Function Code Register (SFC) 1110
Destination Function Code Register (DFC) 1M
Temporary Register A (ATEMP) 1000
Fault Address Register (FAR) 1001
Vector Base Register (VBR) 1010
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7.2.7.7 WRITE SYSTEM REGISTER (WSREG). The operand data is written into the
specified system control register. All registers that can be written in super-
visor mode can be written in BDM. Several internal temporary registers are
also accessible.

Command Format:

Lol ol v ool v Tol o]l v ool o] REGISTER

Command Sequence:

(__WSREG_\ (_NSDATA \ _/ ISDATA \ ./  NEXTCMD
. J \MSRESULTJ  ~ \UNOTREADYY/ ~ \[CMD COMPLETE"/
XXX NEXT CMD
“ILLEGAL" "NOT READY",

Operand Data:
The data to be written into the register is always supplied as a 32-bit long

word. If the written register is less than 16 bits, the least significant word
is used.

Result Data:

"“Command complete” status is returned when the register write is com-
pleted.

Register Field:

The system control register is specified by the register field according to
the following table. The FAR is a read-only register; any write to this register

is ignored.
System Register Select Code
Return Program Counter (RPC) 0000
Current Instruction Program Counter (PCC) 0001
Status Register (SR) 1011
User Stack Pointer (USP) 1100
Supervisor Stack Pointer (SSP) 1101
Source Function Code Register (SFC) 1110
Destination Function Code Register (DFC) 1111
Temporary Register A (ATEMP) 1000
Fault Address Register (FAR) 1001
Vector Base Register (VBR) 1010
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7.2.7.8 READ MEMORY LOCATION (READ). Read the sized data at the memory
location specified by the long-word address. Only absolute addressing is
supported. The SFC register determines the address space accessed. Valid
data sizes include byte, word, or long word.

Command Format:

14 13 12 " 10 9 8 7 6 5 4 3 2 1 0

15
[ o] o o [ o [ Lol o[ [opsze [ o f oo o] o] o]

Command Sequence:

READ (BW MS ADDR LS ADDR READ XN

; . ; z MEMORY > .
m NOT READY NOT READY: LOCATION UNOT READY)
("NEXT CMD )

RESULT

 XXX__\ (" NEXTCMD
PAILLEGAL ) 7 \UNOT READY:/

XXX\ (CNEXTCMD
\_BERR/AERR /= \UNOT READY:/

READ
OBy
LOCATION

NEXT CMD
\_LS RESULT /

XXX\ (CNEXTCMD
\BERR/AERR/  ~ \UNOT READY’

“ILLEGAL" ‘NOT READY,

Operand Data:
The single operand is the long-word address of the requested memory
location.

Result Data:
The requested data is returned as either a word or long word. Byte data
is returned in the least significant byte of a word result. Word results return
16 bits of significant data; long-word results return 32 bits.

A successful read operation returns data bit 17 cleared; whereas, if a bus
or address error is encountered, the returned data is $10001.
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7.2.7.9 WRITE MEMORY LOCATION (WRITE). Write the operand data to the mem-
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ory location specified by the long-word address. The destination function
code (DFC) register determines the address space accessed. Only absolute
addressing is supported. Valid data sizes include byte, word, and long word.

Command Format:

15 14 13 12 n o 9 8 7 6 5 4 3 2 1 0
o o o[t [ 1+ [ of o[ of orsze [ o] o]o]o]o] o]

Command Sequence:

WRITE (B/W. MS ADDR LS ADDR Mvgaggy
-' LOCATION

NEXT CMD
\CMD COMPLETE’,

BERR/AERR

NEXT CMD
NOT READY,

NEXT CMD
‘NOT READY",

MS ADDR LS ADDR

'NOT READY",

WRITE
MEMORY |
LOCATION

LS DATA
.NOT READY,

(—_ NEXTCMD )
"ONID COMPLETE”

(XXX
BERR/AERR

NEXT CMD
NOT READY’,
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Operand Data:
Two operands are required for this instruction. The first operand is a long-
word absolute address specifying the location the operand data is to be
written to. The second operand is the data. Byte data is transmitted as a
16-bit word, justified in the least significant byte; 16- and 32-bit operands
are transmitted as 16 and 32 bits, respectively.

Result Data:
Successful write operations return a status of $0FFFF. Bus or address errors
on the write cycle are indicated by the assertion of bit 17 in the status
message and by a data pattern of $0001.
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7.2.7.10 DUMP MEMORY BLOCK (DUMP). DUMP is used in conjunction with the
READ command to dump large blocks of memory. An initial READ is executed
to set up the starting address of the block and to retrieve the first result.
Subsequent operands are retrieved with the DUMP command. The initial
address is incremented by the operand size (1, 2, or 4) and saved in a tem-
porary register. Subsequent DUMP commands use this address, increment
it by the current operand size, and store the updated address back in the
temporary register.

NOTE

The DUMP command does not check to see that a valid address is
present in the temporary register. Therefore, DUMP is a valid com-
mand only when preceded by another DUMP or by a READ com-
mand; otherwise, the results are undefined.

The size field is examined each time a DUMP command is given, allowing
the operand size to be altered dynamically.

Command Format:

15 14 13 12 1 10 9 8 7 6 5 4 3 2

10
Lol of ol o[ v v [ o o+ ] opsze [ o oo ofo]o]

Command Sequence:

WRITE
MEMORY
LOCATION

NEXT CMD
\CMD COMPLETE,

NEXT CMD

BERR/AERR

WS DATA 1S DATA NRTE,
y LOCATION

XXX\
BERR/AERR

NEXT CMD
QNOT READY",
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Operand Data:
None

Result Data:

The requested data is returned as either a word or long word. Byte data
is returned in the least significant byte of a word result. Word results return
16 bits of significant data; long-word results return 32 bits. Status of the
read operation is returned as in the READ command: $0xxxx for success,
$10001 for bus or address errors.
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7.2.7.11 FILL MEMORY BLOCK (FILL). FILL is used in conjunction with the WRITE
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command to fill large blocks of memory. An initial WRITE is executed to set
up the starting address of the block and to supply the first operand. Subse-
guent operands are written with the FILL command. The initial address is
incremented by the operand size (1, 2, or 4) and is saved in a temporary
register. Subsequent FILL commands use this address, increment it by the
current operand size, and store the updated address back in the temporary
register.

NOTE

The FILL command does not check to see that a valid address is
presentin the temporary register. Therefore, FILL is a valid command
only when preceded by another FILL or by a WRITE command; other-
wise, the results are undefined.

The size field is examined each time a FILL command is given, allowing the
operand size to be altered dynamically.

Command Format:

13 12 " 10 9 8 7 6 5 4 2 0

[oJ ool v T T v T ol o] orsze [ o o] o]ofofo]

Command Sequence:

READ
DUMP (B/W/ MEMORY
2 J LOCATION

“NOT READY"
NEXT CMD
\_RESULT _J

XXX__\ of  NEXTCMD )
X BERR/AERR /J ~ \UNOT READY"/

XXX\ o NEXTCMD )
\_"ILLEGAL" / 7 \"NOT READY"/

(_DUMP (LONG) READ XXX
DUMP (LONG)\ | \ievioRy > XXX

272 LOCATION \UNOT READY" J

NEXT CMD NEXT CMD
MS RESULT LS RESULT

NEXT CMD

BERR/AERR "NOT READY"

XXX NEXT CMD
"NOT READY"
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Operand Data:
A single operand is data to be written to the memory location. Byte data
is transmitted as a 16-bit word, justified in the least significant byte; 16-
and 32-bit operands are transmitted as 16 and 32 bits, respectively.

Result Data:
Status is returned as in the WRITE command: $0FFFF for a successful
operation and $10001 for a bus or address error during write.
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7.2.7.12 RESUME EXECUTION (GO). The pipeline is flushed and refilled before
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normal instruction execution is resumed. Prefetching begins at the current
PC and current privilege level. If either the PC or SR is altered during BDM,
the updated value of these registers is used when prefetching commences.

NOTE

A bus error or address error on the first instruction prefetch from
the new PC allows BDM to exit and to be trapped as a normal mode
exception. The stacked value of the current PC may or may not be
valid in this case, depending on the state of the machine prior to
entering BDM. In the case of an address error, the PC does not reflect
the true return PC. Instead, the stacked fault address is the (odd)
return PC.

Command Format:

15 14 13 12 n 10 8 7 6 5 4 3 2 1 0

o oJolo ]l v v ol oJoloJololoJo]o]o]

Command Sequence:

NORMAL

MODE
( XXX_ N\ / NEXTCMD
T\ UILLEGAL )™ \TNOT READY”

Operand Data:
None

Result Data:
None
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7.2.7.13 CALL USER CODE (CALL). This instruction provides a convenient way to
patch user code. The current PC is stacked at the location pointed to by the
current SP (SP selected by S bit latched when BDM entered). The stacked PC
serves as a return address to be restored by the return from subroutine (RTS),
which terminates the patch routine. The 32-bit operand data is then loaded
into the PC. The pipeline is flushed and refilled from the location pointed to
by the new PC. BDM is exited, and instruction execution is initiated.

As an example, consider the following code segment that is supposed to
output a character to an asynchronous communications interface adaptor.
Note the missing check of the transmit data register empty (TDRE) flag.

CHKSTAT MOVE.B  ACIAS,DO Move ACIA status to DO
BEQ.B CHKSTAT Loop till condition true
MOVE.B  DATA,ACIAD Output data

MISSING ANDI.B #2,D0 Check for TDRE
RTS Return to in-line code

BDM and the CALL command can be used to insert the missing code by
observing the following sequence:

1. Breakpoint user program at CHKSTAT,;
2. Enter BDM;

3. Execute CALL command to MISSING;
Exit BDM;

Execute MISSING code; and

. Return to user program.

NOTE

Bus errors or address errors that occur during stacking of the return
address cause the CPU to return an error status via the serial interface
and to remain in BDM. A bus error or address error on the first
instruction prefetch from the new PC allows BDM to exit and to be
trapped as a normal mode exception. The stacked value of the cur-
rent PC may or may not be valid in this case, depending on the state
of the machine prior to entering BDM. In the case of an address
error, the return PC does not reflect the true return PC. Instead, the
stacked fault address is the (odd) return PC.

o »
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Command Format:

15 14 13 12 n 10 9 8 7 6 5 4 3 2 1 0

LoJofJoJofifoJoJofJoJoJofoJoJofofeol]

Command Sequence:

 CALL (MSADDR \ _/ ISADDR \ .| STACK NORMAL

o “\UNOTREADY/ ~ \UNOTREADY))  |_RETURNPC MODE
~ XXX__\___/ NEXTCMD XXX\ /" NEXTCMD
\_"ILLEGAL" J ~ \UNOT READY?/ \_BERR/AERR_/ ~ \'NOT READY"/

Operand Data:
The 32-bit operand data is the starting location of the patch routine, which

is the initial PC upon exiting BDM.

Result Data:
None
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7.2.7.14 RESET PERIPHERALS (RST). RST asserts RESET for 512 clock cycles. The
CPU is not reset by this command. This command is synonymous with the
CPU RESET instruction.

Command Format:

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

LofoJoJofrJoJoJofJoJoJoJofJofofolfeo|

Command Sequence:

RESET XXX
\ 27?7 J \NOT READY"/
ASSERT NEXT CMD
RESET CMD COMPLETE"

XXX\ NEXTOMD
CILEGAT_J ™ \UNOT READYS)

Operand Data:
None

Result Data:
The “command complete” response ($0FFFF) is loaded into the serial shif-
ter after the negation of RESET.
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7.2.7.15 NO OPERATION (NOP). NOP performs no operation and may be used as
a null command where required.

Command Format:

15 13 12 " 10 1 6 5 4 3 2 1 0

14 9 8
fofloJofoloJoJolo]o]ofo o J o] o] o] o]

Command Sequence:

(NOP ) (NEXTCMD )
o ;CMD COMPLETE")

XXX (_NEXT CMD
“\UILLEGALJ \UNOT READY"/

Operand Data:
None

Result Data:
The “command complete” response ($0FFFF) is loaded into the serial shif-
ter.

7.2.7.16 FUTURE COMMANDS. Unassigned command opcodes are reserved by
Motorola for future expansion. All unused formats within any revision level
will perform a NOP and return the ILLEGAL command.
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7.3 DETERMINISTIC OPCODE TRACKING

7.3.1

The CPU32 utilizes deterministic opcode tracking to trace program execution.
Two new signals, IPIPE and IFETCH, provide all the information required to
analyze the operation of the instruction pipeline.

Instruction Fetch (IFETCH)

IFETCH indicates which bus cycles are accessing data to fill the instruction
pipeline. IFETCH is pulse-width modulated to multiplex two indications on a
single pin. Asserted for a single clock cycle, IFETCH indicates that the data
from the current bus cycle is routed to the instruction pipeline. IFETCH held
low for two clock cycles indicates that the instruction pipeline has been
flushed. The operand of the bus cycle is used to begin filling the empty
pipeline. Both user and supervisor mode fetches are signaled by IFETCH.

Proper tracking of bus cycles via the IFETCH signal on a fast bus requires a
simple state machine. On a two-clock bus, IFETCH may signal a pipeline flush
with associated prefetch and a consecutive prefetch. That is, IFETCH remains
asserted for three clocks, two clocks indicating the flush/fetch and a third
clock signaling the second fetch. These two operations are easily discerned
if the tracking logic samples IFETCH on the two rising edges of CLKOUT,
which follow the address strobe (data strobe during show cycles) falling edge.
Three-clock and slower bus cycles allow time for negation of the signal be-
tween consecutive indications and do not experience this operation.

7.3.2 Instruction Pipe (IPIPE)

IPIPE signals the advances of the internal instruction pipeline (see Figure
7-11). The pipeline can be modeled as a three-stage FIFO in which data can
be used out of both the second and third stages. The instruction register B
(IRB) stage, which provides for initial decoding of the opcode and decoding
of any extension words, is a source for immediate data. On the other hand,
the IRC stage supplies residual decoding of the opcode during instruction
execution. Assertion of IPIPE for a single clock cycle indicates the use of data
out of the second stage (IRB). Regardless of the presence of valid data in the
initial stage (IR), the contents of IRB are invalidated. If the IR stage contains
valid data, the data is copied into IRB (IR » IRB), and the IRB stage is revali-
dated.
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EXTENSION OPCODES
WORDS RESIDUAL

Figure 7-11. Functional Model of Instruction Pipeline

Assertion of IPIPE for two clock cycles indicates the start of a new instruction
and subsequent replacement of data in the final stage (IRC). This action
causes a full advance of the pipeline: IRB #» IRC and IR » IRB. IR is refilled
during the next instruction fetch bus cycle. Data loaded into IR propagates
through empty pipeline stages automatically, which implies that an accurate
model of pipeline operation should include valid bits for the IR and IRB stages.
Advancing the pipeline, either explicitly via IPIPE, or implicitly by negated
valid bits, should set the valid bit of the stage being loaded and negate the
valid bit of the register supplying the data.

Because instruction execution is not timed to bus activity, IPIPE is synchro-
nized with the system clock and not the bus. Figure 7-12 illustrates the timing
in relation to the system clock. IPIPE should be sampled on the falling edge
of the clock. The assertion of IPIPE for a single cycle after deassertion for
one or more cycles indicates a use of the data in IRB (advance of IR into IRB).
Assertion for two clock cycles indicates that a new instruction has started
and both the IR ® IRB and IRB » IRC transfers have occurred. Loading IRC
always indicates that a new instruction is beginning execution. The opcode
is the word loaded into IRC by the transfer.

In some cases, instructions using immediate addressing initiate the start of
an instruction and a second pipeline advance. That is, the IPIPE signal is not
to be negated between the two indications, which implies the need for a
state machine to track the state of IPIPE. The state machine can be resyn-
chronized during periods of inactivity on the signal.
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Figure 7-12. Instruction Pipeline Timing Diagram

7.3.3 Opcode Tracking during Loop Mode

IPIPE and IFETCH continue to work normally during loop mode. IFETCH
indicates all instruction fetches up through the point that data begins recir-
culating within the instruction pipeline. IPIPE continues to signal the start of
instructions and the use of extension words even though data is being re-
circulated internally. IFETCH returns to normal operation with the first fetch
after exiting loop mode.
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SECTION 8

INSTRUCTION EXECUTION TIMING

This section, which describes the instruction execution timing of the CPU32
using external clock cycles, provides accurate execution and operation timing
guidelines but not exact timings for every possible circumstance. This
approach is used since exact execution time for an instruction or operation
is highly dependent on concurrency of independently scheduled resources,
memory speeds, and other variables. The timing numbers presented in this
section allow the assembly language programmer or compiler writer to pre-
dict the performance of the CPU32. Additionally, the timings for exception
processing are included so that designers of multitasking or real-time sys-
tems can predict task-switch overhead, maximum interrupt latency, and sim-
ilar timing parameters. Instruction timings are given in clock cycles to eliminate
clock frequency dependencies.

8.1 RESOURCE SCHEDULING

8.1.1

Some of the variability in instruction execution timings results from the over-
lap of resource utilization. The processor can be viewed as consisting of
several independently scheduled resources. Since little of the resource sched-
uling is directly related to instruction boundaries, it is impossible to make
accurate estimates of the time required to execute a particular instruction
without knowing the complete context within which the instruction is
executing. The position of these resources within the CPU32 is shown in
Figure 8-1.

Microsequencer

The microsequencer is either executing microinstructions or awaiting com-
pletion of accesses necessary to continue executing microcode. The micro-
sequencer controls the bus controller, instruction execution, and internal
processor operations such as calculation of effective address and setting of
condition codes. The microsequencer initiates instruction word prefetches
after a change of flow and controls the validation of instruction words in the
instruction pipeline.
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Figure 8-1. Block Diagram of Independent Resources

8.1.2 Instruction Pipeline

8-2

The CPU32 contains a two-word instruction pipeline where instruction opcodes
are decoded. As shown in Figure 8-1, instruction words (instruction operation
words and all extension words) enter the pipeline at stage B. To reach stage
C. an instruction word must have been completely decoded. Each of the
pipeline stages has a status bit that reflects whether or not the word in that
stage was loaded with data from a bus cycle which terminated abnormally.
Stages of the pipeline are filled from an initial request by the microsequencer
and are subsequently filled by the prefetch controller as they are emptied.

The instruction pipeline contains an additional stage which serves as a buffer.

Prefetches completing on the bus before stage B of the instruction pipeline
have been emptied are temporarily stored in this buffer.
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8.1.3 Bus Controller Resources

The bus controller and microsequencer can operate concurrently. The bus
controller can perform a read or write or schedule a prefetch while the
microsequencer controls an effective address calculation or sets the condition
codes. The microsequencer may also request a bus cycle that the bus con-
troller cannot perform immediately. In this case, the bus cycle is queued, and
the bus controller runs the cycle when the current cycle is complete.

The bus controller consists of the instruction prefetch controller, the write-
pending buffer, and the microbus controller. These three resources transact
all reads, writes, and instruction prefetches required for instruction execution.

8.1.3.1 PREFETCH CONTROLLER. The instruction prefetch controller receives an
initial request from the microsequencer to initiate prefetching at a given
address. Subsequent prefetches are requested by the prefetch controller
whenever a pipeline stage is invalidated, either through completion of an
instruction or use of extension words. Additional state information permits
the controller to inhibit prefetch requests when a change in instruction flow
(e.g., JMP) is anticipated. The prefetch occurs as soon as the bus is free of
operand accesses already requested by the microsequencer.

For the typical program, a change of flow can be expected in approximately
10 to 25 percent of the instructions executed. Each time this happens, the
instruction pipeline must be flushed and refilled from the new instruction
stream. If priority were given to instruction prefetches rather than to operand
accesses, it is likely that many instruction words would be flushed and never
used, meanwhile delaying needed operand cycles. To maximize the available
bus bandwidth, the CPU32 will schedule a prefetch only when the next
instruction is not a change-of-flow instruction and when room exists in the
pipeline for the prefetch.

8.1.3.2 WRITE-PENDING BUFFER. The CPU32 incorporates a single-operand write-
pending buffer, allowing the microsequencer to continue execution after the
request for a write cycle is queued in the bus controller. The time occupied
by the write at the end of an instruction can utilize the next instruction’s head
cycle time, thus reducing overall execution time. Interlocks prevent the
microsequencer from overwriting this buffer.
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8.1.3.3 MICROBUS CONTROLLER. The microbus controller performs the bus cycles

issued to the bus controller by the microsequencer. Operand accesses always
take priority over instruction prefetches. Word and byte operands are ac-
cessed in a single CPU-initiated bus cycle, although the external bus interface
may be required to initiate a second cycle in the case of a word operand to
a byte-sized external port. Long operands are accessed in two bus cycles,
the most significant word first.

The goal of the bus controller is to maximize the useful bandwidth of the
bus by not starting prefetches when those prefetches will be discarded due
to a change of flow. Capable of recognizing certain instructions like branches
and RTS, the instruction pipeline will inform the bus controller that no more
prefetches are required.

8.1.4 Instruction Execution Overlap

8-4

Overlap is the time, measured in clock cycles, that an instruction executes
concurrently with the previous instruction. As illustrated in Figure 8-2, por-
tions of instructions A and B execute simultaneously. The overlapped portion
of instruction B is absorbed in the execution time of A. Similarly, the overlap
time between instructions B and C reduces the overall execution time of the
two instructions. Each instruction contributes to the total overlap time. The
portion of the time at the end of the execution time of instruction A that can
overlap at the beginning of instruction B is called the tail of instruction A.
The portion of time at the beginning of instruction B that can overlap the
end of instruction A is called the head of instruction B. The total overlap time
between instructions A and B consists of the lesser of the tail of A and the
head of B.

———nsmRuctiona ——
—————nsmRucTions ————|
p—————nstRucrionc ——————]

—

OVERLAP OVERLAP

Figure 8-2. Simultaneous Instruction Execution
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The execution time attributed to instructions A, B, and C after considering
the overlap is illustrated in Figure 8-3. The overlap time is attributed to the
execution time of the completing instruction.

}————msmucnon A ——-‘

———nstRucTion s ———]
————stRucTion e ————]

=

OVERLAP OVERLAP

PERIOD PERIOD
SABSORBED BY ABSORBED BY
INSTRUCTION A) INSTRUCTION B)

Figure 8-3. Attributed Instruction Times

8.1.5 Effects of Wait States

The CPU32 contains a small amount of on-chip memory with an access time
of two clocks. While it is possible to get two-clock external accesses when
the bus is operated in a synchronous mode, the typical external memory
speed is three clocks or more.

All instruction times given in the timing tables in this section assume that
both instruction fetches and operand cycles are to the two-clock memory
and are for word access only (unless explicitly mentioned otherwise). Any
time a long access is made, the time for the additional bus cycle(s) must be
added to the overall execution time. Wait states due to slow external memory
must be added into that memory for each bus cycle.

A typical application will have a mixture of bus speeds: e.g., program exe- n
cuting from an off-chip ROM, the stack in the on-chip RAM, bulk storage of

variables in a slower off-chip RAM, and peripherals with speeds ranging from
moderate to very slow. To arrive at an accurate instruction time calculation,
each bus access must be individually considered. Many instructions have a
head cycle count, which may be used to reduce the total number of cycles
caused by a slower memory on the prefetch started by the previous instruc-
tion. For such cases, the increase in access time has no effect on the total
execution time of that pair of instructions.
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To trace the execution time of instructions by monitoring the external bus,
note that the order of operand accesses is always the same for a particular
instruction sequence, and, provided the bus speed is identical across those
sequences, the interleaving of instruction prefetches with operands is also
identical.

8.2 INSTRUCTION STREAM TIMING EXAMPLES

8.2.1

BUS WRITE | 2PRE- | 3PRE- | 3SPRE- | WRITE
CONTROLLER FOR 1 | FETCH [ FETCH | FETCH | FOR3
INSTRUCTION : CLR
CONTROLLER |~ MOVEA1,(AO)+ : - CLR <EA>

EXECUTION CLR.W $30(A1)

Some programming examples will allow a more detailed examination of
these effects. For all examples, the memory access is from the internal two-
clock memory or external synchronous memory, the bus is idle, and the
instruction pipeline is full at the start.

Timing Example 1: Execution Overlap

The example shown in Figure 8-4 illustrates the overlapping of execution
due to the bus controller’s ability to execute bus cycles while the sequencer
is calculating the next effective address. One clock is saved between each
instruction since that is the minimum time of the individual head and tail
numbers.

Instructions
MOVEW A1, (A0)+

ADDQ.W  #1, (A0)
CLR.W $30 (A1)

............

Figure 8-4. Example 1 — Instruction Stream
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8.2.2 Timing Example 2: Branch Instructions

Example 2 shows what happens when a branch instruction is executed for
both the taken and not-taken cases (see Figures 8-5 and 8-6). The instruction
stream is for a simple limit check with the variable already in a data register.

Instructions

MOVEQ #7, D1
CMP.L D1, DO
BLE.B NEXT
MOVE.L D1, (A0)

BUS PRE- PRE- WRITE
CONTROLLER FETCH FETCH FOR3
INSTRUCTION
CONTROLLER TAKEN | TAKEN

EXECUTION
TION BLE.B NOT TAKEN
Figure 8-5. Example 2 — Branch Taken
1 2 3 4 5 6 7 8 9 0 1 2 3 4
BUS
CONTROLLER
INSTRUCTION
CONTROLLER
EXECUTION MOVE.L D1,(A0)

Figure 8-6. Example 2 — Branch Not Taken
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8.2.3 Timing Example 3: Negative Tails

This example (see Figure 8-7) shows how to properly account for the negative
tail figures for branches and other change-of-flow instructions. For this exam-
ple, the bus speed is assumed to be four clocks per access. Instruction three
is at the branch destination.

Instructions

MOVEQ #7, D1
BRA.W FARAWAY
MOVE.L D1, DO

The CPU32 has a two-word instruction pipeline, but, due to internal delays,
the minimum time for a branch instruction allows three bus cycles. The
negative tail is intended to serve as a reminder that on a fast bus an extra
two clocks are available for prefetching a third word, but that on a slower
bus the third word is not forced to be fetched.

coNTROLLES | BRANCH OFFsET PREFETCH
INSTRUCTION MOVE
CONTROLLER MOVEQ TAE 7000
Figure 8-7. Example 3 — Branch Negative Tail
n Example 3 actually illustrates three different considerations in calculating the

time for an instruction. The branch instruction does not attempt to prefetch '
beyond the minimum number of words needed for itself; the negative tail
allows execution to begin sooner than would be calculated for a three-word
pipeline, and there is a one-clock delay caused by the displacement arriving
late at the CPU.
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The negative tail only needs to be calculated on changes of flow, but the
concept can be generalized to any instruction so that only two words are
required to be in the pipeline, but up to three words may be present. When
there is an opportunity for the extra prefetch, it is made. A prefetch to replace
an instruction can begin ahead of the instruction, resulting in a faster
processor.

8.3 INSTRUCTION TIMING TABLES

The following assumptions apply to the times shown in the tables in this
section:

® A 16-bit data bus is used for all memory accesses.
® All memory accesses occur with two-clock bus cycles and no wait states.

® The instruction pipeline is full at the beginning of the instruction and is
refilled by the end of the instruction.

Three values are listed for each instruction and addressing mode:

Head This value is the number of cycles at the beginning of the instruction
available for the previous instruction’s write to complete or for a
prefetch to occur.

Tail This value is the number of cycles at the end of the instruction used
by the instruction to complete a write.

Cycles This field contains four numbers per entry, three of which are con-
tained in parenthesis. The outer number represents the minimum
number of cycles required for the instruction to complete. Within
the parenthesis, the numbers represent the number of bus accesses
performed by the instruction. The first number inside the parenthesis
is the number of operand read accesses performed by the instruc-
tion. The second number is the number of instruction fetches per-
formed by the instruction, including all prefetches to keep the
instruction and the instruction pipeline filled. The third number is
the number of write accesses performed by the instruction.

8 (2/1/0)
TOTAL NUMBER OF CLOCKS —J
NUMBER OF READ CYCLES
NUMBER OF INSTRUCTION ACCESS CYCLES
NUMBER OF WRITE CYCLES
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8-10

The total number of bus-activity clocks and internal clocks (not overlapped
by bus activity) of the instruction in this example are derived as follows:

(2 reads x 2 clocks/read) +
(1 instruction access x 2 clocks/access) +
{0 writes x 2 clocks/write) =6 clocks. of bus activity

8 clocks total —6 clocks bus activity =2 internal clocks

One example from the timing tables is the ADD.L (12, A3, D7.W +4), D2
instruction, with the instructions and data from two-clock memory. The
effective addressing mode is listed as head =4, tail=4, cycles=10 (2/1/0). The
difference from CEA timing table (see 8.3.2 Calculate Effective Address) is
because the table is listed for word accesses, and this example is for a long
access. The instruction itself has a head =0, tail=0, and cycles =2(0/1/0) from
the arithmetic/logical timing table (see 8.3.5 Arithmetic/Logical Instructions).
Assuming no trailing write exists from the previous instruction, the execution
time is calculated as follows:

The effective address calculation requires six clocks, with the replacement
fetch for the effective address occurring during this time (leaving a head of
four). If there had not been time in the head to perform the prefetch due to
a previous trailing write, then time must be allotted in the middle of the
instruction or after the tail to do the prefetches. The read of the memory
requires two bus cycles at two clocks each. This read time, implied in the tail
figure for the effective address, cannot be overlapped with the instruction
since the instruction has a head of zero. An additional two clocks are required
for the actual ADD, which makes the total 6 + 4 + 2=12 clocks. If the bus
cycles take more time (i.e., the memory is off-chip), then add the appropriate
number of clocks to each memory access.

An example of the overlapped execution possible on the CPU32 is with the
instruction sequence MOVE.L DO, (A0) followed by LSL.L #7, D2. The MOVE
has a head of zero and a tail of four, since it is a long write. The LSL has a
head of four; therefore, the trailing write from the MOVE will overlap the LSL
completely. Thus, this two-instruction sequence has a head of zero and a tail
of zero and a total execution of eight clocks instead of 12 clocks obtained by
adding the individual cycle times.

General observations regarding calculation of execution time are as follows:
® Any time the number of bus cycles is listed as “'x,” substitute a value of

one for byte and word cycles and a value of two for long cycles. For
long bus cycles, usually add a value of two to the tail.
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The time calculated for an instruction on a three-clock (or longer) bus is
usually longer than the actual execution time. All times shown are for
two-clock bus cycles.

If the previous instruction has a negative tail, then a prefetch for the
current instruction may begin there in advance of the instruction needing
the prefetch.

Certain instructions requiring an immediate extension word (immediate
word effective address, absolute word effective address, address register
indirect with displacement effective address, conditional branches with
word offsets, bit operations, LPSTOP, TBL, MOVEM, MOVEC, MOVES,
MOVEP, MUL.L, DIV.L, CHK2, CMP2, and DBcc) are not permitted to begin
until the extension word has been in the instruction pipeline for at least
one cycle. This does not apply to long offsets or displacements.
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8.3.1 Fetch Effective Address
The fetch effective address table indicates the number of clock periods needed
for the processor to calculate and fetch the specified effective address. The
total number of clock cycles is outside the parentheses. The numbers inside
parentheses (r/p/w) are included in the total clock cycle number. All timing

data assumes two-clock reads and writes.

Instruction Head Tail Cycles
Dn — — 0(0/0/0)
An — — 0(0/0/0)
(An) 1 1 3(x/0/0)
(An) + 1 1 3(x/0/0)
—(An) 2 2 4(x/0/0)
(d16,An) or (d16,PC) 1 3 5(x/1/0)
{xxx).W 1 3 5(x/1/0)
(xxx).L 1 5 7(x/2/0)
#(data).W 1 1 3(0/1/0)
#(data).B 1 1 3(0/1/0)
#(data).L 1 3 5(0/2/0)
(dg,An,Xn.Sz x Sc) or (dg,PC,Xn.Sz x Sc) 4 2 8(x/1/0)
(0) 2 2 6(x/1/0)
(d16) 1 3 7(x/2/0)
(d32) 1 5 9(x/3/0)
(An) 1 1 5(x/1/0)
(Xm.Sz x Sc) 4 2 8(x/1/0)
(An,Xm.Sz x Sc) 4 2 8(x/1/0)
(d16.An) or (d16,PC) 1 3 7(x/2/0)
(d32,An) or (d32,PC) 1 5 9(x/3/0)
(d16,An,Xm) or (d16,PC,Xm) 2 2 8(x/2/0)
(d32,An,Xm) or (d32,PC,Xm) 1 3 9(x/3/0)
(d16,An,Xm.Sz x Sc) or (d16,PC,Xm.Sz x Sc) 2 2 8(x/2/0)
(d32,An,Xm.Sz x Sc) or (d32,PC,Xm.Sz x Sc) 1 3 9(x/3/0)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and to

the number of cycles.
NOTES:

1. Tail on reads is the minimum time a read or prefetch will take after the

number of cycles for word operands.

2. Size and scale of the index register do not affect execution time.
3. The program counter may be substituted for the base address register

An.

4. For the indexed addressing modes, the prefetches to replace it are per-
mitted to occur immediately so that the head is zero if the previous
instruction had a tail smaller than the listed effective address head. This
scheme allows a slower bus to work faster than might otherwise be

calculated.
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8.3.2 Calculate Effective Address

The calculate effective address table indicates the number of clock periods
needed for the processor to calculate the specified effective address. The
timing is equivalent to fetch effective address except there is no read cycle.
The tail and cycle time are reduced by the amount of time the read would
occupy. The total number of clock cycles is outside the parentheses. The
numbers inside parentheses (r/p/w) are included in the total clock cycle num-
ber. All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
Dn — — 0(0/0/0)
An — — 0(0/0/0)
(An) 1 0 2(0/0/0)
(An)+ 1 0 2(0/0/0)
—(An) 2 0 2(0/0/0)
(d16,An) or (d16,PC) 1 1 3(0/1/0)
(xxx).W 1 1 3(0/1/0)
(xxx).L 1 3 5(0/2/0)
(dg,An,Xn.Sz x Sc) or (dg,PC,Xn.Sz x Sc) 4 0 6(0/1/0)
(0) 2 0 4(0/1/0)
(d16) 1 1 5(0/2/0)
(d32) 1 3 | 7030
(An) 1 0 4(0/1/0)
(Xm.Sz x Sc) 4 0 6(0/1/0)
(An,Xm.Sz x Sc) 4 0 6(0/1/0)
(d16,An) or (d1g,PC) 1 1 5(0/2/0)
(d32.An) or (d32,PC) 1 3 7(0/3/0)
(d16,An,Xm) or (d16,PC,Xm) 2 0 6(0/2/0)
(d32,An,Xm) or (d32,PC,Xm) 1 1 7(0/3/0)
(d16,An,Xm.Sz x Sc) or (d1g,PC,Xm.Sz x Sc) 2 0 6(0/2/0)
(d32,An,Xm.Sz x Sc) or (d32,PC,Xm.Sz x Sc) 1 1 7(0/3/0)

NOTES:

1. Tail on reads is the minimum time a read or prefetch will take after the
number of cycles for word operands.

2. Size and scale of the index register do not affect execution time.

3. The program counter may be substituted for the base address register
An.

4. For the indexed addressing modes, the prefetches to replace it are per-
mitted to occur immediately so that the head is zero, if the previous
instruction had a tail smaller than the listed effective address head. This
scheme allows a slower bus to work faster than might otherwise be
calculated.
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8.3.3 MOVE Instruction

The MOVE instruction table indicates the number of clock periods needed
for the processor to calculate the destination effective address and to perform
the MOVE or MOVEA instruction. The fetch effective address table is needed
on most MOVE operations (source, destination dependent). The destination
effective addresses are divided by their formats (refer to 3.4.4 Effective Address
Encoding Summary). The total number of clock cycles is outside the paren-
theses. The numbers inside parentheses (r/p/w) are included in the total clock
cycle number. All timing data assumes two-clock reads and writes.

8-14

Instruction Head Tail Cycles
MOVE Rn, Dn 0 0 2(0/1/0)
MOVE Rn, An 0 0 2(0/1/0)
MOVE (FEA), An 0 0 2(0/1/0)
MOVE (FEA), Dn 0 0 2(0/1/0)
MOVE Rn, (Am) 0 2 4(0/1/x)
MOVE Rn, (Am)+ 1 1 5(0/1/x)
MOVE Rn, —(Am) 2 2 6(0/1/x)
MOVE Rn, (CEA) 1 3 5(0/1/x)
MOVE #, (CEA) 2 2 6(0/1/x)*
MOVE (FEA), (An) 2 2 6(0/1/x)
MOVE (FEA), (An)+ 2 2 6(0/1/x)
MOVE (FEA), —(An) 2 2 6(0/1/x)
MOVE (CEA), (CEA) 2 2 6(0/1/x)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and

to the number of cycles.

* = There should be an immediate effective address calculation also in-

cluded for this instruction.

NOTE:

For instructions not explicitly listed (MOVE (CEA), (CEA)), the source ef-
fective address is calculated by the calculate effective address table, and
the destination effective address is calculated by the same table except the
bus cycle is for the source effective address. If the prefetches for the ad-
dressing modes have been completed, then a maximum of three cycles
are allotted for the memory read without affecting the total execution time.
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8.3.4 Special-Purpose MOVE Instruction

The special-purpose MOVE instruction table indicates the number of clock
periods needed for the processor to fetch, calculate, and perform the special-
purpose MOVE operation on the control registers or specified effective
address. Footnotes indicate when to account for the appropriate effective
address times. The total number of clock cycles is outside the parentheses.
The numbers inside parentheses (r/p/w) are included in the total clock cycle
number. All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
EXG 2 0 4(0/1/0)
MOVEC Cr, Rn 10 0 14(0/2/0)
MOVEC Rn, Cr 12 0 <16(0/1/0)
MOVE CCR, Dn 2 0 4(0/1/0)
MOVE CCR, (CEA) 0 2 4(0/1/1)
MOVE Dn, CCR 2 0 4(0/1/0)
MOVE (FEA), CCR 0 0 4(0/1/0)
MOVE SR, Dn 2 0 4(0/1/0)
MOVE SR, (CEA) 0 2 4(0/1/1)
MOVE Dn, SR 4 -2 10(0/3/0)
MOVE (FEA), SR 0 -2 10(0/3/0)
MOVEM.W (CEA), RL 1 0 8+ndin+1,2 0)%
MOVEM.W RL, (CEA) 1 0 8+n+4(0, 2, n)¥
MOVEM.L (CEA), RL 1 0 12+n4(2n+2, 2, 0)
MOVEM.L RL, (CEA) 1 2 10+ n°4(0, 2, 2n)
MOVEP.W Dn, (d16, An) 2 0 10(0/2/2)
MOVEP.W (d16, An), Dn 1 2 11(2/2/0)
MOVEP.L Dn, (d1g, An) 2 0 14(0/2/4)
MOVEP.L (d1g, An), Dn 1 2 19(4/2/0)
MOVES (CEA), Rn 1/7 1 13(x/2/0)
MOVES Rn, (CEA) 1/9 2 14(0/2/x)
MOVE USP, An 0 0 2(0/1/0)
MOVE An, USP 0 0 2(0/1/0)
SWAP Dn 4 0 6(0/1/0)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and
to the number of cycles.

* = Each bus cycle may take up to four clocks without increasing total
execution time.

Cr = Control registers USP, VBR, SFC, DFC, CAAR, and CACR

n = Number of registers to transfer

RL = Register List

< = Maximum time is indicated; certain data or mode combinations may

execute faster.
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8.3.5 Arithmetic/Logical Instructions

The arithmetical/logical instruction table indicates the number of clock periods
needed for the processor to perform the specified arithmetical/logical instruc-
tion using the specified addressing mode. Footnotes indicate when to account
for the appropriate effective address times. The total number of clock cycles
is outside the parentheses. The numbers inside parentheses (r/p/w) are
included in the total clock cycle number. All timing data assumes two-clock
reads and writes.

Instruction Head Tail Cycles
ADD(A) Rn, Rm 0 0 2(0/1/0)
ADD(A) (FEA), Rn 0 0 2(0/1/0)
AND Rn, (FEA) 0 3 5(0/1/x)
AND Dn, Dm 0 0 2(0/1/0)
AND (FEA), Dn 0 0 2(0/1/0)
AND Dn, (FEA) 0 3 5(0/1/x)
EOR Dn, Dm 0 0 2(0/1/0)
EOR Dn, (FEA) 0 3 5(0/1/x)
OR Dn, Dm 0 0 2(0/1/0)
R (FEA), Dn 0 0 2(0/1/0)
OR Dn, (FEA) 0 3 5(0/1/x)
SUB (A) Rn, Rm 0 0 2(0/1/0)
SUB (A) (FEA), Rn 0 0 2(0/1/0)
SUB Rn Rn, (FEA) 0 3 5(0/1/x)
CMP(A) Rn, Rm 0 0 2(0/1/0)
CMP(A) (FEA), Rn 0 0 2(0/1/0)
CMP2 (FEA), Rn 1/2 0 <20(x/2/0)
MULsu.W (FEA), Dn 0 0 26(0/1/0)
MULsu.L (FEA), Dn 1/2 0 <52(0/1/0)
DIVU.W (FEA), Dn 0 0 32(0/1/0)
DIVS.W (FEA), Dn 0 0 42(0/1/0)
DIVU.L (FEA), Dn 1/2 0 <48(0/1/0)
DIVS.L (FEA), Dn 1/2 0 <64(0/1/0)
TBLsu Dn/Dm, Dp 26 0 <30(0/2/0)
TBLsu (CEA), Dn 1/6 0 <38(2x/2/0)
TBLNsu Dn/Dm, Dp 30 0 <34(0/2/0)
TBLNsu (CEA), Dn 1/6 0 <42(2x/2/0)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and
to the number of cycles.

< = Maximum time is indicated; certain data or mode combinations will
execute faster.

su = The execution time is identical for signed or unsigned operands.
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8.3.6 Immediate Arithmetic/Logical Instructions

The immediate arithmetical/logical instruction table indicates the number of
clock periods needed for the processor to fetch the source immediate data
value and to perform the specified arithmetical/logical instruction using the
specified addressing mode. Footnotes indicate when to account for the
appropriate fetch effective or fetch immediate effective address times. The
total number of clock cycles is outside the parentheses. The numbers inside
parentheses (r/p/w) are included in the total clock cycle number. All timing
data assumes two-clock reads and writes.

Instruction Head Tail Cycles
MOVEQ #,Dn 0 0 2(0/1/0)
ADDQ #, Rn 0 0 2(0/1/0)
ADDQ #, (FEA) 0 3 5(0/1/x)
SUBQ #, Rn 0 0 2(0/1/0)
SUBQ #, (FEA) 0 3 5(0/1/x)
ADDI #, Rn 0 0 2(0/1/0)*
ADDI #, (FEA) 0 3 5(0/1/x)*
ANDI #,Rn 0 0 2(0/1/0)*
ANDI #, (FEA) 0 3 5(0/1/x)*
EORI #, Rn 0 0 2(0/1/0)*
EORI #, (FEA) 0 3 5(0/1/x)*
ORI #, Rn 0 0 2(0/1/0)%
ORI #, (FEA) 0 3 5(0/1/x)*
SUBI #, Rn 0 0 2(0/1/0)*
SUBI #, (FEA) 0 3 5(0/1/x)*
CMPI #, Rn 0 0 2(0/1/0)*
CMPI #, (FEA) 0 0 2(0/1/0)*

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and
to the number of cycles.

* = Add immediate effective address.
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8.3.7 Binary-Coded Decimal and Extended Instructions

The binary-coded decimal and extended instruction table indicates the num-
ber of clock periods needed for the processor to perform the specified
operation using the specified addressing mode. No additional tables are
needed to calculate total effective execution time for these instructions. The
total number of clock cycles is outside the parentheses. The numbers inside
parentheses (r/p/w) are included in the total clock cycle number. All timing

data assumes two-clock reads and writes.

Instruction Head Tail Cycles
ABCD Dn, Dm 2 0 4(0/1/0)
ABCD —(An), —(Am) 2 2 12(2/1/1)
SBCD Dn, Dm 2 0 4(0/1/0)
SBCD —(An), —(Am) 2 2 12(2/1/1)
ADDX Dn, Dm 0 0 2(0/1/0)
ADDX ~(An), —(Am) 2 2 10(2/1/1)
SUBX Dn, Dm 0 0 2(0/1/0)
SUBX —(An), —(Am) 2 2 10(2/1/1)
CMPM (An)+, (Am)+ 1 0 8(2/1/0)
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8.3.8 Single Operand Instructions

The single operand instruction table indicates the number of clock periods
needed for the processor to perform the specified operation using the spec-
ified addressing mode. The total number of clock cycles is outside the
parentheses. The numbers inside parentheses (r/p/w) are included in the total
clock cycle number. All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
CLR Dn 0 0 2(0/1/0)
CLR (CEA) 0 2 4(0/1/x)
NEG Dn 0 0 2(0/1/0)
NEG (FEA) 0 3 5(0/1/x)
NEGX Dn 0 0 2(0/1/0)
NEGX (FEA) 0 3 5(0/1/x)
NOT Dn 0 0 2(0/1/0)
NOT (FEA) 0 3 5(0/1/x)
EXT Dn 0 0 2(0/1/0)
NBCD Dn 2 0 4(0/1/0)
NBCD (FEA) 0 2 6(0/1/1)
Scc Dn 2 0 4(0/1/0)
Sce ‘ (CEA) 2 2 6(0/1/1)
TAS Dn 4 0 6(0/1/0)
TAS (CEA) 1 0 10(0/1/1)
TST Dn 0 0 2(0/1/0)
TST (FEA) 0 0 2(0/1/0)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and to
the number of cycles.
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8.3.9 Shift/Rotate Instructions

8-20

The shift/rotate instruction table indicates the number of clock periods needed
for the processor to perform the specified operation on the given addressing
mode. Footnotes indicate when to account for the appropriate effective address
times. The number of bits shifted does not affect the execution time, unless
noted. The total number of clock cycles is outside the parentheses. The num-
bers inside parentheses (r/p/w) are included in the total clock cycle number.
All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
LSd Dn, Dm —2% 0 (0/1/0)*
LSd #, Dm 4 0 6(0/1/0)
LSd (FEA) 0 2 6(0/1/1)
ASd Dn, Dm —2% 0 (0/1/0)*
ASd #, Dm 4 0 6(0/1/0)
ASd (FEA) 0 2 6(0/1/1)
ROd Dn, Dm -2% 0 (0/1/0)*
ROd #, Dm 4 0 6(0/1/0)
ROd (FEA) 0 2 6(0/1/1)
ROXd Dn, Dm —2%% 0 (0/1/0)* *
ROXd #, Dm —2%%% 0 (0/1/0) % **
ROXd (FEA) 0 2 6(0/1/1)

d = Direction (left or right).
* = Execution time is calculated by this formula: max(3 + (n/4) + mod
(n, 4) + mod(((n/4 )+ mod(n, 4) + 1,2} ,6) or by the following table.
* % = Execution time is calculated by this formula (count < 63): max(3 +
n + mod(n + 1, 2), 6).
*¥¥¥ = Execution time is calculated by this formula (count < 8): max(2 +
n + mod(n, 2), 6).

Clocks Shift Counts
6 0 1 2 3 4 5 6 8
8 7 10 11 13 14 16 17 20
10 15 18 19 21 22 24 25 28
12 23 26 27 29 30 32 33 36
31 34 35 37 38 40 41 44
39 42 43 45 46 48 49 52
47 50 51 53 54 56 57 60
55 58 59 61 62
22 63
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8.3.10 Bit Manipulation Instructions

The bit manipulation instruction table indicates the number of clock periods
needed for the processor to perform the specified operation on the given
addressing mode. The total number of clock cycles is outside the parentheses.
The numbers inside parentheses (r/p/w) are included in the total clock cycle
number. All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
BCHG #, Dn 2 0 6(0/2/0)
BCHG Dn, Dm 4 0 6(0/1/0)
BCHG #, (FEA) 1 2 8(0/2/1)
BCHG Dn, (FEA) 2 2 8(0/1/1)
BCLR #, Dn 2 0 6(0/2/0)
BCLR Dn, Dm 4 0 6(0/1/0)
BCLR #, (FEA) 1 2 8(0/2/1)
BCLR Dn, (FEA) 2 2 8(0/1/1)
BSET #, Dn 2 0 6(0/2/0)
BSET Dn, Dm 4 0 6(0/1/0)
BSET #, (FEA) 1 2 8(0/2/1)
BSET Dn, (FEA) 2 2 8(0/1/1)
BTST #, Dn 2 0 4(0/2/0)
BTST Dn, Dm 2 0 4(0/1/0)
BTST #, (FEA) 1 0 4(0/2/0)
BTST Dn, (FEA) 2 0 4(0/1/0)
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8.3.11 Conditional Branch Instructions

8-22

The conditional branch instruction table indicates the number of clock periods
needed for the processor to perform the specified branch on the given branch
size, with complete execution times given. No additional tables are needed
to calculate total effective execution time for these instructions. The total
number of clock cycles is outside the parentheses. The numbers inside
parentheses (r/p/w) are included in the total clock cycle number. All timing
data assumes two-clock reads and writes.

Instruction Head Tail Cycles
Bce (taken) 2 -2 8(0/2/0)
Bcc.B (not taken) 2 0 4(0/1/0)
Bcc.W (not taken) 0 0 4(0/2/0)
Bcee.L (not taken) 0 0 6(0/3/0)
DBcc (T, not taken) 1 1 4(0/2/0)
DBcc (F, —1, not taken) 2 0 6(0/2/0)
DBcc (F, not —1, taken) 6 -2 10(0/2/0)
DBcc (T, not taken) 4 0 6(0/1/0)*
DBcc (F, —1, not taken) 6 0 8(0/1/0)*
DBcc (F, not —1, taken) 6 0 6(0/0/0)*

* = |n loop mode.
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8.3.12 Control Instructions

The control instruction table indicates the number of clock periods needed
for the processor to perform the specified operation on the given addressing
mode. Footnotes indicate when to account for the appropriate effective address
times. The total number of clock cycles is outside the parentheses. The num-
bers inside parentheses (r/p/w) are included in the total clock cycle number.
All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
ANDI #, SR 0 -2 12(0/2/0)
EORI #, SR 0 -2 12(0/2/0)
ORI #, SR 0 -2 12(0/2/0)
ANDI #, CCR 2 0 6(0/2/0)
EORI #, CCR 2 0 6(0/2/0)
ORI #, CCR 2 0 6(0/2/0)
BSR.B 3 -2 13(0/2/2)
BSR.W 3 -2 13(0/2/2)
BSR.L 1 -2 13(0/2/2)
CHK (FEA), Dn (no ex) 2 0 8(0/1/0)
CHK (FEA), Dn (ex) 2 -2 42(2/2/6)
CHK2 (FEA), Dn (no ex) 1/2 0 20(x/1/0)
CHK2 (FEA), Dn (ex) 1/2 -2 54(x + 2/2/6)
JMP (CEA) 0 -2 6(0/2/0)
JSR (CEA) 3 -2 13(0/2/2)
LEA (CEA), An 0 0 2(0/1/0)
LINK.W An, # 2 0 10(0/2/2)
LINK.L An, # 0 0 10(0/3/2)
NOP 0 0 2(0/1/0)
PEA (CEA) 0 0 8(0/1/2)
RTD # 1 -2 12(2/2/0)
RTR 1 -2 14(3/2/0)
RTS 1 -2 12(2/2/0)
UNLK An 1 -2 9(2/1/0)

x = There is one bus cycle for byte and word operands and two bus cycles
for long operands. For long bus cycles, add two clocks to the tail and to
the number of cycles.

MOTOROLA CPU32 REFERENCE MANUAL . 8-23




8.3.13 Exception-Related Instructions and Operations

8-24

The exception-related instructions and operations table indicates the number
of clock periods needed for the processor to perform the specified exception-
related actions. No additional tables are needed to calculate total effective
execution time for these instructions. The total number of clock cycles is
outside the parentheses. The numbers inside parentheses (r/p/w) are included
in the total clock cycle number. All timing data assumes two-clock reads and
writes.

Instruction Head Tail Cycles
BKPT (Acknowledged) 0 0 14(1/0/0)
BKPT (Bus Error) 0 -2 35(3/2/4)
Breakpoint (Acknowledged) 0 0 10(1/0/0)
Breakpoint (Bus Error) 0 -2 42(3/2/6)
Interrupt 0 -2 30(3/2/4)*
RESET 0 0 518(0/1/0)
STOP 2 0 12(0/1/0)
LPSTOP 3 -2 25(0/3/1)
Divide-by-Zero 0 -2 36(2/2/6)
Trace 0 -2 36(2/2/6)
TRAP # 4 -2 29(2/2/4)
ILLEGAL 0 -2 25(2/2/4)
A-line 0 -2 25(2/2/4)
F-line 0 -2 25(2/2/4)
Privileged 0 -2 25(2/2/4)
TRAPcc (trap) 2 -2 38(2/2/6)
TRAPcc (no trap) 2 0 4(0/1/0)
TRAPcc.W (trap) 2 -2 38(2/2/6)
TRAPcc.W (no trap) 0 0 4(0/2/0)
TRAPcc.L (trap) 0 -2 38(2/2/6)
TRAPcc.L (no trap) 0 0 6(0/3/0)
TRAPV (trap) 2 -2 38(2/2/6)
TRAPV (no trap) 2 0 4(0/1/0)

* = Minimum interrupt acknowledge cycle time is assumed to be three clocks.
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8.3.14 Save and Restore Operations

The save and restore operations table indicates the number of clock periods

needed for the processor to perform the specified state save or return from

exception. Complete execution times and stack length are given. No addi-
tional tables are needed to calculate total effective execution time for these
instructions. The total number of clock cycles is outside the parentheses. The
numbers inside parentheses (r/p/w) are included in the total clock cycle num-

ber. All timing data assumes two-clock reads and writes.

Instruction Head Tail Cycles
BERR on instruction 0 -2 <58(2/2/12)
BERR on exception 0 -2 48(2/2/12)
RTE (four-word frame) 1 -2 24(4/2/0)
RTE (six-word frame) 1 -2 26(4/2/0)
RTE (BERR on instruction) 1 -2 50(12/2/y)
RTE (BERR on four-word frame) 1 -2 66(10/2/4)
RTE (BERR on six-word frame) 1 -2 70(12/2/6)

< = Maximum time is indicated; certain data or mode combinations will

execute faster.

y = If a bus error occurred during a write cycle, the cycle is rerun by the RTE.
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APPENDIX A
M68000 FAMILY SUMMARY
Appendix A summarizes the characteristics of the microprocessors in the

M68000 Family. M68000 UM/AD, M68000 User’s Manual Sixth Edition in-
cludes more detailed information about the MC68000 and MC68010 differ-

ences.
MC68000 MC68010 CPU32 MC68020
Data Bus Size (Bits) 16 16 8,16 8,16, 32
Address Bus Size (Bits) 24 24 24 32
Instruction Cache
(In Words) - 3* 3* 128

*Three-word cache for the loop mode.

Virtual Memory/Machine
MC68000 None
MC68010  Bus Error Detection, Instruction Continuation
CPU32 Bus Error Detection, Instruction Restart
MC68020 Bus Error Detection, Instruction Continuation

Coprocessor Interface
MC68000 Emulated in Software
MC68010 Emulated in Software
CPU32 Emulated in Software
MC68020 In Microcode

Word/Long-Word Data Alignment
MC68000 Word/Long-Word Data, Instructions, and Stack Must Be Word

Aligned

MC68010  Word/Long-Word Data, Instructions, and Stack Must Be Word
Aligned

CPU32 Word/Long-Word Data, Instructions, and Stack Must Be Word
Aligned

MC68020  Only Instructions Must Be Word Aligned (Data Alignment Im-
proves Performance)
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Control Registers
MC68000 None
MC68010 SFC, DFC, VBR
CPU32 SFC, DFC, VBR
MC68020 SFC, DFC, VBR, CACR, CAAR

Stack Pointers
MC68000 USP, SSP
MC68010 USP, SSP
CPU32 USP, SSP
MC68020 USP, SSP (MSP, ISP)

Status Register Bits
MC68000 T, S, 10/11/12, X/N/Z/V/C
MC68010 T, S, 10/11/12, X/N/Z/N/C
CPU32 T1/T0, S, 10/11/12, X/N/ZIV/C
MC68020 T1/T0, S, M, 10/11/12, X/N/Z/V/C

Function Code/Address Space
MC68000 FCO-FC2=7 is Interrupt Acknowledge Only
MC68010 FCO0-FC2=7 is CPU Space
CPU32 FCO-FC2=7 is CPU Space
MC68020 FCO0-FC2=7 is CPU Space

Indivisible Bus Cycles
MC68000 Use AS Signal
MC68010  Use AS Signal
CPU32 Use RMC Signal
MC68020 Use RMC Signal

Stack Frames
MC68000  Supports Original Set
MC68010  Supports Formats $0, $8
CPU32 Supports Formats $0, $2, $C
MC68020 Supports Formats $0, $1, $2, $9, $A, $B
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M68000 Instruction Set Extensions

Mnemonic Description CPU32 M68020
Bcc Supports 32-Bit Displacements I I
BFxxxx Bit Field Instructions (BFCHG, BFCLR, BFEXTS, BFEXTU, I

BFFFO, BFINS, BFSET, BFTST)

BGND Background Operation 4

BKPT New Instruction Functionality 4 v
BRA Supports 32-Bit Displacements v v
BSR Supports 32-Bit Displacements 174 %4
CALLM New Instruction v
CAS, CAS2 New Instructions v
CHK Supports 32-Bit Operands 14 I
CHK2 New Instruction 4 %4
CMPI Supports Program Counter Relative Addressing I d 1%
CMP2 New Instruction I %4
cp Coprocessor Instructions I
DIVS/DIVU Supports 32-Bit and 64-Bit Operations 174 I
EXTB Supports 8-Bit Extend to 32 Bits I I
LINK Supports 3-Bit Displacements 174 v
LPSTOP New Instruction 4

MOVEC Supports New Control Registers v Vv
MULS/MULU | Supports 32-Bit Operands, 64-Bit Results v I
PACK New Instruction %4
RTM New Instruction v
TABLE New Instruction v

TST Supports Program Counter Relative, Immediate, and v v

an Addressing
TRAPcc New Instruction v e
UNPK New Instruction v
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A-4

M68000 Addressing Modes

. MC68010/
Mode Mnemonic MC68000 CPU32 MC68020
Register Direct Rn v %4 v
Address Register Indirect (An) v v %
Address Register Indirect with (An) + I I I
Postincrement
Address Register Indirect with —(An) I v %4
Predecrement
Address Register Indirect with (d16.An) Vv 4 %4
Displacement
Address Register Indirect with Index (dg,An,Xn) %4 v I
(8-Bit Displacement)
Address Register Indirect with Index | (bd,An,Xn*SCALE) v v
(Base Displacement)
Memory Indirect with Postincrement ([bd,An],Xn,od) I
Memory Indirect with Predecrement ([bd,An,Xn],od) I d
Absolute Short (xxx).W 174 » 7
Absolute Long (xxx).L I I I
Program Counter Indirect with (d16,PC) I %4 d
Displacement '
Program Counter Indirect with Index (dg,PC,Xn) I v 4
(8-Bit) Displacement
Program Counter Indirect with Index | (bd,PC,Xn*SCALE) I Id
(Base Displacement)
Immediate #(data) v I 174
Program Counter Memory Indirect with ([bd,PC],Xn,od) 4
Postincrement
Program Counter Memory Indirect with ([bd,PC,Xn],0d) d
Predecrement
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—A—

Absolute Long Address Mode, 3-10
Absolute Short Address Mode, 3-10
AC Electrical Specifications,
See system integration user’'s manual
Address Bus,
See system integration user’s manual
Address Error Exception, 6-8
Address Register,
Direct Addressing Mode, 3-4
Indirect Displacement Mode, 3-6
Indirect Index (Base Displacement) Mode, 3-9
Indirect Index (8-Bit Displacement) Mode, 3-9
Indirect Addressing Mode, 3-4
Indirect Postincrement Addressing Mode, 3-5
Indirect Predecrement Addressing Mode, 3-6
Address Registers, 2-6
Address Space Types, 5-4
Addressing,
Capabilities, 3-14
Compatibility, M68000, 3-17, A-4
Indexed, 3-6, 3-9
Indirect, 3-5ff.
Mode Enhancements, 1-5
Mode Summary, 3-15
Addressing Modes,
Register Direct, 3-4
Memory, 3-5
Programming View, 3-13
Special, 3-8
Architectural Comparisons (M68000), A-1
Arithmetic/Logical Instruction,
Immediate, Timing Table, 8-17
Timing Table, 8-16
Assignments, Exception Vector, 6-2
Asynchronous Bus Operation,
See system integration user’s manual

—B —
Background Debug Mode, 7-3
Command,
Execution, 7-6
Format, 7-14

Sequence Diagrams, 7-16

INDEX

Sequence Example, 7-17
Set, 7-14 -
Enabling, 7-3

Entering, 7-6

Returning from, 7-7

Sources, 7-4
BGND Instruction, 7-5
Binary-Coded Decimal and Extended

Instructions, 8-18

Binary-Coded Decimal Operations, 4-9
Bit Manipulation Instructions, 8-21
Bit Manipulation Operations, 4-9
Block Diagram, 1-8
Branch Instructions, 8-7
Breakpoint Exception Processing, 7-5
Breakpoints,

Hardware, 7-3, 6-10

On Data Accesses, 7-3

On Instructions, 7-3

Peripheral, 7-5
Breakpoint Instruction, 7-1
Breakpoint Pin, External, 7-5
Bus Controller Resources, 8-3
Bus Cycle Fault Stack Frame, 6-28
Bus Error, 6-6, 6-28
Bus Faults, Double, 7-5

—C—

Calculate Effective Address, 8-13
Changing Privilege Level, 5-3
Compatibility, M68000 Addressing, 3-14
Condition Code,

Computations, 4-14

Register, 4-14
Condition Tests, 4-17
Conditional Branch Instructions, 8-22
Control,

Instructions, 8-23

Registers, 2-6
Conventions, Notation, 3-2
Correcting Faults, 6-22
CPU,

Serial Logic, 7-8

Space, 5-4

Space Address Encoding, 5-5
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—D— —F—

Data, Faults,
Format, 7-11 Correcting,
Movement Instructions, 4-5 Type Il via RTE, 6-24
Register Direct Addressing, 3-4 Type Il via RTE, 6-26
Registers, 2-4 Type Il via Software, 6-25
Structures, Other, 3-18 Type IV via Software, 6-26
Types, 2-4 Double Bus, 7-5
Deterministic Opcode Tracking, 7-3, 7-33 During,
Development Features, Standard, 7-1 Exception Processing, 6-23
Development Support, 7-1 MOVEM Operand Transfers, 6-22
Development System Serial Logic, 7-11 Prefetch, Operand, RMW, and MOVEP, 6-21
Double Bus Faults, 7-5 Released Write, 6-20
Dump Memory Block (DUMP), 7-24 Recovery, 6-18
Dynamic Bus Sizing, 6-20, 6-31 Types of, 6-20

Features, 1-2
Fetch Effective Address, 8-12
—E— Fill Memory Block (FILL), 7-26
Format Error, 6-11
Four-Word Stack Frame, Normal, 6-27
Function Code Registers, 2-4ff.
Future Commands, 7-32

Effective Address, 3-4

Calculate Table (CEA), 8-13

Encoding Summary, 3-11

Fetch Table (FEA), 8-12
Enhanced Addressing Modes, 1-5
Enhanced Instruction Set, 1-5 — G —
Errors, Bus, 6-6
Example, Table Instruction, 4-192 General Description, 1-1
Exception,

Address Error, 6-6

Breakpoint Instruction (BKPT), 6-10

Bus Error, 6-6 —H—

Format Error, 6-11

Handling, 1-4 Halt Operation,

lllegal Instruction, 6-11 See system integration user's manual

Instruction Traps, 6-9
Interrupts, 6-15
Kinds of, 6-1

Multiple, 6-3 —Il—
Priority, 6-3
Privilege Violation, 6-12 lllegal or Unimplemented Instructions, 6-12
Processing, 5-6 Immediate,
Sequence, 6-5 Arithmetic/Logical Instructions, 8-17
State, 6-1 Data Addressing, 3-11
Reset, 6-6 Implicit Reference, 3-3
Related Instructions and Operations, 8-24 Indexed Addressing, 3-6, 3-9
Return from, 6-16 Indirect Addressing, 3-5ff.
Stack Frame, 5-7, 6-4 Instruction,
Trace, 6-13 Descriptions, 4-18ff.
Unimplemented Instruction, 6-11 Details, 4-12
Vectors, 5-7, 6-1 Execution Overlap, 8-4
Execution Time Calculations, 8-9ff. Family Compatibility, 4-1
Execution Overlap Example, 8-6 Fetch (IFETCH), 7-29
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Instruction,

Format, 4-3

Format Summary, 4-177

New, 1-6, 4-2

Pipe, 8-2

Pipe (IPIPE), 7-33

Set Enhancements, 1-5

Summary, 4-4

Timing Tables, 8-9

Traps, 6-9
Instruction Set Extensions, A-3
Instruction Stream Timing Examples, 8-6
Instructions,

Binary-Coded Decimal (BCD), 4-9, 8-18

Bit Manipulation, 4-9, 8-21

Conditional Branch, 8-22

Data Movement, 4-5, 8-14

Exception Related, 8-24

Integer Arithmetic, 4-6, 8-16

Logical, 4-7, 8-16

Program Control, 4-10, 8-23

Shift and Rotate, 4-8, 8-20

Single Operand, 8-19

System Control, 4-10, 8-23
Integer Arithmetic Operations, 4-6
Interrupts, 6-15

—_L—

Logical Operations, 4-7
Loop Mode Instruction Execution, 1-3
Low-Power Stop (LPSTOP), 1-6, 4-2

—_M—

M68000 Family Addressing Capability, 3-17
M68000 Family Compatibility, 4-1
Memory,

Addressing Modes, 3-5

Data Organization, 2-7

Indirect Addressing, A-4

Virtual, 1-2
Microbus Controller, 8-4
Microsequencer, 8-1
Model, Programming, 2-1
Move Instruction, 8-14
Move Instruction, Special Purpose, 8-15
Multiple Exceptions, 6-3

—N—

Negative Tails, 8-8
No Operation (NOP), 7-32
Notation and Format, 4-12
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Notation Conventions, 3-2
Normal Processing State, 6-1

—0—

Opcode Tracking during Loop Mode, 7-35

Opcode Tracking, in Background Mode, 7-3, 7-35

Organization,
Memory, 2-7
Registers, 2-4

Overlap, 8-4

—P—

Pipeline Sync with the NOP Instruction, 4-201
Prefetch Controller, 8-3
Priority Exception, 6-3
Privilege Levels,

Changing, 5-3

States, 1-8

Supervisor, 5-2

User, 5-2
Privilege Violations, 6-11
Processing of Specific Exceptions, 6-5
Processing States, 1-6
Program and Data References, 3-2
Program Control Instructions, 4-10

Program Counter Indirect with Displacement, 3-8

Index (8-Bit Displacement), 3-9
Index (Base Displacement), 3-9
Programmer’s Model, 2-1

Programmer’s View of Addressing Modes, 3-13

—Q—

Queues, 3-20

—R—

Read,

Address/Data Register (RAREG/RDREG), 7-17

Memory Location (READ), 7-21
System Register (RSREG), 7-19
Recovery,
Bus Fault, 6-24
RTE, 6-26
Software, 6-25
References,
Data, 3-2
Implicit, 3-3
Program, 3-2
Register Direct Addressing, 3-4
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Registers,
Address, 2-6
Condition Code, 4-14
Control, 2-6
Data, 2-4
Function Code, 2-4ff.
Organization, 2-3
Status, 2-3
Vector Base, 1-4
Release Writes (Type ),
Completing via Software, 6-23
Completing via the RTE, 6-24
Reset, 6-6
Reset Peripherals (RST), 7-31
Resource Scheduling, 8-1
Return from Exception, 8-16
Rotate Instructions, 4-8

—S—

Save and Restore Operations, 8-25
Serial Interface, 7-8
Shift and Rotate Operations, 4-8
Shift and Rotate Instructions, 8-20
Single Operand Instructions, 8-19
Six-Word Stack Frame, Normal, 6-28
Sizing, Dynamic Bus, 6-20, 6-31
Software Breakpoints, 6-10
Software Bus Fault Recovery, 6-25
Space Formats, 5-5

Type 0000-Breakpoint, 5-5

Type 0001-MMU Access, 5-56

Type 0010-Coprocessor Access, 5-6

Type 0011-Internal Register Access, 5-6

Type 1111-Interrupt Acknowledge, 5-6
Special Address Modes, 3-8
Special-Purpose MOVE Instruction, 8-15
Stack,

Frames, 6-27, 5-7

User, 3-19

System, 3-18
States, Processing, 5-1ff
Status Register, 2-3
Subroutine Calls, Nested, 4-201
Supervisor Privilege Level, 5-2
Surface Interpolations, 4-200

System,
Control Instructions, 4-10
Stack, 3-18

Synchronization, Pipeline with NOP, 4-201
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Table,
Examples,
Table Standard Usage, 4-193
Compressed Table, 4-194
8-Bit Independent Variable, 4-196
Maintaining Precision, 4-198
Surface Interpolations, 4-200
Instruction, Using the, 4-192
Lookup and Interpolate (TBL), 1-6, 4-2
Tests, Condition, 4-17
Timing Examples,
Branch Instructions, 8-7
Execution Overlap, 8-6
Negative Tails, 8-8
See system integration user’'s manual
Timing Tables, 8-9
Trace on Instruction Execution, 6-13, 7-1

—U—

Unimplemented Instruction Emulation, 7-1
Unimplemented Instructions, 4-2

User Privilege Level, 5-3

User Stacks, 3-19

—V —
Vector Base Register, 1-4

Vectors, Exception, 6-2, 5-7
Virtual Memory, 1-2

—W—

Wait States, Effects of, 8-5
Write,

Address/Data Register (WAREG/WDREG), 7-18

Memory Location (WRITE), 7-22
Pending Buffer, 8-3
System Register (WSREG), 7-20
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