






















































































































































































































































































































































































































































































































































































































the relationships between VCC, RSTI, mode selects, and bus signals. The 
BCLK and PCLK clock signals are required to be stable by the time VCC 
reaches the minimum operating specification. RSTI is internally synchronized 
for two BCLKS before being used, and must therefore meet the specified 
setup and hold times to BCLK (specifications #51 and #52) only if recognition 
by a specific BCLK rising edge is required. 

Once RSTI negates, the processor is internally held in reset for another 128 
clock cycles. During the reset period, all three-statable signals three-state, 
and non-three-statable signals are driven to their inactive state. Once the 
internal reset signal negates, all bus signals continue to remain in a high­
impedance state until the processor is granted the bus. After this, the first 
bus cycle for reset exception processing begins. In Figure 8-38 the processor 
assumes implicit ownership of the bus before the first bus cycle begins. 

The levels on the CDIS, MDIS, and IPL2-IPLO signals when RSTI negates are 
used to selectively enable the multiplexed bus mode, DLE mode, and large 
versus small buffer drivers. These signals should be driven to their normal 
levels before the end of the 128 clock internal reset period. 

For processor resets after the initial power-on reset, RSTI should be asserted 
for at least ten clock periods. Figure 8-39 shows timing associated with a 
reset when the processor is executing bus cycles. Note that BB and TIP (and 
TA if driven during a snooped access) are asserted before transitioning to a 
three-state level. 

Resetting the processor causes any bus cycle in progress to terminate as if 
TAor TEA had been asserted. In addition, the processor initializes registers 
appropriately for a reset exception. Exception processing for a reset operation 
is described in SECTION 9 EXCEPTION PROCESSING. 

When a RESET instruction is executed, the processor drives the reset out 
(RSTO) signal for 512 BCLK cycles. In this case, the processor resets the 
external devices of the system, and the internal registers of the processor 
are unaffected. The external devices connected to the RSTO signal are reset 
at the completion of the reset instruction. An RSTI signal that is asserted to 
the processor during execution of a reset instruction immediately resets the 
processor and causes the RSTO signal to negate. RSTO can be logically 
and'ed with the external signal driving RSTI to derive a system reset signal 
that is asserted for both an external processor reset and execution of a RESET 
instruction. 
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SECTION 9 
EXCEPTION PROCESSING 

Exception processing is defined as the activities performed by the processor 
in preparing to execute a handler routine for any condition that causes an 
exception. In particular, exception processing does not include execution of 
the handler routine itself. This section describes the processing for each type 
of exception, exception priorities, the return from an exception, and bus fault 
recovery. This section also describes the formats ofthe exception stack frames. 
For details of memory management unit (MMU) related exceptions, refer to 
SECTION 6 MEMORY MANAGEMENT. 

9.1 EXCEPTION PROCESSING SEQUENCE 

The MC68040 uses a restart exception processing model to minimize interrupt 
and instruction latency, and to reduce the size of the stack frame (compared 
to the frame required for a continuation model). Exceptions are recognized 
at each instruction boundary in the execute stage of the integer pipeline, and __ • 
force later instructions which have not yet reached the execute stage to be .. 
aborted. Instructions which can not be interrupted, such as those that gen-
erate locked bus transfers or access serialized pages, are allowed to complete 
before exception processing begins. 

Exception processing occurs in four functional steps. However, all individual 
bus cycles associated with exception processing (vector acquisition, stacking, 
etc.) are not guaranteed to occur in the order in which they are described in 
this section. 

In the first step of exception processing, the processor makes an internal 
copy of the status register (SR). Then the processor sets the S bit in the SR, 
changing to the supervisor mode. Next, the processor inhibits tracing of the 
exception handler by clearing the trace enable (T1 and TO) bits. For the reset 
and interrupt exceptions, the processor also updates the interrupt priority 
mask. 

In the second step, the processor determines the vector number of the ex­
ception. For interrupts, the processor performs an interrupt acknowledge 
cycle to obtain the vector number. For all other exceptions, internal logic 
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provides the vector number. This vector number is used in the last step to 
calculate the address of the exception vector. Throughout this section, vector 
numbers are given in decimal notation. 

For all exceptions other than reset, the third step is to save the current 
processor context. The processor creates an exception stack frame on the 
active supervisor stack and fills it with context information appropriate for 
the type of exception. Other information may also be stacked, depending on 
which exception is being processed and the state of the processor prior to 
the exception. If the exception is an interrupt and the master/interrupt (M) 
bit of the SR is set, the processor clears the M bit in the SR, and builds a 
second stack frame on the interrupt stack. 

The last step initiates execution of the exception handler. The processor 
multiplies the vector number by fourto determine the exception vector offset. 
It adds the offset to the value stored in the vector base register (VBR) to 
obtain the memory address of the exception vector. Next, the processor loads 
the program counter (and the interrupt stack pointer (ISP) for the reset ex­
ception) from the exception vector table entry. After prefetching the first four 
longwords to fill the instruction pipe, the processor resumes normal proc­
essing at the address in the program counter. 

All exception vectors are located in supervisor address space, and are ac­
cessed using data references. Only the initial reset vector is fixed in the 
processor's memory map; once initialization is complete, there are no fixed 
assignments. Since the VBR provides the base address of the vector table, 
the vector table can be located anywhere in memory; it can even be dynam­
ically relocated for each task that is executed by an operating system. 

The MC68040 supports a 1024-byte vector table containing 256 exception 
vectors (See Table 9-1). The first 64 vectors are defined by Motorola and 192 
vectors are reserved for interrupt vectors defined by the user. However, 
external devices may use vectors reserved for internal purposes at the dis-
cretion of the system designer. . 

9.2 STACK FRAMES 

9-2 

When the processor executes an RTE instruction, it examines the stack frame 
on top of the active supervisor stack to determine if it is a valid frame and 
what type of context restoration it requires. The MC68040 provides five dif­
ferent stack frames for exception processing. The set of frames include the 
four and six word stack frames, four word throwaway stack frame, floating­
point post-instruction stack frame, and the access error stack frame. Table 
9-2 summarizes the stack frames. 
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Table 9-1. Exception Vector Assignments 

Vector Vector Offset 
Assignment 

Number(s) (Hex) 

0 000 Reset Initial Interrupt Stack Pointer 
1 004 Reset Initial Program Counter 
2 008 Access Fault 
3 OOC Address Error 

4 010 Illegal Instruction 
5 014 Integer Divide by Zero 
6 018 CHK, CHK2 Instruction 
7 01C FTRAPcc, TRAPcc, TRAPV Instructions 

8 020 Privilege Violation 
9 024 Trace 

10 028 Line 1010 Emulator (Unimplemented A-Line Opcode) 
11 02C Line 1111 Emulator (Unimplemented F-Line Opcode) 

12 030 (Unassigned, Reserved) 
13 034 Defined for MC68020 and MC68030, not used by MC68040 
14 038 Format Error 
15 03C Uninitialized Interrupt 

16-23 040-05C (Unassigned, Reserved) 

24 060 Spurious Interrpt 
25 064 Levell Interrupt Autovector 
26 068 Level 2 Interrupt Autovector 
27 06C Level 3 Interrupt Autovector 

28 070 Level 4 Interrupt Autovector 
29 074 Level 5 Interrupt Autovector 
30 078 Level 6 Interrupt Autovector 
31 07C Level 7 Interrupt Autovector 

32-47 080-0BC TRAP #0-15 Instruction Vectors 

48 OCO FP Branch or Set on Unordered Condition 
49 OC4 FP Inexact Result 
50 OC8 FP Divide by Zero 
51 OCC FP Underflow 

52 000 FP Operand Error 
53 004 FP Overflow 
54 008 FP Signaling NAN 
55 ODC FP Unimplemented Data Type 

56 OEO Defined for MC68030 and MC68851, not used by MC68040 
57 OE4 Defined for MC68851, not used by MC68040 
58 OE8 Defined for MC68851, not used by MC68040 

59-63 OEC-OFC (Unassigned, Reserved) 

64-255 100-3FC User Defined Vectors (192) 

When the MC68040 writes or reads a stack frame, it uses long word operand 
transfers wherever possible. Using a long-word-aligned stack pointer greatly 
enhances exception processing performance. The processor does not nec­
essarily read or write the stack frame data in sequential order. The system 
software should not depend on a particular exception generating a particular 
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Table 9-2. Exception Stack Frames (Sheet 1 of 2) 

Stack Frames Exception Types (Stacked PC Points to) 

• Interrupt 
• Formal Error 

~ext Instruction) 
TE or FRESTORE instruction 

15 0 • TRAP jN rext instruction) 
SP~ STATUS REGISTER • lI'4!Ilailnstruction Illegal instruction 

+$02 PROGRAM COUNTER 
• A-Una Instruction A-line Instructionl 
• F-Une Instruction F-line Instruction) 

+$06 0000 VECTOR OFFSET • Privilege Violalion (First word of instruction causing 
Privilege VlOIalion) 

FOUR WORD STACK FRAME - FORMAT $0 
• Floating Point 

Pre-Instruction 
(Float~-POint instruction thai 
return pre-instruction exception) 

15 0 • Created on Interrupt Stack (Next instruction - same as 
SP~ STATUS REGISTER during interrupt exception on master stack) 

+$02 PROGRAM COUNTER 
processing when transnlon 
110m master state to 

+$06 0001 VECTOR OFFSET 
interrupt state occurs 

THROWAWAY FOUR WORD STACK FRAME - FORMAT $1 

·CHK (Next instruction) 
·CHK2 
·TRAPcc ADDRESS 

15 0 'FTRAPcc is the address of the 
SP ...... STATUS REGISTER ·TRAPV instruction that caused the 

+$02 • Trace exception 
PROGRAM COUNTER • Zero Divide 

• +$06 0010 VECTOR OFFSET 
+$08 ADDRESS 

• Unimplemented FP (Next instruction) 
Instruction ADDRESS 

is the calculated effective 
SIX WORD STACK FRAME - FORMAT $2 address for the FP 

instruction 

• Address Error (tnstruction thai caused the 
address error) 

ADDRESS is the reference 
address 

15 0 • F1oatin~-POint (Next instruction) 
SP ...... STATUS REGISTER Post- nstruction 

+$02 PROGRAM COUNTER EFFECTIVE ADDRESS 
is the caiaJlaled effective 

+$06 0011 VECTOR OFFSET address for the FP 
+$08 EFFECTIVE ADDRESS 

instruction 

FLOATING-POINT POST-INSTRUCTION 
STACK FRAME - FORMAT $3 
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Table 9-2. Exception Stack Frames (Sheet 2 of 2) 

Stadl Frames 

~~~ ______ ~~~~SL ______ ~ 

+$02 1------ PI~OGIWlCOUN1 

+$06 := ~~~~Eii~=~~==j 
+$OC t---~--"......"""'imi<iim~m"..,,...., 

~ t::=1==311~111~ +$12\= 
+$14 ~---IFAlJL 

+$18 t----\NRllEBAICK 

+$1C ~-----WFUTEI!ACK 

+$20 t----\NRllEBAICK 

+$24 !-------WFUTEIIACK 

+$28 ~---\NRllEBAICK 

+$2C L...-,.,""'C"At'l( u,,,,,,.''''''' 
+$30 I----PUSH 

+$34 ~---PUSH 

+$38t-----PUSH 

ACCESS ERROR STACK FRAME (30 WORDS) - FORMAT $7 

9.3 INTEGER UNIT EXCEPTIONS 

Exception Types (Stacked PC Points to) 

·Access Faull (Next instruction) 
ATC IauK or bus error 

The following paragraphs describe the external interrupt exception and the 
different types of exceptions generated by the MC68040 integer unit. The 
following exceptions are discussed: 

e Reset 

• Access Fault 

• Address Error 

elnstruction Trap 

• Illegal and Unimplemented Instructions 

• Unimplemented Floating Point Instructions 

• Privilege Violation 

• Trace 

• Format Error 
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9.3.1 Reset Exception 

9-6 

Assertion of the reset in (RSTI) input signal causes a reset exception. The 
reset exception has the highest priority of any exception; it provides for 
system initialization and recovery from catastrophic failure. It aborts any 
processing in progress when it is recognized, and that processing cannot be 
recovered. Figure 9-1 is a flowchart of the reset exception, which performs 
the following operations: 

1. Clears both trace bits (T1 and TO) in the SR to disable tracing. 

2. Places the processor in the interrupt mode of the supervisor privilege 
mode by setting the supervisor (S) bit and clearing the master (M) bit 
in the SR. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

Sets the processor interrupt priority mask to the highest priority level 
(level seven). 

Initializes the VBR to zero ($00000000). 

Clears the enable bits for the on-chip caches in the cache control reg­
ister. 

Clears the enable bit and sets the page size bit (selecting BK pages) in 
the translation control register (TCR). Clears the enable bit in each of 
the four transparent translation registers . 

Generates a vector number to reference the reset exception vector (two 
long words) at offset zero in the supervisor address space. 

Loads the first long word of the reset exception vector into the ISP. 

Loads the second long word of the reset exception vector into the 
program counter (PC). 

Prefetches the first four longwords beginning at the memory location 
pointed to by the PC. 

After the initial instruction prefetches, program execution begins at the ad­
dress in the PC. The reset exception does not flush the address translation 
caches (ATCs), invalidate entries in the instruction or data caches, nor does 
it save the value of either the PC or the SR. 

If a access fault or address error occurs during the exception processing 
sequence for a reset, a double bus fault is generated. The processor halts, 
and the processor status (PST3-PSTO) signals indicate 0111. 
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BUS ERROR OR 
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Figure 9-1. Reset Operation Flowchart 
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Execution of the reset instruction does not cause a reset exception, nor does 
it affect any internal registers, but it does cause the MC68040 to assert the 
reset out (RSTO)'slgriaC're'Settingall external devices. ' • 

9.3.2 Access Fault Exception 

9-8 

An access fault exception occurs when a data access or instruction prefetch 
access faults due to either an external bus error or an internal address trans­
lation fault. Both faults are treated identically, and can be distinguished by 
the access fault exception handler by a status bit in the access fault stack 
frame. 

External logic can abort a bus cycle and signal a bus error by asserting the 
TEA input signal. An access fault exception mayor may not be taken im­
mediately, depending on whether the faulted access referenced data specif­
ically required by the execution units, and whether any other exceptions 
occur in allowing the. execution pipeline to idle. A bus error on a data write 
access always results in an access fault exception, and the processor begins 
exception processing immediately. A bus error on a data read also causes 
exception processing to begin immediately if the access is a byte, word, or 
long word access, or if the bus error occurs on the first transfer of a line 
read. Bus errors on the second, third, or fourth transfers for a data line read 
cause the transfer to be aborted, but result in a bus error only if the execution 
unit is specifically requesting the long word being transfered. For example, 
if a misaligned operand spans the first two long words in the line being read, 
a bus error on the second transfer causes an exception, but a bus error on 
the third or last transfer does not (unless the execution unit has generated 
another operand access which references data in these transfers). 

Bus errors Which occur during instruction prefetches are deferred until the 
processor attempts to use. the prefetched information. For instance, if a bus 
error occurs while prefetching other instructions after a change of flow in­
struction (BRA, JMP, JSR, TRAP#n, etc.), the exception condition is cleared 
by execution of the new instruction flow. This also applies to the not-taken 
branch for a conditional branch instruction, even though both sides of the 
branch are decoded. 

An access fault exception also occurs when the data MMU or instruction 
MMU detects that.a successful address translation is not possible because 
the pageiswriteprotected, supervisor-ohly, or non-resident. Furthermore, 
when an ATC miss occurs, the processor searches the translation tables in 
memory for the mapping, and then retries the access. If a valid translation 
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for the logical address is, not available due to a problem encountered during 
the table search, a bus error exception occurs when the aborted access is 
retried. The problem encountered could be eitheum invalid descriptor, or 
the assertion of the TEA signal during a bus cycle used to access the trans­
lation tables. A miss in the ATC causes the processor to automatically initiate 
a table search but does not cause a bus error exception unless one of the 
specific conditions mentioned above is encountered. 

When an exception is detected, all parts ofthe execution unit are eitherforced 
or allowed to idle, at which time the highest priority exception is taken. Lower 
priority exceptions can be regenerated on the, re.tl!rn from exception either 
by restarting the instruction or by the supervisor cleanup routine. Instruction 
ATC faults and bus errors are reported after all other pending integer instruc­
tions complete execution. If an exception is generated during completion of 
the earlier instructions, the pending jnstruction,.fau1tis cleared and the new 
exception is serviced first. The processor restarts the pending prefetch after 
completing exception handling for the earlier instructions, and takes a bus 
error exception ifthe access faults again. For data access faults the processor 
aborts current instruction execution, waits for the current instruction prefetch 
bus cycle to complete (if a data ATC f,ault wasdetectedtthen begins 'exception 
processing immediately. 

The processor begins exception processing for a bus error by making an 9 . 
internal copy of the current SR. The processor then enters the supervisor 
mode , and clears T1 and TO. The processor generates exception vector 
number 2, for the bus error vector. It saves the vector offset, PC, and the 
internal copy ofthe SR on the stack. The saved PC value is the logical address 
of the instruction that was executing at the time the fault was detected. This 
is not necessarily the instruction that initiated the bus cycle, since the pro-
cessor overlaps execution of instructions. the processor also saves infor-
mation to allow continuation after a fault for" MOVEM instruction and to 
support other pending exceptions. The fault address and pending writeback 
information is saved. The information saved on' the stack is sufficient to 
identify the cause of the bus fault, complete pending write backs, and recover 
from ,the error. Exception handler must complete the pending writebacks. 
Up to three write backs can be pending for push errors and data access errors. 

If a bus error occurs during the exception processing for a bus error, address 
error, or reset, or while the processor is loading internal state information 
from the stack during the execution of an RTE instruction, a double bus fault 
occurs and the processor enters the halted state a's"iridicated by the PST3-PSTO 
signals equaling 0111. In this case, the proceSSb!-' (foes not attempt to alter 
the current state of memory. Only an external reset can restart a processor 
halted by a double bus fault. 

MOTOROLA 
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The supervisor stack has special requirements to ensure that exceptions can 
be stacked. The stack must be resident with correct protection in the direction 
of growth, to ensure that exception stacking never has a bus error or ATC 
fault. Memory pages allocated to the stack that are higher in memory(than 
the C\Jrrent stack pointer) may be nonresident since an RTE orFRESTORE 
instruction can check for residency and trap before restoring the state. 

A special case exists for systems that allow arbitration of the processor bus 
during locked transfer sequences. If a locked translation table update could 
be bus errored by the arbiter due to an improperly broken lock, any pages 
touched by exception, ~tack op,erations must have the U bit set in the cor­
responding page descriptor to prevent the occurrence of the locked access 
during translation table searches. 

9.3.3 Address Error Exception 

An address error exception occurs when the processor attempts to prefetch 
an instruction from an odd address. (This includes the case of a conditional 
branch instruction with an odd branch offset, that is not taken.) A prefetch 
bus cycle is not executed and the processor begins exception processing 
after the currently executing instructions complete. If another exception is 
generated by the completion of these instructions, the address error excep­
tion is deferred and the new exception is serviced. After exception processing 
for the address error commences, the sequence is the same as that for bus 
error exceptions, except that the vector number is 3 and the vector offset 
in the stack ftame refers to the address error vector. A type $2 stack frame 
is generated that contains the address of the instruction that caused the 
address error and the ac;ldress itself (with bit zero of.the address cleared). If 
an address error occurs during the exception processing for a bus error, 
address error, or reset, a'double bus fault occurs. 

9.3.4 Instruction Trap Exception 

9-10 

Certain instructions are used to explicitly cause trap exceptions. The TRAP#n 
instruction always forces an exception, and is useful for implementing system 
calls in user programs. The TRAPcc, FTRAPcc, TRAPV, CHK, and CHK2 in­
structions force exceptions if the user program detects an error, which may 
be an arithmetic overflow or a subscript value that is out of bounds. The 
DIVS and DIVU instructions force exceptions if a division operation is at­
tempted with a divisor of zero. ' 
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When a trap exception occurs, the processor copies the internally SR, enters 
the supervisor mode, and clears T1 and TO. The processor generates a vector 
number according to the instruction being executed. Vector 5 is for DIVx, 
vector 6 is for CHK and CHK2, and vector 7 is for FTRAPcc, TRAPcc, and 
TRAPV instructions. For the TRAP#n instruction, the vector number is 32 
plus n. The stack frame saves the trap vector offset, the PC, and the internal 
copy of the SR on the supervisor stack. The saved value of the PC is the 
logical address of the instruction following the instruction that caused the 
trap. For all instruction traps other than TRAP#n, a pointer to the instruction 
that caused the trap is also saved. Instruction execution resumes at the ad­
dress in the exception vector after the required instruction prefetches. 

9.3.5 Illegal Instruction and Unimplemented Instruction Exceptions 

An illegal instruction is an instruction that contains any bit pattern that does 
not correspond to the bit pattern of a valid MC68040 instruction, or a MOVEC 
instruction with an undefined register specification field in the first extension 
word. An illegal instruction exception corresponds to vector number 4, and 
occurs when the processor attempts to execute an illegal instruction. 

An illegal instruction exception is also taken after a breakpoint acknowledge 
bus cycle is terminated, whether by the assertion of the transfer acknowlege II 
(TA) or the transfer error acknowlege (TEA) signal. 

Instruction word patterns with bits [15:12] equal to $A are referred to as 
unimplemented instructions with A-line opcodes. When the processor at­
tempts to execute an unimplemented instruction with an A-line opcode, an 
exception is generated with vector number 10, permitting efficient emulation 
of unimplemented instructions. 

Instructions that have bits [15:12] of the first word equal to $F and do not 
correspond to legal instructions for the MC68040 or the MC688811MC68882 
are treated as unimplemented instructions with F-line opcodes when exe­
cution is attempted. The exception vector number for an unimplemented 
instruction with an F-line opcode is number 11. 

Exception processing for illegal and unimplemented instructions is similar 
to that for instruction traps. When the processor has identified an illegal or 
unimplemented instruction, it initiates exception processing instead of at­
tempting to execute the instruction. The processor copies the SR, enters the 
supervisor mode, and clears the trace bits, disabling further tracing. The 
processor generates the vector number, either 4, 10, or 11, according to the 
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exception type. The illegal or unimplemented instruction vector offset, cur­
rent PC, and copy of the SR are saved on the supervisor stack, with the saved 
value of the PC being the address of the illegal or unimplemented instruction. 
Instruction execution resumes at the address contained in the exception 
vector. It is the responsibility of the handling routine to adjust the stacked 
program counter ifthe instruction is emulated in software or is to be skipped 
on return from the handler. 

9.3.6 Unimplemented Floating-Point Instruction Exception 

Instructions that correspond to legal MC68881/MC68882 instructions but are 
not implemented in the MC68040 are defined as unimplemented floating 
point instructions. Like other unimplemented instructions, an F-line exception 
is generated when an unimplemented floating-point instruction is encoun­
tered. To aid in emulation of these instructions, the processor partially de­
codes the instruction to determine the effective address of the memory 
operand if required, and fetches the operand before taking the F-line excep­
tion. By performing an FSAVE to access the internal floating-point unit (FPU) 
state, the exception handler has access to all the information required to 
emulate the instruction without accessing user memory. 

Exception processing for unimplemented floating-point instructions is slightly 
different from that for other unimplemented instructions. A longer stack frame 
is created that also contains the calculated effective address of the memory 
operand. The stacked PC points to the next instruction to be executed after 
the unimplemented floating point instruction, and the actual address of the 
unimplemented floating-point instruction is available to the exception han­
dier in the FSAVE instruction state frame. More detailed information on un­
implemented floating-point instructions is contained in 9.8.1 Unimplemented 
Floating-Point Instructions. 

9.3.7 Privilege Violation Exception 

9-12 

In order to provide system security, the instructions listed in Table 9-3 are 
privileged. An attempt to execute one of the privileged instructions while at 
the user mode causes a privilege violation exception. 

Exception processing for privilege violations is similar to that for illegal in­
structions. When the processor identifies a privilege violation, it begins ex­
ception processing before executing the instruction. The processor copies 
the SR, enters the supervisor mode, and clears T1 and TO. The processor 
generates vector number 8, saves the privilege violation vector offset and 
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Table 9-3. Privileged Instructions 

ANDI to SR 
CINV 
CPUSH 
EORI to SR 
FRESTORE 
FSAVE 
MOVE from SR 
MOVE to SR 
MOVE USP 

MOVEC 
MOVES 
ORI TO SR 
PFLUSH 
PTEST 
RESET 
RTE 
STOP 

the current PC value, and the internal copy of the SR on the supervisor stack. 
The saved value of the PC is the logical address of the first word of the 
instruction that caused the privilege violation. Instruction execution resumes 
after the required prefetches from the address in the privilege violation ex­
ception vector. 

9.3.8 Trace Exception 
To aid in program development, the M68000 processors include an instruc­
tion- by-instruction tracing capability. The MC68040 can be programmed to 
trace all instructions or only instructions that change program flow. In the 
trace mode, an instruction generates a trace exception after it completes 
execution, allowing a debugger program to monitor execution of a program . 

The T1 and TO bits in the supervisor portion of the SR control tracing. The 
state of these bits when an instruction begins execution determines whether 
the instruction generates a trace exception after the instruction completes. 
Clearing the T1 bit and setting the TO bit causes an instruction that forces a 
change of flow to take a trace exception. Instructions that increment the PC 
normally do not take the trace exception. Instructions that are traced in this 
mode include all branches, jumps, instruction traps, and returns. This mode 
also includes SR manipulations, because the processor must re-prefetch in­
struction words to fill the pipe again any time an instruction that can modify 
the SR is executed. Table 9-4 shows the different trace modes. 

Table 9-4. Tracing Control 

T1 TO Tracing Function 

0 0 No Tracing 

0 1 Trace on Change of Flow (BRA. JMP, etc.) 

1 0 Trace on Instruction Execution (Any Instruction) 

1 1 Undefined, Reserved 
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In general terms, a trace exception is an extension to the function of any 
traced instruction. The execution of a traced instruction is not complete until 
the trace exception processing is completed. If an instruction does not com­
plete due to a bus error or address error exception, trace exception processing 
is deferred until after the execution of the suspended instruction is resumed 
and the instruction execution completes. If an interrupt is pending at the 
completion of an instruction, the trace exception processing occurs before 
the interrupt exception processing starts. If an instruction forces an exception 
as part of its normal execution, the forced exception processing occurs before 
the trace exception is processed. 

When the processor is in the trace mode and attempts to execute an illegal 
or unimplemented instruction, that instruction does not cause a trace ex­
ception since it is not executed. This is of particular importance to an instruc­
tion emulation routine that performs the instruction function, adjusts the 
stacked program counter to skip the unimplemented instruction, and returns. 
Before returning, the trace bits of the SR on the stack should be checked. If 
tracing is enabled, the trace exception processing should be emulated also, 
in order for the trace exception handler to account for the emulated instruc­
tion. 

The exception processing for a trace starts at the end of normal processing 
for the traced instruction, and before the start of the next instruction. The 
processor makes an internal copy of the SR, and enters the supervisor mode. 
It also clears the TO and T1 bits of the SR, disabling further tracing. The 
processor supplies vector number 9 for the trace exception, and saves the 
trace exception vector offset, PC value, and the copy of the SR on the su­
pervisor stack. The saved value of the PC is the logical address of the next 
instruction to be executed. Instruction execution resumes after the required 
prefetches from the address in the trace exception vector. 

The STOP instruction does not perform its function when it is traced. A STOP 
instruction that begins execution with T1 = 1 and TO = 0 forces a trace excep­
tion after it loads the SR. Upon return from the trace handler routine, exe­
cution continues with the instruction following the STOP, and the processor 
never enters the stopped condition. 

9.3.9 Format Error Exception 

Just as the processor checks that prefetched instructions are valid, the pro­
cessor also performs some checks of data values for control operations. The 
RTE instruction checks the validity of the stack format code. For FPU state 
frames, the FRESTORE instruction compares the internal version number of 
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the processor to that contained in the state frame. This check ensures that 
the processor can correctly interpret internal FPU state information from the 
state frame. 

If any of the checks previously described determine that the format of the 
data is improper, the instruction generates a format error exception. This 
exception saves a format $0 stack frame, generates exception vector number 
14, and continues execution at the address in the format exception vector. 
The stacked PC value is the logical address of the instruction that detected 
the format error. 

9.3.10 Interrupt Exceptions 

When a peripheral device requires the services of the MC68040, or is ready 
to send information that the processor requires, it may signal the processor 
to take an interrupt exception. The interrupt exception transfers control to a 
routine that responds appropriately. 

The peripheral device uses the active low interrupt Priority level signals 
(IPLO-IPL2) to signal an interrupt condition to the processor and to specify 
the priority ofthat condition. The three signals encode a value of zero through 
seven (IPLO is the least-significant bit). High levels on all three signals cor-
respond to no interrupt requested (level 0) and low levels on IPLO-IPL2 cor- _ 
respond to interrupt request level 7. Values one through seven specify one 
of seven levels of interrupts; level seven has the highest priority. External 
circuitry can chain or otherwise merge signals from devices at each level, 
allowing an unlimited number of devices to interrupt the processor. 

The IPLO-IPL2 interrupt signals must maintain the interrupt request level until 
the MC68040 acknowledges the interrupt in order to guarantee that the in­
terrupt is recognized. The MC68040 continuously samples the IPLO-IPL2 sig­
nals on consecutive rising edges of BCLK in order to synchronize and debounce 
these signals. An interrupt request that is held constant for two consecutive 
clock periods is considered a valid input. Although the protocol requires that 
the request remain until the processor runs an interrupt acknowledge cycle 
for that interrupt value, an interrupt request that is held for as short a period 
as two clock cycles could be recognized. 

The SR of the MC68040 contains an interrupt priority mask (12, 11, 10, bits 
10-8). The value in the interrupt mask is the highest priority level that the 
processor ignores. When an interrupt request has a priority higher than the 
value in the mask, the processor makes the request an interrupt pending. 
Figure 9-2 is a flowchart of the procedure for making an interrupt pending. 
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INTERRlJIT LEVEL> 12:10. 
OR TRANSITION ON LEVEL 7 

Figure 9-2. Interrupt Pending Procedure 

When several devices are connected to the same interrupt level, each device 
should hold its interrupt priority level constant until its corresponding inter­
rupt acknowledge cycle to ensure that all requests are processed . 

Table 9-5 lists the interrupt levels, the states of IPL2-IPLO that define each 
level, and the mask value that allows an interrupt at each level. 

Table 9-5. Interrupt Levels and Mask Values 

Requested Contml Line Status Interrupt Mask Level 
Interrupt Level 

IPL2 IPL1 IPLO 
Required for Recognition 

0* High High High N/A* 

1 High High Low 0 

2 High Low High 0-1 

3 High Low Low 0-2 

4 Low High High 0-3 

5 Low High Low 0-4 

6 Low Low High 0-5 

7 Low Low Low 0-7 

*Indicates that no interrupt is requested. 

Priority level seven, the non-maskable interrupt (NMI), is a special case. Level 
seven interrupts cannot be masked by the interrupt priority mask and they 
are transition sensitive. The processor recognizes an interrupt request each 
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time the external interrupt request level changes from some lower level to 
level seven, regardless of the value in the mask. Figure 9-3 shows two ex­
amples of interrupt recognitions, one for level six and one for level seven. 
When the MC68040 processes a level 6 interrupt, the SR mask is automatically 
updated with a value of 6 before entering the handler routine so that sub­
sequent level six interrupts are masked. Provided that no instruction lowers 
the mask value is executed, the external request can be lowered to level three 
and then raised back to level six and a second level six interrupt is not 
processed. However, ifthe MC68040 is handling a level seven interrupt (status 
register mask set to 7) and the external request is lowered to level three and 
than raised back to level seven, a second level seven interrupt is processed. 
The second level seven interrupt is processed because the level seven in­
terrupt is transition sensitive. A level seven interrupt is also generated by a 
level comparison if the request level and mask level are at seven and the 
priority mask is then set to a lower level (with the MOVE to SR or RTE 
instruction, for example). As shown in Figure 9- 3 for level six interrupt 
request level and mask level, this is the case for all interrupt levels. 

EXTERNAL SR MASK ACTION 
I PL2-1PLO (12:10) 

LEVEL 6 EXAMPLE 

100 ($3) 101 ($5) INITIAL CONDITIONS _ 

I (LEVEL COMPARISON) • IF 001 ($6) THEN 110 ($6) AND LEVEL 6 I NTERRU PT 

IF 100 ($3) AND STILL 110 ($6) THEN NO ACTION 

IF 001 ($6) AND STILL 110 ($6) THEN NO ACTION 

IF 001 ($6) AND RTE SO THAT 101 ($5) THEN LEVEL 6 INTERRUPT I (LEVEL COMPARISON) 

LEVEL 7 EXAMPLE 

100 ($3) 101 ($5) INITIAL CONDITIONS 

IF 001 ($7) THEN 111 ($7) AND LEVEL 7 INTERRUPT I (TRANSITION) 

IF 100 ($3) AND STILL 111 ($7) THEN NO ACTION 

IF 000 ($7) AND STILL 111 ($7) THEN LEVEL 7 INTERRUPT I (TRANSITION) 

IF 000 ($7) AND RTE SO THAT 101 ($5) THEN LEVEL 7 INTERRUPT I (LEVEL COMPARISON) 

Figure 9-3. Interrupt Recognition Examples 
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Note that a mask value of six and a mask value of seven both inhibit request 
levels of one through six from being recognized. In addition, neither masks 
a transition to an interrupt request level of seven. The only difference between 
mask values of six and seven occurs when the interrupt request level is seven 
and\ the mask value is seven. If the mask value is lowered to six, a second 
level'seven interrupt is recognized. 

The MC68040 asserts IPEND when it makes an interrupt request pending. 
Figure 9-4 shows the assertion of IPEND relative to the assertion of an in­
terrupt level on the IPL lines. IPEND signals to external devices that an in­
terrupt exception will be taken at an upcoming instruction boundary (following 
any higher-priority exception). 

BCLI( 

IPLs RECOGNIZED 

IPLs SYNCHRONIZED 

COMPARE REQUEST WITH MASK IN SA 

Figure 9-4. Assertion of IPEND 

When processing an interrupt exception, the processor first makes an internal 
copy of the SR, sets the mode to supervisor, suppresses tracing, and sets 
the processor interrupt mask level to the level of the interrupt being serviced. 
The processor attempts to obtain a vector number from the interrupting 
device using an interrupt acknowledge bus cycle with the interrupt level 
number output on the transfer modifier signals. For a device that cannot 
supply an interrupt vector, the autovector signal (AVEC) can be asserted. The 
MC68040 uses an internally generated autovector, which is one of vector 
numbers 25-31, that corresponds to the interrupt level number. If external 
logic indicates a bus error during the interrupt acknowledge cycle, the in­
terrupt is considered spurious, and the processor generates the spurious 
interrupt vector number, 24. 

Once the vector number is obtained, the processor saves the exception vector 
offset, PC value, and the internal copy of the SR on the active supervisor 
stack. The saved value of the PC is the logical address of the instruction that 
would have been executed had the interrupt not occurred. 
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If the M bit of the SR is set, the processor clears the M bit and creates a 
throwaway exception stack frame on top of the interrupt stack as part of 
interrupt exception processing. This second frame contains the same PC 
value and vector offset as the frame created on top of the master stack, but 
has a format number of 1. The copy of the SR saved on the throwaway frame 
is exactly the same as that placed on the master stack except that the S bit 
is set in the version placed on the interrupt stack. (It mayor may not be set 
in the copy saved on the master stack.) The resulting SR (after exception 
processing) has the S bit set and the M bit cleared. 

The processor loads the address in the exception vector into the PC, and 
normal instruction execution resumes after the required prefetches for the 
interrupt handler routine. 

Most M68000 Family peripherals use programmable interrupt vector num­
bers as part of the interrupt request/acknowledge mechanism of the system. 
If this vector number is not initialized after reset and the peripheral must 
acknowledge an interrupt request, the peripheral usually returns the vector 
number for the uninitialized interrupt vector, 15. 

9.3.11 Breakpoint Instruction Exception 

In order to use the MC68040 in a hardware emulator, it must provide a means 
of inserting breakpoints in the emulator code, and of performing appropriate 
operations at each breakpoint. For the MC68000 and MC68008, this can be 
done by inserting an illegal instruction at the breakpoint and detecting the 
illegal instruction exception from its vector location. However, since the VBR 
on the MC68010, MC68020, MC68030, and MC68040 allows arbitrary relo­
cation of exception vectors, the exception address cannot reliably identify a 
breakpoint. The MC68020, MC68030, and MC68040 processors provide a 
breakpoint capability with a set of breakpoint instructions, $4848-$484F, for 
eight unique breakpoints. 

When the MC68040 executes a breakpoint instruction, it performs a break­
point acknowledge cycle (read cycle) with an acknowledge transfer type and 
transfer modifier value of $0. Refer to SECTION 8 BUS OPERATION for a 
description of the breakpoint acknowledge cycle. After external hardware 
terminates the bus cycle with either TA or TEA, the processor performs illegal 
instruction exception processing. 
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When several exceptions occur simultaneously, they are processed according 
to a fixed priority. Table 9-6 lists the exceptions, grouped by characteristics. 
Each group has a priority, from 0 through 7, with 0 as the highest priority. 

Table 9-6. Exception Priority Groups 

Group/ 
Exception and Relative Priority Characteristics Priority 

0 Reset Aborts all processing (instruction or exception) and does 
not save old context. 

1 Data Access Error Aborts current instructions - can have pendingtrace, FP 
(ATC Fault or Bus Error) post instruction, or unimplemented FP instruction excep-

tions. 

2 Floating-Point Pre-Instruction Exception processing begins before current floating-point 
instruction is executed. Instruction is restarted on return 
from exception. 

3 BKPT #n, CHK, CHK2, Divide by Zero, Exception processing is part of instruction execution. 
FTRAPcc, RTE, TRAP #n, TRAPV 

Illegal Instruction, Exception processing begins before instruction is exe-
Unimplemented Line A and Line F, cuted. 
Privilege Violation 

Unimplemented Floating-Point Exception processing begins after memory operands are 
Instruction fetched and before instruction is executed. 

4 Floating-Point Post-Instruction Only reported for FMOVE to memory. Exception process-
ing begins when FMOVE instruction and previous excep-
tion processing is completed. 

5 Address Error Reported after all previous instructions and associated 
exceptions complete. 

6 Trace Exception processing begins when current instruction or 
previous exception processing is completed. 

7 Instruction Access Error Reported after all previous instructions and associated 
(ATC Fault or Bus Error) exceptions complete. 

8 Interrupt Exception processing begins when current instruction or 
previous exception processing is completed. 

The method used to process exceptions in the MC68040 is significantly dif­
ferent from that used in earlier members of the M68000 processor family, 
due to the restart exception model used. In general, when multiple exceptions 
are pending, the exception with the highest priority is processed first, and 
the remaining exceptions are regenerated when the current instruction is 
restarted. Note that the reset operation clears all other exceptions. Other 
exceptions to this are noted in the following paragraphs. 
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original exception condition. For example, if simultaneous interrupt and trap 
exceptions are pending, the exception processing for the trap exception oc­
curs first, followed immediately by exception processing for the interrupt. 
When the processor resumes normal instruction execution, it is in the inter­
rupt handler, which returns to the trap exception handler. 

Exception processing for access error exceptions creates a type $7 stack 
frame that contains status information that can indicate a pending trace, 
floating-point post-instruction, or unimplemented floating-point instruction 
exception. The RTE instruction used to return from the access error exception 
handler checks the status bits for one of these pending exceptions. If one is 
indicated, the RTE changes the access error stack frame to match the pending 
exception and fetches the vector for the exception. Instruction execution then 
resumes in the new exception handler. If an access error, trace, and one of 
the two (mutually exclusive) floating-point exceptions occur simultaneously, 
the pending floating-point exception is indicated in the access error stack 
and the trace exception flag is undefined. The exception handler for the 
floating-point exception must check the trace bits on the stack and call the 
trace handler directly (after adjusting the stack frame to match the format 
for the trace exception). 

Similarly, if a trace exception is pending atthe same time a group3 orfloating-
point post-instruction exception is pending, the trace exception is not re- _ 
ported and the exception handler for the other exception condition must 
check for the trace condition. 

9.5 RETURN FROM EXCEPTIONS 

After the processor has completed exception processing for all pending ex­
ceptions, the processor resumes normal instruction execution at the address 
in the vector for the last exception processed. Once the exception handler 
has completed execution, the processor must return to the system with the 
system context as it was prior to the exception (if possible). The RTE instruc­
tion returns from the handler to the previous system context for any excep­
tion. 

When the processor executes an RTE instruction, it examines the stack frame 
on top of the active supervisor stack to determine if it is a valid frame and 
what type of context restoration it requires. This section describes the proc­
essing for each of the stack frame types; refer to 9.2 STACK FRAMES for a 
description of the stack frame types. 
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For a normal four word frame (format $0), the processor updates the SR and 
PC with the data read from the stack, increments the stack pointer by eight, 
and resumes normal instruction execution. 

For the throwaway four word stack (format $1), the processor reads the SR 
value from the frame, increments the active stack pointer by eight, updates 
the SR with the value read from the stack, and then begins RTE processing 
again, as shown in Figure 9-5. The processor reads a new format word from 
the stack frame on top of the active stack (which mayor may not be the same 
stack used for the previous operation) and performs the proper operations 
corresponding to that format. In most cases, the throwaway frame is on the 
interrupt stack and when the SR value is read from the stack, the Sand M 
bits are set. In that case, there is a normal four word frame on the master 
stack. However, the second frame may be any format (even another throw­
away frame) and may reside on any of the three system stacks. 

INVAUD FORMAT 
WORD 

OTHERWISE t- FORMAT CODE = $1 
(THROWAWAY 

FRAME) 

OTHERWISE 

hOAMATCOOE'~ OTHERWISE (4-WORD FRAME) 

SP. TEMP 
SP. SP+6 

Figure 9-5. RTE Instruction for Throwaway Four-Word Frame 
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For the normal six word stack frame (format $2), the processor restores the 
SR and PC values from the stack, increments the active supervisor stack 
pointer by twelve, and resumes normal instruction execution. 

For the floating-point post-instruction stack frame (format $3), the processor 
restores the SR and PC values from the stack, and increments the active 
supervisor stack pointer by twelve. If another pending floating-point post­
instruction exception is pending, exception processing begins immediately 
for the new exception; otherwise, the processor resumes normal instruction 
execution. 

For the access error stack frame (format $7), the processor restores the SR 
and PC values from the stack, and checks the four continuation status bits 
in the special status word (SSW) on the stack. If none of the bits are set, the 
processor increments the active supervisor stack pointer by 30, and resumes 
normal instruction execution. If the MOVEM continuation bit is set, the pro­
cessor restores the calculated effective address (EA) from the stack frame, 
increments the active supervisor stack pointer by 30, and restarts the MOVEM 
instruction at a point after the EA calculation. All operand accesses for the 
MOVEM that occurred before the faulted access are repeated. If a continuation 
bit is set for a pending trace, unimplemented floating-point instruction, or 
floating-point post-instruction exception, the processor restores the calcu­
lated EA from the stack frame, increments the active supervisor stack pointer 
by 30, and immediately begins exception processing for the pending excep­
tion. The processor sets only one of the continuation bits when the access 
error stack frame is created. If mUltiple bits are set by the access error ex­
ception handler, operation of the RTE instruction is undefined. 

If the frame format field in the stack frame contains an illegal format code, 
a format exception occurs. If a format error or access fault exception occurs 
during the frame validation sequence of the RTE instruction, the processor 
creates a normal four word or an access fault stack frame below the frame 
that it was attempting to use. In this way, the faulty stack frame remains 
intact. The exception handler can examine or repair the faulty frame. In a 
multiprocessor system, the faulty frame can be left to be used by another 
processor of a different type when appropriate. 

9.6 ACCESS FAULT RECOVERY 

Processor accesses of either data items or the instruction stream can result 
in bus errors. Bus error exceptions must be corrected to complete execution 
of the current context. 
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Push transfer bus errors are acted on when the execution unit is idle. The 
integer unit pipeline is frozen, the instruction cache and data cache requests 
are cancelled (however, writes are not lost), and pending writes are stacked. 

Data ATC faults and bus errors are acted on when the bus controller and the 
execution unit are idle. A data access error freezes the pipeline and cancels 
any pending instruction cache accesses. Pending writes are stacked because 
the data cache will be deadlocked (because ofthe fault) until stacking transfers 
are initiated. 

Instruction ATC faults and bus errors are acted on when the program counter 
section is deadlocked (the faulted data or another prefetch is required), the 
copy-back stage is empty, and the data cache and the bus controller are idle. 
Data ATC faults or bus error faults supersede the instruction ATC fault. In­
struction access error faults are reset so that prefetch access faults can be 
ignored. 

9.6.1 Access Error Stack Frame 

A 30-word access error stack frame is created for data and instruction access 
faults other than instruction address errors. In addition to information about 
the current processor status and the faulted access, the stack frame also 
contains pending writebacks that must be completed by the bus error ex­
ception handler. The bus error stack frame is shown in Figure 9-6, followed 
by a description of the fields in the frame. 

9.6.1.1 EFFECTIVE ADDRESS. The EA contains address information when one of 
the continuation flags CM, CT, CU or CP in the SSW is set. 

9.6.1.2 SPECIAL STATUS WORD. The SSW is one of several registers saved as 
part of the access error stack frame. The SSW information indicates whether 
the fault was caused by an access to the instruction stream, data stream, or 
both and contains status information for the faulted access. 

9-24 

15 14 13 12 11 10 9 8 4 3 2 

CP cu CT CM I MA I A TC I LK I RW I x I SIZE TT TM 

The first five fields listed below correspond to the TMn, TTn, SIZn, R/W, and 
LOCK signals for the faulted access. 
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STATUS REGISTER (SRI 

PROGRAM COUNTER (PCI 

0111 VECTOR OFFSET 

EFFECTIVE AODRESS (EA! 

SPECIAL STATUS WORD (SSWI 

$00 WRITE BACK 3 STATUS (WB3SI 

$00 WRITE BACK 2 STATUS (WB2SI 

$00 WRITE BACK 1 STATUS (WB1SI 

FAULT ADDRESS (FAI 

WRITEBACK 3 ADDRESS (WB3AI 

WRITEBACK 3 DATA (WB3DI 

WRITEBACK 2 ADDRESS (WB2AI 

WRITEBACK 2 DATA (WB2DI 

WRITEBACK 1 ADDRESS (WB1AI 

WRITE BACK 1 DATA/PUSH DATA LWO (WBlD/PDOI 

PUSH DATA LWl (POll 

PUSH DATA LW2 (PD21 

PUSH DATA LW3 (PC31 

Figure 9-6. Access Error Stack Frame 

TM - Transfer Modifier 

TT - Transfer Type 

SIZE - Transfer Size 

OFFSET 
$0 

$2 

$6 

$8 

$C 

$E 

$10 

$12 

$14 

$18 

$lC 

$20 

$24 

$28 

$2C 

$30 

$34 

$38 

The SIZE field corresponds to the original access size. If a data cache line 
read results from a read miss, and the line read is bus-errored, the SIZE 
field in the resulting stack frame indicates the size of the original read 
generated by the execution unit. 

RW - Read/Write 

LK - Locked Transfer 

ATC - ATC Fault 
This biit is set for an ATC fault due to a non-resident entry (bus error during 
tablewalk or invalid descriptor encountered) or privilege violation (write 
protected or supervisor-only). Cleared for a bus-errored instruction, data, 
or cache line push access. 
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MA - Misaligned Access 
Set if an ATC fault occurs for the second page for an access which spans 
two pages in memory. 

CM - Continuation - MOVEM Instruction Execution Pending 
Set if a data access is bus errored for a MOVEM. Since the memory location 
or registers used to calculate the EA may get written over by the MOVEM 
operation, the MC68040 internally saves the EA after calculation. When 
MOVEM is bus errored, a stack frame is created with CM set, and the EA 
field contains the calculated EA for the instruction. When the RTE is exe­
cuted, the MOVEM will restart using the EA on the stack (instead of re­
peating the EA calculate operation), if the address mode is PC relative 
(mode = 111, register = 010,011) or indirect with index (mode = 110). 

CT - Continuation - Trace Exception Pending 
CT is set for an access error with a pending trace exception. All pending 
accesses are allowed to complete after a trace condition is recognized -
if any of these accesses fault, the resulting stack frame has the CT bit set 
and the EA field contains the address of the instruction being traced. When 
an RTE is executed with CT set, the MC68040 will move the words on the 
stack at offset $OO-$Ob from the current SP to offset $30-$3b, adjust the 
stack pointer by + $30, and change the stack frame format type to $2 before 
fetching the trace exception vector and jumping directly to trace exception 
handling. This stack adjustment creates the stack frame which normally 
would have been created for the trace exception if the pending access had 
not been bus errored. 

CU - Continuation - Unimplemented Floating-Point -Instruction Exception 
Pending 

CU is set for an access error with a pending exception for an unimple-
mented floating point instruction. Operation is the same as for the CT flag 
except the RTE fetches the Fline exception vector. The EA field contains 
the calculated EA determined by the EA field of the unimplemented in­
struction. 

For the case where an unimplemented floating point instruction is traced, 
the unimplemented exception takes precedence, CU is set, and CT is un­
defined. The kernal must check for a trace condition using the stacked 
status register. If true, create required stack frame then jump directly to 
trace handler. 

CP - Continuation - Floating-Point Post Exception Pending 
CP is set for an access error with a floating point post exception pending. 
Operation is the same as for the CT flag except the RTE fetches the ap­
propriate floating point post exception vector. For the case where a post 
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exception occurs during tracing, the post exception takes precedence, CP 
is set, and CT is undefined. The kernal must check for a trace condition 
using the stacked status register. The EA field contains the calculated EA 
determined by the EA field of the floating point instruction that caused the 
post-instruction exception. 

x - Undefined 

9.6.1.3 WRITE BACK STATUS. These 8-bit fields contain status information for the 
three possible writebacks which could be pending after the faulted access. 
For a data cache line push fault or a MOVE16 write fault, WB1S is zero 
(invalid). 

6 5 4 3 2 

v I SIZE I TT I TM 

TM - Transfer Modifier 

TT - Transfer Type 

SIZE - Transfer Size 

v - Valid Write (write back pending if set) 

9.6.1.4 FAULT ADDRESS. The fault address (FA) is the initial address for the ac­
cess which faulted. The fault address is a physical address only for cache 
pushes; FA is a logical address for all other cases. For a misaligned access 
which faults, the FA field contains the address of the first byte of the transfer, 
regardless of which of the two or three bus transfers for the misaligned access 
was faulted. For a push fault, the WB1A and FA addresses are the same. 

9.6.1.5 WRITE BACK DATA. The write back data in WB3D and WB2D are register­
aligned with byte and word data contained in the least significant byte and 
word, respectively, of the field. Writeback data in WB1 Dis memory- aligned, 
and resides in the byte positions corresponding to the data bus lanes used 
in writing each byte to memory. 

Table 9-7 show this explicitly for each combination of size and A1/AO. 
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Table 9·7. Writeback Data Alignment 

Address Data Alignment 
Data Size 

WB2D,WB3D A1 AO WB1D 

Byte 0 " 0 31:24 7:0 
0 1 23:16 7:0 
1 0 15:8 7:0 
1 1 7:0 7:0 

Word 0 0 31:16 15:0 
0 1 23:8 15:0 
1 0 15:0 15:0 . 1 1 7:0,31 :24 15:0 

Long 0 0 31:0 31:0 
0 1 23:0,31 :24 31:0 
1 0 15:0,31:16 31:0 
1 1 7:0,31:8 31:0 

NOTE: 
For a line transfer fault, the four long words of data i PD3-PDO are already 
aligned with memory, Bits 31 :0 of each field correspond to bits 31:0 of the 
memory location to be written to, regardless of the value of the address 
bits A 1 and AO for the write back address, 

9.6.2 Instruction ATC Faults and Bus Errors 

The bus error exception handler can identify bus error exceptions due to 
instruction faults by examining the TM field in the SSW of the access error 
stack frame. For user and supervisor instruction faults the TM field contains 
2 and 6, respectively. Since the processor allows all pending accesses to 
complete before reporting an instruction fault, the stack frame for an instruc­
tion fault will not contain any pending writebacks. The ATC bit of the SSW 
is used to distinguish between ATC faults and physical bus errors, and the 
FA field contains the logical address of the instruction prefetch. For ATC 
faults the handler can execute a PTEST instruction (using the FA and TM field 
from the SSW) to determine the specific cause of the address translation 
failure. After the handler corrects the cause of the fault, it executes an RTE 
instruction to restart execution of the instruction that contained the faulted 
prefetch. 

9.6.3 Address Errors 

9-28 

For an address error fault, the processor saves a type 2 exception stack frame 
on the stack. This stack frame contains the PC pointing to the instruction that 
caused the address error, and the actual address referenced by the instruc­
tion. Note that bit zero of the referenced address is cleared on the stack 
frame. Address error faults must be repaired in software. 
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9.6.4 Data ATC Faults and Bus Errors 

For a fault due to a data ATC fault or bus error, pending write-backs are also 
saved on the access error stack frame, and must be completed by the ex­
ception handler. For the faulted access, the fault address in the FA field 
combined with the transfer attribute information from the SSW can be used 
to identify the cause of the fault,. In identifying the fault, the system pro­
grammer should be aware that the read portion of locked transfers (for TAS, 
CAS, CAS2 and some translation table updates) is considered a write by the 
data MMU. This prevents both read and write accesses from occuring unless 
all pages touched by the instruction or table update are write enabled. 

All accesses other than instruction prefetches go through the data memory 
unit, and the MC68040 treats the instruction and data address spaces as a 
single merged address space (the exception is the presence of separate trans­
parent translation registers). The "function codes" for accesses such as PC­
relative operand addressing and MOVES transfers to function codes 2 and 
6 (user and supervisor instruction spaces in the MC68000) are converted to 
data references to go through the data memory unit, and appear in the TM 
field of the access error stack frame as data references. 

After the fault is corrected, any pending write backs on the stack frame must 
be completed. The write back status fields should be checked for possible 
writebacks, which should be completed by the handler in the following order .. 
writeback 1, writeback 2, and then writeback 3. For a push fault, the push 
must be completed first, followed by two potential write-backs. Pending write-
backs can occur in any combination ofthe three writeback registers (i.e. WB1S 
and WB2S may be invalid and WB3S valid). Completion of writeback 1 should 
not generate another access error, since this write back corresponds to the 
faulted access that has been corrected by the handler. However, writebacks 
2 and 3 can cause another bus error exception when the handler attempts 
to write to memory, and should be checked before attempting the write to 
prevent nesting of exceptions if required by the operating system. Some 
general bus fault examples follow which indicate the resulting contents of 
the access error stack frame fields: 

1) Normal data access error (SSW - TT = $0, TM = $1 or $5). FA contains 
the logical address of the fault. For a write fault the addresses in FA 
and WB1A are the same, and WB1S and WB2S indicate up to two 
additional writebacks. For a read fault WB1S is zero, and WB2S and 
WB3S indicate up to two additional pending writebacks. 

2) Data cache push fault (SSW-TT=$O, TM=$O, and RW=O). WB1S is 
zero and the physical push address is contained in the Fault Address 
field. All four long-words of data for a line push are contained in push 
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data LWO-LW3, or a single long word is contained in LWO for a long 
word push. Two write-backs may also be pending as indicated by the 
writeback 2 and 3 registers. Note that memory is now incoherent since 
the push buffer is invalidated after the fault - the only valid copy of 
the cache line now resides on the stack and cannot be snooped. 

3) MOVE16 access error(SSW - TT = $1). WB1 S is zero and the logical 
destination address is contained in the Fault Address field. For a faulted 
write, all four long-words of data for the line are contained in push data 
LWO-LW3. Two write-backs may also be pending for either a read or 
write fault. 

9.6.5 Returning from Access Errors 

After the bus error exception handler completes all pending operations and 
executes an RTE to return, the RTE reads only the stack information from 
offset $O-$d in the access error stack frame. For a pending trace exception, 
unimplemented floating-point instruction exception, or floating-point post 
exception, the RTE adjusts the stack to match the pending exception and 
immediately begins exception processing, without requiring the exception 
to re-occur. 

• 9.7 FLOATING-POINT STATE FRAMES 

9-30 

An FSAVE instruction is executed to save the current floating-point internal 
state for context switches and floating-point exception handling. When an 
FSAVE is executed, the processor waits until the FPU either completes ex­
ecution of all current instructions, or is unable to perform any further proc­
essing due to a pending exception that must be serviced. Any exceptions 
generated during this time are not reported, and are saved in the resulting 
busy state frame. Four state frames can be generated as a result of an FSAVE 
instruction: null, idle, busy, and unimplemented floating-point instruction. 

A null state frame is saved if no floating-point instructions have been executed 
since the last hardware reset or FRESTORE of a null state frame. When an 
FRESTORE of a null state framed is performaed, all FPU operations are aborted, 
and the FPU enters the reset state. See Figure 9-7. 

An idle state frame is saved if no exceptions are pending, and at least one 
instruction has been executed since the last hardware reset or FRESTORE of 
a null state frame. See Figure 9-7. 
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A 50-word busy state frame is generated if any floating-point exceptions 
other than an unimplemented floating-point instruction exception are pend­
ing. See Figure 9-7. 

A 22-word unimplemented floating-point instruction state frame is saved if 
the last instruction was an unimplemented floating-point instruction. See 
Figure 9-7. 

For the busy and unimplemented instruction state frames, the following fields 
are defined for use by the exception handler: 

CMDREG1 B - This field contains the command word of the exceptional 
floating-point instruction for an E1 exception. For FSQRT, bits 6:0 are 
mapped from $04 for the instruction to $05 in CMDREG1 B. All other in­
structions map directly. 

CMDREG3B - Contains the encoded instruction command word for an E3 
exception. The bit mapping between CMDREG1 Band CMDREG3B is de­
tailed below in Figure 9-8. For FSQRT, bits 6:0 are changed from $4 for the 
instruction to $5 for CMDREG1 B, and therefore map to $21 for CMDREG3B. 

15 1312 109 76 0 

CMOREG1B I OPCLASS I SRC DST I : : ~M~ : : I (Rx) (Ay) 

l~ll 
109 76 0 

CMOREG3B I 0 I DST I : : ~MD: : : I (Ay) 

Figure 9-8. Mapping of Command Bits for CMDREG3B Field 

CU_SAVEPC - This field contains the micro-PC for the conversion unit (CU). 

E1 - If set, indicates an exception detected by the conversion unit (CU) 
pipeline stage. All exception types are possible. Check E3 (NU) first; if set, 
do E3 processing then RTE. If E1 is set it is handled later. For the unim­
plemented instruction state frame, if E1 is set then one or both of the 
operands are an unsupported data type. 
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E3 - If set, indicates an exception detected by the normalization unit (NU) 
pipeline stage. Only OVFL, UNFL, and INEX2 exceptions on opclass OxO 
(register-to-register and memory-to-register) for FADD, FSUB, FMUL, FDIV, 
FSQRT can take place. The exception handler must check for and handle 
an E3 exception first. 

ETS, ETE, ETM - Collectively, these fields are refered to as the ETEMP 
register, and normally contain the source operand converted to extended 
precision (Sign, Exponent, Mantissa). For a packed decimal real source, 
bits [63:0] ofthe operand reside in ETM [63:00], and the ETS and ETE fields 
are undefined. 

FPIARCU - Instruction a.ddress register for the conversion unit (CU). 

FPTS, FPTE, FPTM - Collectively, these fields are refered to as the FPTEMP 
register, and normally contain the destination operand for diadic opera­
tions, converted to extended precision (Sign, Exponent, Mantissa). If the 
instruction specifies a packed decimal real source, bits [95:64] of the op­
erand reside in FPTM [31 :00], and the FPTS, FPTE, and FPTM [63:32] fields 
are undefined. 

STAG, DTAG - These 3-bit fields specify the data type of the source and 
destination operands, respectively. STAG is undefined for a packed decimal 
real source operand. The encodings for STAG and DTAG are: 

000 Normalized 
001 Zero 
010 Infinity 
011 NAN 
100 Extended precision denormalized or unnormalized input 
101 Single or double precision denormalized input 

T - If set, indicates a post-instruction exception occured. 

WBTS, WBTE[15,14:00]' WBTM[66,65:02,01,00], SBIT - Contain the excep­
tional operand in internal data format for E3 exceptions. 

9.8 FLOATING-POINT EXCEPTIONS 

9-34 

There are eight "user" floating-point exceptions, of which seven can be gen­
erated by the MC68040. In order of priority, these exceptions are: 

• Branch/Set on Unordered (BSUN) 

• Signaling Not-a-Number (SNAN) 
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• Operand Error (OPERR) 

• Overflow (OVFL) 

• Underflow (UNFL) 

• Divide by Zero (DZ) 

• Inexact 2 (INEX2) 

Each exception can be user disabled by clearing the corresponding bit in the 
enable byte of the FPCR. However, SNAN, OPERR, OVFL, and UNFL are non­
maskable in some situations, and can cause a trap even if disabled by the 
user. This allows the supervisor exception handler to correct a default result 
generated by the MC68040 which is different from the result generated by 
an MC68881/MC68882 executing the same code. After correcting the result, 
the handler calls the user defined exception handler if the exception has been 
enabled in the floating-point control register (FPCR), or returns to the main 
program flow if the exception is disabled. 

INEX1 (inexact result 1) is the condition that exists when a packed decimal 
operand cannot be converted exactly to extended precision in the current 
rounding mode. Since packed decimal real operands are not directly sup­
ported by the MC68040, INEX1 is never set by the processor, but is provided 
as a latch so that emulation software can report this exception . 

All exception handlers (except format error) must have FSAVE as the first 
floating point instruction. All other floating-point instructions cause another 
exception to be reported. The trap handler should use only the FMOVEM 
instruction to read or write the floating-point data registers since FMOVEM 
cannot generate further exceptions or change the condition codes. 

9.S.1 Unimplemented Floating-Point Instructions 

Floating-point instructions that are supported by the Me68881 and MC68882 
floating-point coprocessors, but are not directly supported by the MC68040 
in hardware, are defined as unimplemented floating-point instructions. These 
instructions trap as an F-line exception and must be emulated in software 
by the F-line exception handler to maintain user object code compatibility. 

The following MC68881/68882 instructions cause an unimplemented instruc­
tion exception when execution is attempted by the MC68040: 
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Monadic operations: 

FACOS 
FASIN 
FATAN 
FATANH 
FCOS 
FCOSH 

Dyadic operations: 

FMOD 
FREM 
FSCALE 

FETOX 
FETOXMl 
FGETEXP 
FGETMAN 
FINT 
FINTRZ 

FSGLDIV 
FSGLMUL 

Miscellaneous operations: 

FMOVECR 

FLOG10 
FLOG2 
FLOGN 
FLOGNPl 
FSIN 
FSINCOS 

FSINH 
FTAN 
FTANH 
FTENTOX 
FTWOTOX 

The MC68040 assists the emulation process by distinguishing unimple­
mented floating-point instructions from other unimplemented line-F instruc­
tions, and fetching any required source operands before taking the F-line 
exception. The memory operand (if required), floating-point instruction, and 
instruction address are passed to the FPU before taking the F-line exception, 
and the calculated EA is saved in the type $2 stack frame generated during 
exception processing for the unimplemented floating-point instruction. This 
simplifies and speeds up the emulation process by eliminating the need for 
the emulation routine to determine the EA, and providing all information 
required to emulate the instruction in either the exception stack frame or 
FSAVE state frame in the supervisor address space. The supervisor exception 
handler does not need to access the user address space, since none of the 
unimplemented floating-point instructions specify a memory or data register 
destination. (Implementations that choose to place the emulation software 
in the user address space may find it more efficient to pass the evaluated 
EA to user space than to pass the entire FSAVE state frame.) 

In more detail, the followings processing steps occur for an unimplemented 
floating-point instruction: 

1) When an unimplemented floating-point instruction is encountered, the 
processor waits for all previous floating-point instructions to complete 
execution. Any pre- or post-instruction exceptions which result are taken 
immediately, and the processor restarts the unimplemented floating­
point instruction after returning from the exception handler. 
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2) Next, the instruction is partially decoded to allow fetching ofthe memory 
source operand, if required. When the operand fetch begins, all other 
read accesses for previous instructions are complete, and only the ex­
ecution and writeback of results for previous integer instructions re­
mains to be completed. If an access error occurs in fetching the operand 
(or in completing any other access before beginning the operand fetch), 
the unimplemented instruction is restarted after the processor returns 
from exception handling for the error. 

3) The fetched source operand is passed to the FPU, which converts the 
operand to extended precision and saves the intermediate result. If the 
operand is an unsupported data type (denormalized, unnormalized, or 
packed decimal real), the unimplemented floating-point exception takes 
precedence, and the unsupported data type must be detected by the 
floating-point instruction emulation routine. 

4) After the operand is fetched, the processor waits for all previous integer 
instructions, writebacks, and associated exception processing to com­
plete before beginning exception processing for the unimplemented 
floating-point instruction. Any access error which occurs in completing 
the writebacks causes an access error exception, and the resulting stack 
frame indicates a pending unimplemented floating-point instruction ex­
ception. The writebacks are then completed in software by the access 
error exception handler, and exception processing for the unimple­
mented floating-point instruction exception begins immediately after 
return from the access error handler. 

5) The processor begins exception processing for the unimplemented 
floating-point instruction by making an internal copy of the current SR. 
The processor then enters the supervisor mode, and clears the trace 
bits (T1, TO). The processor creates a type $2 stack frame, and saves 
the vector offset, PC, internal copy of the SR, and the calculated EA in 
the stack frame. The saved PC value is the logical address of the in­
struction that follows the unimplemented floating-point instruction. The 
processor generates exception vector number 11, for the unimple­
mented line-F instruction exception vector, fetches the address of the 
F-line exception handler from the exception vector table, and begins 
execution ofthe handler after prefetching instructions to fill the piepline. 

The F-line exception handler can check for the format $2 stack frame type to 
distinguish an unimplemented floating point instruction from other F-line 
unimplemented instructions, which generate type $0 stack frames. When the 
exception handler for unimplemented floating point instructions executes an 
FSAVE, a 22-word unimnplemented instruction state frame is created (see 
Figure 9-7). 
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Note that unless the instruction specifies a packed decimal real sorce, the 
state frame contains both operands (if required). For packed decimal real, 
the handler can find the second operand in the designated destination reg­
ister. 

Additional information on floating-point instruction emulation can be found 
in the MC68040DH/AD, MC68040 Designer's Handbook. 

9.8.2 Unimplemented Floating-Point Data Types 

9-38 

An unimplemented data type exception occurs when either operand to an 
implemented floating-point instruction is denormalized (for S, D, or X op­
erands) or unnormalized (for X operands), or the source or destination data 
format is packed decimal real (P). These data types are unimplemented in 
the MC68040, and must be supported in software. 

Unimplemented data types that are detected as operands for opclass OxO 
(register-to-register or memory-to-register) instructions cause a pre- instruc­
tion exception which is posted when the next floating point instruction is 
attempted. When an unimplemented data type is detected for opclass 011 
(register-to-memory) instructions, a post-instruction exception is generated 
immediately. A type $0 (for the pre-instruction exception) or type $3 (for the 
post-instruction exception) stack frame is saved, and vector 55 is fetched. 

A denormalized value generated as the result of a floating-point operation 
generates a non-maskable underflow exception instead of an unimplemented 
data type exception. Refer to 9.8.7 Underflow for further information. 

State Frame Information: For unimplemented data type exceptions resulting 
from the execution of opclass OxO (register-to-register or memory-to-reg­
ister) instructions, the following FSAVE state frame fields are defined for 
use by the supervisor exception handler. 

A denormalized or un normalized extended precision source or destination 
operand is copied directly without modification to ETEMP or FPTEMP, re­
spectively. If a packed decimal real source operand is specified, the upper 
32 bits of the operand are copied to FPTEMP, and the lower 64 bits are copied 
to ETEMP. The destination operand in this case remains in the destination 
floating-point register, and may itself be either denormalized or unnormal­
ized. 

Denormalized single and double precision operands are stored in ETEMP as 
shown in Figure 9-9 and 9-10, respectively. 
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FSAVE State 
Contents 

Frame Field 

CMDREG1B Exceptional instruction command word 

ETEMP Source operand converted to extended precision. If format is P, ETM [63:0] 
contains bits 63:0 of the packed decimal operand. 

STAG Source operand tag (undefined if format is P) 

FPTEMP Destination operand (if any) converted to extended precision. If format is P, 
FPTM [31 :0] contains bits 95:64 of the packed decimal operand. 

DTAG Destination operand tag (if any) 

E1 Set = CU exception 

T-Flag o (pre-instruction exception) 

3130 2322 o 

DENORMAUZED SINGLE PRECISION lsi MANTISSA 

~ 94 '-1.1.-.
80
-

7
-
9 
-soLdtTL-64-63-0-6-2 ----40-3-9---' 

so 

S EXP 
I I 

Figure 9-9. Format of Denormalized Single Precision 
Source Operand in State Frame 

63 62 5251 

DENORMAUZED DOUBLE PRECISION lsi so I MANTISSA 

~" ~~~ I 
FORMAT IN STATE FRAME II so so 

S EXP MANTISSA 
I I 

1110 

Figure 9.10. Format of Denormalized Double Precision 
Source Operand in State Frame 

MOTOROLA MC68040 USER'S MANUAL 

o 

0 

0 

so 

------l 

9-39 

.. 



9-40 

Single and double precision denormalized operands, and packed decimal 
real operands can be converted to normalized extended precision by the 
exception handler and restored into the state frame. (Unnormalized extended 
precision operands which can be normalized can also be restored.) If the 
operands for the instruction can be converted to normalized extended pre­
cision operands, the exception state frame can be restored into the processor 
for completion of the instruction, without the need for the handler to emulate 
the arithmetic operation itself. The exception handler must perform the fol­
lowing steps: 

1) For a P format operand, emulate the conversion to extended precision 
and write the result into ETEMP. The destination operand (if required) 
is copied from the specified floating-point data register into FPTEMP. 

2) Normalize the operands in ETEMP and FTEMP - if an operand can not 
be normalized, continuation of the instruction is not possible. For nor­
malized operands, the corresponding STAG or DTAG field should be 
cleared, indicating a normalized operand. 

3) Clear the E1 flag to clear the CU exception. 

4) Write the CU_SAVEPC with $xxx to force the completion of the operand 
conversion in the CU execution unit. (Actual value To Be Defined.) 

5) Execute an FRESTORE instruction to reload the state frame, and return 
to the main program flow. The CU pipeline stage of the FPU completes 
the conversion operation using the corrected operand values. If another 
E1 pre-instruction exception is generated at this time (such as overflow 
due to single or double precision rounding mode), that exception is 
taken immediately as a pre-instruction exception when the processor 
attempts to restart the last floating-point instruction. 

For unimplemented data type exceptions resulting from execution of opclass 
011 (register-to-memory) instructions, the following FSAVE state frame fields 
are defined for use by the supervisor exception handler. 

FSAVE State 
Contents 

Frame Field 

CMDREG1 B Exceptional instruction command word 

ETEMP Source operand from floating-point data register, unrounded 

STAG Source operand tag 

E1 Set = CU exception 

T-Flag 1 (post-instruction exception) 
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If the source operand is unnormalized and can be converted to a normalized 
extended precision value, the floating-point instruction can be continued as 
noted above. Otherwise, the exception handler must perform the conversion 
and write the result to memory. 

9.8.3 Branch/Set on Unordered (BSUN) 
The BSUN exception is the result of performing a conditional test associated 
with the FBcc, FDBcc, FTRAPcc, and FScc instructions when an unordered 
condition is present. (An unordered condition occurs when an input to an 
arithmetic operation is a NAN.) The BSUN exception can only occur during 
floating-point conditional instructions with the following IEEE non-aware 
branch condition predicates: 

GT Greater Than GL Greater Than or Less Than 
NGT Not Greater Than NGL Not Greater Than or Less Than 
GE Greater Than or Equal GLE Greater Than or Less Than or Equal 

NGE Not Greater Than or Equal NGLE Not Greater Than or Equal Less Than 
or Equal 

LT Less Than SF Signaling False 
NLT Not Less Than ST Signaling True 
LE Less Than or Equal SEQ Signaling Equal 

NLE Not Less Than or Equal SNE Signaling Not Equal 

If a floating-point exception is pending, a pre-instruction exception is taken. .-
After the appropriate exception handler is executed, the conditional instruc- .. 
tion is restarted. When the FPU pipeline is idle (all previous floating point 
instructions have been completed) and no exceptions are pending, the pro-
cessor evaluates the conditional predicate and checks for a BSUN exception 
before executing the conditional instruction. A BSUN exception occurs if the 
conditional predicate is one of the IEEE non-aware branches, and the NAN 
condition code bit is set. When the processor detects this exception, it sets 
the BSUN bit in the floating-point status register (FPSR) exception status 
byte. 

Trap Disabled Results: 
The floating point condition is evaluated as if it were the equivalent aware 
conditional predicate. 

Trap Enabled Results: 
The processor takes a floating-point pre-instruction exception. A four-word 
type $0 stack frame is saved, and vector number 48 is generated to access 
the BSUN exception vector. For MC68881/MC68882 compatibility, the su­
pervisor handler must update the floating-point instruction address register 
(FPIAR) register by copying the PC value in the pre-instruction stack frame 
to the FPIAR. 
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The BSUN exception is unique in that the trap is taken before the condi­
tional predicate is evaluated. If the exception handler does not set the PC 
to the instruction following the one that caused BSUN exception when 
returning, the exception is re-executed. Therefore, it is the responsibility 
of the trap handler to prevent the conditional instruction from taking the 
BSUN trap again. Four ways are available to prevent taking the trap again. 

The first way involves incrementing the stored PC in the stack to bypass 
the conditional instruction. This technique applies to situations where a 
fall-through is desired. Be aware that accurate calculation of the PC incre­
ment requires detailed knowledge of the size of the conditional instruction 
being bypassed. 

The second method is to clear the NAN bit of the FPSR condition code 
byte. However, this alone cannot deterministically control the result indi­
cation (true or false) which would be returned when the conditional in­
struction re-executes. 

The third method is to disable the BSUN trap. Like the second method, 
this method cannot control the result indication (true or false) which would 
be returned when the conditional instruction re-executes. 

The fourth method involves examining the condition predicate and setting 
the condition code in the FPSR accordingly. This technique gives the most 
control since it is possible to pre-determine the direction of program flow. 
Bit 7 of the F-line operation word indicates where the conditional predicate 
is located. If bit 7 is set, the conditional predicate is the lower six bits of 
the F-line operation word. Otherwise, the conditional predicate is the lower 
six bits of the instruction word, which immediately follows the F-line op­
eration word. Using the conditional predicate and the table for non-aware 
test in 4.4.2 Conditional Test Definitions, the condition codes can be set 
to return a known result indication when the conditional instruction is re­
executed. 

9.8.4 Signaling Not-a-Number (SNAN) 

9-42 

An SNAN is used as an escape mechanism for a user defined, non-IEEE data 
type. The processor never creates an SNAN as a result of an operation; a 
NAN created by an operand error exception is always a non-signaling NAN. 

When an SNAN is an operand involved in an arithmetic instruction, the SNAN 
bit is set in the FPSR exception byte. Since the FMOVEM, FMOVE FPcr, and 
FSAVE instructions do not modify the status bits, they cannot generate ex­
ceptions. Therefore, these instructions are useful for manipulating SNANs. 
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Trap Disabled Results: 
If the destination data format is single (S)' double (D), or extended (X) then 
the SNAN bit in the NAN is set to one and the resulting non-signaling NAN 
is transferred to the destination. No bits other than the SNAN bit of the 
NAN are modified, although the input NAN is truncated if necessary. 

If the destination data format is byte (8), word (W), or long-word (L), then 
the data written to the destination is undefined, and an SNAN post-instruc­
tion exception is taken immediately. For MC68881/MC68882 compatibility, 
if the destination format is 8,W, or L, the supervisor exception handler 
should store the most significant 8, 16, or 32 bits, respectively, of the SNAN 
mantissa, with the SNAN bit set, to the destination. 

Trap Enabled Results: 
For memory or integer data register destinations, the result is written in 
the same manner as if the trap were disabled, and then a post-instruction 
exception is taken immediately. For MC688811MC68882 compatibility, ifthe 
destination format is 8,W, or L, the supervisor exception handler should 
store the most significant 8,16, or 32 bits, respectively, of the SNAN man­
tissa, with the SNAN bit set, to the destination. If desired, the user trap 
handler can overwrite the result. 

For floating-point data register destinations, the floating-point data regis­
ters are not modified, and an SNAN pre-instruction exception is signaled. 
In this case, the SNAN trap handler should supply the result. 

NOTE 

The trap handler should use only the FMOVEM instruction to read 
or write the floating-point data registers, since FMOVEM cannot gen­
erate further exceptions. Also, only an FMOVEM instruction can write 
a SNAN into a floating-point data register. 

State Frame Information: 
For SNAN pre-instruction exceptions resulting from execution of opclass 
OxO (register-to-register or memory-to-register) instructions, the following 
FSAVE state frame fields are defined for use by the supervisor exception 
handler. A source or destination SNAN is stored in ETEMP or FPTEMP, 
respectively, with its SNAN bit set. 
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FSAVE State 
Contents Frame Field 

CMDREG1B Exceptional instruction command word 

ETEMP Source operand converted to extended precision 

STAG Source operand tag 

FPTEMP Destination operand (if any) converted to extended precision 

DTAG Destination operand tag (if any) 

T-Flag o (pre-instruction exception) 

For SNAN post-instruction exceptions resulting from execution of an opclass 
011 (register-to-memory) instruction, the following FSAVE state frame fields 
are defined for use by the supervisor exception handler: 

FSAVE State 
Contents Frame Field 

CMDREG1B FMOVE instruction command word 

ETEMP Source operand from FPn register, unrounded, with SNAN bit set 

STAG Source operand tag (indicates NAN) 

T-Flag 1 (post-instruction exception) 

9.S.5 Operand Error 

9-44 

The operand error category encompasses problems arising in a variety of 
operations, and includes those errors not frequent or important enough to 
merit a specific exception condition. Basically, an operand error occurs when 
an operatRm-has no mathematical interpretation for the given operands. The 
possible operand errors are listed in Table 9-8. When an operand error occurs, 
the OPERR bit is set in the FPSR exception status byte. 

Table 9-8. Possible Operand Errors 

Instruction Condition Causing Operand Error 

FADD (+ infinity) + (- infinity) or ( - infinity) + (+ infinity) 

FDIV 0/0 or infinity/infinity 

FMOVE to B,W,or L Integer Overflow, Source is Non-Signaling NAN, or Source is ± infinity 

FMUL One operand is 0, other operand is ± infinity 

FSQRT Source is <0, Source = - infinity 

FSUB (+ infinity) - (+ infinity) or ( - infinity) - (- infinity) 
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Trap Disabled Results: 
If the destination is a floating-point data register, an extended precision 
non-signaling NAN (with all ones mantissa) is stored in the destination 
floating-point data register. 

For an operand error on an FMOVE to a 8, W, or L memory or integer data 
register destination, the result stored is undefined, and a post-instruction 
exception is taken immediately. For MC68881/MC68882 compatibility, ifthe 
operand error is caused by an integer overflow or if the floating-point data 
register to be stored contains infinity, the supervisor exception handler 
should store the largest positive or negative integer that can fit in the 
specified destination format size. If the destination is integer (j.e. 8, W, or 
L) and the floating-point number to be stored is a NAN, then the 8, 16, or 
32 most significant bits of the NAN significand should be stored as the 
result. 

The processor incorrectly reports an operand error for an FMOVE to mem­
ory or integer data register if the operand is equal to the largest negative 
integer representable in its format (- 27 for 8, - 215 for W, and - 231 for 
U. These are reported as operand errors even though no exception should 
be generated. The supervisor handler must detect these cases, store the 
proper result, clear the exception, and return to the main program flow. 

Trap Enabled Results: .. 
If the destination is a floating-point data register, the register is not mod­
ified, and a pre-instruction exception is reported. In this case, the trap 
handler should generate the appropriate result. 

If an operand error occurs for an FMOVE FPn, (EA) instruction, then the results 
are the same as for trap disabled, and the result stored is undefined. The 
trap handler should store the appropriate result if required for MC688811 
MC68882 compatibility. 

State Frame Information: 
For OPERR pre-instruction exceptions resulting from execution of opclass 
OxO (register-to-register or memory-to-register) instructions, the following 
FSAVE state frame fields are defined for use by the supervisor exception 
handler. 
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FSAVE State 
Contents 

Frame Field 

CMDREG1B Exceptional instruction command word 

ETEMP Source operand converted to extended precision 

STAG Source operand tag 

FPTEMP Destination operand (if any) converted to extended precision 

DTAG Destination operand tag (if any) 

T-Flag a (pre-instruction exception) 

For an OPERR post-instruction exceptions resulting from execution of an 
FMOVE FPn, <ea) instruction, the following FSAVE state frame fields are 
defined for use by the supervisor exception handler. In addition, the FPIAR 
contains the address of the FMOVE instruction that caused the exception, 
and the EA field in the exception stack frame contains the destination address. 

FSAVE State 
Contents 

Frame Field 

CMDREG1B FMOVE instruction command word 

ETEMP Source operand from FPn register, unrounded 

STAG Sou rce operand tag 

WBTEMP Contains the rounded integer, used to check for erroneous integer overflow 

T-Flag 1 (post-instruction exception) 

9.S.6 Overflow 

9-46 

An overflow occurs when the intermediate result of an arithmetic operation 
is too large to be represented in a floating-point data register using the 
selected rounding precision. A store to memory operation overflows when 
the value in the source floating-point data register is too large to be repre­
sented in the destination format. 

Overflow is detected for arithmetic operations where the destination is a 
floating-point data register when the intermediate result exponent is greater 
than or equal to the maximum exponent value of the selected rounding 
precision. Overflow is detected for store to memory operations when the 
intermediate result exponent is greater than or equal to the maximum ex­
ponent value of the destination data format. Overflow can only occur when 
the destination is in the 5, D, or X format. Overflows when converting to the 
S, W, or L integer and packed decimal formats are included as operand errors. 
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Refer to 3.6 DATA FORMAT DETAILS for the maximum exponent value for 
each format. At the end of any operation that could potentially overflow, the 
intermediate result is checked for underflow, rounded, and checked for ov­
erflow before it is stored to the destination. If overflow occurs, the OVFL bit 
is set in the FPSR exception byte. 

NOTE 

An overflow can occur when the destination is a floating-point data 
register and the selected rounding precision is single or double even 
if the intermediate result is small enough to be represented as an 
extended precision number. The intermediate result is rounded to 
the selected precision (both the mantissa and the exponent), and 
then the rounded result is stored in extended precision format. If the 
magnitude of the intermediate result exceeds the range of the se­
lected rounding precision format, an overflow occurs. 

Trap Disabled Results: 
If the destination is a floating-point data register, then the register is not 
affected, and either a pre-instruction or a post-instruction exception is re­
ported, as described in later paragraphs. If the destination is a memory or 
integer data register destination, then an undefined result is stored, and a 
post-instruction exception is taken immediately. For MC68881/MC68882 
compatibility, the supervisor exception handler should store a value de- .. 
termined by the rounding mode at the destination, as follows: 

Roum;ting 
Mode Result 

RN Infinity, with the sign of the intermediate result 
RZ Largest magnitude number, with the sign of the inter­

mediate result 
RM For positive overflow, largest positive number 

For negative overflow, infinity 
RP For positive overflow, infinity 

For negative overflow, largest negative number 

Trap Enabled Results: 
Results are identical to the trap disabled case. 

Stack Frame Information: 
The following paragraphs outline specific cases and the information avail­
able to the supervisor exception handler to allow it to write the desired 
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value to the destination and determine the exceptional operand to pass to 
the user exception handler. For each case, the address of the instruction 
that causes the overflow is available to the trap handler in the FPIAR. 

An overflow pre-instruction exception can occur for FMOVE to a floating­
point register, FABS, and FNEG when the rounding mode is single precision 
and the source operand format is double or extended precision, or the 
rounding mode is double precision and the source operand format is ex­
tended. For MC68881/MC68882 compatibility, a bias of $6000 must be sub­
tracted from the exponent of the intermediate result to create the exceptional 
operand that the user handler expects. The following information is avail­
able in the FSAVE state frame: 

FSAVE State 
Contents 

Frame Field 

CMDREG1 B Exceptional instruction command word 

ETEMP Intermediate result with mantissa rounded to correct precision 

STAG Source operand tag = Normalized 

E1 CU exception = Set 

T·Flag o (pre-instruction exception) 

An overflow exception can occur for FADD, FSUB, FMUL, and FDIV with any 
rounding precision, and for FSQRT with a single or double precision destia­
tion. The exception is normally reported as a pre-instruction exception for 
the next floating-point instruction decoded by the integer unit; however, if 
a following FMOVE instruction is already in progress and generates a post­
instruction exception, the overflow exception takes precedence and is re­
ported as a post-instruction exception. This prevents out of order exception 
reporting. Note that the EA field for the post-instruction stack frame is un­
defined in this case. For MC68881/MC68882 compatibility, a bias of $6000 
must be subtracted from the exponent of the intermediate result to create 
the exceptional operand that the user handler expects. The following infor­
mation is available in the FSAVE state frame: 

FSAVE State 
Contents 

Frame Field 

CMDREG3B Exceptional instruction command word, encoded 

WBTEMP = WBTS, WBTE, and WBTM = Intermediate result with mantissa rounded to 
correct precision 

WBTE15 Bit 15 of the intermediate result's 16·bit exponent = 0 for overflow 

E3 NU exception = Set 

T·Flag o (pre-instruction exception) or 1 (post·instruction exce·ption) 
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An overflow pre-instruction exception can occur for FMOVE to memory when 
the destination format is S or D. The exception is reported as a post-instruc­
tion exception, with the evaluated destination EA in the stack frame. The 
following information is available in the FSAVE state frame: 

FSAVE State 
Contents 

Frame Field 

CMDREG1B FMOVE instruction command word 

ETEMP Intermediate result with mantissa rounded to correct precision 

STAG Source operand tag = Normalized 

E1 CU exception = Set 

T-Flag 1 (post-instruction exception) 

By examining the instruction, the trap handler can determine the arithmetic 
operation type and destination location. The trap handler can execute an 
FSAVE instruction to obtain additional information. When an FSAVE is ex­
ecuted, the exceptional operand is stored in the state frame. Refer to 9.7 
STATE FRAMES for details of the FSAVE instruction state frames. 

9.S.7 Underflow 

An underflow occurs when the intermediate result of an arithmetic operation 
is too small to be represented as a normalized number in a floating-point 
data register using the selected rounding precision. A store to memory op­
eration underflows when the value in the source floating-point data register 
is too small to be represented in the destination format as a normalized 
number. Underflow is detected for arithmetic operations where the desti­
nation is a floating-point data register when the intermediate result exponent 
is less than or equal to the minimum exponent value of the selected rounding 
precision. 

Underflow is detected for store to memory operations when the intermediate 
result exponent is less than or equal to the minimum exponent value of the 
destination data format. Underflow is NOT detected for intermediate result 
exponents that are equal to the extended precision minimum exponent, since 
the explicit integer part bit of extended precision permits representation of 
normalized numbers with a minimum extended precision exponent. 

Underflow can only occur when the destination format is S, D, or X. When 
the destination format is B, W, or L,the conversion underflows to zero without 
causing either an underflow or an operand error. See 3.2.3 Floating-Point 
Data Format Details for the minimum exponent value for each format. 
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At the end of any operation that could potentially underflow, the intermediate 
result is checked for underflow, rounded, and checked for overflow before it 
is stored at the destination. If an underflow occurs, the UNFL bit is set in the 
FPSR exception status byte. 

NOTE 
An underflow can occur when the destination is a floating-point data 
register and the selected rounding precision is single or double even 
if the intermediate result is large enough to be represented as an 
extended precision number. The intermediate result is rounded to 
the selected precision (both the mantissa and the exponent), and 
then the rounded result is stored in extended precision format. If the 
magnitude of the intermediate result is too small to be represented 
in the selected rounding precision format, an underflow occurs. 

Trap Disabled Results: 
If the destination is a floating-point data register, then the register is not 
affected, and either a pre-instruction or a post-instruction exception is re­
ported, as described in later paragraphs. Ifthe destination is a memory or 
integer data register destination, then an undefined result is stored, and a 
post-instruction exception is taken immediately. 

For MC68881/MC68882 compatibility, the supervisor exception handler 
should store the result in the destination as either a denormalized number 
or zero. Denormalization is accomplished by shifting the mantissa of the 
intermediate result to the right while incrementing the exponent until iUs 
equal to the denormalized exponent value for the destination format. The 
denormalized intermediate result is rounded to the selected rounding pre­
cision or destination format. 

If, in the process of denormalizing the intermediate result, all of the sig­
nificant bits are shifted off to the right, the selected rounding mode de­
termines the value to be stored at the destination, as follows: 

Rounding 
Mode Result 

RN Zero, with the sign of the intermediate result 
RZ Z~ro, with the sign of the intermediate result 
RM For positive underflow, +zero 

For negative underflow, smallest denormalized negative 
number 

RP For positive underflow, smallest denormalized positive 
number 
For negative underflow, -zero 
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Trap Enabled Results: 
Results are identical to the trap disabled case. 

State Frame Information: 
The following paragraphs outline specific cases and the information avail­
able to the supervisor exception handler to allow it to write the desired 
value to the destination and determine the exceptional operand to pass to 
the user exception handler. For each case, the address of the instruction 
that causes the overflow is available to the trap handler in the FPIAR. 

An underflow pre-instruction exception can occur for FMOVE to a floating­
point register, FABS, and FNEG when the rounding mode is single precision 
and the source operand format is double or extended precision, or the 
rounding mode is double precision and the source operand format is ex­
tended. For MC68881/MC68882 compatibility, a bias of $6000 must be sub­
tracted from the exponent of the intermediate result to create the exceptional 
operand that the user handler expects. The following information is avail­
able in the FSAVE state frame: 

FSAVE State 
Contents Frame Field 

CMDREG1B Exceptional instruction command word 

FPTEMP Intermediate result, extended precision, unrounded 

STAG Source operand tag = Normalized 

E1 CU exception = Set 

T-Flag o (pre-instruction exception) 

An underflow exception can occur for FADD, FSUB, FMUL, FDIV, and FSQRT 
with any rounding precision. The exception is normally reported as a pre­
instruction exception for the next floating-point instruction decoded by the 
integer unit; however, if following FMOVE instruction is already in progress 
and generates a post-instruction exception, the overflow exception takes 
precedence and is reported as a post-instruction exception. This prevents 
out of order exception reporting. Note that the EA field for the post-instruction 
stack frame is undefined in this case. For MC68881/MC68882 compatibility, 
a bias of $6000 must be subtracted from the exponent cif the intermediate 
result to create the exceptional operand that the user handler expects. The 
following information is available in the FSAVE state frame: 
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FSAVE State 
Contents 

Frame Field 

CMDREG3B Exceptional instruction command word, encoded 

WBTEMP = WBTS, WBTE, and WBTM = Intermediate result sign, biased 15-bit exponent, 
and 64-bit mantissa prior to rounding 

WBTE15 Bit 15 of the intermediate result's 16-bit exponent = 1 for underflow 

WBTM1, WBTMO, Guard, round, and sticky of intermediate result's 67-bit mantissa 
SBIT 

E3 NU exception = Set 

T-Flag o (pre-instruction exception) or 1 (post-instruction exception) 

An underflow pre-instruction exception can occur for FMOVE to memory 
when the destination format is S or D. The exception is reported as a post­
instruction exception, with the evaluated destination EA in the stack frame. 
The following information is available in the FSAVE state frame: 

FSAVE State 
Contents 

Frame Field 

CMDREG1B FMOVE instruction command word 

FPTEMP Intermediate result with mantissa prior to rounding 

STAG Source operand tag = Normalized 

, E1 CU exception = Set 

T-Flag 1 (post-instruction exception) 

By examining the instruction, the trap handler can determine the arithmetic 
operation type and destination location. The trap handler can execute an 
FSAVE instruction to obtain additional information. When an FSAVE is ex­
ecuted, the exceptional operand is stored in the state frame. Refer to 9.7 
STATE FRAMES for details of the FSAVE instruction state frames. When an 
underflow occurs, the exceptional operand is defined differently for various 
destination types: 

NOTE 

The IEEE standard defines two causes of an underflow: 

1. When a result is very small, the absolute value of the number is 
less than the minimum number that can be represented by a 
normalized number in a specific format 

2. When loss of accuracy occurs while attempting to calculate a very 
small number (a loss of accuracy also causes an inexact excep­
tion) 
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The IEEE standard specifies that if the underflow trap is disabled, an under­
flow should only be signaled when both of these cases are satisfied (i.e., the 
result is too small to represent with a given format, and there is a loss of 
accuracy during the calculation of the final result). If the trap is enabled, the 
underflow should be signaled any time a tiny result is produced, regardless 
of whether accuracy is lost in calculating it. 

The processor UNFL bit in the AEXC byte of the FPSR implements the IEEE 
trap disabled definition, since it is only set when a very small number is 
generated and accuracy has been lost when calculating that number. The 
UNFL bit in the EXC byte implements the IEEE trap enabled definition, since 
it is set anytime a tiny number is generated. 

9.S.S Divide by Zero 

This exception occurs when a zero divisor occurs for an FDIV instruction. 
When a divide-by-zero is detected, the DZ bit is set in the FPSR exception 
status byte. 

Trap Disabled Results: 
An infinity with the sign set to the exclusive OR of the signs of the input 
operands is stored in the destination floating-point data register . 

Trap Enabled Results: 
The destination floating-point data register is not Illodified, and the ex­
ception is reported as a pre-instruction exception when the next floating­
point instruction is attempted. The trap handler must generate a result to 
store in the destination. 

To assist the trap handler in this function, the processor supplies the fol­
lowing iformation in the FSAVE state frame: 

FSAVE State 
Contents Frame Field 

CMDREG1B FDIV command word 

ETEMP Source operand converted to extended precision 

STAG Source operand tag 

FPTEMP Destination operand converted to extended precision 

T-Flag o (Pre-Instruction exception) 
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9.8.9 Inexact Result 
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The, processor provides two inexact bits (lNEX1 and INEX2) to help distin­
guish between inexact results generated by emulated decimal input (lNEX1) 
and other inexact results (lNEX2). Two inexact bits are useful in instructions 
in which both types of inexacts can occur, such as: 

FDIV.P #7E-1,FP3 

In this case, the packed decimal to extended precision conversion of the 
immediate source operand causes an inexact error to occur which is signaled 
as INEX1. Furthermore, the subsequent divide might also produce an inexact 
result and cause INEX2 to be set. Therefore, the processor provides two 
inexact bits in the FPSR exception status byte to distinguish these two cases. 

Note that only one inexact exception vector number is generated by the 
processor. If either of the two inexact exceptions is enabled, the MPU fetches 
the inexact exception vector, and the exception handler routine is initiated. 
Refer to 9.8.10 Inexact Result on Decimal Input for a discussion of INEX1. 

In a general sense, INEX2 is the condition that exists when any operation, 
except the input of a packed decimal number, creates a floating-point inter­
mediate result whose infinitely precise mantissa has too many significant 
bits to be represented exactly in the selected rounding precision or in the 
destination data format. If this condition occurs, the INEX2 bit is set in the 
FPSR exception status byte, and the infinitely precise result is rouned as 
described in the next paragraph. ' 

The processor supports the four rounding modes specified by the IEEE stand­
ard. These modes are round to nearest (RN), round toward zero (RZ), round 
toward plus infinity (RP), and round toward minus infinity (RM). The rounding 
definitions are: 

Rounding 
Mode Result 

RN The representable value nearest to the infinitely precise 
intermediate value is the result. If the two nearest rep­
resentable values are equally near (a tie), then the one 
with the least significant bit equal to zero (even) is the 
result. This is sometimes referred to as "round nearest, 
even." 
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Rounding 
Mode 

RZ 

RM 

RP 

Result 
The result is the value closest to, and no greater in mag­
nitude than, the infinitely precise intermediate result. This 
is sometimes referred to as the "chop mode," since the 
effect is to clear the bits to the right of the rounding point. 

The result is the value closest to and no greater than the 
infinitely precise intermediate result (possibly minus in­
finity). 

The result is the value closest to and no less than the 
infinitely precise intermediate result (possibly plus infin­
ity). 

The RM and RP rounding modes are often referred to as "directed rounding 
modes" and are useful in interval arithmetic. Rounding is accomplished usig 
the intermediate result format shown in Figure 9-12. 

Depending on the selected rounding precision or destination data format in 
effect, the location of the least significant bit of the fraction and the locations 
of the guard, round, and sticky bits in the 67-bit intermediate result mantissa 
varies. 

The guard and round bits are always calculated exactly. The sticky bit is used 
to create the illusion of an infinitely wide intermediate result mantissa. As 
shown by the arrow in Figure 9-11, the sticky bit is the logical OR of all the 
bits in the infinitely precise result to the right of the round bit. During the 
calculation stage of an arithmetic operation, any non-zero bits generated that 
are to the right of the round bit set the sticky bit (which is used in rounding) 
to one. Because of the sticky bit, the rounded intermediate result for all 
required IEEE arithmetic operations in the round-to-nearest mode is in error 
by no more than one half unit in the last place. 

MOTOROLA 

63-BIT 
FRACTION 

LEAST SIGNFICANT BIT OF FRACTION 

GUARD BIT 

ROUND BIT 

STICKY BIT ---' 

Figure 9-11. Intermediate Results Format 
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NOTE 

When the FPU is programmed to operate in the single or double 
precision rounding mode, a method referred to as "range control" 
is used to assure correct emulation of a machine that only supports 
single or double precision arithmetic. When the processor performs 
any calculation, the intermediate result is in the format shown in 
Figure 6-2, and a rounded rest stored into a floating-point data reg­
ister is always in the extended precision format. However, if the 
single or double precision rounding mode is in effect, the final result 
generated by the processor is within the range of the format. 

Range control is accomplished by not only rounding the intermediate result 
mantissa to the specified precision, but also checking the 17-bit intermediate 
exponent to ensure that it is within the representable range of the selected 
rounding precision format. If the intermediate exponent exceeds the range 
of the selected precision, the exponent value appropriate for an underflow 
or overflow is stored as the result in the 16-bit extended precision format 
exponent. For example, if the rounding precision and mode is single/RM and 
the result of an arithmetic operation overflows the magnitude of the single 
precision format, the largest normalized single precision value is stored as 
an extended precision number in the destination floating-point data register 
(i.e., an unbiased 15-bit exponent of $OOFF and a mantissa of 
$FFFFFFOOOOOOOOOO). If an infinity is the appropriate result for an underflow 
or overflow, the infinity value for the destination data type is stored as the 
result (i.e., an exponent with the maximum value and a mantissa of zero). 

Figure 9-12 shows the algorithm that is used to round an intermediate result 
to the selected rounding precision or destination data format. If the desti­
nation is a floating-point register, the rounding boundary is determined by 
either the selected rounding precision in the FPCR or the precision specified 
by the instruction (for example, FSADD and FDADD specify single and double 
precision rounding regardless of the precision specified in the FPCR). If the 
destination is external memory or an MPU data register, the rounding bound­
ary is determined by the destination data format. If the rounded result of an 
operation is not exact, then the INEX2 bit is set i teh FPSR exception status 
byte. 
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BEGIN 

END 

Trap Disabled Results: 

IF GUARD, ROUND AND STICKY = 0 
THE (RESULT IS EXACT) 

DON'T SET INEX2 
DON'T CHANGE THE INTEMEDIATE RESULT 

ELSE (RESULTS IS INEXACT) 
SET INEX2 IN THE FPSR EXEC BYTE 

SELECT THE ROUNDING MODE 
RM: IF INTERMEDIATE RESULTS IS NEGATIVE 

THEN ADD 1 TO LSB 
RN: IF GUARD = 1 THEN 

IF ROUND AND STICKY = 0 ANO LSB = 1 THEN 
INCREMENT LSB 

ELSE IF ROUND OR STICKY = 1 THEN 
INCREMENT LSB 

ENDIF 
ENDIF 

RP: IF INTERMEDIATE RESULT IS POSITIVE 
THEN ADD 1 TO LSB 

RZ: (FALL THROUGH, GUARD, ROUND, AND STICKY ARE 
CHOPPED) 

END SELECT 
IF OVERFLOW=l 

THEN 

ENDIF 

SHIFT MANTISSA RIGHT BY ONE BIT 
ADD 1 TD EXPONENT 

SET GUARD, ROUND, AND STICKY TO 0 
ENDIF 

Figure 9-12. Rounding Algorithm 

The rounded result is stored to the destination 

Trap Enabled Results: 
The rounded result is stored in the destination, and an exception is re­
ported. If the destination for an FMOVE instruction is memory or an MPU 
data register, a post-instruction exception is taken immediately, and the 
FSAVE state frame indicates an E1 (CU) exception. If the instruction is an 
FMOVE to a floating-point data register, FABS, or FNEG, a pre-instruction 
exception is reported, and the FSAVE state frame also indicates an E1 (CU) 
exception. For FADD, FSUB, FMUL, FDIV, and FSQRT instructions, a pre­
instruction exception is normally reported as a pre-instruction exception 
for the next floating-point exception decoded by the integer unit. However, 
if an FMOVE instruction already in progress earlier in the floating-point 
pipeline generates a post-instruction exception, the inexact exception takes 
precedence and is reported as a post-instruction exception. This prevents 
out of order exception reporting. For both the pre- and the post-instruction 
exception, the FSAVE state frame indicates an E3 (CU) exception. 
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The address of the instruction that generated the inexact result is available 
to the trap handler in the FPIAR. The trap handler can determine the location 
of the operand(s) by examining the instruction. In the case of a memory 
destination, the evaluated EA of the operand is available i the EA field of 
the post-instruction stack frame. When an FSAVE is executed by an inexact 
trap handler, the value ofthe exceptional operand is not defined. An inexact 
exception differs from the other exception in this respect. If an inexact 
condition is the only exception that occurred during the execution of an 
instruction, the value of the exceptional operand is invalid. If multiple ex­
ceptions occur during an instruction, the exceptional operand value is re­
lated to a higher priority exception. 

NOTE 

The IEEE standard specifies that inexactness should be signaled on 
overflow as well as for rounding. The processor implements this via 
the INEX bit in the FPSR AEXC byte. However, the standard also 
indicates that the inexact trap should be taken if an overflow occurs 
with the overflow trap disabled and the inexact trap enabled. There­
fore, the processor takes the inexact trap if this combination of con­
ditions occurs, even though the INEX1 or INEX2 bits may not be set 
in the FPSR EXC byte. In this case, INEX is set in the AEXC byte and 
OVFL is set in both the EXC and AEXC bytes. 

9.8.10 Inexact Result on Decimal Input 

9-58 

In a general sense, inexact result 1 (INEX1) is the condition that exists when 
a packed decimal operand cannot be converted exactly to extended precision 
in the current rounding mode. The processor provides two inexact bits (INEX1 
and INEX2) to help distinguish between inexact results generated by decimal 
input conversios (INEX1) and other inexact results (lNEX2). Since packed 
decimal real operands are not directly supported by the MC68040, INEX1 is 
never set by the processor, but is provided as a latch so that emulation 
software can report this exceptio if required for MC68881/MC68882 compat­
ibility. 
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SECTION "10 
INSTRUCTION TIMING 

This section will contain brief information on the instruction timing for the 
MC68040 after the timing has been finalized. Detailed information on instruc­
tion timing will be furnished in the MC68040DH/AD, MC68040 Designer's 
Handbook. 

Table 10-1 list the floating-point instruction timing that are directly supported 
by the MC68040. 

Table 10-1. MC68040 Preliminary Floating-PointUnit Instruction 
Timings (Sheet 1 of 5) 

Instruction Opclass Size 
Round 

Operands 
Time 

Precision (in IU Cycles) 

FADD,FSUB 0 - any norm,norm 2(3)/3/2(3) 

0 - any norm,zero 2(3)/3/2(3) 

0 - any zero,zero 4/0/0 

0 - any -,inf 4/0/0 

0 - any -,NAN 4/0/0 

2 S,D any norm,norm 2(3)/3/2(3) 

2 S,D any norm,zero 2(3)/3/2(3) 

2 S,D any zero,zero 4/0/0 

2 S,D any -,inf 4/0/0 

2 S,D any -,NAN 4/0/0 

2 X any norm, norm 3(4)/3/2(3) 

2 X any norm,zero 3(4)/3/2(3) 

2 X any zero,zero 5/0/0 

2 X any -,inf 5/0/0 

2 X any -,NAN 5/0/0 

FMUL 0 - any norm, norm 2(3)/5/2(3) 

0 - any - ,zero 4/010 

0 - any -,inf 4/0/0 

0 - any -,NAN 4/0/0 
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Table 10~1. MC68040 Preliminary Floating-Point Unit Instruction 
Timings (Sheet 2 of 5) 

Instruction Opclass Size Round Operands Time 
Precision (in IU Cycles) 

FMUL 2 S,D any norm,norm 2(3)/5/2(3) 

2 S,D any - ,zero 4/0/0 

2 S,D any -,inf 4/0/0 

2 S,D any -,NAN 4/0/0 

2 X any norm,norm 3(4)/5/2(3) 

2 X any - ,zero 5/0/0 

2 X any -,inf 5/0/0 

2 X any -,NAN 5/0/0 

FDIV 0 - any norm,norm 2(3)/37.5/2(3) 

0 - any - ,zero 4/0/0 

0 - any -,inf 4/0/0 

0 - any -,NAN 4/0/0 

2 S,D any norm,norm 2(3)/37.5/2(3) 

2 S,D any -,zero 4/0/0 

2 S,D any -,inf 4/0/0 

2 S,D any -,NAN 4/0/0 

2 X any norm,norm 3(4)/37.5/2(3) 

2 X any - ,zero 5/0/0 

2 X any -,inf 5/0/0 

2 X any -,NAN 5/0/0 

FSQRT 0 - any norm 2(3)/103/2(3) 

0 - any (zerolinfINAN) 4/0/0 

2 S,D any norm 2(3)/103/2(3) 

2 S,D any (zerolinfINAN) 4/0/0 

2 X any norm 3(4)/103/2(3) 

2 X any (zerolinfINAN) 5/0/0 

FMOVE,FABS,FNEG 0 - X (normlzerolinf) 2/0/0 

0 - X NAN 3/0/0 

0 - S,D norm 5/0/0 

0 - S,D (zerolinf) 3/0/0 

0 - S,D NAN 4/0/0 
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Table 10-1. MC68040 Preliminary Floating-Point Unit Instruction 
Timings (Sheet 3 of 5) 

Instruction Opclass Size 
Round 

Operands 
Time 

Precision (in IU Cycles) 

FMOVE,FABS,FNEG 2 S any (normizeroiinf) 3/010 

2 S any NAN 4/010 

2 D D,X (normizeroiinf) 3/010 

2 D D,X NAN 4/010 

2 D S norm 5/010 

2 D S (zeroiinf) 4/010 

2 D S NAN 5/010 

2 X X (normizeroiinf) 4/010 

2 X X NAN 5/010 

2 X S,D norm 6/010 

2 X S,D (zeroiinf) 5/010 

2 X S,D NAN 6/010 

2 B,W any ( + normizero) 1.5(11 )/4.5/2' 

2 L D,X (+ normizero) 1.5(11 )/4.5/2' 

2 L S (+ normizero) 1.5(12.5)/4.5/2' 

2 B,W any -norm 1.5(11.5)/5/2' 

2 L D,X -norm 1.5(11.5)/5/2' 

2 L S -norm 1.5(13)/5/2' 

FMOVE 3 S,D any any 3/010 

3 X any any 4/010 

3 B,W,L any + (normizero) 3(9)/1.5/3.52 

3 B,W,L any - (normizero) 3(10)/1.5/4.52 

FMOVEM 4 - - - 2 + (2 per reg)/0103 

5 - - - 2 + (2 per reg )/0103 

6 - - - 2 + (3 per reg )/0103 

7 - - - 2 + (3 per reg )/0103 

FCMP 0 - any norm,norm 2(3)/3/1 

0 - any norm,zero 2(3)/3/1 

0 - any zero,zero 4/010 

0 - any -,inf 4/010 

0 - any -,NAN 4/010 
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Table 10-1. MC68040 Preliminary Floating-Point Unit Instruction 
Timings (Sheet 4 of 5) 

Instruction Opclass Size 
Round 

Operands 
Time 

Precision (in IU Cycles) 

FCMP 2 S,D any norm,norm 2(3)/3/1 

2 S,D any norm,zero 2(3)/311 

2 S,D any zero,zero 4/010 

2 S,D any -,inf 4/010 

2 S,D any -,NAN 4/010 

2 X any norm,norm 3(4)/3/1 

2 X any norm,zero 3(4)/3/1 

2 X any zero,zero 5/010 

2 X any -,inf 5/010 

2 X any -,NAN 5/010 

FSAVE null frame - - -2 

idle frame - - -2 + (time for pipe 
to idle) 

unimp frame - - -18 + (time for pipe 
to idle) 

busy frame - - -35+ (time for pipe 
to idle) 

FRESTORE null frame - - -20 

idle frame - - -2 + (time for pipe 
to idle) 

unimp frame - - -16+ (time for pipe 
to idle) 

busy frame - - -30 + (time for pipe 
to idle) 

error frame - - -2 
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Table 10-1. MC68040 Preliminary Floating-Point Unit Instruction 
Timings (Sheet 5 of 5) 

NOTES: 
1. Memory-to-Register of integer data types require a pass through the FPU pipe to convert the 

data to floating point format. The result of this conversion is presented to the CU (the first pipe 
stage) where the desired operation begins (possibly starting a second pass through the pipe). 
The integer unit (IU) is released and can execute other instructions once the data has been 
transferred to the FPU (during the first CU cycle). 

The data conversion (the first pass) executes with the following times: 
Positive norm or zero: 1.5(9)/4.5/2 
Negative norm: 1.5(9.5)/5/2 

To arbitrarily calculate the execution time of a mem-to-reg instructionwith 
integer data type (other than FMOVE, FNEG, or FAB5)' use the abovetimes for 
the first pass, then look up the opclass 0 version of the operation, subtract 
one (1) from the CU time, and you will have thesecond pass timings. 

2. Register-to-Memory of integer data types require a pass through the FPU pipe to convert the 
data from floating point format to integer. Register-to-Memory instructions are normally handled 
entirely by the CU, so the result of the conversion is presented to the CU where the data move 
then completes. The IU is not released until it has received the converted data (during the last 
CU cycle). 

3. All FMOVEM instructions wait for the pipe to idle before starting. 

GENERAL NOTES: 
Times in parentheses are the total time that that stage uses to execute an instruction even though 
the stage may pass data to the next stage earlier. 50 "2(3)/5/2(3)" means that the instruction takes 
2 + 5 + 2 cycles to execute, but stages 1 and 3 were actually busy for 3 cycles each. 

Different rounding modes (i.e. round to zero, etc) never incur a time penalty. 

The order of operands is generally not significant (for timing purposes). 

Preceding instructions with an 5 or D (i.e. FADD. F5ADD) has the same effect as setting the rounding 
precision to that precision. 
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SECTION 11 
ELECTRICAL CHARACTERISTIC 

The following paragraphs provide information on the maximum rating and 
thermal characteristics for the MC68040. Detail information on timing spec­
ifications for power considerations, DC electrical characteristics and AC tim­
ing specifications can be found in the MC68040EC/D, MC68040 Electrical 
Specifications and MC68040DH/D, MC68040 Designer's Handbook. 

11.1 MAXIMUM RATINGS 
Rating Symbol Value Unit 

Supply Voltage VCC -0.3 to +7.0 V 

Input Voltage Vin -0.5to +7.0 V 

Maximum Operating Junction TJ 110 °c 
Temperature 

Storage Temperature Range Tstg -55 to 150 °c 

11.2 THERMAL CHARACTERISTICS - PGA PACKAGE 
Characteristic Symbol Value Rating 

Thermal Resistance - RJC °CIW 
Junction to Case 
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SECTION 12 
ORDERING INFORMATION AND 
MECHANICAL DATA 

This section contains the pin assignments and package dimensions of the 
MC68040. In addition, detailed information is provided to be used as a guide 
when ordering. 

12.1 ORDERING INFORMATION 

The following table provides ordering information pertaining to the package 
type frequency, temperature and Motorola order number for the MC68040. 

Package Type 
Frequency 

Temperature Order Number 
(MHz) 

Pin Grid Array 25.0 TBD MC68040R25 
R Suffix 
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12.2 PIN ASSIGNMENTS 

The MC68040 is available in an 179-pin package. The following figure shows 
the pin assignment of the MC68040. 

0 -2... 0 .Q.. ..Q.. .Q.. ..Q.. 0 .Q.. ~ 0 .Q. Q 0 0 Q Q 
TOO TRST GND COts 1Pl2 IPLI IPlO OLE TCI AVEC sco 8G TA PSTO PST3 BB BR 

---.lL 0 0 0 0 ~ ..Q.. 0 0 0 .Q.. 0 ..Q.. 0 0 0 0 -2... 
IPENO GND TOt TCK TIIS MDIS RSTI vee GND GND TBI SCl TEA PSTl GND vee GND LOCK 

R -2..... 0 ~TO 0 0 0 0 0 0 0 0 0 0 0 Q Q 0 ~ 
ClOUT vee GND vee GNO BCLK vee PCLK GND GND vee GND PST2 TIP TS vee LOCKE 

a 0 0 0 Q 0 0 
UPAl GND UPAD III GND TLNO 

0 0 0 0 0 0 
Al0 TTl TTO SIZl SIZO TLNl 

0 0 0 ~ 0 0 
A12 GND All aND TMO 

M 0 0 0 
PRIEUMINARY 

0 0 0 
A13 vee vee GND vee TMl 

0 0 0 0 0 0 
A14 GND GND vee GND AD 

0 0 0 
MC68040 PRELIMINARY 

0 0 0 
A15 A16 GND GND T112 Al 

PINOUT 
0 0 0 0 0 0 

A17 A19 vee 
(BOTTOM VIEW) 

vee A2 A3 

0 0 0 0 0 0 
A18 GND vee 18 X 18 CAVITY DOWN PGA vee GND A4 

G 0 0 0 0 0 0 
A20 vee A23 AS vee AS 

0 0 0 0 0 0 
A21 GND A25 A9 GND A7 

0 0 0 0 0 0 
A22 A26 A28 D29 030 AS 

0 0 0 0 0 0 
.\24 GND A30 027 aND 031 

C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
.\27 vee DO 02 vee GND GND vee GND vee GND vee GND vee 023 D25 vee 028 ---, 
0 G~DI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

A29 
1 

01 GND vee GND 08 GND vee GND 016 018 GND vee GND D22 GND 026 

A 0 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A31 D3 D4 05 D6 07 09 010 011 012 013 014 015 017 019 D2D 021 024 

10 11 12 13 14 15 16 17 18 

• GND vee 

PLL 89, R6, Rl0 R8, sa 

Internal Logic 
ca, C7, Cg, Cll, C13, K3, C5, ca, Cl0, C12, 
K16, L3, M16, R4, Rll, C14, H3, H16, J3, J16, 
R13, S10, T4 L16, M3, R5, R12 

82,84,86,88,810,813, BS, 89, 814, C2, C17, 

Output Drivers 
815,817,02,017, F2, F17, G2,G17, M2, M17, R2, 
H2, H17, L2, L17, N2, N17, R17,S16 
02,017, S2, S15, S17 
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12.3 MECHANICAL DATA 

The following figure provides the package dimensions for the MC68040. 

R 
o 

N 
M 

H 
G 
F 
E 
D 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

I~ [±] 'I -1 []J r-

MILUMETERS 
DIM 

MIN MAX 
A 46.863 47.625 
B 46.863 47.625 
C 2.3876 2.9464 
D 4.318 4.826 
E 18.796 
F 1.778 
G 3.302 
H 1.524 
I 1.016 
J 0.508 

INCHES 

MIN 
1.845 
1.845 
.094 
.170 

.740 

.070 

.130 
0.060 
0.040 
0.020 
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MAX 
1.875 
1.875 
.116 
.190 

m 
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APPENDIX A 
M68000 FAMILY SUMMARY 

This Appendix summarizes the characteristics of the microprocessors in the 
M68000 Family. The M68000PM/AD, M68000 Programmer's Reference Man­
ual includes more detailed information on the M68000 Family differences. 

Attribute MC68000 MC68008 MC68010 MC68020 MC68030 MC68040 

Data Bus Size (Bits) 16 8 16 8, 16,32 8,16,32 32 

Address Bus Size (Bits) 24 20 24 32 32 32 

Instruction Cache (In Bytes) - - 31 (Words) 256 256 4096 

Data Cache (I n Bytes) - - - - 256 4096 

NOTE 1: The MC68010 supports a 3-word cache for the loop mode. 

Virtual Interfaces 

MC68010, MC68020, MC68030 Virtual Memory/Machine 

M68040 Virtual Memory 

MC68010, MC68020, MC68030, MC68040 Provide Bus Error Detection, Fault Recovery 

MC68030, MC68040 On-Chip MMU 

Coprocessor Interface 

MC68000, MC68008, MC68010 Emulated in Software 

MC68020, MC68030 In Microcode 

MC68040 Emulated in Software (On-Chip Floating-Point Unit) 

Word/Long Word Data Alignment 

MC68000, MC68008, MC68010 Word/Long Data, Instructions, and Stack Must be 
Word Aligned 

MC68020, MC68030, MC68040 Only Instructions Must be Word Aligned (Data 
Alignment Improves Performance) 
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Control Registers 

MC68000, MC68008 None 

MC68010 SFC,OFC,VBR 

MC68020 SFC, DFC, VBR, CACR, CAAR 

MC68030 SFC, OFC, VBR, CACR, CAAR, CRP, SRP, TC, TTO, TT1, 
MMUSR 

MC68040 SFC, OFC, VBR, CACR, URP, SRP, TC, OTTO, OTT1, 
ITTO, ITT1, MMUSR 

Stack Pointer 

MC68000, MC68008, MC68010 USP, sSP 

MC68020, MC68030, MC68040 USP, SSP (MSP, ISP) 

Status Register Bits 

MC68000, MC68008, MC68010 T, S, 10/11112, X/N/ZIV/C 

MC68020, MC68030, MC68040 TO, T1, S, M, 10111112, X/N/z/v/C 

Function Code/Address Space 

MC68000, MC68008 FC2-FCO=7 is Interrupt Acknowledge Only 

MC68010, MC68020, MC68030, MC68040 FC2-FCO = 7 is CPU Space 

MC68040 User, Supervisor, and Acknowledge 

Indivisible Bus Cycles 

MC68000, MC68008, MC68010 Use AS Signal 

MC68020, MC68030 Use RMC Signal 

MC68040 Use LOCK and LOCKE Signal 

Stack Frames 

MC68000, MC68008 Supports Original set 

MC68010 Supports Formats $0, $8 

MC68020/MC68030 Supports Formats $0, $1, $2, $9, $A, $B 

MC68040 Supports Formats $0, $1, $2, $3, $7 
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Addressing Modes 

MC68020, MC68030, and MC68040 
Extensions 

Memory indirect addressing modes, scaled index, and 
larger displacements. Refer to specific data, sheets 
for details. 

MC68020, MC68030, and MC68040 Applies To 
Instruction Set Extensions 

Instruction Notes MC68020 MC68030 MC68040 

Bcc Supports 32-Bit Displacements II" II" II" 

BFxxxx Bit Field Instructions II" II" II" 
(BCHG, BFCLR, BFEXTS, BFEXTU, BFFFO, 
BFINS, BFSET, BFTST) 

BKPT New Instruction Functionally II" II" 

BRA Supports 32-Bit Displacements II" '" II" 

BSR Supports 32-Bit Displacement II" '" II" 

CALLM New Instruction II" 

CAS, CAS2 New Instructions II" '" II" 

CHK Supports 32-Bit Operands II" '" II" 

CHK2 New Instruction II" '" II" 

CINV Cache Maintenance Instruction II" 

CMPI Supports Program Counter Relative Addressing II" '" II" 
Modes 

CMP2 New Instruction II" '" II" 

CPUSH Cache Maintenance Instruction II" 

cp Coprocessor Instructions II" '" 
DIVS/DIVU Supports 32-Bit and 64-Bit Operands II" '" II" 

EXTB Supports 8-Bit Extend to 32-Bits II" '" II" 

FABS New Instruction II" 

FADD New Instruction II" 

FBcc New Instruction II" 

FCMP New Instruction II" 

FDBcc New Instruction II" 

FDIV New Instruction II" 

FMOVE New Instruction II" 

FMOVEM New Instruction II" 

FMUL New Instruction II" 

- Continued -
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MC68020, MC68030, and MC68040 Applies To 
Instruction Set Extensions 

Instruction Notes MC68020 MC68030 MC68040 

FNEG New Instruction "" 
FRESTORE New Instruction "" 

FSAVE New Instruction "" 
FScc New Instruction "" 

FSQRT New Instruction "" 
FSUB New Instruction "" 

FTRAPcc New Instruction "" 
FTST New Instruction "" 
LINK Supports 32-Bit Displacement "" "" "" 

MOVE16 New Instruction "" 
MOVEC Supports New Control Registers "" "" "" 

MULS/MULU Supports 32-Bit Operands "" "" "" 
PACK New Instruction "" "" "" 

PFLUSH MMU Instruction "" "" 
PLOAD MMU Instruction "" 
PMOVE MMU Instruction "" 
PTEST MMU Instruction "" "" 
RTM New Instruction "" 
TST Supports Program Counter Relative Addressing "" "" "" Modes 

TRAPcc New Instruction "" "" "" 
UNPK New Instruction "" "" "" 

• 
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APPENDIX B 
MC68040 FLOATING-POINT EMULATION 

The MC68040 is user object code compatible with the MC68030 and MC688811 
MC68882. The MC68040 floating-point unit is optimized to directly execute 
the most commonly used subset of the extensive MC68881/MC68882 instruc­
tion set. 

The MC68040 provides specialized trap functions to facilitate high speed 
emulation of all indirectly supported floating-point instructions. These func­
tions couple with Motorola's floating-point software package ~nsure com­
plete object code compatibility. 

The MC68040directly supports portions of the MC68881/MC68882 instruction 
set through hardware, and the remainder by providing special traps and/or 
stack frames for the unimplemented instructions and data types. The intent 
of the MC68040 design is to provide full user code compatibility with the 
MC68881/MC68882 instruction set. . 

For all MC68040 floating point instructions the "coprocessor ID" field must 
be 001. 

Table 8-1 lists the floating-point instructions directly supported by the 
MC68040 and table 8-2 lists the floating-point instructions indirectly sup­
ported. 
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Table B·1. Directly Supported Floating-Point Instructions 

Mnemonic Description 

FABS Floating-Point Absolute Value 

FADD Floating-Point Add 

FBcc Floating-Point Branch Conditionally 

FCMP Floating-Point Compare 

FDBcc Floating-Point Test Condition, Decrement, and Branch 

FDIV Floating-Point Divide 

FMOVE Move Floating-Point Data Register 

FMOVE.L Move Floating-Point System Control Register 

FMOVEM Move Multiple Floating-Point System Data Register 

FMOVEM.L Move Multiple Floating-Point Control Data Register 

FMUL Floating-Point Multiply 

FNEG Floating-Point Negate 

FNOP No Operation 

FRESTORE Restore Internal Floating-Point State 

FSAVE Save Internal Floating-Point State 

FScc Set According to Floating-Point Condition 

FSQRT Floating-Point Square Root 

FSUB Floating-Point Subtract 

FTRAPcc Trap on Floating-Point Condition 

FTST Test Floating-Point Operand 

• 
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Table B-2. Indirectly Supported Floating-Point Instructions 

Mnemonic Description 

FACOS Floating-Point Arc Cosine 

FASIN Floating-Point Arc Sine 

FATAN Floating-Point Arc Tangent 

FATANH Floating-Point Hyperbolic Arc Tangent 

FCOS Floating-Point Cosine 

FCOSH Floating-Point Hyperbolic Cosine 

FETOX Floating-Point eX 

FETOXL Floating-Point eX-l 

FGETEXP Floating-Point Get Exponent 

FGETMAN Floating-Point Get Mantissa 

FINT Floating-Point Integer Part 

FINTRZ Floating-Point Integer Part, Round-to-Zero 

FLOG10 Floating-Point Lo9l0 

FLOG10 Floating-Point Lo92 

FLOGN Floating-Point Loge 

FLOGNPl Floating-Point Loge (x + 1) 

FSQRT Floating-Point Square Root 

FMOD Floating-Point Modulo Remainder 

FMOVECR Floating-Point Move Constant ROM 

FREM Floating-Point IEEE Remainder 

FSCALE Floating-Point Scale Exponent 

FSGLDIV Floating-Point Single Precision Divide 

FSFLMUL Floating-Point Single Precision Multiply 

FSIN Floating-Point Sine 

FSINCOS Floating-Point Simultaneous Sine and Cosine 

FSINH Floating-Point Hyperbolic Sine 

FTAN Floating-Point Tangent 

FTANH Floating-Point Hyperbolic Tangent 

FTENTOX Floating-Point lOx 

FTWOTOX Floating-Point 2x 

Contact your local Motorola sales office or representative for information on 
the floating-point software package for the MC68040 and how to order it. 
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GLOSSARY 

Aliasing 
Mapping identical information to the same address-registers or memory 
locations which tells you what the op code acts on. 

Big-Endian 
A byte-ordering method in memory where the address n of a word cor­
responds to the most significant byte. In an addressed memory word, the 
bytes are ordered (left to right) 0, 1, 2, and 3, with 3 being the most sig­
nificant byte. 

Breakpoint 
A point in a program that allows a conditional interruption to permit visual 
checking, printouts, or other analysis. 

Bus Snoop 
CMMU operation in which M bus addresses marked global are compared 
to the data cache tags. If a tag matches the M bus address, the cache line 
is copied back to memory (if modified) and invalidated. Bus snooping is 
necessary to maintain cache coherency in a multimaster system. 

Cache Coherency 
Caches are coherent if a processor performing a read from its cache is 
supplied with data corresponding to the most recent value written to mem­
ory or to another processor's cache. 

Cache 
Small, high-speed memory containing recently accessed data and/or in­
structions. 

Copyback 
A CMMU operation is which a cache line is copied back to memory to 
enforce cache coherency. A copyback is done either on a snoop that hits 
on modified cache data or as a result of a copyback command initiated by _ .. 
the processor. _ 
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Denormalized Numbers 
A floating-point number having all zeros in the exponent and a non-zero 
value in the fraction/mantissa. 

Dirty Data 
The data on line (in the chip cache) is valid but not consistent with memory 
(see stale data). Dirty data is the most recent data. 

Dyadic 
A mathematical operator indicated by writing the symbols of two vectors 
without a dot or cross between (as AS). 

Dyadic Operations 
An operation on two operands. 

Little Endian 
A byte-ordering method in memory where the address n of a word cor­
responds to the most significant byte. In an addressed memory word, the 
bytes are ordered (left to right) 3, 2, 1, and 0, with 3 being the most sig­
nificant byte. 

Monadic Operation 
An operation on one operand, for example, negation. 

Orthogonally 
Intersecting or lying at right angles. 

Overflow 
An error condition that occurs during arithmetic operations when the result 
cannot be stored accurately in the destination register(s). For example, if 
two 32-bit numbers are added, this sum may require 33 bits due to carry. 
Since the 32-bit register cannot represent this sum, an overflow condition 
occurs. 

Pipelining 
A technique that breaks instruction execution into distinct steps so that 
multiple steps can be performed at the same time. 

Sink Data 
To replace data in a cache line. 
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Stale Data 
The data in external device (such as main memory or a DMA controller 
cache) is outdated and requires replacement from MPU write operation 
(see dirty data). 

Three-Statable 
Means the high impedance state of a three-state device. 

Underflow 
An error condition that occurs during arithmetic operations when the result 
cannot be stored accurately in the destination register(s). For example, an 
underflow can happen if two floating-point fractions are multiplied and the 
result is a single-precision number. The result may require a larger ex­
ponent and/or mantissa than the single-precision format makes available. 

Writethrough 
A memory update policy in which all processor write cycles are written to 
both the cache and memory. 
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INDEX 

-A-
Access Fault Exception, 9-8-9-10, 9-23 
Access Error Stack Frame, 9-24-9-27 
Address Error Exception, 9-10, 9-24, 9-28 
Address Generation, 6-25 
Address Registers, 3-16 
Addressing Mode 

Absolute, 3-32, 3-33, 3-37 
Immediate, 3-33 
Memory Indirect, 3-26, 3-40, 3-41 
Program Counter Indirect with Displacement. 3-28 
Program Counter Indirect with Index, 3-29, 3-31 
Program Counter Memory Indirect. 3-31 
Register Direct, 3-23 
Register Indirect. 3-23, 3-37, 3-40 
Register Indirect with Index, 3-25-3-27, 3-40 

Addressing Modes, 1-7, 1-9,3-21,3-36,3-37,3-43, 
3-46, 

Address Offset, 8-6 
Address Translation, 6-1-6-4, 6-9, 6-25 
Address Translation Caches, 1-1,6-2,6-14 

Hits, 6-9 
Misses, 6-4, 9-9 
Table Structure, 6-4-6-8 

Accrued Exception Byte (AEXC), 2-14 
Arbitration, 8-47-8-50 
Auto Vectoring, 8-33-8-34, 9-18 

-8-

Binary Coded Decimal Operations, 4-13 
Bit Field Operations, 4-13 
Bit Manipulation Operations, 4-12 
Branch/Set on Unordered, 9-41 
Breakpoint Operation, 8-37, 8-38, 9-19 
Bursts Inhibit. 5-9, 8-22 
Bus Fault Recovery, 9-23 
Bus Arbitration, 5-11, 8-47-8-50 
Bus Lock Signal, 8-29 
Bus Operations 

Arbitration, 5-11. 8-47-8-50 
Breakpoi nt, 8-37, 8-38 
Bursts Inhibit, 5-9, 8-22 
Byte Transfers, 8-11 
Bus Signals Encoding, 8-7 
Clock Timing, 8-3 
Control Signals, 5-8, 5-9, 8-39, 8-47-8-50 
Error, 7-16, 7-17, 8-39, 8-40, 9-28-9-30 

Bus Operations 
Interrupts, 8-33, 8-37 
Interrupt Timing, 8-35 
Line Read, 8-18-8-20 
Line Write, 8-25, 8-27, 8-44 
Misaligned Transfers, 8-8, 8-13 
Multiplexing, 8-5, 8-58, 8-50 
Operating States, 8-58 
Read-Modify-Write, 8-29 
Read Transaction, 8-6, 8-14, 8-55 
Read Timing, 8-9, 8-10, 8-43 
Reset, 8-62 
Return from Exceptions, 9-21-9-23, 9-28, 9-30 
Snooping, 5-5, 5-10, 7-7, 8-1, 8-50-8-55 
Transfers, 8-4, 8-32 
Synchronization, 8-45, 8-46 
Setup and Hold Times, 8-3 
Write Transaction, 8-6, 8-23, 8-57 
Write Timing, 8-10, 8-25 

Bus Snooping, 5-5, 5-10, 7-7, 8-1, 8-50 

-c-
Cache Control Register, 7-19 
Cache Inhibit, 5-9, 6-16, 6-19 
Cache Instructions, 4-18, 7-8 
Cache Read, 7-11 
Cache Write, 7-12, 8-16,8-17 
Caches 

Data, 1-12,7-10 
Instruction, 1-12,7-8 
Operations, 7-8, 7-11, 7-18, 7-19 
Pushes, 7-16, 7-17 
States 

Dirty, 7-8-7-10, 7-12-7-14, 7-16 
Invalid, 7-8-7-10, 7-12-7-14 
Valid, 7-8-7-10, 7-13, 7-14 

Carry bit, 4-20 
Clock Timing, 8-3 
Condition Code Computation, 4-20-4-21 
Condition Code Register, 3-17 
Condition Code Register Bits 

Carry bit, 4-20 
Extend bit, 4-19 
Negative bit, 4c20 
Overflow bit, 4-20 
Zero bit, 4-20 

Conditional Tests, 4-22, 4-25 4-27 
Copyback, 1-13,6-16,6-19 
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-D-
Data Cache 

Access, 1-12 
Read Transaction, 1-2, 7-8 
Write Transaction, 1-12,7-8 

Copyback, 7-5, 7-12 
Flushes, 6-41 
Hits, 7-11, 7-12 
Misses 

Read, 7-11 
Write, 7-11 

Organization, 7-2 
Writethrough, 7-4 

Data Formats 
Byte Integer, 3-2, 3-3, 3-18 
Extended-Precision Real, 1-8, 3-2, 3-4, 3-12 
Floating-Point Unit, 3-14, 3-21 
Long-Word Integer, 3-2, 3-3 
Single Precision Real, 1-8, 2-10, 3-2, 3-4, 3-10 
Double Precision Real, 1-8, 2-10,3-2,3-4,3-11 
Word Integer, 3-2, 3-3 

Data Reg isters, 3-13 
Data Transparent Translation Registers, 3-18, 

6-11-6-13, 6-38 
Data Types, 1-7,3-2,3-14 
Data Movement Operations, 4-4, 4-5 
Denormalized Number Format, 3-7 
Descriptor Fetch Operation, 6-32 
Descriptors 

Indirect, 6-19, 6-21, 6-27 
Page, 6-6, 6-18, 6-20 
Table, 6-6, 6-18 

Destination Function Code Register, 2-18, 3-17 
Divide by Zero, 9-53 
Double Bus Fault, 8-45 
Dyadic Floating-Point Operations, 4-8, 9-36 

-E-
Effective Address Formats, 3-34 
Effective Address Modes, 3-36 
Error, Bus, 7-16, 7-17, 8-39, 8-40,9-28-9-30 
Exception 

Access Fault, 9-8-9-10, 9-23 
Address Error, 9-10, 9-28 
Breakpoint, 9-19 
Floating-Point, 2-14, 2-15, 9-12, 9-34-9-58 
Format Error, 9-14 
Illegal Instruction, 9-11 
Interrupt, 9-15 
Processing, 2-1, 2-4, 9-1, 9-2 
Priorities, 9-20 
Privilege Violation, 9-12 
Reset, 9-7 
Stack Frames, 2-5, 9-2, 9-4, 9-24-9-27 
Trace, 9-13 

Exception 
Trap, 9-10 
Unimplemented Instruction, 9-11, 9-12 
Vectors, 2-5, 8-33, 8-34, 9-3 

Exception Enable Byte (ENABLE), 2-9 
Exception Status Byte (EXCl. 2-13 
Exception Processing, 2-1, 2-4, 9-1, 9-2 
Extend bit, 4-19 

-F-
Floating-Point Arithmetic Instructions, 4-8 
Floating-Point Data Registers, 3-14 
Floating-Point Condition Code Byte (FPCC), 2-11 
Floating-Point Control Registers, 1-7, 2-9, 2-10, 3-17 
Floating-Point Control Register 

Exception Enable Byte (ENABLE), 2-9 
Mode Control Byte (MODEl. 2-10 

Floating-Point Exceptions, 2-14, 2-15, 9-11, 9-12, 
9-34-9-58 

Floating-Point Format Conversion, 3-15 
Floating-Point Instruction Address Registers, 1-7, 

2-15 
Floating-Point State Frames, 9-30-9-34 
Floating-Point Status Register, 1-7,2-11,3-17 
Floating-Point Status Register 

Accrued Exception Byte (AEXCl. 2-14 
Exception Status Byte (EXCl. 2-13 
Floating-Point Condition Code Byte (FPCC). 2-11 
Quotient Byte, 2-13 

Floating-Point Unit Exceptions 
Branch/Set on Unordered, 9-41 
Divide by Zero, 9-53 
Inexact Results, 9-54 
Inexact Results on Decimal Input, 9-58 
Opera nd, 9-44 
Overflow, 9-46 
Signaling Not-a-Number, 9-42 
Underflow, 9-49 
Unimplemented FP Instructions, 9-35 
Unimplemented FP Data Types, 9-38 

Floating-Point Unit Pipeline, 4-46 

-1-

Illegal Instruction Exception, 9-11 
Indirect Descriptor, 6-19, 6-21, 6-27 
Inexact Results, 9-54 
Inexact Results on Decimal Input, 9-58 
Instruction Cache, 1-12,7-8 
Instruction Examples, 4-314-44 
Instruction Format, 4-1 
Instruction Set Summary, 1-11, 4-31-4-39 
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Instructions 
Binary Coded Decimal, 4-13 
Bit Field, 4-12 
Bit Manipulation, 4-12 
Cache, 4-18, 7-8 
Data Movement, 4-4 
Floating-Point Arithmetic, 4-8 
Integer Arithmetic, 4-7 
Memory Management, 4-18, 6-41 
Multiprocessor, 4-18 
Program Control, 4-14 
Shift and Rotate, 4-10 
System Control, 4-16 

Instruction Transparent Translation Registers, 3-18, 
6-11-6-13,6-38 

Integer Arithmetic Operations, 4-7 
Interrupt Priorities, 9-16 
Interrupts, 8-33, 8-35, 8-37, 9-15 
Interrupt Stack Pointer, 2-17 
Invalid State, 7-9 

-L-
Line Read Operation, 8-18-8-20 
Line Write Operation, 8-25, 8-27, 8-44 
Logical Instruction Operations, 4-10 

-M-
Master Stack Pointer Register, 2-17, 3-47 
Memory Indirect Addressing, 3-26, 3-40, 3-41 
Memory Management Instructions, 4-18, 6-41 
Memory Management Unit, 1-10, 6-2-6-4 
Memory Organization, Integer, 3-20 
Memory Organization, Floating-Point, 3-21 
Misaligned Transfers, 8-8, 8-13 
MMU Status Register, 3-17, 6-2, 6-40 
Mode Control Byte (MODE), 2-10 
Monadic Floating-Point Operations, 4-9, 9-36 
MOVE16 Instruction, 1-3,3-1,4-37,5-5,5-6,7-6,9-27 
Multiplexing, 8-5, 8-50,8-58 
Multiprocessor Instructions, 4-18 

-N-
Negative bit, 4-20 
No Operation Instruction, 8-46 
Normalized Number Format, 3-6 
Not-A-Number Format. 3-8 

Operand, 9-44 
Overflow, 9-46 
Overflow bit, 4-20 

-0-

-p...!.... 

Page Descriptor, 6-6, 6-18, 6-20 
Processi ng States, 2-1 
Program Control Operations, 4-14 
Program Counter, 1-6,2-7 
Program Counter Indirect Addressing, 3-28, 3-29, 

3-31 
Programming Model, 1-4, 1-5,2-17 
Privilege Levels 

Supervisor, 2-2, 6-35 
User, 2-2, 6-34 

Privilege Instructions, 9-13 
Privilege Violation Exception, 9-12 

-0-

Quotient Byte, 2-13 

-R-
Read-Modify-Write, 8-29 
Read Transaction, 8-6, 8-14, 8-55 
Read Timing, 8-9, 8-10, 8-43 
Register Indirect Addressing, 3-23, 3-25, 3-27, 3-40 
Register Organization, 3-9 
Registers 

Address Registers, 3-16 
Cache Control Register, 3-17, 7-19 
Condition Code Register, 3-17 
Data Reg isters, 3-13 
Data Transparent Translation Registers, 3-18, 

6-11-6-13,6-38 
Destination Function Code, 2-18, 3-17 
Floating-Point Data Registers, 3-14 
Floating-Point Control Registers, 1-7,2-9,2-10, 

3-17 
Floating-Point Instruction Address Register, 1-7, 

2-15 
Floating-Point Status Register, 1-7, 2-11, 3-17 
Instruction Transparent Translation Registers, 

3-18,6-11-6-13,6-38 
Interrupt Stack Pointer, 2-17 
Master Stack Pointer Register, 2-17, 3-47 
MMU Status Register, 3-17, 6-2, 6-40 
Program Counter, 1-6,2-7 
Source Function Code Register, 2-18, 3-17 
Status Register, 2-2, 2-17, 3-17 
Supervisor Root Pointer Register, 2-2, 3-18, 6-37 
Translation Control Register, 6-37 
User Root Pointer Register, 2-2, 6-37 
Vector Base Register, 2-5, 2-18, 3-17 

Reset, 2-9, 5-12, 8-62, 9-6, 9-7 
Reset Exception, 9-7 
Return from Exception, 9-21-9-23, 9-28, 9-30 
Root Pointer Register Format, 6-37 
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Setup and Hold Times, 8-3 
Scaling, 3-38, 3-46 
Shift and Rotate Operations, 4-11 
Signaling Not-a-Number, 9-42 
Signal Index, 5-1, 5-2,5-16 
Signals 

A31-AO,5-4 
AVEC, 5-13,9-18 
BB,5-11 
BCLK, 5-9, 5-12, 5-13, 8-2, 8-3 
BG, 5-7, 5-11 
BR,5-11 
CDIS, 5-4, 5-12, 7-19 
ClOUT, 5-8, 6-12 
D31-DO,5-4 
DLE, 5-9 
GND,5-16 
IPEND, 5-13, 9-18 
IPL2-IPLO, 5-13,9-15,9-16 
LOCK, 5-7, 6-33, 7-18, 8-29 
LOCKE, 5-7,8-29 
MI,5-10 
MDIS, 5-4, 5-12, 6-11, 6-40 
PCLK, 5-14, 8-2, 8-3 
PST3-PSTO,5-14 
R/W, 5-7 
RSTI, 5-12, 6-11, 6-41, 9-6 
RSTO, 5"12 
SC1, SCO, 5-10 
TA, 5-8,7-16,9-19 
TBI, 5-9, 7-15, 7-18 
TCI, 5-9, 7-15 
TEA, 5-9, 9-19 
TIP, 5-8 
TLN1, TLNO, 5-6, 7-15 
TM2-TMO, 2-2, 5-5 
SIZ1, SIZO, 5-6, 7-15, 7-18, 8-5 
TS,5-8 
TT1, TTO, 5-5 
TCK,5-15 
TDI,5-15 
TDO,5-15 
TMS, 5-15 
TRST,5-15 
UPA1, UPAO, 5-6, 6-15, 6-21, 6-41 
VCC, 5-16 

Snooping, 5-5, 5-10, 7-7, 8-1 
Source Function Code, Register, 2-18, 3-17 
Stack Frames, 2-5, 9-2, 9-4, 9-22, 9-23, 9-24-9-27 

Stacks 
System, 3-47 
Registers, 3-47 
User, 3-48 

State Frames, 9-30 
States, Cache, 7-8, 7-10, 7-12-7-14, 7-16 
Status Register, 2-2, 2-17, 3-17 
Supervisor Root Pointer Register, 2-3, 3-18, 6-37 
Supervisor Mode, 2-2, 6-39 
Supervisor Mode (S) bit, 2-2 
Supervisor Protection, 6-15, 6-21, 6-33, 6-35, 6-40 
System Control Operations, 4-17 
System Stack Pointer, 3-47 

-T-
Table Descriptor, 6-6, 6-18 
Table Searches, 6-23, 6-31 
Table Structure, 6-5, 6-8 
Test, Conditional, 4-22, 4-25-4-27 
Transfer Modifier Pins (TM2-TMO), 2-2 
Tracing, 9-13, 9-14 
Translation, Address, 6-1-6-4, 6-9, 6-25 
Translation Control Register, 6-37 
Translation Table, 6-7 
Transparent Translation Register Format, 6-38 
Trap Exception, 9-1 ° 

-u-
Unimplemented FP Instructions, 9-35 
Unimplemented FP Data Types, 9-38 
User Root Pointer Register, 2-3, 6-37 
User Mode, 2-3 

-v-
Vector Base Register, 2-5, 2-18, 3-17 
Vectors, 2-5, 8-33, 8-34, 9-3 

-w-
Writethrough Mode, 1-13,6-15,6-19, 

-z-
Zero bit, 4-20 
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