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3-16 M68040 USER'S MANUAL MOTOROLA

3.2.3 Translation Table Example

Figure 3-13 illustrates an access example to the logical address $76543210 while in the
supervisor mode with an 8-Kbyte memory page size. The RI field of the logical address,
$3B, is mapped into bits 8–2 of the SRP value to select a 32-bit root table descriptor at a
root-level table. The selected root table descriptor points to the base of a pointer-level
table, and the PI field of the logical address, $15, is mapped into bits 8–2 of this base
address to select a pointer descriptor within the table. This pointer table descriptor points
to the base of a page-level table, and the PGI field of the logical address, $1, is mapped
into bits 6–2 of this base address to select a page descriptor within the table.

3.2.4 Variations in Translation Table Structure

Several aspects of the MMU translation table structure are software configurable, allowing
the system designer flexibility to optimize the performance of the MMUs for a particular
system. The following paragraphs discuss the variations of the translation table structure.

3.2.4.1 INDIRECT ACTION. The M68040 provides the ability to replace an entry in a page
table with a pointer to an alternate entry. The indirection capability allows multiple tasks to
share a physical page while maintaining only a single set of history information for the
page (i.e., the modified indication is maintained only in the single descriptor). The
indirection capability also allows the page frame to appear at arbitrarily different addresses
in the logical address spaces of each task.
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ROOT LEVEL

TABLES

POINTER LEVEL

TABLES

PAGE LEVEL

TABLES

0 1 1 1 0 1 1 0 0 1 0 1 0 1 0 0 0 0 1 X X X X X X X X X X X X X

ROOT INDEX POINTER INDEX PAGE INDEX PAGE OFFSET

LOGICAL ADDRESS

$76543210 =

$3B $15 $01TABLE ENTRY # =

TABLE $3B TABLE $15
SUPERVISOR

MODE

TABLE $00

TABLE $7F TABLE $1F

TABLE $00 TABLE $00

$3B

$EC $54 $04ADDRESS OFFSET =

$00001800 $00003000
 FRAME ADDRESS


SRP

$15 $01

Figure 3-13. Example Translation Table

Using the indirection capability, single entries or entire tables can be shared between
multiple tasks. Figure 3-14 illustrates two tasks sharing a page using indirect descriptors.

When the M68040 has completed a normal table search, it examines the PDT field of the
last entry fetched from the page tables. If the PDT field contains an indirect ($2) encoding,
it indicates that the address contained in the highest order 30 bits of the descriptor is a
pointer to the page descriptor that is to be used to map the logical address. The processor
then fetches the page descriptor from this address and uses the physical address field of
the page descriptor as the physical mapping for the logical address.

The page descriptor located at the address given by the indirect descriptor must not have
a PDT field with an indirect encoding (it must be either a resident descriptor or invalid).
Otherwise, the descriptor is treated as invalid, and the M68040 creates an ATC entry with
a signaled error condition (R-bit in MMUSR is clear).
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MOTOROLA M68040 USER'S MANUAL 3-29

translation in the ATC and provides the physical address for the access, allowing the
memory unit to retry the original access.

There are some variations in the logical-to-physical mapping because of the two page
sizes. If the page size is 4 Kbytes, then logical address bit 12 is used to access the ATC's
memory, the tag comparators use bit 16, and physical address bit 12 is an ATC output. If
the page size is 8 Kbytes, then logical address bit 16 is used to access the ATC's
memory, and physical address bit 12 is driven by logical address bit 12. It is advisable that
a translation always be disabled before changing size and that the ATCs are flushed
before enabling translation again.

The M68040 is organized such that other operations always completely overlap the
translation time of the ATCs; thus, no performance penalty is associated with ATC
searches. The address translation occurs in parallel with indexing into the on-chip
instruction and data caches.

The MMU replaces an invalid entry when the ATC stores a new address translation. When
all entries in an ATC set are valid, the ATC selects a valid entry to be replaced, using a
pseudo-random replacement algorithm. A 2-bit counter, which is incremented for each
ATC access, points to the entry to replace when an access misses in the ATC. ATC hit
rates are application and page-size dependent, but hit rates ranging from 98% to greater
than 99% can be expected. These high rates are achieved because the ATCs are
relatively large (64 entries) and utilization efficiency is high with 8-Kbyte and 4-Kbyte page
sizes.

3.4 TRANSPARENT TRANSLATION

Four independent TTRs (DTT0 and DTT1 in the data MMU, ITT0 and ITT1 in the
instruction MMU) define four blocks of logical address space to be translated to physical
address space. These logical address spaces must be at least 16 Mbytes and can overlap
or be separate. Each TTR can be disabled and completely ignored. The following
description assumes that the TTRs are enabled.

When an MMU receives an address to be translated, the privilege mode and the eight
high-order bits of the address are compared to the logical address spaces defined by the
two TTRs for the corresponding MMU. The logical address space for each TTR is defined
by an S-field, logical base address field, and logical address mask field. The S-field allows
matching either user or supervisor accesses or both accesses. When a bit in the logical
address mask field is set, the corresponding bit of the logical base address is ignored in
the address comparison and privilege mode. Setting successively higher order bits in the
address mask increases the size of the physical address space.

The address for the current bus cycle and a TTR address match when the privilege mode
and logical base address bits are equal. Each TTR can specify write protection for the
block. When write protection is enabled for a block, write or read-modify-write accesses to
the block are aborted.
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MOTOROLA M68040 USER’S MANUAL 5-17

Table 5-7 Signal Summary (Continued)

Signal Name Mnemonic Type Active Three-State

Transfer Start TS Input/Output Low Yes

Transfer Type TT1, TT0 Input/Output High Yes

Test Clock TCK Input — —

Test Data Input TDI Input High —

Test Data Output TDO Output High Yes

Test Mode Select TMS Input High —

Test Reset TRST Input Low —

User-Programmable Attributes UPA1, UPA0 Output High Yes

Power Supply VCC Power — —

NOTES:
1.  This signal is not available on the MC68LC040 and MC68EC040.
2.  These signals are different on power-up for the MC68LC040 and MC68EC040.
3.  This signal is not available on the MC68EC040.
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6-2 M68040 USER’S MANUAL MOTOROLA

6.1 OVERVIEW

Figure 6-1 illustrates a block diagram of the M68040 implementation of IEEE standard
1149.1A. The test logic includes a 16-state dedicated TAP controller. These 16 controller
states are defined in detail in the IEEE standard 1149.1A, but only 8 are included in this
section.

Test-Logic-Reset Run-Test/Idle
Capture-IR Capture-DR
Update-IR Update-DR
Shift-IR Shift-DR

The TAP controller provides access to five dedicated signal pins:

TCK—A test clock input that synchronizes the test logic.

TMS—A test mode select input with an internal pullup resistor sampled on the rising
    edge of TCK to sequence the TAP controller.

TDI—A test data input with an internal pullup resistor sampled on the rising edge of
  TCK.

TDO—A three-state test data output actively driven only in the shift-IR and shift-DR
    controller states that changes on the falling edge of TCK.

TRST—An active-low asynchronous reset with an internal pullup resistor that forces
      the TAP controller into the test-logic-reset state.

The test logic also includes an instruction shift register and two test data registers, a
boundary scan register and a bypass register. The boundary scan register links all device
signal pins into the instruction shift register.

TDI

TDO

TMS

TCK

TRST

3-BIT INSTRUCTION SHIFT REGISTER


LATCHED DECODER

184-BIT BOUNDARY  SCAN  REGISTER

TEST  DATA  REGISTERS

BYPASS

M
U

X

TA
P


C
O

N
TR

O
LL

ER

M
U

X

183 0

02

Figure 6-1. M68040 Test Logic Block Diagram
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7-22 M68040 USER’S MANUAL MOTOROLA

Clock 2 (C2)
During the first half of the clock after C1, the processor negates TS and drives the
appropriate bytes of the data bus with the data to be written. All other bytes are driven
with undefined values. The selected device uses R/W , SIZ1, SIZ0, A1, A0, and CIOUT

to latch only the required information on the data bus. With the exception of R/W  and
CIOUT, these signals also select any or all of the bytes (D31–D24, D23–D16, D15–D8,
and D7–D0). If the first clock after C1 is not a wait state, then the selected peripheral
device asserts the TA signal.

At the end of the first clock cycle after C1, the processor samples the level of TA,
terminating the bus cycle if TA is asserted. If TA is not recognized asserted at the end of
the clock cycle, the processor ignores the data and inserts a wait state instead of
terminating the transfer. The processor continues to sample TA on successive rising
edges of BCLK until TA is recognized asserted. The data bus then three-states and the
bus cycle ends.

When the processor recognizes TA at the clock edge and terminates the bus cycle, TIP

remains asserted if the processor is ready to begin another bus cycle. Otherwise, the
processor negates TIP during the first half of the next clock. The processor also three-
states the data bus during the first half of the next clock following termination of the
write transfer.

7.4.4 Line Write Transfers

The processor uses line write bus cycles to access a 16-byte operand for a MOVE16
instruction and to support cache line pushes. Both burst and burst-inhibited transfers are
supported. Figures 7-16 and 7-17 illustrate a flowchart and functional timing diagram for a
line write bus cycle.
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7-70 M68040 USER’S MANUAL MOTOROLA

transfer. Edge-triggered latch B is clocked by the rising edge of BCLK and latches the
data from latch A for use by internal logic.

D Q D Q

G

TRANSPARENT

LATCH - A

EDGE-TRIGGERED

LATCH - B

DLE BCLK

TA, TEA, TBI
TERMINATION

CONTROL

LATCHED

READ DATA

WRITE DATA

EXTERNAL

DATA BUS

Figure 7-47. DLE Mode Block Diagram

Figure 7-48 illustrates the data read timing for both normal operation and DLE mode.
During normal operation (i.e., DLE mode disabled), latch A is always transparent, and by
the rising edge of BCLK, read data is latched. Data must meet setup and hold time
specifications #15 and #16 in this case. When the DLE mode is enabled, the data can be
latched by the rising edge of BCLK or the falling edge of DLE, depending on the timing for
DLE.
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8-2 M68040 USER’S MANUAL MOTOROLA

such as those that generate 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. Figure 8-1
illustrates a general flowchart for the steps taken by the processor during exception
processing.

During the first step, the processor makes an internal copy of the status register (SR).
Then the processor changes to the supervisor mode by setting the S-bit and inhibits
tracing of the exception handler by clearing the trace enable (T1 and T0) bits in the SR.
For the reset and interrupt exceptions, the processor also updates the interrupt priority
mask in the SR.

During the second step, the processor determines the vector number for the exception.
For interrupts, the processor performs an interrupt acknowledge bus cycle to obtain the
vector number. For all other exceptions, internal logic 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.
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MOTOROLA M68040 USER’S MANUAL 8-21

8.4.1 Four-Word Stack Frame (Format $0)

If a four-word stack frame is on the active stack and an RTE instruction is encountered,
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.

Stack Frames Exception Types Stacked PC Points To

STATUS REGISTER

PROGRAM COUNTER

0 0 0 0 VECTOR OFFSET

015
SP

+$02

+$06

FOUR-WORD STACK FRAME–FORMAT $0

• Interrupt
• Format Error

• TRAP #N
• Illegal Instruction
• A-Line Instruction
• F-Line Instruction
• Privilege Violation

• Floating-Point Pre-
Instruction

• Next Instruction
• RTE or RESTORE

Instruction
• Next Instruction
• Illegal Instruction
• A-Line Instruction
• F-Line Instruction
• First Word of Instruction

Causing Privilege Violation
• Floating-Point Pre-

Instruction Exception

8.4.2 Four-Word Throwaway Stack Frame (Format $1)

If a four-word throwaway stack frame is on the active stack and an RTE instruction is
encountered, the processor increments the active stack pointer by eight, updates the SR
with the value read from the stack, and then begins RTE processing again, as illustrated in
Figure 8-6. The processor reads a new format word from the stack frame on top of the
active stack (which may or 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 S-bit and M-bit are set. In that case, there is a normal four-word frame on the master
stack. However, the second frame can be any format (even another throwaway frame)
and can reside on any of the three system stacks.

Stack Frames Exception Types Stacked PC Points To

STATUS REGISTER

PROGRAM COUNTER

0 0 0 1 VECTOR OFFSET

015
SP

+$02

+$06

THROWAWAY FOUR-WORD STACK FRAME–FORMAT $1

• Created on interrupt stack
during interrupt exception
processing when transition
from master state to
interrupt state occurs.

• Next Instruction: same as
on master stack.
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MOTOROLA M68040 USER’S MANUAL 9-19

Table 9-8. Floating-Point Conditional Tests

Mnemonic Definition Equation Predicate BSUN Bit Set

IEEE Nonaware Tests

EQ Equal Z 000001 No

NE Not Equal Z 001110 No

GT Greater Than NAN V  Z V N 010010 Yes

NGT Not Greater Than NAN V  Z V N 011101 Yes

GE Greater Than or Equal Z V (NAN V  N) 010011 Yes

NGE Not Greater Than or Equal NAN V  (N Λ  Z) 011100 Yes

LT Less Than N Λ (NAN V  Z) 010100 Yes

NLT Not Less Than NAN V  (Z V N) 011011 Yes

LE Less Than or Equal Z V (N Λ NAN) 010101 Yes

NLE Not Less Than or Equal NAN V  (N V Z) 011010 Yes

GL Greater or Less Than NAN V  Z 010110 Yes

NGL Not Greater or Less Than NAN V  Z 011001 Yes

GLE Greater, Less, or Equal NAN 010111 Yes

NGLE Not Greater, Less, or Equal NAN 011000 Yes

IEEE Aware Tests

EQ Equal Z 000001 No

NE Not Equal Z 001110 No

OGT Ordered Greater Than NAN V Z V N 000010 No

ULE Unordered or Less or Equal NAN V Z V N 001101 No

OGE Ordered Greater Than or Equal Z V (NAN V N) 000011 No

ULT Unordered or Less Than NAN V (N Λ Z) 001100 No

OLT Ordered Less Than N Λ (NAN  V Z) 000100 No

UGE Unordered or Greater or Equal NAN V Z V N 001011 No

OLE Ordered Less Than or Equal Z V (N Λ NAN) 000101 No

UGT Unordered or Greater Than NAN V (N V Z) 001010 No

OGL Ordered Greater or Less Than NAN V Z 000110 No

UEQ Unordered or Equal NAN V Z 001001 No

OR Ordered NAN 000111 No

UN Unordered NAN 001000 No

Miscellaneous Tests

F False False 000000 No

T True True 001111 No

SF Signaling False False 010000 Yes

ST Signaling True True 011111 Yes

SEQ Signaling Equal Z 010001 Yes

SNE Signaling Not Equal Z 011110 Yes

NOTE: All condition codes with an overbar indicate cleared bits; all other bits are set.
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MOTOROLA M68040 USER’S MANUAL 9-33

of the offending instruction, and the F-line word contains the integer data register number.
If the M68040FPSP unimplemented instruction exception handler is used, there can be
some other cases in which an overflow is reported.

In addition to normal overflow, the exponential instructions can generate results that
catastrophically overflow the 16-bit exponent used for intermediate results. For these
instructions (FETOX, FTENTOX, FTWOTOX, FSINH, and FCOSH), the intermediate
result found in either FPTEMP or WBTEMP fields of the floating-point state frame are
invalid. If an INEX2 or INEX1 exceptional condition exists and the user INEX exception
handler is enabled, it is the responsibility of the user OVFL exception handler to look for
this situation.

The user OVFL exception handler examines the E3 bit of the floating-point state frame to
exit from this exception handler. If the E3 bit is set, it must be cleared prior to restoring the
floating-point frame through the FRESTORE instruction. If the E3 bit is clear and the E1 bit
is set, the floating-point state frame is discarded. The RTE instruction must be executed to
return to normal instruction flow.

9.7.5 Underflow

An underflow exception 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 or
memory using the selected rounding precision. An arithmetic operation is too small when
the intermediate result exponent is less than or equal to the minimum exponent value of
the selected rounding precision. Underflow is not detected for intermediate result
exponents that are equal to the extended-precision minimum exponent since the explicit
integer part bit permits representation of normalized numbers with a minimum extended-
precision exponent. Underflow can only occur when the destination format is single,
double, or extended precision. When the destination format is byte, word, or long word,
the conversion underflows to zero without causing either an underflow or an operand
error. 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 EXC byte.

Even if the intermediate result is large enough to be represented as an extended-precision
number, an underflow can occur. The intermediate result is rounded to the selected
precision, and 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,
an underflow occurs.

The IEEE 754 standard defines two causes of an underflow: 1) when the absolute value of
the number is less than the minimum number that can be represented by a normalized
number in a specific data format; 2) when loss of accuracy occurs while attempting to
calculate such a number (a loss of accuracy also causes an inexact exception). The IEEE
754 standard specifies that if the underflow exception is disabled, an underflow should
only be signaled when both of these cases are satisfied (i.e., the result is too small to be
represented with a given format and there is a loss of accuracy during calculation of the
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MOTOROLA M68040 USER’S MANUAL 10-3

10.1 OVERVIEW

Refer to Section 2 Integer Unit for information on the integer unit pipeline. The <ea>
fetch timing is not listed in the following tables because most instructions require one clock
in the <ea> fetch stage for each memory access to obtain an operand. An instruction
requires one clock to pass through the <ea> fetch stage even if no operand is fetched.
Table 10-2 summarizes the number of memory fetches required to access an operand
using each addressing mode for long-word aligned accesses. The user must perform his
own calculations for <ea> fetch timing for misaligned accesses.

Table 10-2. Number of Memory Accesses

Addressing Mode

Evaluate <ea>
And Fetch
Operand

Evaluate <ea>
And Send To

Execution Stage

Dn 0 0

An 0 0

(An) 1 0

(An)+ 1 0

–(An) 1 0

(d16,An) 1 0

(d16,PC) 1 0

(xxx).W, (xxx).L 1 0

#<xxx> 0 0

(d8,An,Xn) 1 0

(d8,PC,Xn) 1 0

(BR,Xn) 1 0

(bd,BR,Xn) 1 0

([bd,BR,Xn]) 2 1

([bd,BR,Xn],od) 2 1

([bd,BR],Xn) 2 1

([bd,BR],Xn,od) 2 1

In the instruction timing tables, the <ea> calculate column lists the number of clocks
required for the instruction to execute in the <ea> calculate stage of the integer unit
pipeline. Dual effective address instructions such as ABCD –(Ay),–(Ax) require two
calculations in the <ea> calculate stage and two memory fetches. Due to pipelining, the
fetch of the first operand occurs in the same clock as the <ea> calculation for the second
operand.

The execute column lists the number of clocks required for the instruction to execute in
the execute stage of the integer unit pipeline. This number is presented as a lead time and
a base time. The lead time is the number of clocks the instruction can stall when entering
the execution stage without delaying the instruction execution. If the previous instruction is
still executing in the execution stage when the current instruction is ready to move from
the <ea> fetch stage, the current instruction stalls until the previous one completes. For
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10-14 M68040 USER’S MANUAL MOTOROLA

10.6 INTEGER UNIT INSTRUCTION TIMINGS (Continued)

ADDQ, SUBQ ASL ASR, LSL, LSR

Addressing
Mode

<ea>
Calculate

Execute <ea>
Calculate

Execute <ea>
Calculate

Execute

Dn 1 1 1 3/4* 1 2/3*

An 1 1 — — — —

(An) 1 1 1 3 1 2

(An)+ 2 1L + 1 1 3 1 2

–(An) 2 1L + 1 1 3 1 2

(d16,An) 2 1L + 1 1 3 1 2

(d16,PC) — — — — — —

(xxx).W, (xxx).L 1 1 1 3 1 2

#<xxx> — — — — — —

(d8,An,Xn) 3 3 3 5 3 4

(d8,PC,Xn) — — — — — —

(BR,Xn) 7 1L + 6 7 1L + 8 7 1L + 7

(bd,BR,Xn) 8 1L + 7 8 1L + 9 8 1L + 8

([bd,BR,Xn]) 10 1L + 9 10 1L + 11 10 1L + 10

([bd,BR,Xn],od) 11 1L + 11 11 1L + 12 11 1L + 11

([bd,BR],Xn) 11 3L + 8 11 3L + 10 11 3L + 9

([bd,BR],Xn,od) 12 3L + 10 12 3L + 11 12 3L + 10

*Immediate count specified for shift count/shift count specified in register, respectively.

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.



10-24 M68040 USER’S MANUAL MOTOROLA

10.6 INTEGER UNIT INSTRUCTION TIMINGS (Continued)

MOVES <ea>,An* MOVES <ea>,Dn* MOVES Rn,<ea>*

Addressing
Mode

<ea>
Calculate

Execute <ea>
Calculate

Execute <ea>
Calculate

Execute

Dn — — — — — —

An — — — — — —

(An) 28 4L + 24 20 4L + 19 13 4L + 9

(An)+ 28 4L + 24 20 4L + 19 13 4L + 9

–(An) 17 2L + 15 11 12 11 2L + 9

(d16,An) 29 4L + 24 21 4L + 19 14 4L + 9

(d16,PC) — — — — — —

(xxx).W, (xxx).L 17 2L + 15 11 4L + 10 11 2L + 9

#<xxx> — — — — — —

(d8,An,Xn) 29 1L + 27 21 1L + 22 14 1L + 12

(d8,PC,Xn) — — — — — —

(BR,Xn) 21 2L + 19 15 2L + 14 15 2L + 13

(bd,BR,Xn) 22 2L + 20 16 2L + 15 16 2L + 14

([bd,BR,Xn]) 35 2L + 32 26 2L + 27 21 2L + 17

([bd,BR,Xn],od) 31 2L + 29 23 2L + 24 20 2L + 18

([bd,BR],Xn) 36 4L + 31 27 4L + 26 21 4L + 16

([bd,BR],Xn,od) 32 4L + 28 24 4L + 23 21 4L + 17

*Times listed are typical. This instruction interlocks the <ea> calculate and execute stages and synchronizes some
portions of the processor before execution.
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MOTOROLA M68040 USER’S MANUAL 10-27

10.6 INTEGER UNIT INSTRUCTION TIMINGS (Continued)

ROXL, ROXR Scc SUBA

Addressing
Mode

<ea>
Calculate

Execute <ea>
Calculate

Execute <ea>
Calculate

Execute

Dn 1 5/6* 1 2 1 1

An — — — — 1 2

(An) 1 2 1 2 1 2

(An)+ 1 2 1 2 2 1L + 2

–(An) 1 2 1 2 2 1L + 2

(d16,An) 1 2 1 2 2 1L + 2

(d16,PC) — — — — 3 2L + 2

(xxx).W, (xxx).L 1 2 1 2 1 2

#<xxx> — — — — 1 2

(d8,An,Xn) 3 4 4 5 4 5

(d8,PC,Xn) — — — — 5 1L + 5

(BR,Xn) 6 1L + 6 6 1L + 6 6 1L + 6

(bd,BR,Xn) 7 1L + 7 7 1L + 7 7 1L + 7

([bd,BR,Xn]) 9 1L + 9 10 1L + 10 9 1L + 9

([bd,BR,Xn],od) 10 1L + 10 11 1L + 11 10 1L + 10

([bd,BR],Xn) 10 3L + 8 11 3L + 9 10 3L + 8

([bd,BR],Xn,od) 11 3L + 9 12 3L + 10 11 3L + 9

*Immediate count specified for shift count/shift count specified in register, respectively.
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MOTOROLA M68040 USER’S MANUAL 10-35

10.7.3 Timings in the Floating-Point Unit

Times in parentheses are the total time that the stage uses to execute an instruction even
though the stage can pass data to the next stage earlier. So that 2(3) in the conversion
stage means that the instruction takes two cycles to execute, but this stage is actually
busy for three cycles.

Instruction Opclass Size Precision Operands Conversion Execution Normalization

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

0 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 0 0

0 — Any — ,Inf 4 0 0

0 — Any — ,NAN 4 0 0

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
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M68040 USER’S  MANUAL

 

MOTOROLA

 

MC68EC040 REV2.3 (01/31/2000)

 

U1, U0—User Page Attributes 
These two bits drive on the user page attribute signals (UPA1 and UPA0). If an external
bus transfer results from the access, U0 and U1 are echoed to the UPA0 and UPA1
signals, respectively. The user can program these bits to support extended addressing,
bus snooping, or other applications. The MC68EC040 does not interpret these bits. 

CM—Cache Mode
This field selects the cache mode and access serialization for a page as follows:

00 =  Cachable, Write-through
01 =  Cachable, Copyback 
10 =  Noncachable, Serialized 
11 =  Noncachable 

Detailed information on caching modes is available in 

 

Section 4 Instruction and Data
Caches

 

, and information on serialization is available in 

 

Section 7 Bus Operation

 

.

W—Write Protect
This bit indicates if the transparent block is write protected. If set, write and read-modi-
fy-write accesses are aborted as if the R-bit in a table descriptor were clear. Refer to 

 

3.2.2
Descriptors

 

 for a description of table descriptors.
0 =  Read and write accesses permitted.
1 =  Write accesses not permitted.

 

B.3.2 Address Comparison

 

The following description of address comparison assumes that the ACRs are enabled.
Clearing the E-bit in each ACR independently disables access control, causing the proces-
sor to ignore it.

When an ACU receives a physical address, the privilege mode and the eight high-order bits
of the address are compared to the block of addresses defined by the two ACRs for the cor-
responding ACU. Each block of address space for an ACR contains an S-field, a BASE
ADDRESS field, and an ADDRESS MASK field. The S-field allows for matching either user
or supervisor accesses (or both). Setting a bit in the ADDRESS MASK field causes the cor-
responding bit of the ADDRESS BASE to be ignored in the address comparison and privi-
lege mode. Setting successively higher order bits in the ADDRESS MASK field increases
the size of the block of address space.

The address for the current bus cycle and an ACR address match when the privilege mode
and address bits for each (not including the masked bits) are equal. Each ACR specifies
write protection for the block of address space. Enabling write protection for a block of
address space causes the abortion of write or read-modify-write accesses to the block, and
an access error exception occurs.

By appropriately configuring an ACR, flexible mappings can be specified. For example, to
control access to the user address space, the S-field equals $0, and the ADDRESS MASK
field equals $FF in all four ACRs. To control access to the supervisor address space
($00000000–$0FFFFFFF) with write protection, the BASE ADDRESS field = $0X, the
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M68040 USER’S  MANUAL

 

MOTOROLA

 

MC68EC040 REV2.3 (01/31/2000)

 

B.7.3 DC Electrical Specifications  

 

(V

 

CC

 

 = 5.0 Vdc ±5 %)

 

*Capacitance is periodically sampled rather than 100% tested.

 

B.7.4 Power Dissipation

 

*This information is for system reliability purposes.

 

Characteristic Symbol Min Max Unit

 

Input High Voltage V

 

IH

 

2 V

 

CC

 

V

Input Low Voltage V

 

IL

 

GND 0.8 V

Undershoot — — 0.8 V

Input Leakage Current @ 0.5–2.4 V 
AVEC, BCLK, BG, CDIS, IPLÅ, PCLK, RSTI, SCx, TBI, 
TLNx, TCI, TCK, TEA

I

 

in

 

20 20 mA

Hi-Z (Off-State) Leakage Current @ 0.5–2.4 V
An, BB, CIOUT, Dn, LOCK, LOCKE, R/W, SIZx, TA, TDO, TIP, 
TMx, TLNx, TS, TTx, UPAx

I

 

TSI

 

20 20 mA

Signal Low Input Current, V

 

IL 

 

= 0.8 V 
TMS, TDI, TRST

I

 

IL

 

–1.1 –0.18 mA

Signal High Input Current, V

 

IH = 

 

2.0 V
TMS, TDI, TRST

I

 

IH

 

–0.94 –0.16 mA

Output High Voltage, I

 

OH = 5 mA

 

V

 

OH

 

2.4 — V

Output Low Voltage, I

 

OL 

 

=

 

 

 

5 mA V

 

OL

 

— 0.5 V

Capacitance*, V

 

in = 

 

0 V, f = 1 MHz C

 

in

 

— 25 pF

 

Frequency Watts

Maximum Values (V

 

CC

 

 = 5.25 V, TA = 0°C)

20 MHz 3.2

25 MHz 3.9

33 MHz 4.9

40 MHz 5.5

Typical Values (V CC = 5 V, TA = 25°C)*

20 MHz 2.0

25 MHz 2.4

33 MHz 3.0

40 MHz 3.5

    

  

F
re

e
sc

a
le

 S
e

m
ic

o
n

d
u

c
to

r,
 I

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  

Freescale Semiconductor, Inc.

For More Information On This Product,
  Go to: www.freescale.com

n
c

..
.


