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Preliminary Technical Summary ~’~~.,.
Third-Generation 32-Bit Embedded Controller
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The MC68EC040 is Motorola’s third generation of M68000-compatible, high-performance, 32-bitt*$tided
controllers. The MC68EC040 is an e“mbedded controller employing a highly integrated @ftii#&ure to

,4$’

provide very high performance in a monolithic HCMOS device. On a single chip, the MC6@~~$*%integrates
an MC68040-compatible integer unit, an access control unit (ACU), and independe,n~i,4t?%@e instruction
and 4K-byte data caches. A high degree of instruction execution parallelism is achi&i@&Rrough the use of a

$&,.~.,
.,.,>,

multistage instruction pipeline, multiple internal buses, and a full internal Ha&&y3 ,#5hitecture, including

separate physical caches for both instruction and data accesses. The MC~}~~@6 also directly supports

cache coherency in multimaster applications with dedicated on-chip,$~s snooping logic. For detailed

information on the MC68EC040, refer to MC68EC040UM/AD, MC6@@~& 32-Bit Embedded Contrder<.,,..,:..!.,
User’s Manual

The MC68EC040 is user-object-code compatible with previ@s fit?mbers of the M68000 Family and is$J.\t>,,
specifically optimized to reduce the execution time of #q@Eer-generated code. The MC68EC040 is
designed to take full advantage of existing M68000 Fa~~l$+@e while providing the improved performance
of the MC68040 architecture. The increased performa%~~:fswell suited to CPU-intensive embedded control
applications. The MC68 EC040 is implemented in M@orola’s latest HCMOS technology, providing an ideal,“**.
balance between speed, power, and physical,,,#&@~esize,

% .\.,:;\\
Figure 1 is a simplified block diagram of@#~@&68EC040. Instruction execution is pipelined in the integer

*,;#,:” ~‘
unit. Bus snoo’ping ensures cache ,~~$ency in multimaster and multiprocessing embedded control

~,~,t>?.,
applications, ‘t$:i...\.&.+.‘-+>,.-:W$1+.\+:*>.1
The main features of the MC68,@$Q~@areas follows:

● 20 MIPS Integer Perforrn~c,$$t ’25 MHz, 16 MIPS Integer Performance at 20 MHz
● 4K-Byte Instruction C@’f?i@hd4K-Byte Data Cache Accessed Simultaneously
● 32-Bit, Nonmultipl@xhk@iS~ernalAddress and Dala Buses with Synchronous Interface
. User-Object-C~de”~~ patible with All M68000 Microprocessors
● Concurrent l@~&r l)nit, ACU, Bus Controller, and Bus Snooper Maximize Throughput
● lndepend~n~@$&ction and Data AC Registers
● 4-Gbytq @]&l Addressing Range
● Sof~~~&@Bppod Including Optimizing C Compiler .,

,,f.t..>‘.:?>l,:<
.!, ....

— Thisdocument contains information on a new product. Specifications and information herein are subject to change without notice.
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INTRODUCTION —
The MC68EC040 is an enhanced, 32-bit, HCMOS embedded controller that combines the high-

performance integer processing unit of the MC68040 microprocessor with independent 4K-byte data and

instruction caches. The MC68EC040 maintains the 32-bit registers available with the entire M68000 Family

as well as the 32-bit address and data paths, a rich instruction set, and versatile addressing modes,:,
Instruction execution proceeds in parallel with accesses to the internal caches, ACU and bus contra~$~%$,

activity. Additionally, the integer unit is optimized for high-level language environments. The full a~~~~~~d
range of the MC68EC040 is 4 Gbytes (4,294,967,296 bytes); however, most MC68EC04,Q$!3@W%ns
implement a much smaller physical memory.

J :.:,‘:’;$
,+:,*$%

.<?>:,.$’&F*’,*,\\,:>..,\

The high degree of parallelism in the instruction execution unit is achieved through a ~~fl~~?~~e pipeline,...’+,>l),,.:,s
the bus controller, and separate instruction and data caches. The multi-stage pipeli~~~lll operate on up to

six instructions ‘concurrent with bus controller operations, ACU, and separate i~t$~~~kn and data cache

accesses. Multiple internal buses, separate instruction and data caches, and ~@@@isficatedbus controller

decouples the high-performance MC68EC040 integer unit from the exte&&~~s. The copyback cache

mode provides even higher performance by reducing the external+bqs ‘a~tivity for data writes. The

MC68EC040 will burst fill four 32-bit long words into the instruction ,w~~~~~ caches, when needed by the%,,1W
integer unit, to increase the decoupling of the controller from ~h~~~~~ernalbus. The sophisticated bus

controller can delay writes when the external bus is needed to f$tc~t@struction or data which is not present in
.-:>,,,$1

the internal caches. By reducing the external bus titilizatio~$ae MC68EC040 can sustain a much higher

performance without an expensive external memory syst~rn~he decoupling of the external bus allows the

external memory system to be slower and much ,~~~~~~pensive without a significant impact on the
t?,?,,...~

MC68EC040 performance. ‘*$*, —
,~,y

~.: ~
The instruction and data caches operate ind@&&Jently from the rest of the machine, storing information for —

&
fast access by the execution units. Eac~:*e resides on its own internal address bus and data bus,
allowing simultaneous access to both. T&#l&Ward-style architecture allows a combined internal transfer rate

,$+,%,,;$’
of 200 Mbytes per second at a 25&f@+,,tHockrate when accessing both the data and instruction caches, ‘!$#,’\l&.$‘
simultaneously. The data cache,~@&t&% writethrough or copyback write modes that can be configured on a
16-Mbyte to 4-Gbyte block bz@s?$&asingthe access control unit. Cache coherency is maintained by the bus

snooping of the bus cont$~~,~~~ the MC68EC040.
‘~c+,:..~.,

The MC68EC040 ~~y~froller supports a high-speed, nonmultiplexed, synchronous external bus
‘It,,..~

interface, which ,#c+wsMe following transfer sizes: byte, word (2 bytes), long word (4 bytes), and line (16

bytes). Line ac#&*& are performed using burst transfers for both reads and writes to provide high data

transfer rat~~w bus controller unit is capable of handling 50 Mbyte per second of. long word transfers and.:.>,i
burst tramjf~$$bf 80 Mbytes per second.~::~ike,J,.$.zi’..$ .$ ‘“
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The MC68EC04Q i&#ates the functions of the integer unit, ACU, and caches. As shown in Figure 2, the
registers depJ@&ff~mthe programming model provide access and control for the three units. The registers

~.:.:i>..,,,,,$
are patiiti~~~~tilo two levels of privilege: user and supervisor. User programs, executing in the user mode,

%~~:!:,y
can onlylk~”~~the resources of the user model. System software, executing in the supervisor mode, has

ii’.s,&
unreQ~#*& access to all controller resources.$)>., ,:$?.,. ,)*

+~~lh~eger portion of the user programming model consists of 16 general-purpose 32-bit registers and two

~~~$~trol re9iSterS. The MC68EC040 user programming model is compatible with the entire M68000 Family.
$ The supervisor programming model is used exclusively by MC68EC040 system programmers to implement

operating system functions, ACU, and l/O control. This supervisor/user distinction in the M68000

architecture was carefully planned so that all application software can be written to execute in the
nonprivileged user mode and migrate to the MC68EC040 from any M68000 platform without modification.

Since system software is usually modified by system designers when porting to a new design, the control

features are properly placed in the supervisor programming model. For example, the access control registers

MOTOROLA MC68EC040 TECHNICAL DATA 3



of the MC68EC040 can only be read or written by the supervisor software; the programming resources of

user application programs are unaffected by the existence of the access control registers.

Registers DO-D7 are data registers containing operands for bit and bit field (1 to 32 bits), byte (8 bit), word —

(16 bit), long-word (32 bit), and quad-word (64 bit) operations. Registers AO-A6 and the stack pointer
registers (user, interrupt, and master) are address registers that may be used as software stack pointers or

base address registers. Register A7 is the user stack pointer in user mode. and is either the interrupt d~i$$,,
master stack pointer (A7 or A7”) in supervisor mode. In supervisor mode, the active stack pointer (inter~rsp~,}~$./.;!<$l..@\\,

master) is selected based on a bit in the status register (SR). The address registers can be used for w@&#d
long-word operations, and all 16 general-purpose registers (DO–D7, AO–A7 in Figure 2) can,~~~bd as

,.,,.,

index registers.
. .,yt,,.t~ti$,ij:~‘ ,.+l

31 0 ,,.,

31

1— REGISTEI% -1 ; .~.,,.,:

I INTERRUPTSTAC,KPOINTER
MASTER STACK POINTER
STATUS REGISTER (OCR IS ALSO SHOWN IN THE USER PROGRAMMING MODEL)
VECTOR BASE REGISTER
SOURCE FUNCTIONCODE
DESTINATIONFUNCTIONCODE
CACHE CONTROL REGISTER
DATA ACCESS CONTROL REGISTER O
DATA ACCESS CONTROL REGISTER 1
INSTRUCTIONACCESS CONTROL REGISTER O
INSTRUCTIONACCESS CONTROL REGISTER 1
ACU STATUS REGISTER

SUPERVISOR PROGRAMMING MODEL

4

Figure 2. Programming Model
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The program counter (PC) contains the address of the instruction being executed by the MC68EC040.
—

During instruction execution and exception processing, the controller automatically increments the contents

— of the PC or places a new value in the PC, as appropriate.

The SR in the supervisor programming model contains the condition codes that reflect the results of a
previous operation and can be used for conditional instruction execution in a program. The lower byte of$the
SR is accessible in user mode as the condition code register (CCR). Access to the upper byte of the:@$@

restricted to the supervisor mode.
<*~${;,,li;>+ .>*-.r,:,t:~,, .)-$.’..-*.l.,,,,.<.~~~~+.,.%>4- W

As part of exception processing, the vector number of the exception provides an index int~ :~@~~~ception
vector table. The base address of the exception vector table is stored in the vector base rq@e~’~VBR). The

displacement of an exception vector is added to the value in the VBR when the MC68~~~~&accesses the

vector table during exception processing.
~, .,,, ~C.’+:i,.,-~

‘~~, ~.+~’..,f,‘-.,I$:;,*,~.;}*.‘-~

Alternate function code registers, SFC and DFC (source and destination), <~’$~~$~3-bit function codes.

Function codes can be considered extensions of the 32-bit linear address .~fitic~n codes are automatically
“?$:*%

generated by the controller to select address spaces for data and ~~ogfeamaccesses at the user and

supervisor modes. The alternate function code registers are used b~:b~~n instructions to explicitly specify
~~“;,*

~1.‘“!*La,*i‘,.
the function codes for various operations. The cache control re~i$tei&CACR) controls enabling of the on-$ .?i,\t,,:*
chip instruction and data caches of the MC68EC040.

,?,>+.‘~:.<q~$:i

—

,.Ji. ..k:t ,

The access control registers (DACRO, DACR1, IACRQ@~jti*$ACRl) can each specify separate blocks of

memory as,accessible with restrictions. As shown in ~#~$[$~2,there are four access control registers: IACRO
and IACR1 for instruction accesses and DACR04$@+dACRl for data accesses. These registers allow

portions of the address space to be accessed,with$achability, user/supervisor space and read/write controls.

The eight most significant bits of the addres@~re used to define the area of memory controlled. The access
control feature allows addresses that a “%e nACx registers to be cache inhibited and writes to be

*? ‘$“+~*$J
serialized, which is useful for markir#,#&space as noncachable. The nACx register controls the user-~~,,...
programmable access (UPAn) pin~.~;q~$$s’

‘\.y..::,$>:,..,’,..*
information resulting from a test of the

MOTOROLA MC68EC040 TECHNICAL DATA 5



DATA TYPES AND ADDRESSING MODES —
The MC68EC040 supports the basic data types listed in Table 1. In addition, the instruction set supports _

operations on other data types such as memory addresses.

Table 1. Data Types

Operand Data Type Size Notes

Bit 1 Bit —

Bit Field 1-32 Bits Field of Consecutive Bits

BCD 8 Bits

Byte Integer 8 Bits —

Word Integer 16 Bits —

Long-Word Integer 32 Bits
+ ~

— a., .!..~~:~~.lt:.!~;~,.

Quad-Word Integer 64 Bits Any Two Data Registers
‘‘X~<s\,-,.>$ >f$>~tt*.. ,,!$’

16-Byte S28 Bits Memory-Only,Aligned16-Bfiq~wav
“i ,*

.. .\*:\,
The MC68EC040 addressing modes are listed in Table 2. The regi$ff’f~~ect addressing modes support

postincrement, predecrement, offset, and indexing, which are parti&#~”keful for handling data structures

common to sophisticated applications and high-level languag@Jj Ttik! program counter indirect mode also
has indexing and offset capabilities; this addressing mat k typically required to support position-

independent software. In addition to these addressing ~:~~~the MC68EC040 provides index sizing and
scaling features that enhance software performancd$$ka formats are supported orthogonally by all
arithmetic operations and by all appropriate addre~sin~:modes.

—

.
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INSTRUCTION SET OVERVIEW —

The instructions provided by the MC68EC040 are listed in Table 3. The instruction set has been tailored to _
supped high-level languages and is optimized for those instructions most commonly executed (however, all

instructions listed are fully suppofied). Many instructions operate on bytes, words, and long words, and most
instructions can use any of the addressing modes of Table 2. ,,.,,

*’X,l,

The MC68EC040 instruction set includes MOVE16, a new user instruction that allows high-speed traPf#&~
$J,$<,.,,.,’~,’$:.

of 16-byte. blocks between external devices, such as memory to memory or coprocessor to mern,~~k,~br
$*7$“

detailed information on the MC68EC040 integer and instruction set, refer to M68000PM/A~~~~:@BOO0
Programmer’s Reference Manual, for instructions listed under MC68040 or the MC68EC04Q#~~FQ~detailed
information on the MC68EC040 ACU” instruction set refer to MC68EC040UM/AD, M~@&~p~O User’s

Manua/.
-:+>]...’.,, t!,;{,}.+..$\., .*

.:.$,’$..,,,,~:,,‘*,*.,.$:$J$**?,.,~., ,*..,\ :~+\lk\/,:il,,~,~> .

INSTRUCTION AND DATA CAQ@i~,.
..’,~~,..,

*$,.y:i&5

Studies have shown that typical embedded controller programs spen~,,&&f their execution time in a few
main routines or tight loops. Earlier members of the M68000 FQ~~~l,~@okadvantage of this locality-of-

.“:.,~l,~’

reference phenomenon to varying degrees. The MC68EC040 tak~;~u”flher advantage of cache technology
with its two, independent, on-chip, caches, one for instructi~~t,an~ one for data, The caches reduce the
processor’s external bus activity and increase central p@~~~dbr unit (CPU) throughput by lowering the

effective memory access time. For a typical system de$i&W” large caches of the MC68EC040 yield a highie....,\,.*).,,.
hit rate, providing a substantial increase in system pe#$@ance. Additionally, the caches are automatically _

burst-filled from the external bus whenever a cac~ ml~s occurs.
,*F?$*\ —

The autonomous nature of the caches allp~~~~uction stream fetches, data stream fetches, and a third
‘t).;.,

external access to occur simultaneously ~~$fi,,~fistructionexecution. For example, if the MC68EC040 requires

both an instruction stream access a@$$~&~ternal peripheral access and if the instruction is resident in the,:,\.,..*+.;, .
on-chip cache, the peripheral acqe~~~ceeds unimpeded rather than being queued behind the instruction

;~;~
fetch. If a data operand is als~$~~red and is resident in the data cache, it can also be accessed without

hindering either the instru~@~cess or the external peripheral access. The parallelism inherent in the
MC68EC040 also allow,$i~~tiple instructions that do not require any external accesses to execute

concurrently while the ~o&ssor is performing an external access for a previous instruction.
mst;~<....,,,
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Table 3. Instruction Set Summary

Mnemonic

AWD

ADD

ADDA

ADDI
ADDQ

ADDX

AND

ANDI
ASL
ASR

Bcc
BCHG

BCLR
BFCHG
BFCLR

BFEXTS

BFEXTU

BFFFO

BFINS
BFSET
BFTST

BKPT
BRA

BSET
BSR
BTST

CAS
CAS2
CHK

CHK2

●CINV
CLR

w
CMPA

CMPI

CMPM
CMP2

‘CPUSH

DBCC
*.;J$‘

WR

Description,

Add Decimal with Extend

Add
Add Address

Add Immediate
Add Quick

Add with Extend

Logical AND
Logical AND Immediate

Arithmetic Shift Left
Arhhmetic Shift Right

Branch Conditionally
Bit Test and Chang~

Bit Test and Clear
Test Bit Field and Change

Test Bit Field and Clear
Signed Bit Field Extract

Unsigned Bit Field Extract

Bit Field Find First One

Bit Field Insert
Test Bit Field and Set
Test Bit Field

Breakpoint
Branch Always

Bit Test and Set
Branch to Subroutine

Bit Test .,
Compare and Swap Operands :.:~*::J:<,:,\.,
Compare and Swap Dual Operands “$}$

Check Register against Bounds ,~ ~

Check Register against U&r and

Lower Bounds ‘ ‘“%f}.‘?+:$\,

Invalidate Cache En~sa~:

Clear Operand .,.l:$’~$’‘?~~ ~

Compare “.~t?~j~+~:,.:S:.V*,
Compare A%f&’~.

Compare ~~@te

Corn~&~e,pory to Memo~
Co@ar~~Bgister Against Upper

‘~gned Divide

Unsigned Divide
Logical Exclusive OR
Logical Exclusive OR Immediate

Exchange Registers

Sign Extend

Take Illegal Instruction Trap

Jump
Jump to Subroutine

Mnemonic Description

LEA Load Effective Address

LINK tink Stack
LSL, LSR Logi=l Shift Left and Right

MOVE Move ,*!.
●MOVE16 16-Byte Block Move

‘*{,3,
sg:.;y.~i<t~,

MOVEA Move Address
~,., ~~\\idt“ , ~:.~,.

Move Condition Codes”$ ‘~)
“.*

MOVE CCR

MOVE SR Move to Status Rw~~&’
MOVE USP Move User Stack~@~~@F
*MOVEC Move Contr~~fl@i$%?

MOVEM Move Mu~@~,~~sters
MOVEP MovePd~~~@l’Data

MOVEQ Moy@”{Quic~~$
●MOVES Mo%q$ernate Address Space
MULS ,,$~&~ Multiply

MULU *,?: g~~~igned Multiply

NBCD ,:*:$$$ .~egate Decimal with Extend
NEG “t, ‘ ‘ Negate“.?.*,

.,$?>~,:
NEGX ~,i .,, Negate with Extendi:.,.’..~~,:+,y,>,.......
~ ,* :’?$k>+ No Operation
NOT $;, <$ Ones Complement
*:CF’’’:$,,<R’ Logi=l OR
Oh?i,$. OR Immediate

PACK Pack BCD
*A Push Effective Address
** PTEST Test Address in ACU Register

RESET Reset External Devices
ROL, ROR Rotate Left and Right

ROXL, ROXR Rotate with Extend Left and Right

RTD Return and Deallocate
RTE Return from Exception

RTR Return and Restore Codes
RTS Return from Subroutine

SBCD Subtract Decimal with Extend

Scc Set Conditionally

STOP stop

SUB Subtract
SUBA Subtract Address

SUB[ Subtract Immediate

sum Subtract Quick

SUBX Subtract with Extend

SWAP Swap Data Register Words

TAS Test and Set Operand

mP Trap
TRAPcc Trap Conditionally

RPV Trap on Oveflow

TST Test

UNLK Unhnk

UNPK Unpack BCD

tiC68EC040 additions or alterations to the MC68030 and MC68EC030 instruction sets.

** MC68EC040 alterations to the MC68030, MC68EC030, and MC68040 instruction sets.

MOTOROLA MC68EC040 TECHNICAL DATA 9



CACHE ORGANIZATION
—

The four-way set-associative instruction and data caches have 64 sets of four 16-byte lines for total cache

storage of 4K bytes each. As shown in Figure 3, each 16-byte line contains an address tag and state —
information. The cache state information for each entry consists of a valid flag for the entire line in both

instruction and data caches and write status for each long word in the data cache. The write status in the data
cache signifies whether or not the long-word data is dirty (meaning that the data in the cache has bee~+,

modified but has not been written back to external memory) for data in copyback blocks. l:$:yi,$:l.}
,+,>,,..,,,>;<.. ,\q.*>.‘,J,...$)..~,,, :$:<

ADDRESS
$l;’. ,Xt:.“!1:$:..;,\,,,.3 :~.~!.,,\

/
,+,~. ;~$+ \

\ ‘..,$. ?8,:, .. .

r
A31-A12

Al 1-Al O
7

,..
.1<:

Figure 3, Internal Cache Organization

DATA OR

f
INSTRUCTION

+

If the tag matches and the entry “isvalid, then the cache has a hit. If the cache hits and the access is a read,

the appropriate data from the cache line is multiplexed onto the appropriate internal bus. If the cache hits and
the access is a write, the data, regardless of size, is written to the appropriate portion of the corresponding
data entry in the cache.

10 MC68EC040 TECHNICAL DATA MOTOROLA
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When a data cache miss occurs and a previously valid cache line is replaced by the new line, any dirty data in
— the old line will be internally buffered and copied back to memory after the new cache line has been loaded.

Pushing of dirty data can be forced by the CPUSH instruction.—

Cachability of data in memory is controlled by two bits in the data access control register. Cachable blocks

may be either writethrough or copy back, with no write-allocate for misses to writethrough blo~ks.

Noncachable blocks may also be specified as noncachable 1/0, forcing accesses to these blocks to o+$~~
order of instruction execution.

\\,,.$\,~,,:$ \’i~.\:~\.,‘~i~,~,(.,,,+,~,i$.,:~),\*\i, ..’$..~

CACHE COHERENCY
~+::,~.$\i.,Je.,..!... ,,,,,($,,..,,,.,.:,$\,.\&)*””,,.;..1’,..,.,,\,,,,.+},

The MC68EC040 has the ability to snoop the external bus during accesses by other bu@~~?~rs to maintain
~...%“~::.;’,,,~,~:i,.

coherency between the MC68EC040 caches and external memory systems. ~~~rnaf’write cycles are
.~i$.,.)>

snooped by both the instruction cache and data cache; whereas, external read,~~$~are snooped only by
‘~’.s{

the data cache. In addition, external cycles can be flagged on the bus as sno,\~&l@ or nonsnoopable. When,~~.’:~*air,\,\,>.>.
an external cycle is marked as snoopable, the bus snooper checks the cacm?kt”a coherency conflict based‘~,.>.>
on the state of the corresponding cache line and the type of external Cyq: ‘P

~b,.,{,>?,;,,;,.}.s.{+;.,..“J~.+$>+.\.?t>.
Although the internal execution unit and the bus snooper circuit &ot@tiave access to the on-chip caches,

the snooper has priority over the execution units to allow the$~ooper to immediately resolve coherency
.,’, ~\i\@\*:l..\s

discrepancies.
..<,,,.-,.. ~~j,,f:$t~,,,..>,,.?,+},,..*l$\++\.~~.~‘>”J$

CACHE INSTRUCTIONS
.: :/$$“’i$~:$,<~>.~‘.+ll,,>,..

i*:.,.++~,~:y,’.tt
.?

— The MC68EC040 suppofls the following instrq@ions for cache maintenance. Both instructions may,g~.
selectively operate on the data and/or instrg@~ cache.

— :-,:>.*,
CINV Invalidates a single~#!@r’the entire cache.

>V$:,$‘i’‘1,!t$::t,,$s.!:.;j*3.,{t ,,W
CPUSH Pushes sel~~#tifiy data cache Iines,or all of the cache to memory, then

!:,:)..,,+,\*,,:.
invalidat~~ N. Wlected lines.

,<,,,*?,~b.,.~$\?,*.,./$.,g,<l,:,..“.{,.:*i*<..*T>...w*~
,f\ -:;:}

QW~AND TRANSFER MECHANISMS,.* -..~t,,,,:,t
The MC68E~J~,@Yternal synchronous bus suppotis multiple masters and overlaps arbitration with data‘i,..y
transfers. .~~~~$us is optimized to perform high-speed transfers to and from an external cache or memory.,!:>,‘?il&
The dqa,w$.address buses are each 32 bits wide.

x\,\~,::,it.;
$$ “

~~&~’S FER TYPES
<*..%.. ‘$ts
‘$~i~eMC68EC040 provides two signals (TT1, TTO) that define four types of bus transfers: normal access,

SMOVE16 access, alternate access, and interrupt acknowledge access. Normal accesses identify normal
memory references; MOVE16 accesses are memory accesses by a MOVE16 instruction; and alternate

accesses identify accesses to the undefined address spaces (function code values of O, 3, 4, 7). The

interrupt acknowledge access is used to’fetch an interrupt vector during interrupt exception processing.

—

—

MOTOROLA MC68EC040 TECHNICAL DATA 11



BURST TRANSFER OPERATION

During burst read/write cache transfers, the values on the address and transfer type signals do not change;
they are the address of the first requested item of the cache line. When the MC68EC040 requests a burst —
read transfer of a cache line, the address bus indicates the address of the long word in the line needed first,
but the memory system is expected to provide data in the following order (modulo 4): O, 1, 2, 3 (long-word
offsets). The first address needed might not be from offset O; nevertheless, all four long words must b&5.
transferred in a wraparound mode. Burst writes owur in a similar man’ner.

<.,,.,.,*$<\*{,*..,,SS,,;.*,,“+>,..*$tfi~ .>t.:X..>’~~’”~:,’.>.$’~’:::.Qa,.),+:*$’”

BUS SNOOPING
~.<.+‘.?+:,‘.02,..f,’”$&“*~.$$h,)}.......,,,.>~,,.$<y:,r$..‘i*\

Bus snooping ensures that data in main memory is consistent with data in the on-chip cach~&i~~@@alternate

bus master is performing a read transfer on the bus and snooping is enabled an~ifi~$snoop logic

determines that the on-chip data cache has ditiy data (data valid but not consistent ;~~&,,memory) for this

transfer, memory is prevented from responding to the read request, and the MC~~$@k supplies the data
directly to the master. If the alternate master is performing a write transfer on the @$L~d snooping is enabled..,::>,:;:,.*lie.’):*.,
and if the snoop logic determines that one of the on-chip caches has a va~~ lln@:forthis request, the snoop
logic may either invalidate or update the line as selected by the snoop con~~~~%@nals.

...‘-$<’!$e~:l,,,.,.

EXCEPTION PROC~&~#fiG~?l,:},,..+ ,..1.$.’!’>}x:~
The MC68EC040 provides the same extensions to the e~$~~tm~ stacking process as the MC68030 and

MC68EC030. If the M-bit in the SR is set, the master s@~,~@inter is used for all task-related exceptions.
When a nontask-related exception occurs (i.e., an int@~t), the M-bit is cleared, and the interrupt’ stack
pointer is used. This feature allows a tasks stack are$tdbe carried within a single processor control block, —
and new tasks can be initiated by simply reloadi~the master stack pointer and setting the M-bit.,,tl.’.,..:,, —.:.,,,>,...:t,
The externally generated exceptions ar~i~$@pts, bus errors, and reset conditions. The interrupts are

requests from external devices for pro,~~kr$action; whereas, the bus error and reset signals are used for.;,y”..!,),‘.itj.:~
access control and processor initi~tf@~~n. The internally generated exceptions come from instructions,

address errors, tracing, or break~~’~hl~.’The TRAP, TRAPcc, TRAPVCC, FTRAPcc, CHK, CHK2, and DIV....,‘~.,T,$l,\,.*l,J.:
instructions can all generate $~’c~t~ons as part of their instruction execution. Tracing behaves like a very
high-priority, internally geq$~~#~nterrupt whenever it is processed.

,i.. \...... ,.,*.~,,{f,v:’>.::,~,,.,:!,,!
The other internally g~~~$ted exceptions are caused by unimplemented floating-point instructions, illegal

instructions, instr~kn fetches from odd addresses, and privilege violations. Finally, the ACU can generate4.L~:’$...’,,*\
exceptions for.at”**’”violations.~,.>.:?,l!!,,~~<~,+.~stii,.~+.:>>+$$%,.<:+,
Exceptiom~~$_sing for the MC68EC040 occurs in the following sequence: 1) an internal copy is made of

the SR$~$~fib,vector number of the exception is determined, 3) current processor status is saved, and 4) the
,,~,.~~,:<..,~,,*

ex~$~j,~&tedor offset is determined by multiplying the vector number by four.,.,,,.~~:.,

~~?ffset is then added to the contents of the VBR to determine the memory address of the exception
vector. The instruction at the address given in the exception vector is fetchedj and normal instruction

decoding and execution is started.
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ACCESS CONTROL UNIT
—

The access control unit (ACU) consist of five registers: The access control unit status register (ACUSR), two
— instruction access control registers (lACRn), and two data access control registers (DACRn). The ACSR is a

32-bit register that contains the status information returned by execution of the PTEST instruction. The
PTEST instruction searches the nACRx to determine status information about the accessibility of a specified

address. The status of the ACX registers can be tested and the results can be stored in the ACUSR. %,~e
ACUSR is shown in the followingFigure4.

,{{..,,.... ...:,:,l...t,t,t:i~p~p,
4.6.>.kba,.:, ..\ >,>,.~~:.?:.

Figure 4. ACU Status Register
s,.... ‘~’,{~1.~*’,*r?.J.t\$~~>s>$”\;*:.,,&,.,,,

.$,,\\\,:.!:,:T,i\\’
The data ACU registers (DACRO and DACR1) and instruction ACU registers (lACq~~$~d IACR1) are 32-bit

:~>, ,$

registers that define blocks of address space. These registers are provided,::~~.lw MC68EC040 to, allow
~~~’>>.s:\. .1

.>.,
portions of the address space to have particular attributes such as cachea~l~~:~~emisor space, and write
protection. Address are used with two user-defined page attributes and’~~?bnal write protection. Each

register is used to define an address range from 16 Mbytes to 4 Gbyt~!$~@ a’base address and a mask. All

addresses within these ranges are optionally. protected against~~~~~or supervisor accesses and write
‘,.?....

accesses. A significant use of these registers would be to +~~ti}~~ a separate serialized noncachablef$,~:.
address space for peripheral potis. The format of the AC re~$ter~”:rsshown in Figure 5.

..!>1>{+.*.i.\\J:$b~~/!!.
‘$X ;+.~1~“.~’:.,l,,.ti:,,~

—

—
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SIGNAL DESCRIPTION
—

Figure 6 illustrates the functional signal groups, and Table 4 describe the signals on the MC68EC040 signal

functions. The test signals, TRST, TMS, TCK, TDI, and TDO, comply with subset P-1149.1 of the IEEE —

testability bus standard.

ADDRESS
BUS

DATA BUS

TRANSFER
ATTRIBUTES

,

\

MASTER
TRANSFER

CONTROL
{

A31-AO

D31-DO c

L

14

~ PST*PSTO \

JSTATUS AND
CLOCKS

1TEST

) POWER SUPPLY

)

—

Figure 6. Functional Signal Groups

—

—
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Table 4. Signal Index

Signal Name Mnemonic Function

Address Bus A31 –AO 32-bit address bus used to address any of 4 Gbytes.

Data Bus D31–DO 32-bit data bus used to transfer up to 32 bits of data per bus transfer.

Transfer Type ml ,no Indicates the general transfer type: normal, MOVE16, alternate logical function
code, and acknowledge. *,\*.,,

TM2,TM0 Indicates supplemental information about the acces:Transfer Modifier
\-iR.’,,s%,,.?\,&./~>

,. s. .,,*. ‘?l!.
ReadWrite ! R~ I Identifies the transfer as a read or write.

,;. ~,.~>.:\.x,,, ‘.$: $,
—. -.

!
“,- , ,“, G” _ :her with AQan~:/~ define

the active sections of the data bus. -
$*,,;?$S?is. 4/,,,,. ;,\$.

—
,,,:,~.,s ... i!,..-

I I ransfer Size I C171 ci7n 1 Indicates the data transfer size. These signals, togei

I ransfer Line Number TLN1 , TLNO Indicates which cache line in a set is being pushed or load@&&~ $he current line
transfer.

,..,,,.*.,,\*,*,,,.~.,.
,\.::‘ *\.\:,,.,:~.

User Programmable
i,,,

UPA1 ,UPAO User-defined signals, controlled by the correspondin~+ u~b&$Attribute bits from the
Attributes access control registers. . ~‘+$./,.~i$’i.,,.,..

BUS Lock LOCK Indicates a bus transfer is part of a read-mo~~~~~$~ operation, and that the
sequence of transfers should not be interru~w.j-

Bus Lock End LOCKE Indicates the current transfer is the last i~+g~s~ed sequence of transfers.

Cache Inhibit Out CIOUT Indicates the processor will not cac~@$be cfirrent bus transfer.

Transfer Start TS Indicates the beginning of a bus$@~$~~r

Transfer in Progress m Asserted for the duration of ~:bU$X~{#hsfer.

Transfer Acknowledge TA Assetied to acknowledge,ia ~~transfer.

Transfer Error TEA Indicates an error con~’~ exists for a bus transfer.
Acknowledge ,,,s.<ii.>>.,.,,$.. .&,>
Transfer Cache Inhibit TCI Indicates the curr~~:~~ transfer should not be cached.

Transfer Burst Inhibit TBI Indicates the sla~nnot handle a line burst access.

Snoop Control Scl ,Sco Indicates the S@ooping operation required during an alternate master access.

Memory Inhibit m lnhibitq.~g,mory devices from responding to an alternate master access during
I snoopi~g @erations.

Bus Request m I ~+~~~~’by the processor to request bus mastership.

Bus Grant BG x:~~~,e~ed by an arbiter to grant bus mastership to the processor.

Bus Busy BB , %rh$~~efled by the current bus master to indicate it has assumed ownership of the
~t~,’+{bus.

Cache Disable ,.m~,~ Dynamically disables the internal caches to assist emulator support.

Reset In ,p?.~:w Processor reset.

Reset Out ,,,:,~%i,,,,emAssefled during execution of a RESET instruction to reset external devices.

Interrupt Priority Ld’~1, ‘$ 1pL2–lpLo
.—

Provides an enmded interrupt level to the processor.

Interrupt Pend~#~.~
., _

IPEND Indicates an interrupt is pending.

Autovecto,$,%>. ‘9?8: —,, AVEC Used during an interrupt acknowledge transfer to request internal generation of the
~f’,’~ ‘ .t!~..~,t,$.$. vector number.h, ....

Proc*,#%~$latus PST>PSTO Indicates internal processor status.
Bq$)b~& h

BCLK Clock input used to derive all bus signal timing.

.,.+R~h&sor Clock PCLK Clock input used for internal logic timing. The PCLK frequency is exactly 2X the
~’..,:,,,.,-).~~.’,:..:.,s!,. BCLK frequency.

-.j~:l, \
, .; ~~est Clock..$+LJ. TCK Clock signal for the IEEE P1 149.1 Test Access Pofl (TAP).

~ Test Mode Seled TMs Selects the principle operations of the test-support circuitry.

Test Data Input TDl Serial data input for the TAP.

Test Data Output Serial data output for the TAP.

Test Reset TRST Provides an asynchronous reset of the TAP controller.

Power Supply v~ Power supply.

Ground GND Ground connection.
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ELECTRICAL SPECIFICATIONS
—

—
MAXIMUM RATINGS

Signal Name I Symbol I Value I Unit I

Supply Voltage v= -0.3 to +7.0 v

Input Voltage ~n -0.8 to +7.0 v

Maximum Operating Junction TJ 110 %
Tem~erature

Storage Temperature Range I Tsta I -55to 150 I % I

This device contains protective circuitry
against damage due to high static voltages
or electrical fields; however, it is advised
that normal precautions be taken to avo%h
application of any voltages higher .tw~’$$
maximum-rated voltages to thi~~t~~,~
impedance circuit. Reliability of o~:~w IS
enhanced in unused inputs at$.tk~ to an

—

—
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DC ELECTRICAL SPECIFICATIONS
— 1

(Vcc = 5.0 Vdc *5 Yo; GND = O Vdc)

Characteristic

Input High Voltage

Input Low Voltage

Undershoot

Input Leakage Current
——

AVEC,BCLK, BG, CDIS,
@ 0.5Q.4 v ~, PCLK,~, Sh

~. TLNn.~. TCK.TEA

Hi-Z (Off-State) Leakage Current An, ~, ~, Dn, LOCK,

@ 0.5/2.4 V . LOCKE, W—, SIZn, ~, TDO
TIP,TMn,TLNn,~, ~n, UPA

Signal Low InputCurrent TMS, TDI, ~
vll. =8v

Signal High InputCurrent TMS, TDI, ~ST
v[H = 2.0 V

Output High Voltage
IOH = 5 mA

Output Low Voltage
IOL = 5 mA

+

Symbol Min

vlH 2

VIL GND
I

I

7
——
Ii” 20

NOTE: Capacitance is periodically sampled rather thari~lOOYotested.

MOTOROLA MC68EC040
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CLOCK AC TIMING SPECIFICATIONS

Num

1

2

3’

4

4al

4bl

5

6,7

8

E
8a1

8bl

,9

10

(see Figure 7)

Characteristic

m ‘nitl
Frequency of Operation 16.67 25 MHz

PCLK Cycle Time 20 30 ns

PCLK Rise Time 1.7— ns

PCLK Fall Time 1.6— ns

PCLK: Duty Cycle Measured at 1.5 V 47.5 52.5

PCLK Pulse Wdth High Measured at 1.5 V 9.5 10.5

PCLK Pulse Width Low Measured at 1.5 V 9.5

BCLK Cycle Time

BCLK’ Rise and Fall Time —

BCLK Duty Cycle Measured at 1.5 V

BCLK’ Pulse Width High Measured at 1.5 V

BCL,K Pulse Width Low Measured at 1.5 V 24 ns

PCLK, BCLK Frequency Sta@lity

PCLK to BCLK Skew

NOTE 1: Specification value at maximum frequency of o~~~~~
,. ‘ %,

PCLK

~ 1- @

g

Figure 7. Clock Input Timing Diagram
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OUTPUT AC TIMING SPECIFICATIONS (seeNote I; see Figures 8-12) These output
. specifications are for only 25 MHz; they must be scaled for lower ope~ating frequencies. R~fer to MC6b040DH/ADi

MC68040 Designer’s Handbook for futiher information.

—

25 MHz1

Num Characteristic Min Max Unit ‘Qqp
‘.,:.{”.t.,.$$:,

BCLK to Address ClOUT, ~, -, W—, SIZn, TLNn,TMn,
~~$$i:~..~,.,..

11
~n, UPAn Valid

9 30 ns $’ :!{?~i}

12

,’$$$:..! ,>,$c,,~.~’

BCLK to Output Invalid (Output Hold) 9 — (~e~:$

13 TCLK to ~ Valid 9 30$: ft p~?’

14 BCLK to W Valid 9
~p:,,; .P$:ins

18 BCLK to Data-Out Valid 9 ,x,,$&,3p~?’ ns

19 BCLK to Data-Out Invalid (Output Hold) .,p,a;j ~>!_ ns

20 BCLK to Output Low Impedance $:ig:$” ‘– ns

21 BCLK to Data-Out High Impedance
,?~r*,,1])$

j ,,, ..*Q’ 20 ns
>(:~.~t, *’

38 BCLK to Address, ClOUT, LOCK, LOCKE, R~, Slzn, TS, T~~:.,:,3 g
TMn, ~n, UPAn High Impedance

18 ns
,).r.*$.i,>,*. ‘.,1$$

39 BCLK to %, ~, TIP High Impedance
:.,.> ......... :17$,,,1’~:”I **.:.?~k 19 28, ns

..*...:

40
,,~;<i——

BCLK to BR, BB Valid ..:O .;.~:,~,, 9 30 ns:.:):,.

43 BCLK to W Valid
~~,..

!,,{.)./$1. ~;~,,.. ,.,\, 9 30 ns

48 BCLK to TA Valid 9 30 ns

50 9 30 ns
.

NOTE 1: Output timing is specified for a valid ~nal “Aeasured at the.pin. Buffer timing is specified driving an
unterminated 30-QV transmission l~$:es~~tha length characterized by a 2.5-ns one-way propagation—
delay. Buffer output impedance.~)wcally 30 QV; the buffer specifications include approximately 5
ns for the signal to propagate $ti~-~gth of the transmission line and back. Refer to MC68040DH/AD,
MC68040 Designerk Hand~%,Jor further information on transmission line environments.

~ ‘yj,$,,k.*.<.

,
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INPUT AC TIMING SPECIFICATIONS (see Figures 8-1 2)

m 1 1

Num I Characteristic H ‘nit I
15 Data-In ‘Valid to BCLK (Setup) 5 — ns

16 BCLK to Data-In Invatid (Hold) 4 — ns

17 BCLK to Data-In High Impedance (Read Followed by Write) — 49 ns ,*!.‘*{,3,

22a ~ Valid to BCLK (Setup)
es:<.\.*:<2~,

10 — ns ~,..>>“*rit. ~

22b ~ Valid to BCLK (Setup) 10 —

22C ~ Valid to BCLK (Setup) 10 —

22d ~ Valid to BCLK (Setup) 11 —

23’ BCLK to ~, ~, ~, ~ Invalid (Hold) 2

24 = Valid to BCLK (Setup) 5 ‘& ~~~
:/;&?.<i.,~,,.+. ns

25 BCLK to ~ Invalid (Hold) 2 f:<’;;&<$:$ “ ns

41a ~ Valid to BCLK (Setup) ,q>$, >%— ns,\:.*

41 b ~ Valid to BCLK (Setup)
$<p _ ns

— — —
41C CDIS Valid to BCLK (Setup) ,,<,.10 — ns

41 d ~ Valid to BCLK (Setup) ,Ip‘--s’.+./‘,~N 4 — ns,. ti, l.,
42

—— ——
BCLK to BB, BG, CDIS, [PLn Invalid (Hold)

*,.*$<.!,’,f:.\ ..{!~~xt,p 2 — ns.,,.
44a Address Valid to BCLK (Setup)

,$$,,. ,{<,
,}$.$:l, 8 — ns

44b SIZn Valid to BCLK (Setup)
,,..,. ~,,:%~‘ ~t:.:\,\:;f “J:* 12 — ns

44C ~n Valid to BCLK (Setup)
~., ..F......!,,X,J\*$”

.’~,.!:{,.,\ 6 — ns‘,::t.

44d ~— Valid to BCLK (Setup) ~?~~c.,%) 6 — ns

44e SCn Valid to BCLK (Setup)
.,\ .’.,‘

~?j$~> 10 — ns

45 BCLK to Address SIZn, TTn, W-f, ~n;~~alid (Hold) 2 — ns

46 ~ Valid to BCLK (Setup) ,, ,~.;jp*,::P\ 5 — ns

47 BCLK to ~ Invatid (Hold~ ~$;$~~j$’ 2 — ns

49 BCLK to = High lmpe~~@{~C68EC040 Assumes Bus Mastership )— 9 ns

51 RSTI Valid to BC~t’$it&~F 5 — ns

52 BCLK to ~$k~~~~~ 2 — ns

53 Mode Sel@~~Q$ to RSTI Negated 20 — ns

54 RSTI ,Ne&+f# to Mode Selects Invalid 2 — ns

20 MC68EC040
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BCLK

A31 -AO

TRANSFER
ATTRIBUTES

E

TP

D31-DO IN
(READ)

D31-DO OUT
(WRITE)

m

TEA

—.

—
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BCLK

AGA31

TRANSFER
ATTRBUTES

D&D31 OUT
(WRITE)

m

m

wI
I I I — I

1

@

-.

—

—
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BCLK

A31-Ao IN

SIZn, ~n,
WIN

Scl-sco

I I

m

D31-DO IN
(ALT. ~STER

WRITE)

D31-Do OUT
(ALT, MSTER

READ)

~ OUT

Figure 10.
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BCLK

A31-AO IN

Scl+co
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Figure 12. Other Signal Timing
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PIN

T

s

R

Q

P

N

M

L

K

J

H

G

F

E

D

c

B

A

MECHANICAL DATA

ASSIGNMENT

PLL

Internal Logic

Output Drivers

GND I Vcc
S9. R6. R1O I R8. S8

C6, C7, C9, Cl 1, C13,K3, K16, C5, C8, CIO, C12, C14,
L3,M16,R4,R11, R13, S1O, S6, H3, H16, J3, J16, L16,

S1O,T4 I M3,R5,R12

B2, B4, B6, B8, B1O,, B13, B15, B5, B9, B14, C2, C17,
B17, D2, D17,F2, F17, H2, H17, G2, G17, M2, M17, R2,

L2,L17, N2, N17, Q2, Q17, R17, S16
S2. S15, S17

—

—

—

-
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PACKAGE DIMENSIONS
—

Case To Be Determined

r4

—.

-
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