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/ SPARC Industry Overview \

Q A flexible, scalable RISC architecture

Q Current Implementations are in CMOS (custom and gate array), ECL and
GaAs

Q A complete architecture

- Integer

- Floating Point

— Memory Management
- Cache

- Multiprocessing

Q Voted a candidate for the MIL-STD 32-bit instruction set architecture
k by the SAE task group chartered by the Department of Defense j
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SPARC Industry Overview

The first and only open RISC architecture

Created by Sun Microsystems in response to the declining performance
enhancements of CISC microprocessors

Open Industry standard
Based on the RISC work of Dr. David Patterson at UC Berkeley

Supported by 5 semiconductor licensees

- Cypress Semaconductor, Texas Instruments, LSI Logic, Fujitsu, & BIT

Over 80 design wins

Over 200 application software packages already available
Compilete development support is in place

/




Workstations

Q Single User, High Performance Workstation
Q Sun 4-100 Series - (7 MIPS /-$30K)

16 Mhz SPARC Processor/Floating Point Unit
8 Mbytes Main Memory

19 Inch 1152 x 900 Monochrome Monitor
141 Mbyte Drive

60 Mbyte 1/4” Tape Backup

Q@ Scrver for a Project 'T'eam
Q' Sun 4-200 Series — (10 MIPS /-$45K)
16 Mhz SPARC Processor/Floating Point Unit
128 Kbytes Cache
8 Mbytes Main Memory

19 Inch 1152 x 900 Monochrome Monitor
327 Mbyte Drive

60 Mbyte 1/4” Tape Backup




Competitive Analysis *

Cypress AMD Motorola MIPS

7C600 29000 88000 R000
Implementation 0.8u CMOS 1.2u CMOS 1.50 CMOS 1.2p CMOUS
Clock Frequency 33-50MHz 16-30MHz 20MHz 16-25MH2
Scalable Cache Support Yes None Yes None
Cache Extensibility Yes None Yes None
Cache Size 64Kb-256Kb None 32Kh- 123Kb None
Multiprocessing Support Yes None Yes None
Cache Coherency Yes-Single Cycle None Yes-Multi Cycle None

Real-time Non Resl-time
Semaphore Support Yes Yes Yes None
Floating Poux 64-bit 64-bit 32-bu 64-bit
Double Precisi Deude Precisi Single Precisi Dowble Precisi
Register Windows Yes Partial None None
(Seack Caghe Only

Dedicaed Floating Point Yes Nome None Yes

Repisters

* Besed on public info as of 1LDU8

mm——-*vv—wma



21Cnsec \

Best Case Interrupt Timing

Clock Cycle 1 2 3 4 5 6 7

ImMerrupted  Instruction F D E - - - -

Firsl Service Routine Inst.

Inerrupl  Input 1
Tl
Prianitiend
Latched
Ssmpled

nterrupt Acknowlege
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Worst Case Interrupt Timing 4 1O nscc

Clock Cycle i ? 3 4 5 6 7 8 9 10 " 12 13 14 i
i
4 Cycle Instruction D E 0P werl oP]l w
é
inerrupted  Insiuction 3 SN B I D E - - '
First Servica Routins Insl. F D E 1op Iop 1 10P w

tterrupt  Input

Latchad Taken
Sampled Prioriized

Imarrupt Acknowlege

\- J




7C601 Context Switch

e R S

OPERATION APPROX. CLOCKS TME @ 40MHZ
Egt:r'::p n::ndor 7-14 176 - 350 ns
Save Registers 1 - 262 256 ns - 8.6 us
Save FP Registers 0-78 0-20us
Call Routine 2 50 ns

10 ~ 358 250 ne - 8.9 us
Restore Registers 1 -166 25n8 - 49 us
Restore FP Registers 0-58 0-15us

1 - 254 25ns - 8.4 us




Real Time Operating System for SPARC

Q@  Vx Works - Development

-~ UNIX Based

- Network Based Environment

TCP/IP Comxmunications

Network File System (NFS)

Ethernet
PRONET
Shared Memory




Development Tools \

Sofiware:

Q Compilers — C, Fortran, Pascal
Sun 3 - Cross Compilers
(-$1000 for C, Fottran and Pascal)
Sun 4 - Compilers
(-31000 each for Fortran and Pascal, C comes with system)
Q SPARCsim - Architectial Simulator
(-$5K for object/-$25K {or source)
O RDBX - Remote Debugger and Monilor
C Based Monitor - Target Board/System
(-$500 For object/-$5K for somce/-$ 30K for buyout)
Remote DBX Tool - Host Side
(-3 K for object/-$50K for source) j
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SPARC Application Software Base \
@ The largest shrinkwrap software base of any RISC microprocessor

@ Thousands of times the lines of application code for all other RISC mi-
croprocessors combined

@ World Class software covering all major applications of computing:

~ Office Automation ~ Project Management
— Financial Services - MS-DOS Emulation
- VAX/VMS Emulation — Electronic Publishing
— Artificial Intelligence — Databases
— Electronic Design Automation - Graphics
-~ Manufacturing ~ Biomedical
— Mechanical CAD - Imaging
— CASE — Mathematics & Earth Resources
Q@ Growing at an exponential rate away from the competition )
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Figure 1-1. MC88100/MC88200 Block Diagram




GENERAL PURPOSE REGISTERS 0 PID PROCESSOR IDENTHICATION REGISTER
el PSR PROCFSSOR STATUS REGISTER
" ZERO 2 EPSR EXCEPTION TIME PROCESSOR STATUS REGISTER
" SUBROUTINE RETURN POINTER fcrd FPECR FLOATING POINY EXCEPTION CAUSE REGISTER o3 SSBR SHADOW SCOREBOARD REGISTER
2 CALLED for1  FPHSI FP. SOURCE 1 OPERAND HIGH REGISTER o4 SXIP SHADOW EXECUTE INSTRUCTION POINTER |
PARA;H::?‘EE?S”T"E%S for2  FPLST FP. SOURCE | OPERAND LOW REGISTER o5 SNIP SHADOW NEXT WSTRUCTION POINTER |
i fer3  FPHS2 F.P. SOURCE 2 OPERAND HIGH REGISTER e SFIP [ SHADDW FETCHED INSTRUCTION POINTER
1o CALLED PROCEDURE fcrda  FPLS2 F.P. SOURCE 2 OPERANT LOW REGISTER a7 VBR VECTOR BASE REGISTER
"3 TEMPORARY REGISTERS ferS  FPPT FP PRECISE OPERATION TYPE REGISTER o8 DMTO TRANSACTION REGISTER D
4 fer6  FPRH F.P.RESULT HiGH NEGISTER oS DMDO DATA REGISTER D !
CALLING PROCEDUR fcr7  FPRL F.P. RESULT LOW REGISTER 10 DMAD i ADDRESS REGISTER @
RESERVED REGISTERS fer8 FRIT F.P IMPRLCISt DPERATION TYPE REGISTER o1t DMTY TRANSACTION REGISTER 1
25 | 12 DMDY | DATARIGISTERT |
126 LINKER cr13  DMA1 ADDRESS REGISTER 1 '
127 LINKER cri4  DMTZ TRANSACTION REGISTER 2 i
128 LINKER cr15  DMD2 DATA REGISTER 2
r29 LINKER ¢r16  DMAZ ADDRESS REGISTER 2 B
30 FRAME POINTER fer62 FPSR FP USER STATUS REGISTER 117 5SRO SUPERVISOR STORAGE REGISTFROD |
3 STACK POINTER fer63  FPCR | f P USER CONTROL REGISTER e 5’3 SUPERVISOR STORAGE REGISTER 1 [
cr1e  SA2 SUPERVISOR STORAGE REGISTER 2 i
USER PROGRAMMING MODEL 20  SA3 SUPERVISOR STORAGE REGISTER 3 |
SUPERVISOR PROGRAMMING MODEL
INTERNAL REGISTERS
p {2 EXECUTE INSTRUCTION PDINTER
NIP NEXT INSTRUCTION POINTER
Fr FETCH INSTRUCTION POINTZR
SB SCOREBDARD REGISTER

Figure 1-2. Programeming Model




P BUS M68000 Operand sizes and

storage of data in memory
LOGICAL PHYSICAL
ADDRESS '>_’1 MMU - X ~—K ADDRESS OATA
' Operand sizes:
§ - GATA .
g < DATA> CACHL : ® Byte (8 bitS)
<:c°””‘m ) MC88200 <:“““”"”'°N> e Word (16 bits)
%3]
o
PROCESSOR MEMORY .
: e Llong word (32bits)
ARBITRA
: Almost all instructions allow definition of
- DATA .
g Moo ) operand sizes:
essane M6809: M68000:

STA MEM MOVE.B DO,MEM
Figure 1-2. MC88200 System Configuration STD MEM MOVE W DO,HEM

MOVE.L DO,MEM

memory systems that do not need address translation. One of two sets of protection and
control attributes may be applied to the transaction, with selection dependent on the
supervisory or user mode of the processor.

MOVE.B MOVE.W MOVE.L
If there is no ATC entry that matches the processor's logical address, an ATC "“miss” occurs, 15 7 0 15 7 0 15 7 0
and the MCBB200 searches translation tables in memory for a correct transiation. _ -
: 33
1Y 2201 22 |1

1.3.1 Address Translation Tables

When an ATC miss occurs, the MC88200 issues waits on the P bus and requests ownership
of the M bus. When the M bus is available, the MCB8200 completes the bus arbitration
sequence, assumes M bus ownership, and performs the table search. If no exception
conditions occur, the required translation descriptor is loaded into the PATC. The M{C88200

then completes the memory access, translating the address through the PATC. When the
MEMOrv access is comnlata the MrARINN cimnale tha neanaonne shne sl mmee o o

.

e

e =



The HEB000 The use of micres

The M68000 is a 16 bit microprocessor ® Bit meckhinee:
!::::r:‘:ﬁ::)i’lll?a:antg;ll‘)?tp;:stl path ‘Simple’ controllers of machines (coffee machine etc )
]

Depandting on spsed requirements:
1t has 24 address lines
permitting an address range of 16 Mbytes

. Interface cards
directly accessible {without MMU)

Control system (e.g. temperature control

mechanical systems
Data and address lines are non multiplexed 9as flow contro! for detector...)

It is completely incompatible to earlier Data acquisition

(8 bit) microprocessors of Motorola Simple development system (Rosy/Flex)

8 bit peripherals (e.g.PIA) may easily be

interfaced to the M68000 16 Bt meshinea:

More elaborate development systems (e.g Unix)
last controller cards
Data acquisition and control

32 It mechineo:

t ast multi-user multi-tasking systems
Data evaluation

Number crunching (wtth coprocessor)
Graphics



Lecturs summery

® Introduction
M68000 programmer’s model . , , [
® Why 16 bit machines or why still ’
Data registers 8 bit machines
31 s 7 0 . :
;_ ] g? * M68000 architectyre (register layout)
B | : "l b2 _
i 1 b3 ® The 68000 instruction set
_ T ba
L D3
L | b6
4 b7
isters - e | e
re TR
Address reg externs! h
15 7 0
31 ‘ ; AOD —> asynchronous bus
B ; i oA -> interrupts
) : f 1 A2 -> DMA and multiprocessing support
1 A3
L ‘ : 1 A4
i ; 1 as * M68020 ,
n : 3 R
Y : =} cache memory
A ~> Ccoprocessors
— ] Arwse
I{ :1—::] PC ® Some aspects of the 80286
l: CCR =} instruction set summary
~* on chip memory management
l;—; o o _:_:-_-____Wﬁ—l A’ (bsp) @ 'Jf "T'- / " _.‘ \._.-‘ I'lt r‘ s '. W ’
b
L , SR 8 »E)2 86 [t ¢

v M, 60 10 Lot



Why do we ge to 16/32 bit micros?
Introduction Y ge &7 €

e |t is more fun for the programmer!

Whers do we use micros? ® We need more computing power

(a certain job has to be done in a fixed,

e Controllers of machines very short time)
-» coffee machine @& The programs become so big, they do not
-> washing machine fit into 64 kbytes of memory
=) camera e e i olle v
-> cofs / P oeviTeRs ® The instruction set is more adequate for
-> ... meny more /_1 _ high level languages or opersting systems
® Faster response to external events

e at university, in the laboratory:

-> complex controllers

-> interface cards e.g. ADC,TDC subsystems

-> data acquisition @oxl of thees lecturee:
—-» control systems

ghow how to gein speed = computing power
e Development systems

-> for program development e.g. programs used Increasing the size of the data bus end
in controller cards as descibed above increaing the clock frequency is not all
-» for data evaluation
-> for ndmlmstrathn But - . .
-» for text processing
-» for number crunching (physics simulation) Higher speed means
Would you use the same micro for all these applications? Hgher compleRity
Higher cosl

Where is the limit between 8 micro computer and a
mini computer (M68020, MicroVax)



M6809 programmer’s model

Data registers:

Accumulator A Accumul qf! _
| Accumulater B

Address registers:

X - Index register

Y - index register

U - User stack pointer

S - Hardware stack pointer

15 7

Direct page register

Condition code register

Advantages of M68000 register layout

¢ More data registers:
—> less memory access
-> direct access to 32 bits of data
(internal 32 bit data and address bus)
® More address registers:

=> more storage space for pointers
-> faster table access

Example: (Add two values) Nr of cycles

register to register add;
ADD.L D1,DO 8+0

add with pointer in AO:
ADD.L (A0)+,DO 8+8

add with absolute address:
ADD.L Summand,DO 8+16



& Read Opcode

(1 meory access)

® [Read address

(2 memory accesses)

® Read summan
(2 memaory ac

ADD L

Address of summand

d
35€5

Summand

The stetus reglater
15

[ o
ed S
L ! o] T

1

Trace Mode

Supervisor -
State

Interrupt
Mask

Extend

Negative
Zero

Overflow

carry




A logk et the MBS0OD inetructien est

Most Instructtons in a program are data movements
(try to compare the number of instructions listed

below to any other type of instructions like arithmelic
logical etc.)

Fegd® M®3000

MOVE SOURCE,DESTINATION

LDA STA MOVE MEM,DO  MOVE DO,MEM -
LDB 5TH MOVE MEM.D!  MOVE DI,MEM.
LDX STX MOVE.L MEM,AQ  MOVE.L AO,MEM
LDY STY MOVE.L MEM,A1  MOVE.L A1,MEM
LDU S5TU MOVE.L MEM, A7 MOVE.L A7 MEM
LDS STS same as MOVE.L MEM,SP  MOVE.L SP,MEM
LEAX

LEAY

LEAX OFFSET,PCR LEA OFFSET(PC),AO

+SHS PULS

MOVE.L DO,-(5P) MOVE.L {5P)+.,b0
P5HU PULU

Hany data mevemsnt Instructicns sra replecey
by the MOVE instructicn

Hare en Instrucltions

All the instructions you know from the M6B09 are there:
arithmetic instructions:
ADD, 5UB, L5R, LSL, ROL, ROR, MULU, MULS, DIVU, DIVS....

as well as the branch instructions:

BRA, BRCC where CC may be £Q, NE, CC, CS....

The branch instruction allow offset size specification:

BRA.S OFFSET

BRA OFFSET

DBCC

DBRA
DBEQ

Somse Goodles

DBCC...

Example:

x*

*

Timeout_Ltoop

»*

8 bit offset
16 bit offset

If (conditions taiss)
then Dn-1 -» On

1Iron= -\

then PC+d > PC
else PC+2 -> PC (121l through to

Syntax: DBRA DO,Loop

next instruction)

Program waits for a peripheral to respond
within a given time. Response is signatled
by a flag bit in the 1/0 chips status register

some stuf{ here

MOVE.L
MOVE.W
BTST.B

DBNE

#10Chip_Address, A0  AQ points to the

*Time_Out,DO

#]0Flag(A0), M}

170 ¢hip
Timeout count

See if peripheral
responded

DO, TimeOutl_Loop wall if timeout

not expired



FMerd Beoellas

falking to 8 bit peripherals:

MOVE.L DO,Peripheral does not work on 8 bit peripherals

r
1
|

| M6B0O00
170 chip

16 bits
8 bits

MOVEP.L DO,IOREG(AOQ)

Sends 4 bytes of data Lo the peripheral
incrementing the address by 2 after each
memory cycle.

The studsnie’ favorits subjsct:
Addrezeing modes

HEG0P

inherent:
CLRA

tmmediate
LDA *350

Extended, Direct
LDA $50

Indexed
LDA X
LDA OFFSET,X

Accumulator offset from

register
DA BX
1DY D)X

HEE000

Address/Data register direct
CLR.w DO

Immediate
MOVE. W *3$50,D0

Absolute short/long address
MOVE.W $8700.W,D0

address is sign extended thus

picks up data at $FF8700
MOVE.W 3$8700.L,D0

Address register Indirect
MOVE.W (A0),DO

Address register Indirect
with displacement

MOVE.W OFFSET(AQ),DO
16

Address register Indirect with
index
MOVE. W OFFSET(AO,D1),D0
8



More on sddrsazing modes

Autoincrement/decrement Addressregister inderect
from register with postincrement
LDD X+~ MOVE.W {(A0)+,DO
(increments AO by 2
increments AQ by 4 if
longword transfer)

Extended Indirect
LDA [3F000]

PC relative Program counter with
LDA “OFFSET,PC - displacement” - :
‘ MOVE.W OFFSET(PC),00

Program counter with Index
MOVE.W OFFSET(PC,D1.L),DO

instructione specielly suited Cor
Implementztione of high level lengrages

Imagine a PASCAL procedure:

procedure example(var
first_par: integer;
second_par : real);

var
local_variable_! : integer;
local_variable_2 : real;
begin Sl

(* some code *)

end;

The variable local_variable__1&2 are completely local
to the procedure (they cannot be seen In the main
program). The best place to store these variables is
therefore the stack.

The ME8000 Instructione LINK snd UNLK provids
the {dexl toal for sazy sllecaticon of space for
local varfables on the stack
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ThHE Cnetirn LT e v ren’ -

Syamar Onvesw H,
AN PeE 1 Ohs L v A
FUMCTIOA 1 THE  STAGH PO Aidt (S (oMpcp oty THS M6809

EPCx Fap BEC;STEC | TME Anzrs Fec

S TRV coRI2D Lith THE (oLG Loth _J
Memory /0
Pueeen ©OM THE Sk H 1_1
[ .
P~ 000 o » o o M6809 16 Address lines )
8 Data lines >
o M68000
: o a, Memory ‘JMamory 170 170
LT _! high ’1 Tow 7 figh low
: _ I [1 I 1
i ‘ B 24 bits (or more) Addrass lines \
WWHCK ;. ATTTe  gEcoid MBEOOD u v’
SP R p
Cevoey [ Data busihi?h orger byle (8 bits) - >
Data bus Jow order byte (8 bits) \
_ | -

Bonack | Tve SoArE oF THE Qelisrees
e TVE Sevoud RETLUPL Cenclusion:
£ THE CAE A5 TEWEE THE FiRSr C Ao '

It Bit machine Higher speed, bigger address range,
more complexity, higher cost

8 Bit machtne Lower speed, limited address range
s (but suffucient for most applications)

lnce mramnlaw Aand b lames AiFfin b 4o
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interrupts
M38000 Yectored Interrupte

Address
UW@@TT‘M@E FCO-2 ldecoder
M&808
: 170 device  |/o device Memory
! ! 0
Address
decoder M68000 Interrupt] Vector Vector vector
Tevel number number table
R . Databus
M6809 Address bus Input =1 mput - | '
Output ouput |
device device FFFFFF—
Encoder
Data bus IPLO-2
INT T T

when an interrupl arrives:

® CPU saves machine state after end of
current instruction

® CPU picks up start address of interrupt
service routine at fixed memory address

# CPU exeutes routine al this address
e 3 levels of priority: FIRQ, IRQ, NI

s Polling is necessary if more than | device
ts used on same interrupt line



Me8000 Interrupt sequence

CPU i/0 device

Reguez? interrupt

\

Grant interrupt

1.) Compare to current priority
level and comptete instruction

2.) Place interrupt level) on Al-A3

3) Set R/W to read

4) Set FCO-2 to 1ACK

5.) Assert AS

6.) Assert LDS

K

Provide vector mumber

1.} Place vector number
on DO-D7
2.) Assert DTACK

Acquire vector number

1.) Latch vector number
2.) Negate LDS
3.) negate AS

'

Release

1.} Negate DTACK

MHEBOOQ function code bits

KC2 FCI FCO Cycle type
0 (4] 4] Undefined (reserved}
0 LY 1 User data space
0 1 0 User program space
4] 1 1 Undefined (reserved)ﬂu
1 0 0 Undefined reserved
] 0 1 . Supervisor data space
1 1 0 Supervisor program space
e 3 "”ﬁp U space -

The funclion code bils may be used to implement
(in hardware) memory protection features.
Important: Make access L0 System resources
impossible for user programs. 1o access system
resources they must catl the operating system

(running in supervisor mode).



P e By NTALET RS
O A PR

1 L». .@ i‘) t"’ﬁL @r. I; (]: lf;:‘i&’ '\.J\.'.)' 15 IJ L (t_;
HEBECD buz arkiter Reqguesling dye masler
Reguest Ltk bug
BR Assert BR
BLALK :

| T
| BG v
LH _address and g grant Bus

& o N — Assert BG
M6B00O|  Memory D{coder kncoda cPU l +

tpr
Hus Ledue Bug Fequestpr Acknowlsdge Bus Maslersitp

1) External arbitration determines
next master :

2) Next bus master waits for
current cycle to complete

3) Next bus masters asserts BGACK
to became new master

4) Bus master negates BG

v

Termingts Arditretion
Negate BG

|

v
Ozerele oz Due mzeler
Perform data transfers

Relesze Bus
Negate BACK

v

Rearbitrate or resume

e

L4

- C



M68000

P Numbe Funeton P Number Function P Nuenbe: Functon
A yp e ot (. Kt GND
A At D’ - ' Ay
Al AN 2] [ L (T4
LY.} AR [REARS! [ 0
At A [y hY L1 n
Ay L] [$3R] Al
Al LP¥) 1 .3
AR Ata L [T
AG Vit iR I Ll D
AD LN P2 TN 14 0o
AN A4 (Rl Moy N (A}
ALY ATt [ i, L [y
A1 AH 1 TR 17 GND

LH [§RL3Y
(W] oy
110 0’
Al GND " It L N
" I, 17 e g 03
u3 W 13 bt 1 02
4 AT 12 GNDY
# A7 i AL M 05
[y A4 M2 %0
n’ AN M (#2.0]
AR A M4 D24
an GND Gi TS (' D71
" A (%] w2 MG 31
Ny ISE| Gl TR M7 o
07 A0 G Vg i Voo
813 Al 17 GND MY [k}
G vee MI0 [§31i]
M §1
M7 3.
c1 LIRS B (V1%] 3]
2 cLuck W o
(& GNL " AT til Gt
€4 AQ H3 DYACKD N? [
Y A H12 LI N R
L) A H13 GND N4 (S2V3
7 Az Ny nx
o] ISY; NG o/
ce AV N/ GNL)
10 IN P 1 BTACK B V(L
cn A9 )7 fiTmm Ny I
C12 Al J3 GND NYD o
13 Ay nz im0 N1 o
J3 L7y} NIZ tw
N1 Vi

‘he Vce and GND pins are separated into three groups to provide Individual power
upply connactions for the address bus huffers, data bus buffers, and all other output

wilers and internal logic.

Group vee aND
Aotiess Bus A9 03 atvy #9 C1 Py
Dare Bus MH NE N1J 1f 01 KRl
1 rmgu 0y D7 63 GHY G [AVERTIK R N




MEB8020 dyremic bus slzing

Memory (32 bits wide)

]

...-.a.'-:.::!:qi--_{; ..... ..-o;:

M68020

Bits 24-3

Bits 16-23

Bits 0-15 777

——

This works because memory signals not only
end of memory cycie (DTACK) but also tranfer size

Sequaences

Contrel
Umit

It Ban Fete bodend o ondee

I

I

I Slga-' - Hl;\_w- M;u--
|

l

L-—-—--—--—--—.dh-"—'——_

b reciion
Ut

DSACKO DSACKI
i | Wait
1 0 8 bit transrerred
4] 1 16 bit transrerred
0 0 32 bits transferred

Figure 1-8. MC88020 Pipeline

st
Views |
b b

LA T



How the cache works
The MEBO20 instruction cachs

FFTFIF[A AMA'A‘;A;AM.AWA;AAA
i ciclCi3 eee 1/1]4:0(0(0[010;0,0{0:0|0
® Most time is Jost in memory cycles because the A 201 lo s 21110l9 317 6 5\,”‘_3 2110
chip has to send signals off and acquire signals l
external to the chip. I jt——— Tag ————=&-- Index —| |
e Data may be kept in registers. Instruction codes
may not
,~ Data kept in registers
word select
or e
Here the time is lost _
: Tag L word i _word
Memory —»
M68020 64
I g | I entries
[ ]
¢ Most time in a program is spend in small loops : :
Data kept in registers F“_Rem“e T 4
, ‘ Replage dat:‘:\

Compare 1
Execution Memory -—-[

unit

| E—

e When at the index generated by A2-A7 a tag word
cache tdentical to AB-AJ1 is found, the FC2 bit coincides
with Lhe FC2 bit in ths cache tag field and the
V bit ts set to true then a cache hil occurs




Seme speciel nstrvetions o ecache contre!l

Cache control reaster

Cache control le executed bye writing data into the
cache control register

31 7

lro 0/]0|0|0 CE
Cache address register

n

2

index

Access to these registers is given be the special
instruction: MOVEC

MOVEC

Rn,Rc
Rc,Rn

The Rc then defines CAAR (€ache address register)

or the

Enable cache
Freeze cache
Clear entry
Clear cache

CACR (Cache conlrol register)

W

The MEG020 sepreocecsor Interfacs

FCO-FC2 '

Decode | CS
M6B020 Al19-A13 Logic —| Coprocessor

AS
DS ’?”5 r
R/IW nterface

DSACK logic
Ad-Al

Yy

o

g T

‘D3I"DO

4

£CS 31 19 15 12 4 0

re

1 0ojo | CP-1D b
7

//
CPU space
type field

o

® |n CPU space at $20000-32001F registers of first

coprocessor
e Up to 8 coprocessors possibie
e CP-IDs
000 MC68851 PHMMU
001 MC68881  Floating point coprocessor

e



The MG8020 coprecesser interface

e Speclalized coprocessors may still augment the M68020
processing power
Typical examples: Floating point coprocessor
Memory management unit (MMU)
Graphics coprocessor
at Cern: Fastbus coprocessor
e acoprocessor Insnet an /0 chip i
e a coprocessor has g special interface
e a'coprocessor extends the M68020 Instruction set .
" toprocessor tastructions: '
15 12 11 g9 6 o
11|11 ] cp-1D \ type ]type dependentl
. $F in the high order 4 bits of an M68020
Instruction mean: inslructions to be executed
by a coprocessor
e It no coprocessor with identifter CP-ID i3

available the M6B020 (as the M68000) generates
a trap (Swl). Like this coprocessor instructions
can be emulated in software.

Seme aspscle of the Intel 80236

e Inlel’'s high end 16 bit microprocessor

* 16 data lines, 24 address lines multiplexed

® segmented memory

® optimized capabtlities for multitasking systems

The pregroemmasr's model

AX | AH AL Muttiply/Divide
Byte DX | DH b 170 instructions
addressable CX | CH CL Loop/shift/repeat/count
registers BX | BH @ 8L

BP ; Base registers

51 :

Dy Index registers

SP | Stackpointer

Concluston:

Less registers than the M6B000 and register use Is
defined. Registers are 16 (not 32) bits wide.



e in addition Lo the general purpose registers we ?
find 4 segment registers:

64K max! Code

! Code
s Code segment selector
D5 Data segment selector
. Stack
55 Stack segment selector Extra
ES Extra segment selector
Stack
-
The segment registers are use automaticaily as
follows: S N—
instructions Code (C3) Automatic with prefatch
Steck: Stack (33) All stack push sand pops
Local Data Data {DS) All dats references exept stack and strings
External Dals Extlra (ES) Alwornale datla segment and sting operations

¢ Inreal address mode the 80286 offers an address
range of 1Mbyte (20 address lines).
However to exeed 64kbytes the corresponding
segment register has to be loaded.
{This correponds to a memory resident overlay)

-

s W



11.2 PACKAGE DIMENSIONS AND PIN ASSIGNMENT

Address generation In real addresd mMeds

0
| i5 . MC68020 _MRURMCTERS mouis
’ AC Suthx Package ow | e | max | sin ] ax
| 0000 | Offset Proiminary 38 XD £ EED )
— RED R
S ‘/// Mechamcal ERSARIANCIST
—— ~ I Detail o[ ] w] ou] g
“a | Tasesst [TTwooest
x| AT aei| e
v EEE I
Segment selector 0000
\
\\h‘_‘-._ . '__,.-’

) £

L]

"]

[§

. - (s

y (& QIQ]
.” Tog " Ol It (') .
Adder Vo A a| (% 3""'" [QIQIG
5 /' 1 @ "y @
\ " OO® @
‘ e o -)@8 _ ()
} OOOHHHOOOOO@EG

[ |

J/ A

PODODEHO OO DO
OE00EOEO066H

RN EE IR

AL

22 bit physical address

po —



The B0286 protected virtval meds

® Used in multitasking systems to protect a tasks
address space from access by other tasks

31 10 0
r
t Selector Offset
i
—_—
Memory
Adder
Segment Base i Segment
Address descriptor

The descriptor 1s loaded from memory into a
descriptor cache when the corresponding
segment register ts changed

Reserved

Access rights Base ,5_1¢

Baseé 15-0
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MC68030

Technical Summary
Second Generation
32-Bit Enhanced Microprocessor

The MC68030 is the industry’s second generstion 32-bit enhanced microprocessor. The MC6B030 is
a virtual memory microprocessor based on an MC68020 core with addilional enhanced performance
Teatures. Increased inlernal paratlelism is provided by multipie internal data buses and address busas
and a versatile bus controller that suppons two-clock cycle bus accesses and one-ciock cycle burst
accesses in order to maximire performance with paged mode, nibble mode, and static column DRAM
technology. A 256-byte on-chip instruclion cache in sddition 10 a 256-byte dats cache improves data
flow to the execution unit and further boosts parformance. On-chip paged memory management ra-
duces the minimum physical bus cycle time 10 two clocks, and provides 2ero transiation time 1o any
bus cycle. The paged memory management struciure can be snabled/disablad by sofiware for applica-
HONS Not requiring the memory managemant feature. The rich instruction set and addressing modes
.I \he MCE8020 have been maintained aliowing a clear migration path for MBB000 syslems.
The main features of the MCEB030 are:
- & Dbject Code Compatible with the MC&B020 and Earlier MB800D Microprocessors '
® Complate 32-Bit Non-Multiplexed Address and Data Buses o
¢ Sixteen 32-Bit General Purposs Data snd Address Registers I
¢ Two 32-Bit Supsrvisor Stack Pointers snd 10 Speciasl Purpess Control Registers
® 256-Byie Instruction Cache and 258-Byre Data Cache thet san be Accessed Simultansously
- .
.

e

F

Paged Memory Management Unit that Transistes Addresses in Paralisl with Instruction Exscution

Two Transparent Segments Aliow Unirsnsisted Blocks te be Defined for Systems that Transfer
Large Blocks of Data to Predefined Addresses, e.g., Graphics Applications

Pipelined Archi ra with Ir d Parslielism Allows Accesses from internal Caches 1o Oceur bn
Parallel with Bus Transfers and Multiple Instruttions to be LExacuting Concurrently
Enhanced Bus Controlier Supports Asynchronous Bus Cycles, Synchronous Bus Cycles that can Op-

orate in Two Clocks, and Burst Dats Translers that can Operats in One Clock, all with Physical Ad-
dresses

* Dynamic Bus Sizing Supports 8-/16-/32-Bit Memories and Paripherals
& Complete Support for Coprocessors with the M68000 Coprocessar interface
* 4-Gigabyle Direci Addressing Range
* lmplemented in Motorola's HCMOS Tachnology that Allows CMOS and HMOS {High Dansity NMOS} .
. Gates 10 be Combined for Maximum Speed, Low Power, and Small Die Size .
* Selection of Processors Speeds: 16,67 and 20 MHz

DATA INSTRUCTION
CACHE CACHE

s

EXECUTION I
it ADOAESS - P ADDRESS 132}
ATC
CONTROL
SEGUENCER UNIT
PREFETCHAND | NANCROM DATA (32)
DECODE NICAOROM DATA

[ conTROL

BUS CONTROUER = B3 CONTROY

Figure 1. MCGB030 Block Diagram '

This cohlains inf ©n & new product Specificalions and icrMansn harein are subject to chenga withow! nolice.

CMOTOROLA INC . 1008
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TVANYIN S.H3ISN 0£0890W

ADORESS
BUS

MICRUSLOVENCER ANG CONTROL

ADORESS
PADS

7

INSTARUCTION PIPE

INTERNAL
tieta
#Us
Sizt SUNG fATa
WUTELESLR [Nl Faas
P - e

CONTE STAGE SIAGE STAGE
S10A N ] c Gl
CONTANL
1061C
(NSTRULTION
CACHE
3
IWSTRUCTION EXECUVION UNIT oy
ADDRESS ;
208 :
FAYSICAL '
ADDRESS NS 3\1
MR UG AL LAl
m ADDRESS N
REGISTLRS , E‘;’i}i’l‘:'; ADDRESS DATA
ECTION SECT
SECTION — 3 ] ok
ATC -
MSELGNMENT
MULTIELE XER
BUS CONTROLLER ADBRESY
WRITL PENDING PRLFLILH PENDING : “
BUFFER BUFFIR - . AN BT
‘ -1 catul
MICRDBUS i
CONTROI(ER P
g '
.‘{
8YS CONTRDI ir :
SIGNALS s

Figure 1-1.

MC68030 Block Diagram
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, 80386
I_QI PERFORMANCE Z__OIO_uIOOmmem
WITH INTEGRATED MEMORY MANAGEMENT

m Fiexible 32-Bit Microprocessor m Hardware Debugging Support
—8, 16, 32-Bit Data Types m Optimized for System Performance
— 8 General Purpose 32-Bit Registers |_u3uo=:on_ _:mu.zo:o: Execution
B Very Large Address Space — On-Chip Address Transiation Caches
— 4 Gigabyte Physical — 12.5 and 16 MHz Clock
— 64 Terabyte Virtual — 32 Megabytes/Sec Bus Bandwidth

— 4 Glgabyte Maximum moaaoaﬁ Size m High Speed Numerics Support via

2 Integrated Memory Management Unit 80287 and 80387 Coprocessors
— Virtual Memory Support .
— Optional On-Chip Paging " mm_.u_“uﬂwuo System Development
— 4 Leveis of Protection — Software: C, PL/M, Assembler
— Fully Compatibie with 80286 System Generation Tools

®m Object Code Compatible with All 8086 — Debuggers: PSCOPE, ICE™-386

Famlly Micreprocessors |

m High Speed CHMOS 1ll Technology
m Virtual 8686 Mode Allows Running of

80686 Seftware in a v_.o»mogoa m:u . n._mww h‘_..ewnqm_“%hnw oﬂﬂ“mhs
Paged System ,

The 80388 is an advanced mm&: mi #ouqooomwo_. aomﬁsmn for muu__omzo:m :mma_:m <mQ :ﬁr no;oa:mao
and optimized fer :..:E.mor_:o operating systems. The 32-bit registers and data paths support 32-bit addresse
and data types. The p es0r nddiresses up to four gigabytes of physical memory and 64 terabytes (2**46) ¢
virtual memory. Thé i aratad r ¥ manégement and protection architecture includes address translatio

registers, m%memn muftitasking hardb and a protection mechanism to support operating systems. |

addition, the 80386 allows the -_Bc__mmooc. running of multiple operating systems.

Instruction pipelining, on-chip address translation, a a high bus bandwidth ensure short average instructio

execution times and high system throughput. The 80386 processor is capable of execution at mcmﬁm_:ma rate
of between 3 and 4 million instructions per second.

The 80388 offers new testability and debugging features. Testability features include a self-test and direc
access 1o the page translation cache. Four new breakpoint registers allow conditional or unconditional breal
point traps on code execution or data accesses, for powerful debugging of even ROM-based systems.

Object-code compatibility with all iAPX 86 family members (8086, 8088, 80186, 80188, 80286) means th
80386 offers immediate access to the world’s largest microprocesor software base.

SECMINTATION LN ra0MG LT . Bus CONTROL
. HA.D, NTR, ey
S-neryT RTOULST
(P 4,5 11459 1, woen L V3R, Kt
Ar—V] awom o PRONTIZLR V asO, ok
P
[R50 €150, vy - e
RGISTONS cacng
32
LT AMD CONTROL, AND
) ATTRRUT AFTARUTE
PROTECTION A LA
ADDRESS HOs= W,
_ TLST UNeT _ ¥ —— AT
F of
[ w08 0/C4,
: e/ /R LOCKD,
K ol ADS S, NAY,
L 3 m ¥SICH, READYS
N wux/ :
SARRTL mans- |l 00+ 031
SHIFTIR, | PotreTCHER, 317 | s
AOOEA [srarug Foyonshont el Lt
L nmy /] P cHECRER
[ - ¢
prpr—— CoNTROL 2-oecoorn |  shie | A
ROW [
e ' TRUCTICN] GUEUL
MU st ]V sz
Wy SMTROL ogameoy WETRUCTION SRIRICTION —
PREDECOOL PILFLTCH 32
TRy ALy WOE Vi _

? 23180-4%

Figure 1-1. 80386 Pipelined 32-Bit Microarchitecture

Unix™ is a Trademark of ATAT Bell Labs.
MS-DOS is a Trademark of MicroSoft Corporation.

intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit pater
licanses are implied. Information contained herain supersedas previously published specifications on these devices from intel. Octoher 198

® Intet Corporation, 1965 5-1 Order Number: 231030-00
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MC68040

Product Preview

Third-Generation, 32-Bit Very High
Performance Microprocessor

The MC68040 is Motorola’s third generation of M68000-compatible, high-performance, 32-bit microproces-
sors. The MC68040 is a virtual memory microprocessor employing multiple, concurrent execution units and
highly integrated architecture to provide very high performance in a monolithic HCMOS device. On a single
chip, the MC68040 integrates an MCE8030-compatible integer processing unit {IPU), an IEEE-compatible

SI'IEEE Standard 754), fioating-point unit, fully independent 8K-byte instruction and data caches, and &

ed memory management unit (MMU). A high degres of Instruction execution parslislism is achieved
through the use of muttiple independent execution pipelings, multiple internal buses, and full internal Mar- e
vard architecture, including separate physical address spase caches for both instruction-stream and dats- - -
stream accesses. With the inclusion of bus monitaring hardwars, the MC68040 directly supports myitipro- : :
cessing applications. - . . T o = .

The MCEB040 is user object-code compatible with previpus members of the MBBOOO Family and is spueifi-
cally optimized to reduce the execution time of compiler-gsnsrated code. The MCB8040 is implemented in
Motorola’s latest HCMOS technology, providing an ideal balance between speed, power, and physical de-
vice size.

The main features of the MCE804D are as follows:

+=- # User Object-Code Compatibility with All Earlier M68000 Microprocessors

® |nteger Unit Rated at 15 MIPS

o |EEE-Compatible Floating-Point Unit Rated at 4 MFLOPS

® 8K-Byte Instruction Cache and 8K-Byte Data Cache Can Be Accessed Simultaneously

® Multimaster’Multiprocessor Support via Bus Monitoring

e 32-Bit, Nonmultiplexed Address and Data Buses

® Concurrent Integer Unit, Floating-Point Unit, Bus Controiler, and Snoop Controllers Maximize

. Throughput
4-Gigabyte Direct Addressing Range
Software Support including Optimizing C Compiler and UNIX System V Port

Figure 1 is a simplified block diagram of the MC68040. Instruction execution is pipelined in both integer
and floating-point execution units, and the independent caches are attached to a multipie internal bus sys-
tem.

The MC6E8040 iPU implements the MC68030 instruction set and is fuliy user object-code compatible with
all previous members of the M68000 Family. The IPU has been optimized to significantly reduce the execu-
tion time of compiler-generated code.

The on-chigp floating-point unit is user object-code compatible with the MC68882 fioating-point coproces-
sor and conforms to the ANSIHIEEE Standard 754 for binary floating-point arithmetic. Dedicated hardware in
the floating-point unit directly supports the most commonly used fioating-point instructions and signifi-
cantly reduces average instruction execution time. Less frequently used instructions are efficiently emulated
in software maintaining compatibility with the MCS8882.

This document contains information on & product under development. Motorola reservies the right 10 discontinue this product without nonce.

@ MOTOROLA I

NP45&

"MOTORLA INC., 1988
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INSTRUCTION DATA BUS

INSTRUCTION AH,_V
CACKE
32.817
ADDRESS
BUS
7 7 INSTAUCTION
ADDRESS BUS 8
a INSTRUCTION y
ATC ”
¢
FLOATING- INTEGER PHYSICAL 0
POINT AHV PROCESSING o ADDRESS N
E
— ¥ | oan
pr——— —_— DATA 1 _ m
— - ATC DATA I B S
ﬂ/ ﬂw C ADDRESS BN D
BUS
DATA
CACHE —
BUS
CONTROL
OPERAND DATA BUS SIGNALS

)

Figure 1. MC88040 Simplified Block Diagram

The MCE8040, on-chip, paged-memory management
unit {(PMMU) supports either demand-paged virtual
memory or real-time operating systems. The memory
management unit (MMU) contains two, independent, 64-
entry address translation caches (ATCs) allowing
simultansous transiation of both instruction and data
accesses.

The MCB8040 contains independent instruction and data
caches of 8K bytes each. These caches are Jocated in the
physical address space and are muitiple set associative.

Coupled with the dual ATCs of the MMU, the inde-
pendent caches allow the MCE8040 integer and floating-
point units to simultaneously access instructions and data
operands at very high speed.

The MC68040 provides a synchronous, nonmuiti-
plexed, 32-bit bus that is optimized to perform transfers
between the internal caches and external memory.

The MC68040 also provides a bus monitor or ‘snoop’
capability to ensure cache coherency in multimaster and
multiprocessing applications.
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CE Fetel 80860: Advanced Semiconductor Technoiogy

¢ Multiple resources on smgle chip
- 32 bit mtcger and control unit

- 32/64 bit pipelined ﬂoatmg point units
- 64 bit 3-D graphics umt |

- Internal translation lookasxde buffer
- 4 KByte instruction cache
- 8 KByte data cache

~-_-“.-

e High pe'nk performance wnth smgle chip
- 80 MFlops single precnsmn

- 60 MFlops double, precision
- 64 bit and 128 bit mternal data paths
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