Programmed |1/O (Polling)

68000
CPU
System Bus I
I I 68230
Memory |OC
device
Terminal
Mouse
K eyboar d/Switches
efC.

147

Isthe
data

* A busy-wait loop isused in this /O method

* Not an efficient way to usethe CPU unlessthe
|/O device isvery fast (faster than the CPU).

» But checksfor I/0O completion can be disper sed

among useful computation

User
Program
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|nterrupt-Driven Data Transfer

68000 |nterruptLines? | =04 \
b
crul 3 () 1/0 3 ool
: rogram
interrupt Qr
System Bus / nop / (normal
I I I (2) save PC, SR execution)
68230
M emor :
Y 10C (3) Gotointerrupt
I serviceroutine
device (ISR) address —»| Teq
(4) \ move
T&rcr)ndgeal Restore PC, SR }-Lie —
K eyboar d/Switches Return to user memory
ete. program

e User program normal execution only halted during
actual datatransfer

* Moreefficient than polling 1/0O

EECC250 - Shaaban }
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|nterrupts & Exceptions

Conditionsinterrupting ordinary program execution are called
exceptions when caused by softwar e sourcesinternal tothe CPU.

| nterrupts ar e exceptions which are caused by hardwar e sour ces
external to the CPU.

An interrupt or exception generally requires special handling by the
CPU in terms of executing an Interrupt Service Routine (I SR).

Example: An 1/O deviceinformsthe CPU that dataisready and
requests special processing by setting an Interrupt Request line (IRQ)
to True.

— 68000 has7 such IRQ lines (IRQ1-IRQ7).

cCPU R |—

|f two hardwar e interrupts occur ssmultaneoudly the IRQ with
a higher priority (higher IRQ number) gets serviced.

An interrupt with a higher IRQ can interrupt the ISR of an interrupt
with alower IRQ.

EECC250 - Shaaban
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Vectored | nterrupts

 When the 68000 sensesthat an Interrupt Request is pending it
stopsthe normal program execution and must identify the type
of interrupt or exception to execute the correct handling routine.

« The 68000 must bein supervisor mode asset in SR (Shit=1) to
handle interrupt routines.

e The 68000 allows 255 such routines and storestheir location

(called a vector) addressesin thefirst 1K of 68000 program
memory.

— Thisareais called the exception vector table:
— vector #1 - SPECIAL - for system start-up
— vector #2

Vectors 64-255 are user interrupt vectors

— vector #255 }
— Address of exception vector = 4 x exception vector number

EECC250 - Shaaban
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Vectored Interrupts

 Theinterrupt vector isprovided to the CPU on the data bus
by the interrupting I/O device from an interrupt vector
register:

Data Bus
CPU «—RQ
"IACK
o (PIT, ec)
Device

 When the 68000 acceptstheinterrupt, it acknowledgesthis
tothedeviceusing line |ACK and it looks for the interrupt
(or exception) vector on the data bus.

EECC250 - Shaaban
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Status Register (SR) & Interrupts

I, 1,1, ¢ Interrupt level (interrupt mask bits, valuerange = 0 to7)

* The 68000 only accepts interruptswith a higher
level than that set by the interrupt mask bits
 Aninterrupt with level 7 cannot be masked and must
be accepted by the 68000.

* When an interrupt isaccepted |, 1,1,
(Interrupt mask) isset tothecurrent interrupt level.

sysherm byle uger bybe (CCH)
1% 44 =43 32 A4 10 8 B LA sm 5 & 3 1 0
T S | T | I X|N vV|C
I |
|nberrupl level
o UpehyiSor mode
Allowws a privileged mods of execution which is
essential for a multi-user environment.
— Thace

aels a post-instruction routine into action,

EECC250 - Shaaban
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Status Register: The System Part

15 14 13 12 11 10 9 8
T S l2 | 11 ] la
bits function
11,12,14 hot used
8910 interrupt mask
a priority scheme to determine
who has control of the
computer
13 supervisor
setto 0 if user, setto 1 if
sUpervisor
19 trace

set to 1 if program is to be
single stepped

EECC250 - Shaaban
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68000 Exception Vector Table

vechor number [Decimal) | address (Hex) | assignimesnk

0 gooo RESET: initial supetvisor stack
poinkEr (55 R

1 0004 RESET: initial prograrm counber
(PC)

2 goos [>Us error

3 oo address emor

4 0010 llegal instruction

o 0014 Zerc divids

b 0013 CHE inshruckicon

] 001 TEAPY inshruction

5 g0z0 priviledge violalion

9 0024 race

10 O02E 1010 inshruction rap

11 002 1111 inshruction rap

12* o030 nok assigned, resemved by
bAoborola

LEE 0034 not assigned, reserved by
GRS |2

1 0038 nok assigned, resemved by
FAoborola

12 003c uninitialized inkemrupl vechor

16-25% 0040-00%F not assigned, reserved by
FAokorola

EECC250 - Shaaban
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68000 Exception Vector Table (continued)

| vector number {Decimal) | address (Hex) | assignment |

24 ] SPUricUs inkerupk

22 OoG4 Level 1 intemupt auovechor

26 ]t Level 2 intsmrupl auiovechor

21 OoGEc Level 3 interrupt aubovechor

28 oo Level 4 intemupl auoyechor

28 o074 Level & intsmupt auiovechor

30 0o07a Level B inbetrupl autovechor

31 goic Level V intsmupt aubovechor

32-47 00s0-00BF TEAP insfruction veckors* =

45-63 ooC0-00FF not assigned, resenved by
PAGorola

G4-25% 0100-05FF User interrupl veckors

MOTES:

* Mo peripheral devices should be assigned these numbers

e THAF #M uses yvechor number 32+M

EECC250 - Shaaban }
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68000 Execution States

narmal . narmal
Staba ——— - el ———— ifate
l =
exceplion skaks
B any obhet
Lo call su-::_h
) a5 setvice
FoLkine
HalL Ted ’
skake
Prevents ¥ ¥
Uhpredictable setvice routine relUrn

behavior when a
Serious syshems
failure oCours,

[ hormal skake)
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When an interrupt isreguested by 1/0 and accepted by the CPU...

1.
2.
3.
4.

|nterrupt Handling Steps

CPU finishes executing the current instruction
Acknowledge the acceptance of the interrupt to the |/O device.
Device providesinterrupt vector after the acknowledgement.

Determinethe start address of | SR (which interrupt vector).
» Usually from the exception vector tablein memory.

Push PC and Status Register, SR on stack.
Initialize the statusregister (for the exception routine)

P Usually,set S=1, T =0, updateinterrupt level in SR for
exter nal exceptionsto the current accepted interrupt level

Load ISR start addressinto PC
| SR proceedsto execute like a normal subroutine except it must

end with theinstruction:
RTE ReTurn from Exception
(similar to RTS, pops PC and SR from system stack)

EECC250 - Shaaban }
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RTE Return from Exception RTE

(M68000 Family)

Operation: If Supervisor State
Then (SP) — SR; SP + 2 — SP; (5P) — PC; SP + 4 — SP; Restore
State and Deallocate Stack According to (SP)

Else TRAP
Assembler
Syntax: RTE
Attributes: Unsized

Description: Loads the processor state information stored in the exception stack frame
located at the top of the stack into the processor. The instruction examines the stack
format field in the format/offset word to determine how much information must be
restored.

Condition Codes:
Set according to the condition code bits in the status register value restored from the

stack.
EECC250 - Shaaban I-
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68000 micraprocessor

IPL2
IPLI
IPLO

FCa
FCI
FC1

A02
Agl

Address bus

[raca bus

o0T=110
level & IRCY
o -
o] :
[ Priariy |4
| encoder
= F Y
» Ey High during
r } ‘ / IA%K cycle
E
n >
= 3-ling to b
| ol 8-line »
= decader =
\ IACK ac
level 6
In:errupc welloh
is uscd ta access
address of level b 4
6 interrupt handling = e
routine in memory RQ 1ACK
Memory
Peripheral
Interrupt K/
vector IVELC
e

Z]

[

IR
IRQ2
RQ3
IRQH4
IRQ5
IRQG
RGQ7

Example:

68000 Responding

[ACKT
IACK2
IACK3
[ACK4
[ACKS
IACKE
IACKT

to

Interrupt vector
register supplies
incerrupt vecor
during |IACK cycle

-

Interrupt vector

supplied on data bus

in IACK cycle

aleve 6

Vectored Interrupt

EECC250 - Shaaban }
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Format of 68230 Port General Control
Register, PGCR

PGCR7 PGCR6 | PGCR5 PGCR4 | PGCR3 PGCR2 PGCR1 PGCRO
Port M ode H34 H12 H4 H3 H2 H1
Control Enable Enable sense sense sense sense
00 Mode O Disable O Activelow
01 Mode 1 1 Enable 1 Active high
10 Mode 2 g
11 Mode3

Example;

PGCR = % 00010000

M eans.

Mode O, Unidirectional 8-bit, separate PA & PB

H34 handshaking disabled
H12 handshaking enabled
H4-H4 active low

EECC250 - Shaaban
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68230 Port Status Register, PSR

* Reflectsactivity of the handshakelines

PSR7 PSR6 PSR5 PSR4 PSR3 PSR2 PSR1 PSRO
H4 H3 H2 H1 H4S H3S H2S H1S
Level | Levd Leve L evel

<+—— Follow —_— —— Setbyline ——

level of [ine

depending on mode

PSRO-PSR3 must be cleared by the program by writing a 1 onto them

EECC250 - Shaaban
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pacr Format of Port A Control Register in Mode O

PACR7 PACR6 |PACR5 PACR4 PACR3| PACR2 |PACR1 PACRO
H2 H1
Submode: H2 Contro |nterrupt Controal
Oxx Edge-sensitiveinput
00 submode 0 100 output- negated ODisabled| O0X Hlinterrupt
01 submode 1 101 output - asserted 1 Enabled disabled
10 submode 1x 110 output - interlocked 10 Hlinterrupt
handshake enabled
111 Output - pulsed XX
handshake
Examplee PACR = %00000010

Means. Port A isused asan input port

PADDR = 9% 00000000

Submode O (Double Buffered input)
H2 Edge-senditive

H2 interrupt disabled
H1interrupt enabled

EECC250 - Shaaban
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68230 Port Service Request Register
PSRR (PIT + $02)

 DeterminesPIT interrupt/DMA settings

PSRR7

PSRR6  PSRR5

PSRR4 PSRR3

PSRR2 PSRR1 PSRRO

X

DMA Control

Interrupt Control

Port Priority Control

PSRR4 PSRR3

0

0

O Nointerrupt
support

1 Autovectored
interrupts

1 Vectored interrupts

supported

Port Interrupt Priority

Order of Priority

PSRR2 PSSR1 PSSRO Highest L owest

PP PFPPOOOO
PP OOFR,PEF OO

0

P ORFRPROR O

H1S H2S H3S H4S
H2S H1S H3S HA4S
H1S H2S H4S H3S
H2S H1S H4S HS3S
H3S H4S HI1S H2S
H3S H4S H2S HI1S
H4S H3S HI1S H2S
H4S H3S H2S HI1S

EECC250 - Shaaban
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Format of 68230 Port I nterrupt Vector
Register PIVR (PIT+$0A)

I
PIVR7 PIVR6 PIVR5 PIVR4 PIVR3 PIVRZ2 | PIVR1 PIVRO

< Interrupt Vector Number >

Selected

< User Defined Value > Automatically

Interrupt Source | PIVR1 PIVRO

H1
H2
H3
H4

O O
_ O - O

EECC250 - Shaaban }
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PIT
PGCR
PSRR
PADDR
PBDDR
PCDDR
PIVR
PACR
PBCR
PADR
PBDR
PCDR
PSR
TCR
TIVR
CPR
CPRH
CPRM
CPRL
CNTR
CNTRH
CNTRM
CNTRL
TSR

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

$OFF000
PIT
PIT+2
PIT+4
PIT+6

PI T+$08
PIT+$0A
PIT+$0C
PIT+$0E
PIT+$10
PIT+$12
PIT+$18
PIT+$1A
PI T+$20
PIT+$22
PIT+$24
PIT+$26
PIT+$28
PIT+$2A
PIT+$2C
PIT+$2E
PIT+$30
PIT+$32
PIT+$34

Base Addressof PI/T

Port General Control Register
Port service request register
Datadirection register A

Data direction register B Addresses
Datadirection register C of Port
Port Interrupt Vector register Related
Port A control register :

Port B control register RengterS
Port A dataregister

Port B data register

Port C dataregister

Port statusregister

Timer control register

Timer interrupt vector register

Dummy address of preload register

Timer preload register high Addresses
Timer preload register middle of Timer
Timer preload register low

Dummy address of timer register Rela_lted
Timer register high Registers

Timer register middle
Timer register low
Timer statusregister

68230 Registers Address Equates

EECC250 - Shaaban }
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Interrupt-Driven PIT |nput Example

e Input onebytefrom port A and buffersit in memory, whenever an interrupt

iIsreceived on lineH1

* Main Program

H1 VEC EQU
H1V A EQU
PGCRM  EQU

PACRM  EQU
ORG

MOVEA.L
LEA

MOVE.L
MOVE.B

MOVE.B
MOVE.B
MOVE.B
MOVE.B
LEA
ANDI
LOOP
BRA

MAIN

68
H1 VEC*4
% 00010000

% 00000010
$1000

H$O7TFFE A7
H1_ISR,A0
AOHLV A

#H1 VEC,PIVR

#PGCRM ,PGCR
#PACRM ,PACR
#3$00, PADDR

#% 00011000,PSRR

BUFFER,A1l
#$O0FOFF,SR
NOP

LOOP

PIT Exception vector number

| SR Exception vector table address
Mode O, submode 00

PGCR valueto enable H1 interrupt

Initialize SP
Load AO with address of PIT Routine

Put | SR addressin vector table
Initialize PIVR with interrupt vector

Initialize PGCR

I nitialize port A

Set Port A asinput

Enable vectored interruptsin PSRR
Load DATA addressin Al
Enableinterruptsin SR

Fakeloop just for example

main program doing other taskshere

EECC250 - Shaaban
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Interrupt-Driven PIT I nput Example

****  PIT Interrupt Service Routine H1 ISR

*

H1 ISR ORI

BUFFER

MOVE.B

MOVE.B
ANDI
RTE
STOP
ORG
DS.B
END

#$0700,SR
PADR,D1

D1,(A1)+
#$OFOFF,SR

#$2700
$2000
1000

Disableinterrupts
Get a bytefrom port A

Store byte in memory buffer
Enableinterrupts
Return from exception

reserve 1000 bytesfor buffer

EECC250 - Shaaban
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Timer Control Register (TCR) ValueTo
Enable Periodic Timer Interrupt

TCR7 TCR6 TCRS5 TCR4 TCR3 TCR2 TCR1 | TCRO

Tout/TIACK* Zero-detect Timer
Non lock Control
Control Control one Clock Contro Enable

1 0 1 0 O 0 0 1

PC3/Tout used astimer ﬁglt;rt leD’ PC2/Tin
L S
to acknowledge timer frominitial P me

! g preloaded CLK/32

interrupts value

EECC250 - Shaaban }
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*

* Timer setup subroutine:

Periodic Timer Interrupts Example

Thesubroutine T_SET preloadsthetimer with an initial value, and enablestimer interrupt.

Oncethetimer isenabled by calling T_SET, an interrupt is generated periodically to
perform thetasksin thetimer interrupt serviceroutine, T_ISR.

T VEC EQU
TVA EQU

ORG

T SET LEA

MOVE.L
MOVE.B
MOVE.L
MOVE.L
MOVE.B
RTS

70

T VEC*4
$1000
T_ISR,A0

AOT V_A
#T VEC,TIVR
#$00FFFFFF,DO
DO,CPR

#% 10100001

* Timer interrupt serviceroutine.
TISR MOVE.B

*

*

RTE

#1, TSR

Timer Exception vector number
| SR Exception vector table address

Load AO with address of Timer ISR
Put Timer ISR addressin vector table
Initialize TIVR with interrupt vector
Set maximum count

preload count valuein CPR

set up TCR, enabletimer

Clear ZDShit in TSR

Do tasks needed in | SR

EECC250 - Shaaban
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