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p p y
• Hardware interfaces

Exceptions
Normal program flow: beginning to endNormal program flow: beginning to end
 can only evaluate pre-programmed conditional decisions

 cannot respond to exceptions in normal program flow

Exceptions = break in normal program flow

Example:

p p g
2 Types

 Resets:
Example:

 Interrupts:

Example:

Example:

Exceptions-Interrupts p.2ECE 331, Prof. A. Mason



HC12/S12 Exception Systems
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Resets
Purpose: return to known state of operationPurpose: return to known state of operation

Cause: external event or malfunction

Events that trigger system reset (HC12)Events that trigger system reset (HC12)
 Power-on Reset
 Cause: 

 Action: start program execution with defined configuration Action: start program execution with defined configuration

 Computer Operating Properly (COP) Reset
 COP is a hardware unit that detects malfunctions in software execution

bl “ti t” d ti user programmable “time out” duration

 COP must be enabled; generally disabled while testing

 Example:

Cl k M it R t Clock Monitor Reset
 Cause: 

 External Reset
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 Cause: 
 e.g. push button reset, as used in lab



Reset Response
When a reset occursWhen a reset occurs…

For external resets
t t f b i iprogram starts over from beginning

For internal resets (COP & Clock Monitor)For internal resets (COP & Clock Monitor)
specific “reset vector” immediately stored to the PC
 jump to user code (@ reset vector)

 reset vector
a preset memory address assigned to each exception event

f f contains address of user-defined code to manage exception 
event

See “exception vector” tables at end of slides
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See exception vector  tables at end of slides

Interrupts
PurposePurpose
 permit MCU to respond to events of higher priority than the normal 

program

CauseCause
 signal or event causing a break in normal program flow

Action
 jump to “interrupt vector” (like reset vector)

 “interrupt vector” points to specific subroutine for each interrupt event

Alternative to InterruptsAlternative to Interrupts
 Polling: code continuously monitors for event (e.g., hardware flag) to 

occur; can’t do anything else except wait for event
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Types of Interrupts
MaskableMaskable
 interrupt can be enabled/disabled by software 

programmable hardware settingsprogrammable hardware settings
 e.g., configuration registers (register set)

Non-Maskable
 interrupt request always honored; can not be turned off by 

user

f l f iti l tuseful for critical events
 e.g., power down for batter level low
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HC12/S12 Interrupt System
Non Maskable InterruptsNon-Maskable Interrupts

 Indicator/Control
 active when CCR bit X is ‘0’

CCR S  X  H  I  N  Z  V  C7 0

Stop Disable Carry/Borrow

 not controllable by user

Events
U i l t d I t ti T

p

Half Carry

NegativeInterrupt Mask

y

Overflow

Zero

External Interrupt Mask

 Unimplemented Instruction Trap
 for unassigned op-codes

 Software Interrupt Instruction (SWI)
 ASM instruction

 Nonmaskable Interrupt Request (XIRQ)
 active low external pin on MCU
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HC12/S12 Interrupt System
Maskable InterruptsMaskable Interrupts

Control/Indicator
master “mask” (on/off switch): CCR bit I (I = inhibit)( ) ( )

@ system reset, I = 1 (off)

 CLI instruction  I = 0 (turns maskable interrupt system on)
 CLI = CLI =

 SEI insruction I = 1 (turns maskable interrupt system off)
 SEI =

L l M kLocal Masks
MCU hardware system interrupts are enabled by local masks
 e.g., TOI bit in the timer system enables timer interrupts
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Master mask Local masks

HC12/S12 Maskable Interrupts
Maskable Interrupt Request (IRQ)Maskable Interrupt Request (IRQ)
 external pin, active low

 primary external interrupt
b fi d f l i l i can be configured for multiple interrupt sources

Real-Time Interrupt (RTI)
 periodic interrupt, programmable durationp p , p g

 Example: 

Timer Overflow
bl d b TOI bit (i fi ti i t ) enabled by TOI bit (in configuration register)

Analog to Digital System
 create interrupt when A/D conversion completep p

Serial Communication System
 several maskable interrupts
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Many more…
see complete list in exception vector list (end of slides)



Interrupt Response
What happens when an interrupt occurs?What happens when an interrupt occurs?

 Interrupt Service Routine (ISR)
 software code to handle each interrupt sourcep

 address (location) for each ISR stored at specific memory location 
called an interrupt vector

review exception vector list (end of slides)

 RTI (return from interrupt)
ASM instr ction to ret rn from interr pt back to main program

review exception vector list (end of slides)

 ASM instruction to return from interrupt back to main program

Automated Interrupt Functions
 performed automatically by hardware (without software)

 varies with MCU

 see flowchart on next slide
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see flowchart on next slide

Interrupt Response Chart
HC12 Auto Interrupt Responseinitialize stack HC12 Auto Interrupt Response

1. Finish current instruction
 PC set to next instruction

2 Prepare for ISR

initialize
initialize stack

enable interrupt
system

2. Prepare for ISR
 calculate return address
 push return address to stack

 push register values to stack

user defined
ISR

complete 
current instr

interrupt 
event

clear interrupt
source push register values to stack

 disable interrupts

3. Fetch ISR vector
 load PC with ISR vectorac

ti
on

current instr.

calculate return
address

source

execute ISR 
user program

 execute ISR

 return to main (RTI) within ISR

ut
om

at
ic
 push registers

to stack

disable
interrupts

reenable 
interrupts

RTI
• restore 

 see stack order on next slide

au

fetch ISR 
vector

registers from 
stack

• return to main 
program
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 see stack order on next slide
continue main 

program @ 
return address



Exception Priority
What happens if multiple exceptions occur at the same time?What happens if multiple exceptions occur at the same time?

Exceptions have hard-wired priority (order of importance) 
that determines order

1. Resets
1. Power-on reset

2 Cl k it t

HC12 Stack
for Interrupts

top
2. Clock monitor reset

3. COP watchdog reset

2. Non-maskable interrupts (NMI)

p

p ( )
1. Unimplemented instruction trap

2. SWI

3 XIRQ3. XIRQ

3. Maskable interrupts
 priority set by interrupt vector map

bottom
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 higher addresses = higher priority

Hardware Interfacing
Example: backup power system; interrupt driven switchingExample: backup power system; interrupt driven switching 

between two rechargeable power supplies
 IRQ’ 

 PortG, pin 5, 
 .

 PortG, pin 0, , p ,
 .
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68HCS12 Exception Vector Locations
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68HCS12 Exception Vector Locations
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