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SIU Interrupt Controller

» SIU Receives an interrupt
from 1 of 8 external sourcesor 1
of 8 internal sources

— Assuming no masking

* SIU assertsthe IREQ input to
the MPC8xx Core

To SIU Interrupt Controller

» CPIC Generates an interrupt to the SIU Interrupt
Controller at a User Programmable Level
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Flow Diagram: How SIU Processes an | nterrupts

SIU Interrupt occurs

'

Set bit in SIPEND

Bit set in
SIMASK ?

To IREQ of MPC8xx
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Vector Table

VECTOR
OFFSET
HEX) EXCEPTION TYPE
0 0000 RESERVED
00100 SYSTEM RESET HARD & SRESETS
00200 MACHINE CHECK ?EA (BUS ERROR)
00300 DATA STORAGE
00400 INSTRUCTION STORAGE
0 0500 EXTERNAL INTERRUPT IRQ[L:7], PIT, T, RTC, PCMCIA, CPM
00600 ALIGNMENT ALIGNMENT ERROR
INSTR. TRAPS,ERRORS, ILLEGAL,
0 0700 PROGRAM NSTR TRAP
00800 FLOATING-POINT UNAVAILABLE R & Er - INSTRUCTION
00900 DECREMENTER ] DECREMENTER REGISTER
0 0AQ0 RESERVED
00B00 RESERVED
00CO00 SYSTEM CALL 'SC' INSTRUCTION
0 0D00 TRACE* SINGLE-STEP OR BRANCH TRACING
O OEOO FLOATI NG_POI NT ASSI ST* SOFTWARE ASSIST FOR INFREQUENT &

COMPLEX FP OPERATIONS

01000 | IMPLEMENTATION DEPENDENT SOFTWARE EMULATION

01100 | IMPLEMENTATION DEPENDENT INSTRUCTION TLB MISS

01200 | IMPLEMENTATION DEPENDENT DATA TLB MISS

0 1300 | IMPLEMENTATION DEPENDENT INSTRUCTION TLB ERROR

O 1400 IMPLEMENTATION DEPENDENT DATA TLB ERROR
01500 - RESERVED
01BFF

O 1COO IMPLEMENTATION DEPENDENT DATA BREAKPOINT

01DO00 | IMPLEMENTATION DEPENDENT INSTRUCTION BREAKPOINT

0O 1EQ0Q | IMPLEMENTATION DEPENDENT PERIPHERAL BREAKPOINT

O 1FOO IMPLEMENTATION DEPENDENT NON MASKABLE DEVELOPMENT PORT
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SIU Interrupt Sources
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Priority of SIU Interrupt Sources

Number | Priority | Interrupt Source Interrupt
Level Description Code
0 Highest |IROO 00000000
1 LEVEL O 00000100
2 |IRO1 00001000
3 LEVEL 1 00001100
4 |IRO2 00010000
5 LEVEL 2 00010100
6 |IROQ3 00011000
7 LEVEL 3 00011100
8 |IRQ4 00100000
9 LEVEL 4 00100100
10 |IRO5 00101000
11 LEVEL 5 00101100
12 |IRQ6 00110000
13 LEVEI 6 00110100
14 |IROQ7 00111000
15 Lowest LEVEL 7 00111100
16 -31 Reserved

* IRQx Pins have a fixed priority level

Example:

IRQO Highest Priority Level (Code = 00000000)

IRQ7 Lowest Priority Level (Code = 00111000)
* Interrupt Code(SIVEC reg) defines interrupt priority level
* IRQx Interrupt Codes are only associated with IRQx pins
* IRQx interrupt source has highest priority than LEVELX
If both IRQ3 and LEVELS interrupt simultaneously
IRQ3 will be acknowledged first

Example:

SIU Interrupt Controller
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Interrupt Sourcesvs. Levels

o Eachinterrupt sourceisidentified by alevel

« PIT,RTC, TB, CPM levels are assigned using register PISCR,
RTCSC, TBSCR, CICR respectively(disscussed later)

Source Level
NMI:
SWT
IRQO L
External Pins:
IRQL L Level 1
IRQ2 L Level 2
IRQ3 L Level 3
IRQ4 L Level 4
IRQ5 L Level 5
IRQ6 L Level 6
IRQ7 L Level 7
Internal:
PIT Assignable between 0:7
RTC Assignable between 0:7
B Assignable between 0:7
CPM Assignable between 0:7
SIU Interrupt Controller 11-
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|dentifying an Interrupt Leve

* When an interrupt occurs, the bit corresponding to it’s level is set
in the SIPEND register.

SIPEND Register (Interrupt Pending)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

IRQOILVLO|IRQLILVLYIRQ2|LVL2IRQ3|LVL3IIRQ4 LVL4|IRQ5 LVL5[IRQ6|LVLEIRQ7|LVL7

66 17 18 19 20 22 22 23 24 25 26 27 28 29 30 31

RESERVED

» Other interrupt registers we will use include:

—SIMASK: 32Dbit register (Read/Write)
» enables or disables each of the 8 interrupt levels and 8 IRQ Lines

—SIEL: 32 Dbit register (Read/Write)

» gpecifieswhether afalling edge or alow logical level inthe IRQ line
will be detected as an interrupt request

» specifiesif MPCB860 to exit low power mode with a detection of an
interrupt request

—SIVEC: 32 bit register (Read Only)

» Contains an 8 bit Interrupt code representing the unmasked interrupt
source which has the highest priority level

SIU Interrupt Controller 11-8
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Interrupt Priorities

« All interrupts share the same exception vector (500)

* Levelsand IRQ lines can be used to efficiently
determine priorities.

— IRQO = highest priority
— Level 7 =lowest priority

SIU Interrupt Controller
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Interrupt Initialization Steps- 1

1. Assigninterrupt levelstothe PIT,RTC, TB, CPM
— IRQO:7 pins have fixed levels
— PIT,RTC,TB, CPM levels are assigned using register

PISCR, RTCSC,TBSCR, CICR respectively

PISCR Register (Periodic Interrupt Status/Control Register)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
PIRQ - Periodic Interrupt Request Level PS RESERVED PIE [PITF| PTE
Reset:0 0 0 0 0 0 0 0 0 0 0 0 0 0
RTCSC Register (Real Time Clock Status/Control Register)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RTCIRQ - RTC Interrupt RequestL evel SEC |ALR 38K | SIE |ALE| RTF | RTE
Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TBSCR Register (Time Base Status/Control Register)
0 1 3 4 5 6 7 8 9 10 11 12 13 14 15
TBIRQ - Time Base Interrupt Request REFA [REFB | RESERVED | rerae | reree [ TBF | TBE
0 0 0 0 0 0 0 0 0 0 0 1

Reset: 0 0 0

—To specify acertain level, the appropiate one of these bits

should be set.
CICR Register (CPM Interrupt Configuration Register - 24 bits)
8 9 10 11 12 13 14 15 16 17 18 19
SCdP SCcP SCbP ScaP IRLO | IRL1 | IRL2 | HPO
Reset: 0 0
IRLO-IRL2: Interrupt Request Level
Level 0 --> Highest Priority
Level 7 --> Lowest Priority
** Value $4 is agood value to choose for most systems
11-10
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Interrupt Initialization Steps - 2

2. Assign IRQ pins asinterrupts and edge or level sensitive

SIEL Register (External Interrupt Level/Edge Sensitive Register)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
EDO |WMO| ED1 [WM1| ED2 (WM2| ED3 (WM3| ED4 [WM4| ED5 |[WMS5| ED6

WM6| ED7 [WM7

6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

RESERVED

EDx Bit

1=1RQx “falling” edge sensitive
0=1RQx “low” logical level sensitive

WMx Bit (Wake up Mask Bit)

1 =MPCB860 to exit low power mode with a detection of an interrupt
reguest on corresponding line

3. Enable Interrupts to CPU core

SIMASK Register (Interrupt Mask Register)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

IRMOI;VMC IRM1LVMYIRM2LVMZAIRM3LVM3IRM4LVMA4IRMS5LVMYIRM6LVMGIRM7LVM7
Reset: 0O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

RESERVED

Reset: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

IRMX - External Interrupt Request M ask
LVMx - Level Interrupt Request Mask

1 = Enables the generation of an interrupt request to the CPU core

SIMASK updated by software and cleared upon reset

SIU Interrupt Controller 11-11
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Interrupt Table Handling Example

SIVEC Register (Read Only)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Interrupt Code 0 0 0 0 0 0 0 0

6 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*Interrupt Code: 8 hit code representing the umasked interrupt source which has the highest priority level.
—If read asa“BYTE” a“Branch table” can be used in which each entry contains 1 instruction (BRANCH)
—If read asa“HALF WORD” each entry may contain afull routine up to 256 instructions

Example:

*

| NTR; e e
Save state
R3 <- @l VEC
R4 <-- Base of branch table
bz RX, R3 (0)# |oad as by
add RX, RX, R4
nm sprCTR, RX
bctr
BASE b Routinel
BASE + 4 b Routine2
BASE + 8 b Routine3
BASE + C b Routine4
BASE +10 .
BASE + n .

—

I NTR: oo

BASE

BASE

BASE

BASE

BASE

BASE

Save state
R3 <- @5l VEC
R4 <-- Base of branch tabl

lhz RX, R3 (0)# load as h
add RX, RX, R4
nt spr CTR, RX
bctr

L__1st Instruction of Routli

+ 400_1st Instruction of Routli

+ 800L__1st Instruction of Routli

+ 000 ISt Insiruciion of Roull

+1000l |

+n | |

[3})

=

Note: Interrupt code is defined such that its two least significant bits are zero,

allowing indexing into the table.

SIU Interrupt Controller
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Interrupt Context Switch

« After aninterrupt (or any other exception) occurs, hardware:
— Savesthe state of the machine:

Copy M SR into SRR1

Loads SRRO with next Instruction
Address or the instruction that
caused the exception.

— Changesthe M SR including:

Switches to Supervisor mode,

disables all maskable exceptions
[EE bit = 0], and clearsthe
recoverable interrupt(RI) bit

— Branches to the exception vector (interrupt is 500)

Point to the Exception vector
and begin the service routine

o System issues user should consider
— When to enable interrupts again
— A non-maskable interrupt can come at any time

SIU Interrupt Controller 11-13
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|nterrupt Service Routine Steps (1 of 2)

1. Read the interrupt code in the SI Vector register (SIVEC) and go
to service routine for that code.

2. If the interrupt source is IRQx edge-triggered, clear the service bit
in the SI Pending Register(SIPEND). Bit is cleared by writing a
onetoit.

3. Savethe SI Mask Register (SIMASK), and mask lower interrupt
levels.

— Required only if service routine isto be recoverable and lower
priority interrupts are to be masked

4. In case a non-maskable exception occurs, save (SRR0O, SRR1) on
the stack, only if you want service routine to be recoverable.

SIU Interrupt Controller 11-14
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|nterrupt Service Routine Steps (2 of 2)

5. Set Recoverable Interrupt (RI1) bitin MSR

— Now that the previous state is saved, if we get a non-
maskabl e interrupt we can recover

— Load the External Interrupt Disable (EID) SPR
» setsthe RI bit in the MSR
» keeps external interrupts disabled
» single instruction to set bit, e.q.,
mtspr EID, gprx

6. Index to a branch table of Interrupt Handler Routines
7. Perform interrupt handler functions

8. Before the end of the routine
— Restore the gpr(s) previously used

— If anon-maskable exception occured during this interrupt
service routine,

» Disable the Recoverable Interrupt (RI) bit in the MSR
» Load any datato the NRI SPR, e.g.,
mtspr NRI, gprx
» Restore SRRO & SRR1 (and stack pointer if changed)
— Execute “rfi” Instruction to return to application
» External interrupts will now be enabled again

SIU Interrupt Controller 11-15
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FREESCALE
Freescale Techni cal Training - MPC860 Course
Phoeni x, Arizona
Title: irql.c
Handl i ng an 860 SI U | nterrupt

Creation Date: Jan. 10, 1996 From

Aut hor: Bob Bratt

Descri ption:

The results of this routine are:

1. Initializes the exception vector area with a service routine.

2. The service routine junps to a function based on the interrupt
code.

3. The function increments a counter each tinme an external interrupt
| evel 1 occurs.

Assunpti ons:

1. IMVR has been previously initialized.

2. Except for 1, reset conditions exist.

bj ective:

| f the program executes properly, the LED counter is equal to the
nunber of tinmes that the black button on the UDLP1 has been pressed.

Equi pnent :
MPC860ADS board and UDLP1

UDLP1 Switch Settings: NA

Connections: MPC860ADS board and a UDLP1 are connected through P13.

Updat es:

SIU Interrupt Controller 11-16
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irgl.c (1 of 2)
/* Equi prent : 860ADS Eval uati on Board and */
/* UDLP1 Uni versal Devel opnent Lab Board */
/* Pins 2 and 3 of JP2 nust be junpered */
/* Connected: P10-D25 of ADS to J4-11 of UDLP1 */
/* (1RQL. O */
#i ncl ude "npc860. h" /* DUAL PORT RAM EQUATES */
struct dprbase *pdpr; /* PNTR TO DUAL PORT RAM */
mai n()
{
void intbrn(); [ * EXCEPTI ON SERVI CE RTN */
int *ptrs, *ptrd; /* SOURCE & DEST PO NTERS*/
pdpr = (struct dprbase *) (getimm () & OxFFFFO0000);

/* INIT PNTR TO DPRBASE */
ptrs = (int *) intbrn; /* INIT SOURCE PO NTER  */
ptrd = (int *)(getevt() + 0x500); /* INIT DEST PO NTER */
do /* MOVE ESR TO EVT */

*ptrd++ = *ptrs; /* MOVE UNTI L */
while (*ptrs++ = 0x4c000064); /* RFI | NTRUCTI ON */
pdpr - >PDDAT = 0; /* CLEAR PORT D DATA REG */
pdpr - >PDDI R = Oxff; /* MAKE PORT D8-15 QUTPUT*/
pdpr->SI EL. ED1 = 1, /* MAKE | RQL FALLI NG EDGE*/
pdpr - >SI MASK. ASTRUCT. | RML = 1; /* ENABLE | RQL | NTERRUPTS*/
asm(" mtspr 80,0"); / * ENABLE | NTERRUPTS */
while (1==1);

}

#pragma i nterrupt intbrn

voi d intbrn()
void irqglesr();
asm (" stwu r9,-4(rl)"); /* PUSH GPR9 ONTO STACK */
swi tch (pdpr->SIVEC. | Q) /* PROCESS | NTERRUPT CODE*/
{

case 8: asm (" nfspr r9,8"); /* PUSH LR ONTO STACK */
asm (" stwu r9,-4(r1)");
asm (" bla irqglesr"); /* PROCESS | RQL CCODE */
asm (" Iwz r9,0(r1)"); /* PULL LR FROM STACK */
asm (" addi rl1,r1,4"); /* RESTORE STACK PO NTR*/
asm (" ntspr 8,r9");

br eak;

defaul t:;
}
asm (" lwz r9,0(r1)"); /* PULL GPRO FROM STACK */
asm (" addi ri,r1,4"); /* RESTORE STACK PO NTER */

SIU Interrupt Controller
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irgl.c (2 of 2)

void irqglesr()

{
pdpr->SI PEND = 1<<(31-2);
asm (" nfspr r9, 26");
asm (" stwu r9,-8(rl1)");
asm (" nfspr r9,27");
asm (" stwr9,4(r1)");
asm (" ntspr 80,0");
pdpr - >PDDAT += 1,
asm (" ntspr 82,0");
asm (" lwz r9,4(rl)");
asm (" ntspr 27,r9");
asm (" lwz r9,0(rl1)");
asm (" addi rl,r1,8");
asm (" ntspr 26,r9");

}
getimmr()
{
asm(" nfspr 3,638");
}
getevt ()
if ((getnmsr() & 0x40) == 0)
return (0);
el se
return (OxFFFO0000);
}
getnsr () /*
asm(" nfrsr 3"); /*
}

SIU Interrupt Controller

/* CLEAR I RQL | NT PENDI NG*/
/* PUSH SRRO ONTO STACK */

/* PUSH SRR1 ONTO STACK */
/* ENABLE | NTERRUPTS */
/* 1 NCREMENT DI SPLAY */
/* MAKE NON- RECOVERABLE  */
/* PULL SRR1 FROM STACK  */

/* PULL SRRO FROM STACK  */

/* GET EVT LOCATI ON */
/* 1F MSBRIP 1S 0O */
/* THEN EVT IS I N LOW MEM/
/* ELSE */
/* EVT IS IN H GH MEM */

GET MACHI NE STATE REG VALUE */

LOAD MACHI NE STATE REG TO r3 */

For More Information On This Product,
Go to: www.freescale.com
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FREESCALE
Freescale Techni cal Training - MPC860 Course
Phoeni x, Arizona
Title: irg0.c
Handling 860 SIU Interrupt O

Creation Date: April 3, 1996 From |IRQL.C

Aut hor: Bob Bratt

Descri ption:

The results of this routine are:

1. Initializes the exception vector area with a service routine.

2. The service routine junps to a function based on the interrupt
code.

3. The function increments a counter each tinme an external interrupt
| evel 1 occurs.

Assunpti ons:

1. IMVR has been previously initialized.

2. Except for 1, reset conditions exist.

bj ective:

| f the program executes properly, the LED counter is equal to the
nunber of tinmes that the black button on the UDLP1 has been pressed.

Equi pnent :
MPC860ADS board and UDLP1

UDLP1 Switch Settings: NA

Connections: MPC860ADS, P10, A25 is connected to J4-11 on the UDLPI.

Updat es:

SIU Interrupt Controller 11-19
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irg0.c (1 of 2)

/* Equi prent : 860ADS Eval uati on Board and */
/* UDLP1 Uni versal Devel opnent Lab Board */
/* Pins 2 and 3 of JP2 nust be junpered */
/* Connected: P10-A25 of ADS to J4-11 of UDLP1 */
/* (1 RQD. C */
#i ncl ude "npc860. h" /* DUAL PORT RAM EQUATES */
struct dprbase *pdpr; /* PNTR TO DUAL PORT RAM */
mai n()
{

void intbrn(); /* EXCEPTI ON SERVI CE RTN */

int *ptrs,*ptrd; /* SOURCE & DEST PO NTERS*/

pdpr = (struct dprbase *) (getimm() & OxFFFFO0000);

/*
ptrs = (int *) intbrn; /*
ptrd = (int *)(getevt() + 0x100); /*
do | *

*ptrd++ = *ptrs; | *
while (*ptrs++ !'= 0x4c000064); /*
pdpr - >PDDAT = 0; | *
pdpr->PDDI R = Oxff; | *
pdpr->SI EL. EDO = 1, /*
pdpr - >SI MASK. ASTRUCT. | RMD = 1; | *
while (1==1);

}

#pragma i nterrupt intbrn

voi d intbrn()
void irqgOesr();
asm (" stwu r9,-4(r1)"); /*
swi tch (pdpr->SIVEC. | Q) /*
{

case 0: asm (" nfspr r9,8"); /*

asm (" stwu r9,-4(r1)");

asm (" bla irqOesr"); /*

asm (" lwz r9,0(r1)"); /*
asm (" addi rl,r1,4"); /*
asm (" ntspr 8,r9");

br eak;

defaul t:;
asm (" lwz r9,0(r1)"); /*
asm (" addi rl1,r1,4"); /*

}
void irqgOesr()

pdpr->SI PEND = 1<<(31-0); /*
pdpr - >PDDAT += 1, /*

SIU Interrupt Controller

INI'T PNTR TO DPRBASE */
NI T SOURCE PO NTER  */
I NI T DEST PO NTER */

MOVE ESR TO EVT */
MOVE UNTI L */
RFI 1| NTRUCTI ON */

CLEAR PORT D DATA REG */
MAKE PORT D8-15 QUTPUT*/
MAKE | RQO FALLI NG EDGE*/
ENABLE | RQD | NTERRUPTS*/

PUSH GPR9 ONTO STACK */
PROCESS | NTERRUPT CODE*/

PUSH LR ONTO STACK */

PROCESS | RQL CODE */
PULL LR FROM STACK */
RESTORE STACK PO NTR*/

PULL GPR9 FROM STACK */
RESTORE STACK PO NTER */

CLEAR | RQD | NT PENDI NGt/
I NCREMENT DI SPLAY */
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irg0.c (2 of 2)
getimr ()

{
asm(" nfspr 3,638");

getevt () /* GET EVT LOCATI ON *)
{

if ((getnsr() & 0x40) == 0) /* ITF MBRIPIS O */
return (0); /* THEN EVT IS | N LOW MEM/
el se /* ELSE */
return (OxFFFO0000); /* EVT I S IN H GH MEM */

getnmsr () /* GET MACH NE STATE REG VALUE */

{
asm(" nfrsr 3"); /* LOAD MACHI NE STATE REG TO r3 */

Information in this document is provided solely to enable system and software
implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters which may be
provided in Freescale Semiconductor data sheets and/or specifications can and do
vary in different applications and actual performance may vary over time. All operating
parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all

claims, costs, damages, and expenses, and reasonable attorney fees arising out of, ¢ g freescalem
directly or indirectly, any claim of personal injury or death associated with such 4
unintended or unauthorized use, even if such claim alleges that Freescale semiconductor

Semiconductor was negligent regarding the design or manufacture of the part.
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