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Section 1. General Description

1.1 Contents

1.2  Introduction. . ... ... 15
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1.4 Signal Description. . . ... ... 21
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1.4.8 Port C (PCO-PC7/PWM). . ... . e 23

1.4.9 Port D (PDO/CMP3+, PD1/CMP1—, PD2/CMP12+,
PD3/CMP2—, PD4/SDIO, PD5/SCK,

and PDG/TCMP). .. ... .. e 23
1.4.00  TCAP. .. 23
1.4.11 FinTand FINR . ... ... . . . i 24
1.4.12 PDoutTand PDoutR .. .......... ... ... ... ... ...... 24

1.2 Introduction

The MC68HCO05CT4 is a 44-pin member of the MC68HCO05 Family of
microcontrollers (MCUSs), which supports cordless telephone
applications. The memory map includes 5376 bytes of on-chip ROM and
256 bytes of RAM. The microcontroller unit has three 8-bit input/output
(I/O) ports: A, B, and C; and one 7-bit I/O port: D. Port C has pullup
options and keyscan capability. The MC68HCO05CT4 includes a bird
core, a bird timer, a synchronous serial interface (SSI), 16-bit timer, a
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dual 60-MHz phase-locked loop (PLL), pulse width modulator (PWM),
and an on-chip computer operating properly (COP) watchdog circuit.

Features of the MC68HCO05CT4 include:

General Release Specification

Low Cost

HCO5 Core

44-Pin Plastic Leaded Chip Carrier (PLCC) Package
10.24-MHz On-Chip Crystal Oscillator

2.048-MHz Internal CPU Speed

5136 Bytes of User ROM

240 Bytes of Self-Check ROM

256 Bytes of On-Chip RAM

16-Bit Timer

31 Bidirectional 1/0O Lines

Power-Saving Stop and Wait Modes

Core Timer

Dual 60-MHz PLL

Simple Serial with Bidirectional Data (SSI)

Keyscan Interrupt with Pullups on Port C

Mask Selectable Options:

COP Watchdog Timer

Edge-Sensitive or Edge- and Level-Sensitive Interrupt Trigger
Port C Pullups for Keyscan

1-Channel, 6-Bit Pulse Width Modulator (PWM)

Three Comparators

ROM Security Feature
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1.3 Mask Options
The MC68HCO5CT4 has eight mask options:

* Six port C pullups
* The IRQ sensitivity
* COP enable/disable

These are nonprogrammable options in that they are selected at the time
of code submission when masks are made. These options are:

PC7PU — Port C7 Pullup

This bit enables or disables the pullup on port C bit 7.
1 = Enables the pullup
0 = Disables the pullup

NOTE: Since port C bit 7 also is shared with the PWM output, PC7PU cannot be
selected if PWM output is needed.

PC6PU — Port C6 Pullup

This option enables or disables the pullup on port C bit 6.
1 = Enables pullup
0 = Disables pullup

PC5PU — Port C5 Pullup

This option enables or disables the pullup on port C bit 5.
1 = Enables pullup
0 = Disables pullup

PC4PU — Port C4 Pullup

This option enables or disables the pullup on port C bit 4.
1 = Enables pullup
0 = Disables pullup

PC23PU — Port C Bits 2 and 3 Pullups

When PC23PU = 1, the pullups on port C bits 2 and 3 are enabled
simultaneously.

When PC23PU = 0, the pullups on port C bits 2 and 3 are disabled
simultaneously.
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PCO1PU — Port C Bits 0 and 1 Pullups

When PCO1PU = 1, the pullups on port C bits 0 and 1 are enabled
simultaneously.

When PCO01PU = 0, the pullups on port C bits 0 and 1 are disabled
simultaneously.

COP — COP Enable

When the COP option is selected, the COP watchdog timer is
enabled.

When the COP option is deselected, the COP watchdog timer is
disabled.

IRQ — IRQ Sensitivity

When the IRQ option is selected (IRQEN = 1), edge- and level-
sensitive IRQ is enabled.

When the IRQ option is deselected (IRQEN = 0), edge-only sensitive
IRQ is enabled.

NOTE: A line over a signal name indicates an active-low signal. For example,
RESET is active low.
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Huuuuiuudut
S 8aEE X33y s L
g 8 & g3 223 % z
2 3
Figure 1-3. 44-Lead QFP Pinout
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1.4 Signal Description

The following paragraphs describe the signals.

14.1 VDD and VSS

Power is supplied to the microcontroller’s digital circuits using these two
pins. Vpp is the positive supply and Vgg is ground.

1.4.2 VDD2 and VSSZ

Power is supplied to noise-susceptible circuitry such as the phase-
locked loop (PLL), comparators, and oscillators that require “cleaner”
supplies using these two pins. Vpp; is the positive supply and Vgg, is
ground.

1.4.3 Maskable Interrupt Request (IRQ)

This pin has a mask option as specified by the user that provides one of
two different choices of interrupt triggering sensitivity. The options are:

1. Negative edge-sensitive triggering only

2. Both negative edge-sensitive and level-sensitive triggering

The microcontroller unit (MCU) completes the current instruction before
it responds to the interrupt request. When IRQ goes low for at least one
t,.n, @ logic 1 is latched internally to signify that an interrupt has been
requested. When the MCU completes its current instruction, the interrupt
latch is tested. If the interrupt latch contains a logic 1 and the interrupt
mask bit (I bit) in the condition code register is clear, the MCU then
begins the interrupt sequence.

If the option is selected to include level-sensitive triggering, the IRQ input
requires an external resistor to Vpp for wire-OR operation.

The IRQ pin contains an internal Schmitt trigger as part of its input to
improve noise immunity.
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NOTE: The voltage on the IRQ pin affects the mode of operation. See Section
6. Operating Modes .

1.4.4 OSC1 and OSC?2

These pins provide control input for an on-chip clock oscillator circuit that
drives the PLL reference source. A crystal resonator, a ceramic
resonator, or an external signal connects to these pins providing a
system clock. The oscillator frequency is selectable between 5 or 40
times the internal bus rate. Typical oscillator configurations and
component values are shown in Figure 1-4 . The manufacturer of the
crystal should be consulted, since actual component values are
dependent on the type of crystal used.

MCU MCU
0SC1 0SC2 0sC1 0SC2
10MQ
—MW\N——o0o UNCONNECTED
]
L < EXTERNAL CLOCK
15 pF —— 024mHz L oF
(@) Crystal/Ceramic Resonator (b) External Clock Source
Oscillator Connections Connections

Figure 1-4. Oscillator Connections

1.4.5 Reset (RESET)

This active-low pin is used to reset the MCU to a known startup state by
pulling RESET low. The RESET pin contains an internal Schmitt trigger
as part of its input to improve noise immunity. See Section 5. Resets .
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1.4.6 Port A (PAO-PA7)

These eight I/0O lines comprise port A. The state of any pin is software
programmable, and all port A lines are configured as input during power-
on or reset.

1.4.7 Port B (PBO-PB7)

These eight I/0 lines comprise port B. The state of any pin is software
programmable and all port B lines are configured as input during power-
on or reset.

1.4.8 Port C (PCO-PC7/PWM)

These eight 1/0O lines comprise port C. All port C lines are configured as
input during power-on or reset. Port C has pullup devices and interrupt
capability by pin; however, the state of any pin is determined by the user
at the time of code submission. For a detailed description of 1/0
programming, refer to 7.7 Input/Output Port Pin Programming . PC7is
shared with the output of the pulse-width modulation (PWM) function.

1.4.9 Port D (PDO/CMP3+, PD1/CMP1-, PD2/CMP12+, PD3/CMP2-, PD4/SDIO,
PD5/SCK, and PD6/TCMP)

These seven port lines comprise port D. The state of any pin is software
programmable and the lines are configured as input during power-on or
reset. PD4 and PD5 are shared with the SSI subsystem, PD6 is shared
with the 16-bit timer subsystem, and PDO-PD3 are shared with the
comparators. For a detailed description on I/O programming, refer to
7.7 Input/Output Port Pin Programming

1.4.10 TCAP
This pin is used for the16-bit timer input capture operation. Depending
on the value of the IEDG bit in the timer control register (TCR), the
appropriate level of transition on TCAP will be monitored. When the
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correct level of transition has occurred, the free-running counter will be
transferred to the input capture register.

1.4.11 FinT and FinR

These pins are inputs to the PLL transmit and the receive counters,
respectively. They typically are driven by the loop VCO and are also
AC-coupled. The minimum input signal level is 200 mV peak to peak
@ 60.0 MHz.

1.4.12 PDoutT and PDoutR

These PLL pins are 3-state outputs of the transmit and receive phase
detectors, respectively, for use as either loop error signals or phase
detector signals.
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General Release Specification — MC68HCO05CT4

Section 2. Memory

2.1 Contents

2.2 Introduction. . ... ... 25
23 Memory Map. ... ... 25
2.4 Read-Only Memory (ROM). ........ ... i, 25
25 ROM Security Feature . ........... .. .. i 26
2.6 Random-Access Memory (RAM) . ......... ... ... ... ... 26

2.2 Introduction

This section describes the organization of the on-chip memory. The
MC68HCO05CT4 8-Kbyte memory map is shown in Figure 2-1 and the
input/output (I/O) registers in Figure 2-2..

2.3 Memory Map

The MC68HCO05CT4 has an 8-Kbyte memory map consisting of user
read-only memory (ROM), random-access memory (RAM), self-check
ROM, and I/O.

2.4 Read-Only Memory (ROM)

The user ROM consists of 5120 bytes of ROM located from $0B0O0 to
$1EFF and 16 bytes of user vectors located from $1FFO to $1FFF.

The self-check ROM is located from $1F00 to $1FEF.
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Twelve of the user vectors, $1FF4-$1FFF, are dedicated to reset and
interrupt vectors. The four remaining locations — $1FF0, $1FF1, $1FF2,
and $1FF3 — are general-purpose user ROM locations.

2.5 ROM Security Feature

A security feature has been incorporated into the MC68HCO05CT4 to
help prevent external viewing of the ROM contents. This feature aids in
maintaining the security of proprietary information in customer-
developed software.!

2.6 Random-Access Memory (RAM)

The user RAM consists of 256 bytes of a shared stack area. The RAM
starts at address $0030 and ends at address $012F. The stack begins
at address $00FF. The stack pointer can access 64 bytes of RAM in the
range $00FF to $00CO.

NOTE: Using the stack area for data storage or temporary work locations

requires care to prevent it from being overwritten due to stacking from an
interrupt or subroutine call.

1. No security feature is absolutely secure. However, Motorola’s strategy is to make reading or
copying the ROM difficult for unauthorized users.
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Memory
Random-Access Memory (RAM)

$0000 $0000 ;

o Ports Port A Data Register $00
$0022 35 Bytes 8 Bytes Port B Data Register $01
$0023 Reserved '
$002F 13 Bytes Core Timer Port C Data Register $02
$0030 2 Bytes Port D Data Register $03

RAM PLL Port A Data Direction Register $04

208 Bytes 8 Bytes - )
Port B Data Direction Register $05
Reserved Port C Data Direction Register $06
$00CO Stack 1B — -

ac yte Port D Data Direction Register $07
$00FF 64 Bytes
$0100 RAM Timer Core Timer Control/Status Register $08
gggg 48 Bytes 10 Bytes Core Timer Counter Register $09

PLL Control Register
Unused SSI 9 $oA
2512 Bytes 3 Bytes PLL Ref. Counter MSB $0B
$0AFF
$0B00 Reserved PLL Ref. Counter LSB $0C
PWM Transmit PLL MSB $0D
1 Byte -
User ROM Transmit PLL LSB $0E
5120 Bytes Miscellaneous -
1Byte Receive PLL MSB $0F
$1EFF Receive PLL LSB $10
$1F00 Comparators
1 Byte Reserved 11
$1F01 Self-Check ROM $0022 y $
240 Bytes Timer Control Register $12
S1FEF Timer Status Register $13
$1FFO
ROM User Vectors Input Capture MSB $14
16 Bytes
$1FFF Input Capture LSB $15
Output Compare MSB $16
Output Compare LSB $17
Counter MSB $18
Counter LSB $19
Alternate Counter MSB $1A
Alternate Counter LSB $1B
SSI Status Register $1C
SSI Data Register $1D
SSI Control Register $1E
Reserved $1F
PWM Data Register $20
Miscellaneous Register $21
Comparator Control/Status Register $22

Figure 2-1. MC68HCO5CT4 8-K Memory Map
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Addr Register Name Bit 7 6 5 4 3 2 1 0
$00 Port A Data Register

$01 Port B Data Register

$02 Port C Data Register

$03 Port D Data Register 0

$04 Port A Data Direction Register

$05 Port B Data Direction Register

$06 Port C Data Direction Register

$07 Port D Data Direction Register 0

$08  Timer Control and Status Register| CTOF | RTIF | TOFE | RTIE | TOFC | RTFC RT1 RTO
$09 Timer Counter Register

$OA PLL Control Register 0 TLOCK | RLOCK | REFON | TXON | RXON | PLS1 PLSO
$0B PLL Reference Counter — MSB 0 0 0 0

$0C PLL Reference Counter — LSB

$0D PLL Transmit Counter — MSB

$0E PLL Transmit Counter — LSB

$OF PLL Receive Counter — MSB

$10 PLL Receive Counter — LSB

$11 Reserved R R R R R R R R
$12 Timer Control Register| ICIE OCIE TOIE 0 0 TON IEDGE | OLVL
$13 Timer Status Register| ICF OCF 0 0 0 0 0 0
$14 Timer Input Capture — MSB

$15 Timer Input Capture — LSB

$16 Timer Output Compare — MSB

$17 TImer Output Compare — LSB

$18 Timer Counter — MSB

$19 Timer Counter — LSB

R = Reserved

Figure 2-2. I/0O Registers
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Addr Register Name
$1A Timer Alternate Counter — MSB

$1B Tlmer Alternate Counter — LSB

$1C SSI Status Register
$1D SSI Data Register
$1E SSI Control Register
$1F Reserved
$20 PWM Data Register
$21 Miscellaneous Register

$22 Comparator Control/Status Register

Figure 2-2. /0O Registers (Continued)

MC68HCO5CT4 — Rev. 2.0

Memory

Random-Access Memory (RAM)

Bit 7 6 5 4 3 2 1 0
SF DCOL 0 0 0 0 0 0
SIE SE LSBF MSTR CPOL T/R SR1 SRO
R R R R R R R R
0 0
0 0 0 0 SPEED COE PWME 0

CMP3 CMP2 CMP1 | CM3IE | CM3IC | CEN3 CEN2 CEN1
R = Reserved
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General Release Specification — MC68HCO05CT4

Section 3. Central Processing Unit

3.1 Contents

3.2 Introduction. . . ... ... 31
3.3 Accumulator ... ... 32
3.4 Index Register. . . ........ . 32
3.5 Condition Code Register. . .. ... ... 33
3.6 Stack Pointer ............ . . ... 34
3.7 Program Counter . ......... . 34

3.2 Introduction

The MCU contains five registers as shown in Figure 3-1. The interrupt
stacking order is shown in Figure 3-2 .

7 0
| A | ACCUMULATOR
7 0
| X | INDEX REGISTER
12 0
| PC | PROGRAM COUNTER
12 7 0
| 0 | 0 | 0 | 0 | 0 | 1 | 1 | SP | STACK POINTER
CCR
| H | | | N | z |C | CONDITION CODE REGISTER

Figure 3-1. Programming Model
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Central Processing Unit

7 0 STACK

1 | 1| 1 |CONDITION CODEREGISTER | |

R N

£ ACCUMULATOR T
INCREASING = E | DECREASING

MEMORY U INDEX REGISTER R MEMORY

ADDRESSES R R ADDRESSES

N PCH ‘FJ,

PCL T

UNSTACK

NOTE: Since the stack pointer decrements during pushes, the PCL is stacked
first, followed by PCH, etc. Pulling from the stack is in the reverse order.

Figure 3-2. Stacking Order

3.3 Accumulator
The accumulator (A) is a general-purpose 8-bit register used to hold
operands and results of arithmetic calculations or data manipulations.

7 0
| A |

3.4 Index Register

The index register (X) is an 8-bit register used for the indexed
addressing value to create an effective address. The index register may
also be used as a temporary storage area.

7 0
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Central Processing Unit
Condition Code Register

3.5 Condition Code Register

The condition code register (CCR) is a 5-bit register in which the H, N,
Z, and C bits are used to indicate the results of the instruction just
executed, and the | bit is used to enable interrupts. These bits can be
tested individually by a program, and specific actions can be taken as a
result of their state. Each bit is explained in the following paragraphs.

CCR
[l in]z]c]

Half Carry (H)

This bit is set during ADD and ADC operations to indicate that a carry
occurred between bits 3 and 4.

Interrupt (1)
When this bit is set, the timer and external interrupt are masked
(disabled). If an interrupt occurs while this bit is set, the interrupt is
latched and processed as soon as the | bit is cleared.

Negative (N)

When set, this bit indicates that the result of the last arithmetic, logical,
or data manipulation was negative.

Zero (2)
When set, this bit indicates that the result of the last arithmetic, logical,
or data manipulation was zero.

Carry/Borrow (C)

When set, this bit indicates that a carry or borrow out of the arithmetic
logical unit (ALU) occurred during the last arithmetic operation. This
bit also is affected during bit test and branch instructions and during
shifts and rotates.
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Central Processing Unit

3.6 Stack Pointer

The stack pointer contains the address of the next free location on the
stack. During an MCU reset or the reset stack pointer (RSP) instruction,
the stack pointer is set to location $00FF. The stack pointer then is
decremented as data is pushed onto the stack and incremented as data
is pulled from the stack.

When accessing memory, the seven most significant bits (MSB) are
permanently set to 0000011. These seven bits are appended to the six
least significant register bits to produce an address within the range of
$O00FF to $00CO. Subroutines and interrupts may use up to 64 (decimal)
locations. If 64 locations are exceeded, the stack pointer wraps around
and loses the previously stored information. A subroutine call occupies
two locations on the stack; an interrupt uses five locations.

12 7 0
|O|O|O|O|O|1|1| SP

3.7 Program Counter

The program counter (PC) is a 13-bit register that contains the address
of the next byte to be fetched. .

12 0

| PC

NOTE: The HCO5 CPU core is capable of addressing 16-bit locations. For this
implementation, however, the addressing registers are limited to
an 8-Kbyte memory map
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4.1 Contents

4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
411
4.12

4.2 Introduction

Section 4. Interrupts
Introduction. . ... ... 35
CPU Interrupt Processing. . . . ..o e 36
Reset Interrupt Sequence. . ... .. i 37
Software Interrupt (SWI). . ... .. 37
Hardware Interrupts . . ... e 39
External Interrupt (IRQ) ......... ... . i 39
External Interrupt Timing . .......... .. ... ... ... 40
16-Bit Timer Interrupt . . .. ... e 40
SSlInterrupt . . ... e 40
Core TimeriInterrupt. . . ... .. e 41
Comparator 3 Interrupt . . . . ... 41

The MCU can be interrupted seven different ways:

N o g b~ 0w NP

MC68HCO5CT4 — Rev. 2.0

Nonmaskable software interrupt instruction (SWI)
External asynchronous interrupt (IRQ)

External interrupt via IRQ on PCO-PC7

Internal 16-bit timer interrupt (TIMER)

Internal synchronous serial interface (SSI) interrupt
Internal core timer interrupt

Comparator 3
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Interrupts

4.3 CPU Interrupt Processing

Interrupts cause the processor to save register contents on the stack
and to set the interrupt mask (I bit) to prevent additional interrupts. Unlike
RESET, hardware interrupts do not cause the current instruction
execution to be halted, but are considered pending until the current
instruction is complete.

If interrupts are not masked (I bit in the CCR is clear) and the
corresponding interrupt enable bit is set, the processor will proceed with
interrupt processing. Otherwise, the next instruction is fetched and
executed. If an interrupt occurs, the processor completes the current
instruction, stacks the current CPU register states, sets the | bit to inhibit
further interrupts, and finally checks the pending hardware interrupts. If
more than one interrupt is pending after the stacking operation, the
interrupt with the highest vector location shown in Table 4-1 will be
serviced first. The SWI is executed the same as any other instruction,
regardless of the I-bit state.

When an interrupt is to be processed, the CPU fetches the address of
the appropriate interrupt software service routine from the vector table at
locations $1FF4-$1FFF as defined in Table 4-1.

Table 4-1. Vector Address for Interrupts and Reset

Register | Njante Interrupt intorrupt | Address
N/A N/A Reset RESET $1FFE-$1FFF
N/A N/A Software SWI $1FFC-$1FFD

CMCSR CMP3 CMP3, External Interrupts* | CMP3/IRQ $1FFA-$1FFB
TSR OCF, ICF, TOF | 16-bit Timer Interrupts TIMER $1FF8-$1FF9

SSSR SSIF SSI Interrupt SSli $1FF6-$1FF7

CTCSR TOFE, RTIE Core Timer Interrupts TIMER, RTI $1FF4-$1FF5

* External interrupts include IRQ and PORTC sources.
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Interrupts
Reset Interrupt Sequence

The M68HCO05 CPU does not support interruptible instructions. The
maximum latency to the first instruction of the interrupt service routine
must include the longest instruction execution time plus stacking
overhead.

Latency = (Longest instruction execution time + 10) X t,. seconds

A return-to-interrupt (RTI) instruction is used to signify when the interrupt
software service routine is completed. The RTI instruction causes the
register contents to be recovered from the stack and normal processing
to resume at the next instruction that was to be executed when the
interrupt took place. Figure 4-1 shows the sequence of events that
occurs during interrupt processing.

4.4 Reset Interrupt Sequence

The reset function is not in the strictest sense an interrupt; however, it is
acted upon in a similar manner as shown in Figure 4-1 . A low-level input
on the RESET pin or an internally generated RST signal causes the
program to vector to its starting address, which is specified by the
contents of memory locations $1FFE and $1FFF. The | bit in the
condition code register is also set. The MCU is configured to a known
state during this type of reset as described in 4.3 CPU Interrupt
Processing .

4.5 Software Interrupt (SWI)

The SWI is an executable instruction and a nonmaskable interrupt since
it is executed regardless of the state of the | bit in the CCR. If the | bit is
zero (interrupts enabled), the SWI instruction executes after interrupts
that were pending before the SWI was fetched or before interrupts
generated after the SWI was fetched. The interrupt service routine
address is specified by the contents of memory locations $1FFC

and $1FFD.
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RQ
EXTERNAL
INTERRUPT
CMP3

y CLEARIRQ
REQUEST
LATCH

INTERNAL
16-BIT TIMER

INTERRUPT

INTERNAL Y
SSI
INTERRUPT
INTERNAL Y

CORE TIMER

INTERRUPT

FETCH NEXT
INSTRUCTION

RTI

STACK
PC, X, A, CCR

l

SETIBITIN
CC REGISTER

l

LOAD PC FROM
APPROPRIATE
VECTOR

INSTRUCTION
?

N
RESTORE REGISTERS EXECUTE
FROM STACK: INSTRUCTION
CCR,A X, PC

Figure 4-1. Interrupt Processing Flowchart
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