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SECTION 1
INTRODUCTION

The MC68HC16Z1 is a high-speed 16-bit control unit that is upwardly code
compatible with M68HC11 controllers. It is a member of the M68BHC16 Family
of modular microcontrollers.

M68HC16 controllers are built up from standard modules that interface via a
common internal bus. Standardization facilitates rapid development of devices
tailored for specific applications.

The MC68HC16Z1 incorporates a true 16-bit central processing unit (CPU16), a
system integration module (SIM), an 8/10-bit analog-to-digital converter (ADC),
a queued serial module (QSM), a general-purpose timer (GPT), and a 1024-
byte standby RAM (SRAM). These modules are interconnected by the
intermodule bus (IMB).

Maximum system clock for the MC68HC16Z1 is 16.78 MHz. A phase-locked
loop circuit synthesizes the clock from a frequency reference. Either a crystal
(nominal frequency: 32.768 kHz) or an externally generated signal can be
used. System hardware and software support changes in clock rate during
operation. Because the MC68HC16Z1 is a fully static design, register and
memory contents are not affected by clock rate changes.

High-density complementary metal-oxide semiconductor (HCMOS) architecture
makes the basic power consumption of the MC68HC16Z1 low. Power
consumption can be minimized by stopping the system clock. The M68HC16
instruction set includes a low-power stop (LPSTOP) command that efficiently
implements this capability.

Documentation for the Modular Microcontroller Family follows the modular
construction of the devices in the product line. Each device has a
comprehensive user's manual which provides sufficient information for normal
operation of the device. The user's manual is supplemented by module
reference manuals that provide detailed information about module operation
and applications. Refer to Motorola publication Advanced Microcontroller Unit
(AMCU) Literature (BR1116/D) for a complete listing of documentation to
supplement this manual.
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SECTION 2

NOMENCLATURE

The following nomenclature is used throughout the manual. Nomenclature used only
in certain sections, such as register bit mnemonics, is provided in those sections.

2.1 Symbols and Operators
+ — Addition

’@'l‘oﬂl/\lVll/\V\*l

=z
(o]
3

x|+111l..

o X
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Subtraction or negation (twos complement)

Multiplication
Division

Greater

Less

Equal

Equal or greater
Equal or less

Not equal

AND

Inclusive OR (OR)
Exclusive OR (EOR)
Complementation
Concatenation
Transferred
Exchanged

Sign bit; also used to show tolerance
Sign extension
Binary value
Hexadecimal value

NOMENCLATURE
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2.2 CPU16 Registers

A — Accumulator A
AM — Accumulator M
B — Accumulator B
CCR — Condition code register
D — Accumulator D
E — Accumulator E
EK — Extended addressing extension field

IR — MAC multiplicand register
HR — MAC multiplier register

IX — Index register X

IY — Index register Y

IZ — Index register Z

K — Address extension register
PC — Program counter
PK — Program counter extension field
SK — Stack pointer extension field
SL — Multiply and accumulate sign latch
SP — Stack pointer
XK — Index register X extension field
YK — Index register Y extension field
ZK — Index register Z extension field

XMSK — Modulo addressing index register X mask
YMSK — Modulo addressing index register Y mask
S — Stop disable control bit
MV — AM overflow indicator

H — Half carry indicator

EV — AM extended overflow indicator
N — Negative indicator
Z — Zero indicator
V — Twos complement overflow indicator
C — Carry/borrow indicator
IP — Interrupt priority field

SM — Saturation mode control bit

PK — Program counter extension field

MOTOROLA NOMENCLATURE MC68HC1621
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2.3 Pin and Signal Mnemonics

AN[7:0] —
ADDR[23:0] —
AS —

AVEC —
BERR —

BG —
BGACK —
BKPT —

BR —
CLKOUT —
CS[10:0] —
CSBOOT —
DATA[15:0] —
DS —
DSACK][1:0] —
DSCLK —
ECLK —

DSI —

DSO —
EXTAL —
FC[2:0] —
FREEZE —
HALT —
IC[4:1] —
IPIPEO/IPIPE1 —
IRQ[7:0] —
MISO —
MODCLK —
MOSI —
OC[5:1] —
PADA[7:0] —
PAl —

PCLK —
PC[6:0] —
PCS[3:0] —
PE[7:0] —
PF[7:0] —

MC68HC16Z1
USER'S MANUAL

ADC Analog Inputs
Address Bus

Address Strobe
Autovector

Bus Error

Bus Grant

Bus Grant Acknowledge
Breakpoint

Bus Request

System Clock

Chip Selects

Boot ROM Chip Select
Data Bus

Data Strobe

Data and Size Acknowledge
Development Serial Clock
6800 Bus Clock
Development Serial Input
Development Serial Output
External Crystal Oscillator Connection
Function Codes

Freeze

Halt

Input Capture

Instruction Pipeline MUX
Interrupt Request

Master In Slave Out

Clock Mode Select
Master Out Slave In
Output Compare

ADC I/O Port A

Pulse Accumulator Input
Pulse Accumulator Clock
SIM I/O Port C

Peripheral Chip Selects
SIM /O Port E

SIM I/O Port F

NOMENCLATURE
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PGP[7:0] —
PQS[7:0] —
PWMA, PWMB —

QUOT —
R/W— —
RESET —
RXD —
SCK —
SIZ[1:0] —
S—§ —_
TSC —
TSTME —
TXD —

Vppa/Vssa —

Vs

VDDSYN —
VRH/VRL —
SE/VDDE —

VssiVppl —

MOTOROLA
2-4

VstBY —
XFC —
XTAL —

GPT /O Port

QSM /O Port

Pulse Width Modulator Output
Quotient Out

Read/Write

Reset

SCI Receive Data

QSPI Serial Clock

Size

Slave Select

Three-State Control

Test Mode Enable

SCI Transmit Data

A/D Converter Power

Clock Synthesizer Power

A/D Reference Voltage

External Peripheral Power (Source and Drain)
Internal Module Power (Source and Drain)
Standby RAM Power

External Filter Capacitor Connection
External Crystal Oscillator Connection

NOMENCLATURE
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2.4 Register Mnemonics

ADCMCR —
ADCTLO —
ADCTL1 —
ADSTAT —
ADTEST —
CFORC —
CREG —
CSBARBT —
CSBAR[0:10] —
CSORBT —
CSPARO —
CSPAR1 —
DDRE —
DDRF —
DDRGP —
PORTQS —
DREG —
GPTMCR —
GPTMTR —
ICR —
oC1D —
OC1M —
PACNT —
PACNT —
PACTL —
PEPAR —
PFPAR —
PICR —
PITR —
PORTADA —
PORTC —
PORTE —
PORTF —
PORTGP —
PORTQS —
PQSPAR —
PRESCL —
PWMA —
PWMB —
PWMBUFA —
PWMBUFB —
PWMC —

PWMCNT —

MC68HC16Z1
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ADC Module Configuration Register
A/D Control Register 0

A/D Control Register 1

ADC Status Register

ADC Test Register

Compare Force Register

Test Submodule Control Register
Chip Select Base Address Register Boot ROM
Chip Select Base Address Registers
Chip Select Option Register Boot ROM
Chip Select Pin Assignment Register 0
Chip Select Pin Assignment Register 1
Port E Data Direction Register

Port F Data Direction Register

Port GP Data Direction Register

Data Direction Register

Distributed Register

GPT Module Configuration Register
GPT Module Test Register (Reserved)
GPT Interrupt Configuration Register
OC1 Action Data Register

OC1 Action Mask Register

Pulse Accumulator Counter

Pulse Accumulator Counter

Pulse Accumulator Control Register
Port E Pin Assignment Register

Port F Pin Assignment Register
Periodic Interrupt Control Register
Periodic Interrupt Timer Register

Port ADA Data Register

Port C Data Register

Port E Data Register

Port F Data Register

Port GP Data Register

Port QS Data Register

Port QS Pin Assignment Register
GPT Prescaler

PWM Control Register A

PWM Control Register B

PWM Buffer Register A

PWM Buffer Register B

PWM Control Register C

PWM Count Register

NOMENCLATURE MOTOROLA
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QILR —
QIVR —
QSMCR —
QTEST —
RAMBAH —
RAMBAL —
RAMMCR —
RAMTST —
RSLT[0:7] —
RSR —
SCCRO —
SCCR1 —
SCDR —
SCSR —
SIMCR —
SIMTR —
SIMTRE —
SPCRO —
SPCR1 —
SPCR2 —
SPCR3 —
SPSR —
SWSR —
SYNCR —
SYPCR —
TCNT —
TCTL1 —
TCTL2 —
TFLG1/TFLG2 —
TI4/05 —
TIC[1:3] —
TMSK1 —
TMSK2 —
TOC[1:4] —
TSTMSRA —
TSTMSRB —
TSTRC —
TSTSC —

MOTOROLA
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QSM Interrupt Level Register

QSM Interrupt Vector Register

QSM Configuration Register

QSM Test Register

Array Base Address Register High
Array Base Address Register Low
RAM Module Configuration Register
RAM Test Register

ADC Result Registers

Reset Status Register

SCI Control Register 0

SCI Control Register 1

SCI Data Register

SCI Status Register

Module Configuration Register
System Integration Test Register
System Integration Test Register (ECLK)
QSPI Control Register 0

QSPI Control Register 1

QSPI Control Register 2

QSPI Control Register 3

QSPI Status Register

Software Service Register

Clock Synthesizer Control Register
System Protection Control Register
Timer Counter Register

Timer Control Register 1

Timer Control Register 2

Timer Interrupt Flag Registers 1and 2
Input Capture 4/Output Compare 5 Register
Input Capture Registers 1-3

Timer Interrupt Mask Register 1
Timer Interrupt Mask Register 2
Output Compare Registers 1-4
Master Shift Register A

Master Shift Register B

Test Module Repetition Count

Test Module Shift Count

NOMENCLATURE MC68HC16Z1
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2.5 Conventions
Logic level one is the voltage that corresponds to a Boolean true (1) state.

Logic level zero is the voltage that corresponds to a Boolean false (0) state.

Set refers specifically to establishing logic level one on a bit or bits.

Clear refers specifically to establishing logic level zero on a bit or bits.

Asserted means that a signal is in active logic state. An active low signal
changes from logic level one to logic level zero when asserted, and an active
high signal changes from logic level zero to logic level one.

Negated means that an asserted signal changes logic state. An active low
signal changes from logic level zero to logic level one when negated, and an
active high signal changes from logic level one to logic level zero.

A specific mnemonic within a range is referred to by mnemonic and number.
A15 is bit 15 of Accumulator A; ADDR?7 is line 7 of the address bus; CSORO is
chip-select option register 0. A range of mnemonics is referred to by
mnemonic and the numbers that define the range. AM[35:30] are bits 35 to 30
of Accumulator M; CSOR[0:5] are the first six option registers

Parentheses are used to indicate the content of a register or memory location,
rather than the register or memory location itself. (A) is the content of
Accumulator A. (M : M+ 1) is the content of the word at address M.

LSB means least significant bit or bits. MSB means most significant bit or bits.
References to low and high bytes are spelled out.

LSW means least significant word or words. MSW means most significant
word or words.

ADDR is the address bus. ADDR[7:0] are the eight LSB of the address bus.

DATA is the data bus. DATA[15:8] are the eight MSB of the data bus.

MC68HC16Z1 NOMENCLATURE MOTOROLA
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SECTION 3
OVERVIEW

This section surveys the entire MC68HC16Z1 modular microcontroller. It lists
features of each of the modules, shows device functional divisions and pinouts,
summarizes signal and pin functions, discusses the intermodule bus, and
provides system memory maps. Timing and electrical specifications for the
entire microcontroller and for individual modules are provided in APPENDIX A
ELECTRICAL CHARACTERISTICS. Comprehensive module register
descriptions and memory maps are provided in APPENDIX D REGISTER
SUMMARY.

3.1 MC68HC16Z1 Features
The following paragraphs highlight capabilities of each of the microcontroller
modules. Each module is discussed separately in a subsequent section of this
manual.

3.1.1 System Integration Module

L] ] ) .

External Bus Support

Programmable Chip-Select Outputs

System Protection Logic

Watchdog Timer, Clock Monitor, and Bus Monitor
Two 8-Bit Dual Function Ports

One 7-Bit Dual Function Port

Phase-Locked Loop (PLL) Clock System

3.1.2 CPU16

L] L] . . °

MCe8HC1621

16-Bit Architecture

Full Set of 16-Bit Instructions

Three 16-Bit Index Registers

Two 16-Bit Accumulators

Control-Oriented Digital Signal Processing Capability

1 Megabyte of Program Memory and 1 Megabyte of Data Memory
High-Level Language Support

Fast Interrupt Response Time

Background Debugging Mode

Fully Static Operation

OVERVIEW MOTOROLA
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3.1.3 Analog-to-Digital Converter

» Eight Channels, Eight Result Registers
* Eight Automated Modes

* Three Result Alignment Modes

* One 8-Bit Digital Input Port

3.1.4 Queued Serial Module

« Enhanced Serial Communication Interface
* Queued Serial Peripheral Interface
¢ One 8-Bit Dual Function Port

3.1.5 General-Purpose Timer

» Two 16-Bit Free-Running Counters with Prescaler
* Three Input Capture Channels

* Four Output Compare Channels

* One Input Capture/Output Compare Channel

¢ One Pulse Accumulator/Event Counter Input

¢ Two Pulse Width Modulation Outputs

» One 8-Bit Dual Function Port

» Two Optional Discrete Inputs

» Optional External Clock Input

3.1.6 Standby Ram

* 1024-Byte Static Ram
» External Standby Voltage Supply Input

3.2 System Block Diagram and Pin Assignment Diagrams

Figure 3-1 is a functional diagram of the MC68HC16Z1. Although diagram
blocks represent the relative size of the physical modules, there is not a one-to-
one correspondence between location and size of blocks in the diagram and
location and size of integrated-circuit modules. Figure 3-2 is a pin assignment
drawing based on a 132-pin plastic surface-mount package. Refer to
APPENDIX B MECHANICAL SPECIFICATIONS AND ORDERING
INFORMATION for package dimensions. All pin functions and signal names
are shown in these drawings. See subsequent paragraphs in this section for
pin and signal descriptions.
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Figure 3-1. MC68HC16Z1 Block Diagram
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Figure 3-3. MC68HC16Z1 Pin Assignment for 144-Pin Package
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3.3 Pin Descriptions

The tables below summarize functional characteristics of MC68HC16Z1 pins.
Table 3—1 shows types of output drivers. Table 3-2 shows all inputs and
outputs. Digital inputs and outputs use CMOS logic levels. An entry in the
Discrete I/0 column indicates that a pin can also be used for general-purpose
input, output, or both — I/O port designation is given when it applies. Table 3—-3
shows characteristics of power pins. Refer to Figure 3—1 for port organization.

Table 3-1. MC68HC16Z1 Driver Types

Type 170 Description
A o Output-only signals that are always driven; no external pullup required
Aw (o) Type A output with weak P-channel pullup during reset
B (@) Three-state output that includes circuitry to pull up output before high impedance is

established, to ensure rapid rise time. An external holding resistor is required to
maintain logic level while the pin is in the high-impedance state.

Bo (o] Type B output that can be operated in an open-drain mode

Table 3-2. MC68HC162Z1 Pin Characteristics

Pin Output Input Input Discrete Port
Mnemonic Driver | Synchronized | Hysteresis 170 Designation
ADDR23/CS10/ECLK A Y N o —
ADDRJ[22:19)/CS[9:6] A Y N o Ci[6:3]
ADDR[18:0] A Y N — —
AN[7:0]' — Y N | ADA[7:0]
AS B Y N 1/0 E5
AVEC B Y N 110 E2
BERR B Y N — —
BG/CS1 B — — — —
BGACK/CS2 B Y N — =
BKPT/DSCKL — Y Y — —
BR/CSO B Y N (0] Separate
CLKOUT A — — — —
CSBOOT B — — — —
DATA[15:0]" AW Y N — -
DS B Y N 1/0 E4
DSACK1 B Y N 110 E1
DSACKO B Y N 110 EO
DSVI/IPIPE1 A Y Y — Separate
DSO/IPIPEO A — — — Separate
EXTAL2 — — Special — —
MOTOROLA OVERVIEW MC68HC16Z1
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Table 3-2. MC68HC16Z1 Pin Characteristics (Continued)

Pin Output Input Input Discrete Port
Mnemonic Driver | Synchronized | Hysteresis 1/0 Designation
FC[2:0)/CS[5:3] A Y N o) C[2:0]
FREEZEAQUOT A — —_ — —
HALT Bo Y N — —
IC4/0C5 A Y Y 1/0 GP4
IC[3:1] A Y Y 110 GP[7:5]
RQ[7:1] B Y Y 110 FI7:1]
MISO Bo Y Y 1/0 Qso
MODCLK] B Y N 110 FO
MOSI Bo Y Y 1/0 Qs1
OCf[4:1] A Y Y 110 GP([3:0]
PAIS —_ Y Y | Separate
PCLK3 — Y Y | Separate
PCS0/SS Bo Y Y Ie) Qs3
PCS[3:1] Bo Y Y 10 Qs[6:4]
PWMA, PWMB4 A — — (o} Separate
RW A Y N — —
RESET Bo Y Y — —
RXD — N N —_ —
SCK Bo Y Y 110 Qs2
SiZ[1:0] B Y N 110 E[7:6]
TSTME/TSC - Y Y —_ —
™D Bo Y Y 110 Qs7
VRH® — — —_ — —
VRLS - — — — —
XFC2 — — — Special —_
XTAL2 —_ — —_ Special _

NOTE
1. DATA[15:0] are synchronized during reset only. MODCLK, MCCI and ADC pins are
synchronized only when used as input port pins.

2. EXTAL, XFC, and XTAL are clock reference connections.
3. PAIl and PCLK can be used for discrete input, but are not part of an /O port.
4. PWMA and PWMB can be used for discrete output, but are not part of an /O port.
5. VRH and VRL are ADC reference voltage inputs.
Table 3-3. MC68HC16Z1 Power Connections
VsTBY Standby RAM Power/Clock Synthesizer Power
VDDSYN Clock Synthesizer Power

Vppa/Vssa A/D Converter Power

Vsse/Vpbpe External Periphery Power (Source and Drain)

Vssi/Vpol Internal Module Power (Source and Drain)
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3.4 Signal Descriptions

The following tables are a quick reference to MC68HC16Z1 signals. Table 3—4

shows signal origin, type, and active state.

Table 3-5 describes signal

functions. Both tables are sorted alphabetically by mnemonic. MCU pins often
have multiple functions — more than one description can apply to a pin.

Table 3-4. MC68HC162Z1 Signal Characteristics

MOTOROLA
3-8

Signal MCU Signal Active
Name Module Type State
ADDRJ[23:0] SIM Bus —_
AN[7:0] ADC Input —
AS SIM Output 0
AVEC SIM Input [
BERR SIM Input 0
BG SIM Output 0
BGACK SIM Input 0
BKPT CPU16 Input 0
BR SIM Input 0
CLKOUT SIM Output —
CS[10:0] SIM Output 0
CSBOOT SIM Output 0
DATA[15:0] SIM Bus —
DS SIM Output 0
DSACK[1:0] SIM Input 0
DSCLK CPU16 Input Serial Clock
DSl CPU16 Input (Serial Data)
DSO CPU16 Output (Serial Data)
EXTAL SIM Input —
FC[2:0] SIM Output —_
FREEZE SIM Output 1
HALT SIM Input/Output 0
IC[4:1] GPT Input —_
IPIPEO CPU16 Output —_
IPIPE1 CPU16 Output —
RQ[7:1] SIM Input 0
MISO QsSM Input/Output —
MODCLK SIM Input —
MOSI QsM Input/Output —
OC[5:1] GPT Output —
PADA[7:0] ADC Input (Port)
PAI GPT Input —
PC[6:0] SIM Output (Port)
OVERVIEW MC68HC1621
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Table 3—4. MC68HC16Z1 Signal Characteristics (Continued)

Signal MCU Signal Active
Name Module Type State
PE[7:0] SIM Input/Output (Port)
PF[7:0] SIM Input/Output (Port)
PGP[7:0] GPT Input/Output (Port)
PQS[7:0] QsM Input/Output (Port)
PCLK GPT Input —
PCS[3:0] QsMm Input/Output —_
PWMA, PWMB GPT Output —
QuoT SIM Output —
RW SIM Output 1/0
RESET SIM Input/Output 0
RXD QsM Input —
SCK QsM Input/Output -
SiZ[1:0] SIM Output —
SS QsMm Input 0
TSC SIM Input —
TSTME SIM Input 0
TXD QsM Output —
VRH ADC Input —_
VRL ADC Input —
XFC SiM Input —_
XTAL SIM Output —

Table 3-5. MC68HC16Z1 Signal Function

MC68HC16Z1

Signal Name Mnemonic Function
Address Strobe AS Indicates that a valid address is on the address bus
Autovector AVEC Requests an automatic vector during interrupt acknowledge
Bus Error BERR Indicates that a bus error has occurred
Bus Grant BG Indicates that the MCU has relinquished the bus
Bus Grant BGACK Indicates that an external device has assumed bus mastership
Acknowledge
Breakpoint BKPT Signals a hardware breakpoint to the CPU
Bus Request BR Indicates that an external device requires bus mastership
Chip Selects CS[10:0] | Select external devices at programmed addresses
Boot Chip Select CSBOOT | Chip select for external boot startup ROM
Address Bus ADDR[19:0] | 20-bit address bus used by CPU16
Address Bus ADDR[23:20] | 4 MSB on IMB, test only, outputs follow ADDR19
ADC Analog Input AN[7:0] Inputs to ADC MUX
System Clockout CLKOUT System clock output
Data Bus DATA[15:0] | 16-bit data bus
OVERVIEW MOTOROLA
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Table 3-5. MC68HC16Z1 Signal Function (Continued)

Signal Name Mnemonic Function

Data Strobe DS During a read cycle, indicates that an external device should
place valid data on the data bus. During a write cycle, indicates
that valid data is on the data bus

Halt HALT Suspend external bus activity

Interrupt Request Level|  IRQ[7:1] | Provides an interrupt priority level to the CPU

Data and Size DSACK[1:0] | Provide asynchronous data transfers and dynamic bus sizing

Acknowledge

Peripheral Chip Select PCS[3:0] QSPI peripheral chip selects

Reset RESET System reset

Test Mode Enable TSTME Hardware enable for SIM test mode

Development Serial In, DSI, DSO, | Serial I/0 and clock for background debug mode

Out, Clock DSCLK

Crystal Oscillator EXTAL, XTAL | Connections for clock synthesizer circuit reference;
a crystal or an external oscillator can be used

Function Codes FC[2:0] Identify processor state and current address space

Freeze FREEZE Indicates that the CPU has entered background mode

Instruction Pipeline PIPE[1:0] Indicate instruction pipeline activity

Master In Slave Out MISO Serial input to QSPI in master mode;
serial output from QSPI in slave mode

Clock Mode Select MODCLK Selects the source and type of system clock

Master Out Slave In MOsSI Serial output from QSPI in master mode;
serial input to QSPI in slave mode

Port ADA PADA[7:0] | ADC digital input port signals

Port C PC[6:0] SIM digital output port signals

Port E PE[7:0] SIM digital /O port signals

Port F PF[7:0] SIM digital /O port signals

Port GP PGP[7:0] GPT digital I/O port signals

Port QS PQS[7:0] QSM digital I/O port signals

Quotient Out QuoT Provides the quotient bit of the polynomial divider

Read/Write RW Indicates the direction of data transfer on the bus

SCI Receive Data RXD Serial input to the SCI

QSPI Serial Clock SCK Clock output from QSPI in master mode;
clock input to QSPI in slave mode

Size S1Z[1:0] Indilcates the number of bytes to be transferred during a bus
cycle

Slave Select ss Causes serial transmission when QSPl is in slave mode;
causes mode fault in master mode

Three-State Control TSC Places all output drivers in a high-impedance state

SCI Transmit Data TXD Serial output from the SCI

ADC Reference Voltage VrH:VRL Provide precise reference for A/D conversion

External Filter XFC Connection for external phase-locked loop filter capacitor

Capacitor

MOTOROLA OVERVIEW MC68HC1621
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3.5 Intermodule Bus

The intermodule bus (IMB) is a standardized bus developed to facilitate design
of modular microcontrollers. The modules in the MC68HC16Z1 communicate
with one another and with external components via the IMB. Although the full
IMB supports 24 address and 16 data lines, the CPU16 module in the
MC68HC16Z1 uses only 16 data lines and 20 address lines. ADDR[23:20] are
tied to ADDR19 when processor driven. ADDR[23:20] are brought out to pins
for test purposes only.

3.6 System Memory Maps

3.6.1

3.6.2

Figures 3-3 through 3-5 are MC68HC16Z1 memory maps. Figure 3—-3 shows
IMB addresses of internal registers and the SRAM array. Figures 3—4 and 3-5
show system memory maps that use different external decoding schemes.

Internal Register Map

In Figure 3-3, IMB ADDRI[23:20] are represented by the letter Y. The value
represented by Y determines the base address of MCU module control
registers. In the MC68HC16Z1, Y is equal to M111, where M is the logic state of
the module mapping (MM) bit in the system integration module configuration
register (SIMCR). Since the CPU16 uses only ADDR[19:0], and ADDR[23:20]
follow the logic state of ADDR19 when CPU driven, the CPU cannot access IMB
addresses from $080000 to $F7FFFF. In order for the MCU to function correctly,
MM must be set (Y must equal $F). If M is cleared, internal registers are
mapped to base address $700000, and are inaccessible until a reset occurs.
The SRAM array is positioned by a base address register in the SRAM CTRL
block. Unimplemented blocks are mapped externally.

Pseudolinear Address Maps

Figures 3—4 and 3-5 both show the complete CPU16 pseudolinear address
space. Address space can be split into physically distinct program and data
spaces by decoding the MCU function code outputs. Figure 3—4 shows the
memory map of a system that has combined program and data spaces. Figure
3-5 shows the memory map when MCU function code outputs are decoded.

Reset and exception vectors are mapped into bank 0 and cannot be relocated.
The CPU16 program counter, stack pointer, and Z index register can be
initialized to any address in pseudolinear memory, but exception vectors are
limited to 16-bit addresses — to access locations outside of bank 0 during
exception handler routines (including interrupt exceptions), a jump table must
be used. Refer to SECTION 5 CENTRAL PROCESSING UNIT for more
information concerning memory management, extended addressing, and
exception processing. Refer to SECTION 4 SYSTEM INTEGRATION
MODULE for more information concerning function codes, address space
types, resets, and interrupts.

MC68HC16Z1 OVERVIEW MOTOROLA
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$YFF700
$YFFT3F
$YFF900

$YFFO3F
$YFFA00

$YFFA7F
$YFFBOO

$YFFBO7
$YFFC00

$YFFDFF

1K SRAM ARRAY
(MAPPED TO 1K BOUNDARY)

Figure 3-4. Internal Register Addresses
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VECTOR | VECTOR TYPEOF
ADDRESS | NUMBER EXCEPTION
A $00000 ___% 0 m $00000
— RESET—INTALRC |
0004 RESET — INTIAL SP
0006 RESET — INITIAL I (IRECT PAGE)}
$10000 0008 BKPT (BREAKPOINT) |
000A BERR (BUS ERROR)
ook EGAL N
$20000 [eakz |~~~ 0010 DIVISION BY ZERD
[o012001C[__o£ UNASSIGNED, RESERVED
| oL L
___________________ | UNASSIGNED, RESEAVED |
$30000 [ ans oz 11 _Levmm'rsmurrwm
S0o8 | 14— LEVEL ¢ RTERRUPT AUTOVECTOR,
$40000 faws " "[TTTTTC o TR AOPT ATTOVESTo
[—5%C | 16| [EVEL6INTERRUPT AUTOVECTOR|
-------------------- I ST
$50000 ['aanks 0032-006E] 16-07 | UNASSIGNED, RESERVED |
m—"‘u—“"““‘—‘m FINED INTERRUPTS | $001FE
$60000 famke ~ " [""""""
$70000 faanks ~ " [~ $FF700
1 MBYTE PROGRAM
------- AND DATA -=---~
$80000 ['eanks SPACE $FF73F
$90000 ks~~~ [~ $FF900
$A0000 fawwcio ™~~~ [~~~"" $FFO3F
$80000 fawacii ==~~~ e $FFA00
$C0000 oz~~~ R $FFA7F
_____________ 4 $FFBOO
$D0000 faancis~~~[~TTTTTTTT
$FFBO7
R S ——
$E0000 faniia $FFC00
$F0000 foaukis - Voo
= INTERNAL REGISTERS \“‘A $FFDFF
Y SFFFFF :

Figure 3-5. Pseudolinear Addressing With Combined Program and Data
Spaces
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VECTOR | VECTOR TYPE OF
ADDRESS | NUMBER EXCEPTION
o0 [ o =
0002 1 R — INIT|
0004 2 RESET — INITIAL SP
A $00000 0006 | 3 | RESET—INITIAL 2 (DIRECT PAGE)] $00000
$00008
$00008
8 VECTOR | VECTOR TYPE OF
$1 0000 ADDRESS | NUMBER EXCEPTION $1 0000
0008 4 K REAKPOIN
____________ 000A ____BERR(BUSERROR) | P I
$20000 | Bankz " 000C SWI(SOFTWARE INTERRUPT] I~ BANK 2 I $20000
000E ILLEGAL INSTRUCTION
0iC] S | USSONED. ReSERVED
________ 001! ) Y R
$30000 [ Banks™ " [~ [ ooiE F "UNINITIALIZED INTERRUPT | BANK3 $30000
0020 | 10 UNASSIGNED, RESERVED |
EERRLGL e
$40000 [ gajia " "f T e —HEvEr S INTECRUPT A FOvERT U S $40000
0028 14 LI 41 UPT AUTOVECTOR
L o -+ VEL 6 INTERRUPT AUTOVECTOR
------------------- (EVEL 6 INTERRUPTAUTOVECTOR| | | =mm = ———mm fmm e e
$50000 [ v oo |17 LEVEL7INTERRUPTAUTOVECTOR] | | BANKS $50000
O SPUROUSINTERRUPT |
1837 ] ,
$60000 [ Banke ~~ "~~~ "~~~ " BANKS I $60000
$70000 [y~~~ i I $70000
1 MBYTE PROGRAM DATA
$80000 [ Gk~ SPACE -==--- [Baks ~ SPACE -==—- $80000
$90000 [ eamke ~ " [~~~"""""~ O $90000
$A0000 | saikio ~ " i Faankio ~ "~ [TTT $A0000
$B000O [ saiks ~~~"[~~~~"""" ; XTI R $B0000
$C0000} sakis """ F---------|  $FFA7Fpasssssssy \ F T it $C0000
$D0000f amnkts ~~ "~~~} T g RV e T BANK [T $D0000
$E0000 [ aankie ~~~~ B D7 $E0000
$FO000 [ BaNks ~ [T TC $F0000
: INTERNAL REGISTERS
Y srrrrrl $FFFFF

Figure 3-6. Pseudolinear Addressing With Separated Program and Data
Spaces
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3.7 System Reset

The following information is a concise reference only. MC68HC16Z1 system
reset is a complex operation — to understand operation during and after reset,
refer to SECTION 4 SYSTEM INTEGRATION MODULE, paragraph 4.5
Reset.

3.7.1 System Reset Mode Selection

The logic states of certain data bus pins during reset determine system
integration module operating configuration. In addition, the state of the
MODCLK pin determines system clock source and the state of the BKPT pin
determines what happens during subsequent breakpoint assertions. Table 3-6
is a summary of reset mode selection options.

Table 3-6. SIM Reset Mode Selection

Mode Select Pin Default Function Alternate Function
(Pin Left High) (Pin Pulled Low)

DATAO CSBOOT 16-Bit CSBOOT 8-Bit
DATA1 CSo BR

cst BG

CS2 BGACK
DATA2 CS3 FCo

Ccs4 FCt

CS5 FC2
DATA3 CS6 ADDR19
DATA4 CS7-CS6 ADDR[20:19]
DATAS CS8-CS6 ADDR[21:19]
DATA6 CS9-CS6 ADDR[22:19]
DATA7 CS10-CS6 ADDR[23:19]
DATA8 DSACKO, DSACK1, PORTE

AVEC, DS, AS,

SIZE

DATA9 IRQ7-IRQ1 PORTF
MODCLK
DATA11 Test Mode Disabled Test Mode Enabled
MODCLK VCO = System Clock EXTAL = System Clock

BKPT Background Mode Disabled Background Mode Enabled

MC68HC 1621
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3.7.2 MCU Module Pin Function During Reset

Generally, module pins default to port functions, and input/output ports are set to
input state. This is accomplished by disabling pin functions in the appropriate
control registers, and by clearing the appropriate port data direction registers.
Table 3-7 is a summary of module pin function following reset.

Table 3-7. Module Reset Pin Function

MOTOROLA

3-16

Module Pin Mnemonic Function
ADC PADA[7:0)/AN[7:0] DISCRETE INPUT
VRH REFERENCE VOLTAGE
VRL REFERENCE VOLTAGE
CPU DSIIPIPE1 DSV/IPIPE1
DSO/IPIPEO DSO/IPIPEO
BKPT/DSCKL BKPT/DSCKL
GPT PGP7/1C4/0C5 DISCRETE INPUT
PGP[6:3)/OC[4:1] DISCRETE INPUT
PGP[2:0)IC[3:1] DISCRETE INPUT
PAI DISCRETE INPUT
PCLK DISCRETE INPUT
PWMA, PWMB DISCRETE OUTPUT
QsM PQS7/TXD DISCRETE INPUT
PQS[6:4)/PCS[3:1] DISCRETE INPUT
PQS3/PCS0/SS DISCRETE INPUT
PQS2/SCK DISCRETE INPUT
PQS1/MOSI DISCRETE INPUT
PQSO/MISO DISCRETE INPUT
RXD RXD
OVERVIEW MC68HC 1621
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SECTION 4
SYSTEM INTEGRATION MODULE

The MC68HC16Z1 system integration module (SIM) consists of five functional
blocks. Figure 4—1 is a block diagram of the SIM. Refer to APPENDIX D
REGISTER SUMMARY for more information.

The system configuration and protection block controls configuration
parameters and provides bus and software watchdog monitors. In addition, it
provides a periodic interrupt generator to support execution of time-critical
control routines.

The system clock generates clock signals used by the SIM, other IMB modules,
and external devices.

The external bus interface handles the transfer of information between IMB
modules and external address space.

The chip-select block provides 12 chip-select signals. Each chip-select signal
has an associated base register and option register that contain the
programmable characteristics of that chip select.

The system test block incorporates hardware necessary for testing the MCU. It
is used to perform factory tests, and its use in normal applications is not
supported.

MC68HC1621 SYSTEM INTEGRATION MODULE MOTOROLA
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SYSTEM CONFIGURATION
AND PROTECTION
}———————> CLKOUT
CLOCK SYNTHESIZER [ &—— EXTAL
[€———— MODCLK

UPPER ADDRESS
CHIP SELECTS CHIP SELECTS
<:> xTERNALBUS
EXTERNAL BUS INTERFACE

[€—> REsET

[ €——— TSTME

FACTORY TEST
————> FREEZE/QUOT

Figure 4-1. System Integration Module Block Diagram

4.1 System Configuration and Protection

This functional block controls MC68HC16Z1 module configuration, preserves
reset status, monitors internal activity, and provides periodic interrupt
generation. Figure 4-2 is a block diagram of the submodule.
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Figure 4-2. System Configuration and Protection
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4.1.1

4.1.2

4.1.3

Module Mapping

Control registers for all the modules in the microcontroller are mapped into a
4-Kbyte block. The state of the module mapping (MM) bit in the SIM module
configuration register (MCR) determines where the control register block is
located in the system memory map. When MM = 0O, register addresses range
from $7FF000 to $7FFFFF; when MM = 1, register addresses range from
$FFFO00 to $FFFFFF.

In the MC68HC16Z1, ADDRJ[23:20] follow the logic state of ADDR19 unless
externally driven. MM corresponds to IMB ADDR23. If MM is cleared, the SIM
maps IMB modules into address space $7FF000-$7FFFFF, which is
inaccessible to the CPU16. Modules remain inaccessible until reset occurs.
The reset state of MM is one, but the bit is one-time writable. Initialization
software should make certain it remains set.

Interrupt Arbitration

Each module that can generate interrupt requests has an interrupt arbitration
(IARB) field. Arbitration between interrupt requests of the same priority is
performed by means of serial contention between IARB field bit values.
Contention must take place whenever an interrupt request is acknowledged,
even when there is only a single pending request. In order for contention to
take place, an IARB field must have a non-zero value. [f an interrupt request
from a module with an IARB field value of %0000 is recognized, the CPU16
processes a spurious interrupt exception.

Because the SIM routes external interrupt requests to the CPU16, the SIM IARB
field value is used for arbitration between internal and external interrupts of the
same priority. The reset value of IARB for the SIM is %1111, and the reset IARB
value for all other modules is %0000 — this prevents SIM interrupts from being
discarded during initialization. Refer to 4.6 Interrupts for a comprehensive
discussion of interrupt arbitration.

Show Internal Cycles

A show cycle allows internal bus transfers to be externally monitored. The
SHEN field in the MCR determines what the external bus interface does during
internal transfer operations. Table 4—1 shows whether data is driven externally,
and whether external bus arbitration can occur. Refer to 4.4.6.6 Show
Cycles for more information.
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4.1.4

4.1.5

4.1.6

4.1.7

Table 4-1. Show Cycle Enable Bits

SHEN Action
00 Show cycles disabled, external arbitration enabled
01 Show cycles enabled, external arbitration disabled
10 Show cycles enabled, external arbitration enabled
11 Show cycles enabled, external arbitration enabled;
Internal activity is haited by a bus grant

Factory Test Mode

The internal IMB can be slaved to an external master for direct module testing.
This mode is reserved for factory testing. Slave mode is enabled by holding
DATA11 low during reset. The slave enabled (SLVEN) bit is a read-only bit that
shows the reset state of DATA11.

Register Access

Although the module configuration register contains a user/supervisor mode bit,
SUPV, that is used to control access in some members of the modular
microcontroller family, the MC68HC16Z1 always operates in the supervisor
access mode. The state of SUPV has no meaning in the MC68HC16Z1.

Reset Status

The reset status register (RSR) shows internal MCU status during reset. Refer
to 4.5.9 Reset Status Register for more information.

Bus Monitor
The internal bus monitor checks for excessively long data and size

acknowledge (DSACK) or autovector (AVEC) signal response times during

normal bus cycles. The monitor asserts the internal bus error (BERR) signal
when response time is excessive.

DSACK and AVEC response times are measured in clock cycles. Maximum
allowable response time can be selected by setting the bus monitor timing
(BMT) field in the system protection control register (SYPCR). Table 4-2 shows
possible periods.

Table 4-2. Bus Monitor Period

BMT Bus Monitor Timeout Period
00 64 System Clocks
01 32 System Clocks
10 16 System Clocks
11 8 System Clocks

MC68HC16Z1 SYSTEM INTEGRATION MODULE MOTOROLA
USER'S MANUAL 4-5




n 4.1.8

4.1.9

The monitor does not check DSACK response on the external bus unless the
CPU16 initiates a bus cycle. The BME bit in SYPCR enables the internal bus
monitor for internal to external bus cycles. If a system contains external bus
masters, an external bus monitor must be implemented, and the internal to
external bus monitor option must be disabled.

When monitoring transfers to an 8-bit port, the bus monitor does not reset until
both byte accesses of a word transfer are completed. Monitor timeout period
must be at least twice the number of clocks that a single byte access requires.

Halt Monitor

The halt monitor responds to an assertion of the HALT signal on the internal
bus. Refer to 4.4.5.2 Double Bus Fault for more information. Halt monitor
reset can be inhibited by the halt monitor (HME) bit in SYPCR.

Spurious Interrupt Monitor

During interrupt exception processing, the CPU16 normally acknowledges an
interrupt request, arbitrates among various sources of interrupt, recognizes the
highest priority source, and then acquires a vector or responds to a request for
autovectoring. The spurious interrupt monitor asserts the internal bus error
signal (BERR) if no interrupt arbitration occurs during interrupt exception
processing. The assertion of BERR causes the CPU16 to load the spurious
interrupt exception vector into the program counter. The spurious interrupt
monitor cannot be disabled. Refer to 4.6 Interrupts for a comprehensive
discussion of interrupts. Detailed information concerning interrupt exception
processing is contained in SECTION 5 CENTRAL PROCESSING UNIT.

4.1.10 Software Watchdog

The software watchdog is controlled by the software watchdog enable (SWE) bit
in SYPCR. When enabled, the watchdog requires that a service sequence be
written to software service register SWSR on a periodic basis. If servicing does
not take place, the watchdog times out and asserts the reset signal.

Perform a software watchdog service sequence as follows:

a. Write $55 to SWSR.
b. Write $AA to SWSR.

Both writes must occur in the order listed prior to timeout, but any number of
instructions can be executed between the two writes.

Watchdog clock rate is affected by the software watchdog prescale (SWP) and
software watchdog timing (SWT) fields in SYPCR.
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SWP determines system clock prescaling for the watchdog timer. Either no
prescaling or prescaling by a factor of 512 can be selected. The value of SWP
is affected by the state of the MODCLK pin during reset, as shown in Table 4-3.
System software can change SWP value.

Table 4-3.
MODCLK Pin and
SWP Bit During Reset

MODCLK SWP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

The SWT field selects the divide ratio used to establish software watchdog
timeout period. Timeout period is given by the following equations.

Timeout Period = 1/(EXTAL Frequency/Divide Ratio)
or
Timeout Period = Divide Ratio/EXTAL Frequency

Table 4-4 gives the ratio for each combination of SWP and SWT bits. When
SWTI1:0] are modified, a watchdog service sequence must be performed before
the new timeout period can take effect.

Table 4-4.
Software Watchdog Ratio
SWP SWT Ratlo

0 00 29
0 o1 on
0 10 213
0 1 215
1 00 218
1 01 2%
1 10 22
1 11 24
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Figure 4-3 is a block diagram of the watchdog timer and the clock control for the
periodic interrupt timer.

PITR
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PTP
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29 ot 213 215
Figure 4-3.

Periodic Interrupt Timer and Software Watchdog Timer

4.1.11 Periodic Interrupt Timer

The periodic interrupt timer allows a user to generate interrupts of specific
priority at predetermined intervals. This capability is often used to schedule
control system tasks that must be performed within time constraints. The timer
consists of a prescaler, a modulus counter, and registers that determine
interrupt timing, priority and vector assignment. Refer to SECTION §
CENTRAL PROCESSING UNIT for detailed information concerning
interrupt exception processing.

The periodic interrupt modulus counter is clocked by a signal derived from the
buffered crystal oscillator (EXTAL) input pin unless an external frequency
source is used. The value of the periodic timer prescaler (PTP) bit in the
periodic interrupt timer register (PITR) determines system clock prescaling for
the watchdog timer. Either no prescaling or prescaling by a factor of 512 can be
selected. The value of PTP is affected by the state of the MODCLK pin during
reset, as shown in Table 4-5. System software can change PTP value.

MOTOROLA SYSTEM INTEGRATION MODULE MC68HC16Z1
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Table 4-5.
MODCLK Pin and
PTP Bit at Reset

MODCLK PTP
0 (External Clock) 1(+512)
1 (Internal Clock) 0(+1)

Either clock signal (EXTAL or EXTAL + 512) is divided by four before driving the
modulus counter (PITCLK). The modulus counter is initialized by writing a
value to the periodic timer modulus (PITM) field. A zero value turns off the
periodic timer. When the modulus counter value reaches zero, an interrupt is
generated. The modulus counter is then reloaded with the value in PITM and
counting repeats. If a new value is written to PITR, it is loaded into the modulus
counter when the current count is completed.

Use the following expression to calculate timer period.
PIT Period = [(PIT Modulus)(Prescaler value)(4))/EXTAL Frequency

Interrupt priority and vectoring are determined by the values of the periodic
interrupt request level (PIRQL) and periodic interrupt vector (PIV) fields in the
periodic interrupt control register (PICR).

Content of PIRQL is compared to the CPU16 interrupt priority mask to determine
whether the interrupt is recognized. Table 4—6 shows priority of PIRQL values.
Due to SIM hardware prioritization, a PIT interrupt is serviced before an external
IRQ of the same priority. The periodic timer continues to run when the interrupt

is disabled.
Table 4-6.

Periodic Interrupt Priority
PIRQL Priority Level

000 Periodic Interrupt Disabled

001 Interrupt Priority Level 1

010 Interrupt Priority Level 2

011 Interrupt Priority Level 3

100 Interrupt Priority Level 4

101 Interrupt Priority Level 5

110 Interrupt Priority Level 6

111 Interrupt Priority Level 7
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The PIV field contains the periodic interrupt vector. The vector is placed on the
IMB when an interrupt request is made. The vector number is multiplied by two
to form the vector offset, which is added to $0000 to obtain the address of the
vector. Reset value of the PIV field is $0F, which generates the uninitialized
interrupt vector.

4.1.12 Low-Power STOP Operation

When the CPU16 executes the LPSTOP instruction, the current interrupt priority
mask is stored in the clock control logic, internal clocks are disabled according
to the state of the STSIM bit in the SYNCR, and the MC68HC16Z1 enters low-
power stop mode. The bus monitor, halt monitor, and spurious interrupt monitor
are all inactive during low-power stop.

During low-power stop, the clock input to the software watchdog timer is
disabled, and the timer stops. The software watchdog begins to run again on
the first rising clock edge after low-power stop ends. The watchdog is not reset
by low-power stop — a service sequence must be performed to reset the timer.

The periodic interrupt timer does not respond to the LPSTOP instruction. It
continues to run at the same frequency as EXTAL during LPSTOP. A PIT
interrupt can bring the MCU out of low-power stop condition if it has a higher
priority than the interrupt mask value stored in the clock control logic when low-
power stop is initiated. To stop the periodic interrupt timer, PITR must be loaded
with a zero value before the LPSTOP instruction is executed.

4.1.13 Freeze Operation

The FREEZE signal is used to halt MCU operations during debugging. FREEZE
is asserted internally by the CPU16 if a breakpoint occurs while background
mode is enabled. When FREEZE is asserted, only the bus monitor, software
watchdog, and periodic interrupt timer are affected. The halt monitor and
spurious interrupt monitor continue to operate normally. Setting the freeze bus
monitor (FRZBM) bit in the MCR disables the bus monitor when FREEZE is
asserted, and setting the freeze software watchdog (FRZSW) bit disables the
software watchdog and the periodic interrupt timer when FREEZE is asserted.
When FRZSW is set, FREEZE assertion must be at least two times the PIT clock
source period to ensure an accurate number of PIT counts.

4.2 System Clock

The system clock in the SIM provides timing signals for the IMB modules and for
an external peripheral bus. Because the MC68HC16Z1 is a fully static design,
register and memory contents are not affected when clock rate changes.
System hardware and software support changes in clock rate during operation.
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The system clock signal can be generated in three ways. An internal phase-
locked loop can synthesize the clock from either an internal or an external
frequency source, or the clock signal can be input from an external source.

Figure 4—4 is a block diagram of the system clock.

VbpsyN
XFc'
11
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> PHASE || LOW-PASS ||

| OSCILLATOR COMPARATOR FILTER

I

| W

| FEEDBACK DIVIDER 2

I

| ¥ Y ¥
(x]

| SYSTEM CLOCK CONTROL

I

1. MUST BE LOW-LEAKAGE CAPACITOR (INSULATION RESISTANCE 30,000 MQ OR GREATER).
2. CAPACITANCE BASED ON A TEST CIRCUIT CONSTRUCTED WITH A DAISHINKU DMX-38 32.768 kHz CRYSTAL.

Figure 4-4. System Clock Block Diagram

4.2.1 Clock Sources

The state of the clock mode (MODCLK) pin during reset determines clock
source. When MODCLK is held high during reset, the clock synthesizer
generates a clock signal from either an internal or an external reference
frequency — clock synthesizer control register SYNCR determines operating
frequency and various modes of operation. When MODCLK is held low during
reset, the clock synthesizer is disabled, and an external system clock signal
must be applied — SYNCR control bits have no effect.

A reference crystal must be connected between the EXTAL and XTAL pins in
order to use the internal oscillator. A 32.768-kHz watch crystal is recommended
— these crystals are readily available and inexpensive. MC68HC16Z1 clock
synthesizer specifications (APPENDIX A, Table A-3, Clock Control Timing)
are based upon a typical 32.768-kHz crystal.
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4.2.2

If an external reference signal or an external system clock signal is applied via
the EXTAL pin, the XTAL pin must be left floating. External reference signal
frequency must be less than or equal to maximum specified reference
frequency. External system clock signal frequency must be less than or equal to
maximum specified system clock frequency.

When either an external reference signal or an external system clock signal are
applied, duty cycle of the input is critical, especially at operating frequencies
close to maximum. The relationship between clock signal duty cycle and clock
signal period is expressed:

Minimum external clock period =

minimum external clock high/low time
50% — percentage variation of external clock input duty cycle

Clock Synthesizer Operation

A voltage controlled oscillator (VCO) generates the system clock signal. A
portion of the clock signal is fed back to a divider/counter. The divider controls
the frequency of one input to a phase comparator. The other phase comparator
input is a reference signal, either from the internal crystal oscillator or from an
external source. The comparator generates a control signal proportional to the
difference in phase between its two inputs. The signal is low-pass filtered and
used to correct VCO output frequency.

The synthesizer locks when VCO frequency is identical to reference frequency.
Lock time is affected by the filter time constant and by the amount of difference
between the two comparator inputs. Whenever comparator input changes, the
synthesizer must relock. Lock status is shown by the SLOCK bit in SYNCR.

The MC68HC16Z1 does not come out of reset state until the synthesizer locks.
Crystal type, characteristic frequency, and layout of external oscillator circuitry
affect lock time.

The low-pass filter requires an external low-leakage capacitor, typically 0.1 uF
with an insulation resistance specification of 30,000 MQ or greater, connected
between the XFC and Vppsyn pins.

VDDsYN is used to power the clock circuits. A separate power source increases
MCU noise immunity and can be used to run the clock when the MCU is
powered down. A quiet power supply must be used as the Vppsyn source.
Adequate external bypass capacitors should be placed as close as possible to
the Vppsyn pin to assure stable operating frequency.
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When the clock synthesizer is used, control register SYNCR determines
operating frequency and various modes of operation. Because the CPU16 in
the MC68HC16Z1 operates only in supervisor mode, SYNCR can be read or
written at any time.

The SYNCR X bit controls a divide by two prescaler that is not in the synthesizer
feedback loop. Setting X doubles clock speed without changing VCO speed —
there is no VCO relock delay. The SYNCR W bit controls a 3-bit prescaler in the
feedback divider. Setting W increases VCO speed by a factor of four. The
SYNCR Y field determines the count modulus for a modulo 64 down counter,
causing it to divide by a value of Y + 1. When either W or Y value changes,
there is a VCO relock delay (APPENDIX A, Table A-3, Clock Control Timing).

Clock frequency is determined by SYNCR bit settings as follows:

FsysTEM = FREFERENCE [4(Y + 1)(22W + X)]

In order for the device to perform correctly, the clock frequency selected by the
W, X, and Y bits must be within the limits specified for the MCU.

VCO frequency is determined by:
Fvco = FsysTeM (2 - X)

The reset state of SYNCR ($3F00) produces a modulus-64 count — system
frequency is 256 times reference frequency.

Table 4-7 shows multipliers for various combinations of SYNCR bits. The
range of possible system frequencies can exceed the maximum specified
system clock frequency. For instance, with a 32.768-kHz reference and a
maximum system frequency of 16.78 MHz (APPENDIX A, Table A-3, Clock
Control Timing), W and X must not both be set at any count modulus greater
than Y = %001111. Table 4-8 shows available clock frequencies for a’16.78-
MHz system with a 32.768-kHz reference.
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Table 4-7. Clock Control Multipliers

To obtain clock frequency, find counter modulus in leftmost column, then multiply reference
frequency by value in appropriate prescaler cell. Shaded cells are values that exceed
specifications for the MC68HC1621.

Modulus Prescalers
Y [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] = 11

000000 4 8 16 32

000001 8 16 32 64
| 000010 12 24 48 96

000011 16 32 64 128

000100 20 40 80 160

000101 24 48 96 192

000110 28 56 112 224

000111 32 64 128 256

001000 36 72 144 288

001001 40 80 160 320

001010 44 88 176 352

001011 48 96 192 384

001100 52 104 208 416

001101 56 112 224 448

001110 60 120 240 480

001111 64 128 256 512

010000 68 136 272

010001 72 144 288

010010 76 152 304

010011 80 160 320

010100 84 168 336

010101 88 176 352

010110 92 184 368

010111 96 192 384

011000 100 200 400

011001 104 208 416

011010 108 216 432

011011 112 224 448

011100 116 232 464

011101 120 240 480

011110 124 248 496

011111 128 256 512
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Table 4-7. Clock Control Multipliers (Continued)

Modulus Prescalers
Y [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] = 11
100000 132 264
100001 136 272
100010 140 280
100011 144 288
100100 148 296
100101 152 304
100110 156 312
100111 160 320
101000 164 328
101001 168 336
101010 172 344
101011 176 352
101100 180 360
101101 184 368
101110 188 376
101111 192 384
110000 196 392
110001 200 400
110010 204 408
110011 208 416
110100 212 424
110101 216 432
110110 220 440
110111 224 448
111000 228 456
111001 232 464
111010 236 472
111011 240 480
111100 244 488
111101 248 496
111110 252 504
111111 256 512
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Table 4-8. System Frequencies from 32.768-kHz Reference

To obtain clock frequency, find counter modulus in leftmost column, then look in appropriate
prescaler cell. Empty cells represent values that exceed MC68HC16Z1 maximum system
frequency specification.

Modulus Prescaler
Y [W:X] = 00 [W:X] = 01 [W:X] = 10 [W:X] = 11
000000 131 262 524 1049
000001 262 524 1049 2097
000010 393 786 1573 3146
000011 524 1049 2097 4194
000100 655 1311 2621 5243
000101 786 1573 3146 6291
000110 . 918 1835 3670 7340
000111 1049 2097 4194 8389
001000 1180 2359 4719 9437
001001 1311 2621 5243 10486
001010 1442 2884 5767 11534
001011 1573 3146 6291 12583
001100 1704 3408 6816 13631
001101 1835 3670 7340 14680
001110 1966 3932 7864 15729
001111 2097 4194 8389 16777
010000 2228 4456 8913
010001 2359 4719 9437
010010 2490 4981 9961
010011 2621 5243 10486
010100 2753 5505 11010
010101 2884 5767 11534
010110 3015 6029 12059
010111 3146 6291 12583
011000 3277 6554 13107
011001 3408 6816 13631
011010 3539 7078 14156
011011 3670 7340 14680
011100 3801 7602 15204
011101 3932 7864 15729
011110 4063 8126 16253
011111 4194 8389 16777
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Table 4-8. System Frequencies from 32.768-kHz Reference

(Continued)

Y [W:X] = 00 [W:X] = 01
100000 4325 8651
100001 4456 8913
100010 4588 9175
100011 4719 9437
100100 4850 9699
100101 4981 9961
100110 5112 10224
100111 5243 10486
101000 5374 10748
101001 5505 11010
101010 5636 11272
101011 5767 11534
101100 5898 11796
101101 6029 12059
101110 6160 12321
101111 6291 12583
110000 6423 12845
110001 6554 13107
110010 6685 13369
110011 6816 13631
110100 6947 13894
110101 7078 14156
110110 7209 14418
110111 7340 14680
111000 7471 14942
111001 7602 15204
111010 7733 15466
111011 7864 15729
111100 7995 15991
111101 8126 16253
111110 8258 16515
111111 8389 16777
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4.2.3 External Bus Clock

n 4-2-4

The state of the external clock division bit (EDIV) in SYNCR determines clock
rate for the external bus clock signal (ECLK) available on pin ADDR23. ECLK is
a bus clock for MC6800 devices and peripherals. ECLK frequency can be set to
system clock frequency divided by eight or system clock frequency divided by
sixteen. The clock is enabled by the CS10 field in chip select pin assignment
register 1 (CSPAR1). The operation of the external bus clock during low-power
stop is described below. Refer to 4.7 Chip Selects for more information
concerning the external bus clock.

Low-Power Operation

Low-power operation is initiated by the CPU16. To reduce power consumption
selectively, the CPU can set the STOP bits in each module configuration
register. To reduce overall microcontroller power consumption to a minimum,
the CPU can execute the LPSTOP instruction, which causes the SIM to turn off
the system clock.

When individual module STOP bits are set, clock signals inside each module
are turned off, but module registers are still accessible.

When the CPU executes LPSTOP, a special CPU space bus cycle writes a copy
of the current interrupt mask into the clock control logic. The SIM brings the
MCU out of low-power operation when either an interrupt of higher priority than
the stored mask or a reset occurs. Refer to 4.4.4.2 LPSTOP Broadcast
Cycles and SECTION 5 CENTRAL PROCESSING UNIT for more
information.

During a low-power stop, unless the system clock signal is supplied by an
external source, and that source is removed, SIM clock control logic and the
SIM clock signal (SIMCLK) continue to operate. The periodic interrupt timer
and input logic for the RESET and IRQ pins are clocked by SIMCLK. The SIM
can also continue to generate the CLKOUT signal while in low-power mode.

The stop mode system integration module clock (STSIM) and stop mode
external clock (STEXT) bits in SYNCR determine clock operation during low-
power stop. Table 4-9 summarizes the effects of STSIM and STEXT with
various clock sources. MODCLK value is the logic level on the MODCLK pin
during the last reset prior to LPSTOP execution. Any clock in the off state is
held low.
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Table 4-9. Clock Control

Mode Pins SYNCR Bits Clock Source
LPSTOP | MODCLK | EXTAL STSIM STEXT SIMCLK | CLKOUT
No 0 External X X External External
Clock Clock Clock
Yes 0 External 0 0 External Off
Clock Clock
Yes 0 External 0 1 External External
Clock Clock Clock
Yes 0 External 1 0 External Off
Clock Clock
Yes 0 External 1 1 External External
Clock Clock Clock
No 1 Crystal/ X X VvCco VvCO
Reference
Yes 1 Crystal/ 0 0 Crystal/ Off
Reference Reference
Yes 1 Crystal/ 0 1 Crystal/ Crystal/
Reference Reference | Reference
Yes 1 Crystal/ 1 0 VCO Off
Reference
Yes 1 Crystal/ 1 1 vCcoO VvCO
Reference

4.2.5 Loss of Reference Signal

The state of the reset enable (RSTEN) bit in SYNCR determines what happens
when clock logic detects a reference failure.

When RSTEN is cleared (default state out of reset), the clock synthesizer is
forced into an operating condition referred to as limp mode. Limp mode
frequency varies from device to device, but maximum limp frequency does
not exceed one half maximum system clock when X = 0, or maximum system
clock frequency when X = 1.

When RSTEN is set, the SIM resets the MCU.

The limp status bit (SLIMP) in SYNCR indicates whether the synthesizer has a
reference signal. It is set when a reference failure is detected.

4.3 External Bus Interface

The external bus interface (EBI) transfers information between the internal MCU
bus and external devices. Figure 4-5 shows a basic system with external
memory and peripherals.
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Figure 4-5. MC68HC16Z1 Basic System

The external bus has 24 address lines and 16 data lines. ADDR[19:0] are
normal address outputs, ADDR[23:20] follow the output state of ADDR19.

A three-line handshaking interface performs external bus arbitration. The
interface supports byte, word, and long-word transfers. The EBI performs
dynamic sizing for data accesses.
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4.3.1

The maximum number of bits transferred during an access is referred to as port
width. Widths of 8 and 16 bits can be accessed by means of asynchronous bus
cycles controlled by the data size (S1Z0 and SlIZ1) and the data and size
acknowledge (DSACKO and DSACK1) signals. Multiple bus cycles may be
required for a dynamically-sized transfer.

To add flexibility and minimize the necessity for external logic, MCU chip-select
logic can be synchronized with EBI transfers. Refer to 4.7 Chip Selects for
more information.

Bus Signals

The address bus provides addressing information to external devices. The data
bus transfers 8-bit and 16-bit data between the MCU and external devices.
Strobe signals, one for the address bus and another for the data bus, indicate
the validity of an address and provide timing information for data.

Control signals indicate the beginning of each bus cycle, the address space it is
to take place in, the size of the transfer, and the type of cycle. External devices
decode these signals and respond to transfer data and terminate the bus cycle.
The EBI operates in an asynchronous mode for any port width.

4.3.1.1 Address Bus

Bus signals ADDR[19:0] define the address of the byte (or the most significant
byte) to be transferred during a bus cycle. The MCU places the address on the
bus at the beginning of a bus cycle. The address is valid while AS is asserted.

4.3.1.2 Address Strobe

Address strobe (AS) is a timing signal that indicates the validity of an address
on the address bus and of many control signals. It is asserted one-half clock
after the beginning of a bus cycle.

4.3.1.3 Data Bus

Bus signals DATA[15:0] comprise a bidirectional, nonmultiplexed parallel bus
that transfers data to or from the MCU. A read or write operation can transfer 8
or 16 bits of data in one bus cycle. During a read cycle, the data is latched by
the MCU on the last falling edge of the clock for that bus cycle. For a write cycle,
all 16 bits of the data bus are driven, regardless of the port width or operand
size. The MCU places the data on the data bus one-half clock cycle after AS is
asserted in a write cycle.
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4.3.1.4 Data Strobe

Data strobe (DS) is a timing signal. For a read cycle, the MCU asserts DS to
signal an external device to place data on the bus. DS is asserted at the same
time as AS during a read cycle. For a write cycle, DS signals an external device
that data on the bus is valid. The MCU asserts DS one full clock cycle after the
assertion of AS during a write cycle.

4.3.1.5 Read/Write Signal

The read/write (R/W) signal determines the direction of the transfer during a bus
cycle. This signal changes state, when required, at the beginning of a bus
cycle, and is valid while AS is asserted. R/W only transitions when a write cycle
is preceded by a read cycle or vice versa. The signal may remain low for two
consecutive write cycles.

4.3.1.6 Size Signals

The size signals (SIZ[1:0]) indicate the number of bytes remaining to be
transferred during an operand cycle. They are valid while the address strobe

(AS) is asserted. Table 4—10 shows SIZ0 and SIZ1 encoding.

Table 4-10.
Size Signal Encoding
SIZ1 S1Zo Transfer Size
0 1 Byte
1 0 Word
1 1 3 Byte
0 0 Long Word

4.3.1.7 Function Codes

Function code signals FC[2:0] are generated by the CPU16. The function codes
can be considered address extensions that designate which of eight external
address spaces is accessed during a bus cycle.

Because the CPU16 always operates in supervisor mode (FC2 = 1), address
spaces 0 to 3 are not used. Address space 7 is designated CPU space. CPU
space is used for control information not normally associated with read or write
bus cycles. Function codes are valid while AS is asserted. Table 4-11 shows
address space encoding.
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Table 4-11.
Address Space Encoding

FC2 FC1 FCoO Address Space
Reserved

Data Space

Program Space
CPU Space

[ S S Ny G
slalofo
wlol=a]|o

4.3.1.8 Data and Size Acknowledge Signals
During normal bus transfers, external devices assert the data and size

acknowledge signals (DSACK1 and DSACKO) to indicate port width to the
MCU. During a read cycle, these signals tell the MCU to terminate the bus cycle
and to latch data. During a write cycle, the signals also indicate that an external
device has successfully stored data and that the cycle may terminate. DSACK1
and DSACKO can also be supplied internally by chip-select logic. Refer to 4.7

Chip Selects for more information.

4.3.1.9 Bus Error Signal

The bus error (BERR) signal is asserted in the absence of DSACK to indicate a
bus error condition. It can also be asserted in conjunction with DSACK to
indicate a bus error condition, provided it meets the appropriate timing
requirements. Refer to 4.4.5 Bus Exception Control Cycles for more
information.

The internal bus monitor can be used to generate the BERR signal for internal
and internal-to-external transfers. An external bus master must provide its own
BERR generation and drive the BERR pin, because the internal BERR monitor
has no information about transfers initiated by an external bus master. Refer to
4.4.6 Bus Arbitration for more information.

4.3.1.10 Halt Signal

The halt signal (HALT) can be asserted by an external device to cause single
bus cycle operation. HALT is typically used for debugging purposes. When
BERR and HALT are asserted simultaneously, the MC68HC16Z1 acts as
though BERR alone is asserted. This may not be true of other modular
microcontrollers. Refer to 4.4.5 Bus Exception Control Cycles for more
information.
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4.3.1.11 Autovector Signal

n 4-3.2

The autovector signal (AVEC) can be used to terminate external interrupt
acknowledge cycles. Assertion of AVEC causes the CPU16 to generate vector
numbers to locate an interrupt handler routine. If it is continuously asserted,
autovectors are generated for all external interrupt requests. AVEC is ignored
during all other bus cycles. Refer to 4.6 Interrupts for more information.
AVEC for external interrupt requests can also be supplied internally by chip-
select logic. Refer to 4.7 Chip Selects for more information. The autovector
function is disabled when there is an external bus master. Refer to 4.4.6 Bus
Arbitration for more information.

Dynamic Bus Sizing

The MCU dynamically interprets the port size of an addressed device during
each bus cycle, allowing operand transfers to or from 8-bit and 16-bit ports.

During an operand transfer cycle, an external device signals its port size and
indicates completion of the bus cycle to the MCU through the use of the DSACK
inputs, as shown in Table 4-12. Chip-select logic can generate data and size
acknowledge signals for an external device. Refer to 4.7 Chip Selects for
more information.

Table 4-12.
Effect of DSACK Signals
DSACK1 DSACKO Result
1 1 Insert Wait States in Current Bus Cycle
1 0 Complete Cycle — Data Bus Port Size is 8 Bits
0 1 Complete Cycle — Data Bus Port Size is 16 Bits
0 0 Reserved

For example, if the CPU is executing an instruction that reads a long-word
operand from a 16-bit port, the MCU latches the 16 bits of valid data and then
runs another bus cycle to obtain the other 16 bits. The operation for an 8-bit
port is similar, but requires four read cycles. The addressed device uses the
DSACK signals to indicate the port width. For instance, a 16-bit device always
returns DSACK for a 16-bit port (regardless of whether the bus cycle is a byte or
word operation).

Dynamic bus sizing requires that the portion of the data bus used for a transfer
to or from a particular port size be fixed. A 16-bit port must reside on data bus
bits [15:0], and an 8-bit port must reside on data bus bits [15:8]. This minimizes
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4.3.4

the number of bus cycles needed to transfer data and ensures that the MCU
transfers valid data.

The MCU always attempts to transfer the maximum amount of data on all bus
cycles. For a word operation, it is assumed that the port is 16 bits wide when
the bus cycle begins.

Operand bytes are designated as shown in Figure 4—-6. OP0 — OP3 represent
the order of access. For instance, OPO is the most significant byte of a long-
word operand, and is accessed first, while OP3, the least significant byte, is
accessed last. The two bytes of a word-length operand are OP0O (most
significant) and OP1. The single byte of a byte-length operand is OPO.

Operand Byte Order
31 24 23 16 15 87 0
LongWord | OPO OP1 OP2 oP3
Three Byte OPO OP1 OP2
Word OPO OP1
Byte OPO

Figure 4-6. Operand Byte Order

Operand Alignment

The EBI data multiplexer establishes the necessary connections for different
combinations of address and data sizes. The multiplexer takes the two bytes of
the 16-bit bus and routes them to their required positions. Positioning of bytes
is determined by the size and address outputs. SIZ1 and SIZ0 indicate the
remaining number of bytes to be transferred during the current bus cycle. The
number of bytes transferred is equal to or less than the size indicated by SiZ1
and SIZ0, depending on port width.

ADDRO also affects the operation of the data multiplexer. During an operand
transfer, ADDR[23:1] indicate the word base address of the portion of the
operand to be accessed, and ADDRO indicates the byte offset from the base.
Bear in mind the fact that ADDR[23:20] follow the state of ADDR19 in the
MC68HC16Z1.

Misaligned Operands

CPU16 processor architecture uses a basic operand size of 16 bits. An
operand is misaligned when it overlaps a word boundary. This is determined
by the value of ADDRO. When ADDRO = 0 (an even address), the address is on
a word and byte boundary. When ADDRO = 1 (an odd address), the address is
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on a byte boundary only. A byte operand is aligned at any address; a word or
long-word operand is misaligned at an odd address.

In the MC68HC16Z1, the largest amount of data that can be transferred by a
single bus cycle is an aligned word. |f the MCU transfers a long-word operand
via a 16-bit port, the most significant operand word is transferred on the first bus
cycle and the least significant operand word on a following bus cycle.

The CPU16 can perform misaligned word transfers. This capability makes it
compatible with the MC68HC11 CPU. The CPU16 treats misaligned long-word
transfers as two misaligned word transfers. Other modular microcontrollers
have wider CPU architectures that support different long-word transfer cases.

4.3.5 Operand Transfer Cases

Table 4-13 summarizes how operands are aligned for various types of
transfers. OPn entries are portions of a requested operand that are read or
written during a bus cycle and are defined by SiZ1, SIZ0, and ADDRO for that
bus cycle. The following paragraphs discuss all the allowable transfer cases in
detail.

Table 4-13. Operand Alignment

Transfer Case S1Z1| S1Z0| ADDRO | DSACK1| DSACKO| DATA | DATA
[15:8]| [7:0]
Byte to 8-bit Port (Even/Odd) 0 1 X 1 0 OP0 | (OPO)
Byte to 16-bit Port (Even) 0 1 0 0 X OP0 | (OPO)
Byte to 16-bit Port (Odd) 0 1 1 0 X (OP0) | OPO
Word to 8-bit Port (Aligned) 1 0 0 1 0 OPO | (OP1)
Word to 8-bit Port (Misaligned) 1 0 1 1 0 OPO | (OPO)
Word to 16-bit Port (Aligned) 1 0 0 0 X OPO OP1
Word to 16-bit Port (Misaligned) 1 0 1 0 X (OP0) | OPO
3 Byte to 8-bit Port (Aligned)3 1 1 0 1 0 OP0 | (OP1)
3 Byte to 8-bit Port (Misaligned)3 1 1 1 1 0 OP0 | (OPO)
3 Byte to 16-bit Port (Aligned)4 1 1 0 0 X OPO OP1
3 Byte to 16-bit Port (Misaligned)3 1 1 1 0 X (OP0) | OPO
Long Word to 8-bit Port (Aligned) 0 0 0 1 0 OP0 | (OP1)
Long Word to 8-bit Port (Misaligned)4 1 0 1 1 0 OP0O | (OPO)
Long Word to 16-bit Port (Aligned) 0 0 0 0 X OPO OP1
Long Word to 16-bit Port (Misaligned)4 1 0 1 0 X (OP0) | OPO

NOTES:

1. X in a column means that the state of the signal has no effect.

2. Operands in parentheses are ignored by the CPU16 during read cycles.

3. Three-byte transfer cases occur only as a result of an aligned long word to byte transfer.
4. The CPU16 treats misaligned long-word transfers as two misaligned word transfers.
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4.3.5.1 Byte Operand to 8-Bit Port (ADDRO = 0/1)

To initiate a transfer, the MCU places the desired address on the address bus
and drives the size pins to indicate a single-byte operand.

7 0
Operand
DataBus 15 87 0  SIz1 SIz2 ADDRO DSACK1 DSACKO
Cycet | opPo | (oPo) | o 1 X 1 0

Figure 4-7. Byte Operand to 8-Bit Port (ADDRO = 0, ADDRO = 1)

For a read operation, the 8-bit peripheral responds by placing OPO on
DATA[15:8] and asserting DSACKO. The MCU reads OPO from DATA[15:8] and
ignores DATA[7:0].

For a write operation, the MCU drives OPO on both bytes of the data bus. The
peripheral determines operand size and transfers the data to the specified
address, then asserts DSACKO to terminate the bus cycle.
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4.3.5.2 Byte Operand to 16-Bit Port, Even (ADDRO = 0)
To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a single-byte operand.

7 0

DataBus 15 8 7 0 SiZ1 SI1Z2 ADDRO DSACK1 DSACKoO
Cycet | opo | (opo) | 0 1 0 0 X

‘ Figure 4-8. Byte Operand to 16-Bit Port, Even (ADDRO = 0)

n For a read operation, the 16-bit peripheral responds by placing OPO on
DATA[15:8] and asserting DSACK1. The MCU reads the data from DATA[15:8]
and ignores DATA[7:0].

For a write operation, the MCU drives OPO on both bytes of the data bus. The
peripheral determines operand size and transfers the data to the specified
address, then asserts DSACK1 to terminate the bus cycle.
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4.3.5.3 Byte Operand to 16-Bit Port, Odd (ADDRO = 1)

To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a single-byte operand.

7 0
Data Bus 15 8 7 0 SIZ1 SIZ2 ADDRO DSACK1 DSACKO
Cycet | (©OPO) | oOPO | o 1 1 0 X

Figure 4-9. Byte Operand to 16-Bit Port, Odd (ADDRO = 1)

For a read operation, the 16-bit peripheral responds by placing OPO on
DATA[7:0] and asserting DSACK1. The MCU then reads the data from
DATA[7:0] and ignores DATA[15:8].

For a write operation, the MCU drives OPO on both bytes of the data bus. The
peripheral determines operand size and transfers OPO to the specified address,
then asserts DSACK1 to terminate the bus cycle.
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4.3.5.4 Word Operand to 8-Bit Port, Aligned

To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a word operand.

15 8 7 0
Operand | OP0 | op1 |
DataBus 15 8 7 0 SIZ1 S1Z2 ADDRO DSACKi DSACKO
Cycle 1 OPO (OP1) 1 0 0 1 0
Cycle 2 OP1 (OP1) 0 1 1 1 0
n Figure 4-10. Word Operand to 8-Bit Port, Aligned

For a read operation, the 8-bit peripheral responds by placing OP0O on
DATA[15:8] and asserting DSACKO. The MCU reads OPO from DATA[15:8] and
ignores DATA[7:0], then decrements the transfer size counter, increments the
address, and performs a byte operand to 8-bit port transfer of OP1.

For a write operation, the MCU drives OPO on DATA[15:8] and OP1 on
DATA[7:0]. The 8-bit peripheral transfers OP0 from DATA[15:8] to the specified
address, then asserts DSACKO to indicate that the first byte has been
transferred. The MCU then decrements the transfer size counter, increments
the address, and performs a byte operand to 8-bit port transfer of OP1.
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4.3.5.5 Word Operand to 8-Bit Port, Misaligned

To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a word operand.

15 8 7 0
Operand OPO
OP1
Data Bus 15 8 7 0 S1Z1 SiIZ2 ADDRO DSACK1 DSACKO
Cycle 1 OPO (OPO) 1 0 1 1 0
Cycle 2 OP1 (OP1) 0 1 0 1 0

Figure 4-11. Word Operand to 8-Bit Port, Misaligned

For a read operation, the 8-bit peripheral responds by placing OPO on
DATA[15:8] and asserting DSACKOQ. The MCU reads the upper operand byte
from DATA[15:8] and ignores DATA[7:0]. The MCU then decrements the
transfer size counter, increments the address, and performs a byte operand to
8-bit port transfer of OP1.

For a write operation, the MCU drives OP0 on DATA[15:8] and OP1 on
DATA[7:0]. The 8-bit peripheral transfers OPO to the specified address, then
asserts DSACKQO to indicate that the first byte of word data has been received.
The MCU then decrements the transfer size counter, increments the address,
and performs a byte operand to 8-bit port transfer of OP1.
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4.3.5.6 Word Operand to 16-Bit Port, Aligned

To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a word operand.

15 8 7 0

Operand | OPO l OP1 |

DataBus 15 8 7 0  SIZ1 SIZ2 ADDRO DSACK1 DSACKO
Cycet | opo | or1 | 1 0 0 0 X

Figure 4-12. Word Operand to 16-Bit Port, Aligned

For a read operation, the peripheral responds by placing OP0 on DATA[15:8]
and OP1 on DATA[7:0], then asserts DSACK1 to indicate a 16-bit port. When
DSACK1 is asserted, the MCU reads DATA[15:8] and terminates the cycle.

For a write operation, the MCU drives the word operand on DATA[15:0]. The
peripheral device then reads the entire operand from DATA[15:0] and asserts
DSACKT1 to terminate the bus cycle.
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4.3.5.7 Word Operand to 16-Bit Port, Misaligned

To initiate transfer, the MCU places the desired address on the address bus and
drives the size pins to indicate a word operand.

15 8 7 0
Operand OoPO
OP1
DataBus 15 8 7 0 S1Z1 S1Z2 ADDRO DSACK1 DSACKO
Cycle 1 (OPO) OPO 1 0 1 0 X
Cycle 2 OP1 (OP1) 0 1 0 0 X

Figure 4-13. Word Operand to 16-Bit Port, Misaligned

For a read operation, the peripheral responds by placing OP0O on DATA[7:0] and
asserting DSACK1 to indicate a 16-bit port. When DSACK1 is asserted, the
MCU reads OPO from DATA[7:0], decrements the transfer size counter,
increments the address, and performs a byte operand from 8-bit port transfer to
acquire OP1.

For a write operation, the MCU first drives OP0O on DATA[7:0] and duplicates it
on DATA[15:8]. The peripheral device reads OPO from DATA[7:0] and asserts
DSACK1. The MCU decrements the transfer size counter, increments the
address, and performs a byte operand to 8-bit port transfer of OP1.
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4.3.5.8 Long-Word Operand to 8-Bit Port, Aligned

The MCU drives the address bus with the desired address and the size pins to
indicate a long word operand.

15 8 7 0
Operand OPO OP1
OP2 OP3
DataBus 15 8 7 0 S1Z1 S1Z2 ADDRO DSACK1 DSACKO
Cycle 1 OPO (OP1) 0 0 0 1 0
Cycle 2 OP1 (OP1) 1 1 1 1 0
Cycle 3 OP2 (OP2) 1 0 0 1 0
Cycle 4 OP3 (OP3) () 1 1 1 0

Figure 4-14. Long-Word Operand to 8-Bit Port, Aligned

For a read operation, the peripheral places OPO on DATA[15:8] and asserts
DSACKO to indicate an 8-bit port. The MCU reads OPO from DATA[15:8] and
ignores DATA[7:0]. The MCU then decrements the transfer size counter,
increments the address, initiates a new cycle, and reads OP1 from DATA[15:8].
The process repeats for OP2 and OP3.

For a write operation, the MCU drives OP0 and OP1 on DATA[15:0]. The
peripheral device then reads only OP0 from DATA[15:8] and asserts DSACKO
to indicate an 8-bit port. The MCU then decrements the transfer size counter,
increments the address, and writes OP1 to DATA[15:8]. The process repeats for
OP2 and OP3.
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4.3.5.9 Long-Word Operand to 8-Bit Port, Misaligned

The CPU16 treats misaligned long words as two misaligned words. The MCU
drives the address bus with the desired address and the size pins to indicate a
word operand.

15 8 7 0
Operand OPO
OP1 OP2
OP3
DataBus 15 8 7 0 SiZ1 SiZ2 ADDRO DSACK1 DSACKO
Cycle 1 OPO (OPO0) 1 0 1 1 0
Cycle 2 OP1 (OP1) 0 1 0 1 0
Cycle 3 OP2 (OP2) 1 0 1 1 0
Cycle 4 OP3 (OP3) 0 1 0 1 0

Figure 4-15. Long-Word Operand to 8-Bit Port, Misaligned

For a read operation, the 8-bit peripheral responds by placing OPO on
DATA[15:8] and asserting DSACKO. The MCU reads OPO from DATA[15:8] and
ignores DATA[7:0]. The MCU then decrements the transfer size counter,
increments the address, and performs a byte operand to 8-bit port transfer of
OP1. One misaligned word has been read — the process repeats for the
second word (OP2 and OP3).

For a write operation, the MCU drives OP0 on DATA[15:8] and OP1 on DATA
[7:0]. The 8-bit peripheral transfers OPO to the specified address, then asserts
DSACKO to indicate that the first byte of word data has been received. The
MCU then decrements the transfer size counter, increments the address, and
performs a byte operand to 8-bit port transfer of OP1. One misaligned word has
been written — the process repeats for the second word (OP2 and OP3).
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4.3.5.10 Long-Word Operand to 16-Bit Port, Aligned

The MCU drives the address bus with the desired address and drives the size
pins to indicate a long-word operand.

15 8 7 0
Operand OPO OP1
OP2 OP3
DataBus 15 8 7 0 SiZ1 S1Z2 ADDRO DSACK1 DSACKO
Cycle 1 OPO OP1 0 0 0 0 X
i Cycle 2 OoP2 OP2 1 0 0 0 X

n Figure 4-16. Long-Word Operand to 16-Bit Port, Aligned

For a read operation, the 16-bit peripheral responds by placing OPO on
DATA[15:8] and OP1 on DATA[7:0], then asserts DSACK1 to indicate a 16-bit
port. The MCU reads OP0 and OP1 from DATA[15:0]. The process repeats for
OP2 and OP3.

For a write operation, the MCU drives OP0O on DATA[15:8] and OP1 on
DATA[7:0]. The peripheral device reads OP0O and OP1 from DATA[15:0] and
asserts DSACKI to indicate a 16-bit port. The process repeats for OP2 and
OP3.
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4.3.5.11 Long-Word Operand to 16-Bit Port, Misaligned

The CPU16 treats misaligned long-word transfers as two misaligned word
transfers. The MCU drives the address bus with the desired address and drives

the size pins to indicate a word operand.

15 8 7 0
Operand OPO
OP1 oP2
OP3
DataBus 15 8 7 0 S1Z1 S1Z2 ADDRO DSACK1 DSACKO
Cycle 1 (OPO) OPO 1 0 1 0 X
Cycle 2 OP1 (OP1) 0 1 0 0 X
Cycle 3 (OP2) oP2 1 0 1 0 X
Cycle 4 OP3 (OP3) 0 1 0 0 X

Figure 4-17. Long-Word Operand to 16-Bit Port, Misaligned

For a read operation, the peripheral responds by placing OP0 on DATA[7:0] and
asserting DSACK1 to indicate a 16-bit port. When DSACK1 is asserted, the
MCU reads OPO from DATA[7:0], decrements the transfer size counter,
increments the address, and performs a byte operand from 8-bit port transfer to
acquire OP1. The process is repeated for OP2 and OP3.

For a write operation, the MCU first drives OPO on DATAJ[7:0] and duplicates it
on DATA[15:8]. The peripheral device reads OPO from DATA[7:0] and asserts
DSACK1. The MCU decrements the transfer size counter, increments the
address, and performs a byte operand to 8-bit port transfer of OP1. The process
is repeated for OP2 and OP3.
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4.4 Bus Operation

4.4.1

Internal microcontroller modules are typically accessed in 2 system clock
cycles, with no wait states. Regular external bus cycles use handshaking
between the MCU and external peripherals to manage transfer size and data —
these accesses take three system clock cycles, again with no wait states.
During regular cycles, wait states can be inserted as needed by bus control
logic. Refer to 4.4.2 Regular Bus Cycles for more information. Fast-
termination cycles, which are two-cycle external accesses with no wait states,
use chip-select logic to generate handshaking signals internally. Chip-select
logic can also be used to insert wait states before internal generation of
handshaking signals. Refer to 4.4.3 Fast Termination Cycles and 4.7
Chip Selects for more information. Bus control signal timing as well as chip-
select signal timing are specified in APPENDIX A ELECTRICAL
CHARACTERISTICS.

The MCU is responsible for deskewing signals it issues at both the start and the
end of a cycle. In addition, the MCU is responsible for deskewing acknowledge
and data signals from peripheral devices.

Synchronization to CLKOUT

External devices connected to the MCU bus can operate at clock frequencies
different from that of the MCU so long as they satisfy the interface signal timing
constraints. Although bus cycles are classified as asynchronous, they are
interpreted relative to the MCU system clock output (CLKOUT).

Descriptions are made in terms of individual system clock states, labelled
{S0, S1, S2,..., SN} in the appropriate timing diagrams. The designation “state”
refers to the logic level of the clock signal, and does not correspond to any
implemented machine state. A clock cycle consists of two successive states.
Refer to APPENDIX A ELECTRICAL CHARACTERISTICS for more
information.

Bus cycles terminated by DSACK assertion normally require a minimum of
three CLKOUT cycles. To support systems that use CLKOUT to generate
DSACK and other inputs, asynchronous input setup time and asynchronous
input hold times are specified. When these specifications are met, the MCU is
guaranteed to recognize the appropriate signal on a specific edge of the
CLKOUT signal.

For a read cycle, when assertion of DSACK is recognized on a particular falling
edge of the clock, valid data is latched into the MCU on the next falling clock
edge, provided that the data meets the data setup time. In this case, the
parameter for asynchronous operation can be ignored.
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4.4.2

When a system asserts DSACK for the required window around the falling edge
of S2 and obeys the bus protocol by maintaining DSACK and BERR
or HALT until and throughout the clock edge that negates AS (with the
appropriate asynchronous input hold time), no wait states are inserted. The bus
cycle runs at the maximum speed of three clocks per cycle.

To assure proper operation in a system synchronized to CLKOUT, when BERR
(or BERR and HALT) is asserted after DSACK, BERR (or BERR and HALT)
assertion must satisfy the appropriate data-in setup and hold times prior to the
falling edge of the clock cycle after DSACK is recognized.

Regular Bus Cycles

The following discussion pertains to cycles using external bus control logic.
Refer to 4.4.3 Fast Termination Cycles for information concerning fast
cycles.

To initiate a transfer, the MCU asserts an address and the SIZ[1:0] signals. The
SIZ signals and ADDRO are externally decoded to select the active portion of
the data bus (refer to 4.3.2 Dynamic Bus Sizing). When AS, DS, and RW
are valid, a peripheral device either places data on the bus (read cycle) or
latches data from the bus (write cycle), then asserts a DSACK[1:0] combination
that indicates port size.

The DSACK[1:0] signals can be asserted before the data from a peripheral
device is valid on a read cycle. To ensure that valid data is latched into the
MCU, a maximum period between DSACK assertion and DS assertion is
specified.

There is no specified maximum for the period between AS assertion and
DSACK assertion. Although the MCU can transfer data in a minimum of three
clock cycles when the cycle is terminated with DSACK, the MCU inserts wait
cycles in clock period increments until either DSACK signal goes low.

NOTE

The SIM bus monitor asserts BERR when response time exceeds
a predetermined limit. Bus monitor period is determined by the
BMT field in SYPCR. The bus monitor cannot be disabled;
maximum monitor period is 64 system clock cycles.
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If no peripheral responds to an access or if an access is invalid, external logic
should assert the BERR or HALT signals to abort the bus cycle (when BERR and
HALT are asserted simultaneously, the CPU16 acts as though only BERR is
asserted). If bus termination signals are not asserted within a specified period,
the bus monitor terminates the cycle.

4.4.2.1 Read Cycle

During a read cycle, the MCU transfers data from an external memory or

peripheral device. If the instruction specifies a long-word or word operation, the
‘ MCU attempts to read two bytes at once. For a byte operation, the MCU reads

one byte. The portion of the data bus from which each byte is read depends on

operand size, peripheral address, and peripheral port size. Refer to 4.3.2
Dynamic Bus Sizing and 4.3.4 Misaligned Operands for more
information. Figure 4—18 is a flowchart of a word read cycle.

MCU PERIPHERAL

ADDRESS DEVICE

1) SET RW TO READ

2) DRIVE ADDRESS ON ADDR[23:0]

3) DRIVE FUNCTION CODE ON FC[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE >
5) ASSERT AS AND DS PRESENT DATA

1) DECODE ADDR, RW, SIZ, DS
2) PLACE DATA ON DATA[15:0]
< 3) DRIVE DSACK SIGNALS

ACQUIRE DATA

1) DECODE DSACK
2)LATCHDATA __ -
3) NEGATE AS AND DS

TERMINATE CYCLE

1) REMOVE DATA FROM DATA BUS
\ 2) NEGATE DSACK

START NEXT CYCLE

Figure 4-18. Word Read Cycle Flowchart
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State 0 (S0) — The read cycle starts. The MCU places an address on ADDR
[23:0] and function codes on FC[2:0]. In the MC68HC16Z1, ADDR[23:20]
always follow the state of ADDR19, and FC2 is always equal to one. The MCU
drives R/W high for a read cycle. Size signals SiZ[1:0] become valid, indicating
the number of bytes to be read.

State 1 (S1) — The MCU asserts AS indicating that the address on the address
bus is valid. The MCU also asserts DS, indicating that data can be placed on
the bus.

State 2 (S2) — External logic decodes ADDR[23:0], FC[1:0], R/W, SIZ[1:0], and
DS. One or both of DATA[15:8] and DATA[7:0] are selected, and the
responding device places data on that portion of the bus. Concurrently, the
device asserts the appropriate DSACK signals. If the MCU is to latch the data in
minimum cycle time, at least one DSACK signal must change state by the end
of S2 in order to satisfy asynchronous input setup time requirements. If wait
states are to be inserted, both DSACK1 and DSACKO must remain negated
throughout the asynchronous input setup and hold times at the end of S2.

State 3 (S3) — When a change in one or both of the DSACK signals has been
recognized, the MCU latches data from the bus on the next falling edge of the
clock (S4), and the cycle terminates (S5). If neither DSACK signal changes
state by the start of S3, the MCU inserts wait states instead of proceeding to S4
and S5. While wait states are added, the MCU continues to sample the DSACK
signals on falling edges of the clock until a change in one or more is
recognized. In effect, S3 repeats until a change in the DSACK signals is
detected.

State 4 (S4) — The MCU latches data on the falling edge at the end of S4.

State 5 (S5) — The MCU negates AS and DS, but holds the address valid to
provide address hold time for memory systems. R/W, SIZ[1:0], and FC[2:0] also
remain valid throughout S5. The external device must maintain data and assert
the DSACK signals until it detects the negation of either AS or DS it must
remove the data and negate DSACK within approximately one clock period
after sensing the negation of AS or DS. Signals that remain asserted beyond
this limit can be prematurely detected during the next bus cycle.
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4.4.2.2 Write Cycle

During a write cycle, the MCU transfers data to an external memory or
peripheral device. If the instruction specifies a long-word or word operation, the
MCU attempts to write two bytes at once. For a byte operation, the MCU writes
one byte. The portion of the data bus upon which each byte is written depends
on operand size, peripheral address, and peripheral port size. Refer to 4.3.2
Dynamic Bus Sizing and 4.3.4 Misaligned Operands for more
information. Figure 4-19 is a flowchart of a write-cycle operation for a word
transfer.

MCU PERIPHERAL

ADDRESS DEVICE

1) SET RAW TO WRITE

2) DRIVE ADDRESS ON ADDR[23:0]

3) DRIVE FUNCTION CODE ON FC[2:0]
4) DRIVE SIZ[1:0] FOR OPERAND SIZE

5) ASSERT AS
6) PLACE DATA ON DATA BUS ACCEPT DATA
7) ASSERT DS
1) DECODE ADDRESS
2) LATCH DATA FROM DATA BUS
3) ASSERT DSACK SIGNALS
TERMINATE OUTPUT TRANSFER

1) NEGATE DS AND AS >
2) REMOVE DATA FROM DATA BUS TERMINATE CYCLE

1) NEGATE DSACK

START NEXT CYCLE

Figure 4-19. Write Cycle Flowchart

State 0 (S0) — The MCU places an address on ADDR[23:0] and function codes
on FC[2:0]. In the MC68HC16Z1, ADDR[23:20] always follow the state of
ADDR19, and FC2 is always equal to one. The MCU drives R/W low for a write
cycle. Size signals SIZ[1:0] become valid, indicating the number of bytes to be
written.

State 1 (S1) — The MCU asserts AS, indicating that the address on the address
bus is valid.
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4.4.3

State 2 (S2) — The MCU places the data to be written onto DATA[15:0], then
begins to sample the DSACK signals. External logic decodes ADDR[23:0],
FC[1:0], RW, SIZ[1:0], and AS. One or both of DATA[15:8] and DATA[7:0] are
selected, and appropriate DSACK signals are asserted. If the cycle is to end in
minimum time, the MCU must recognize a change in at least one DSACK signal
by the end of S2. If wait states are to be inserted, both DSACK1
and DSACKO must remain negated throughout the asynchronous input setup
and hold times at the end of S2.

State 3 (S3) — The MCU asserts DS to indicate that data is stable on the data
bus, and the selected peripheral latches the data. When a change in one or
both of the DSACK signals has already been recognized, S4 elapses, and the
cycle terminates during S5. If neither DSACK signal changes state by the start
of S3, the MCU inserts wait states instead of proceeding to S4 and S5. While
wait states are added, the MCU continues to sample the DSACK signals on
falling edges of the clock until a change in one or more is recognized. In effect,
S3 repeats until a change in the DSACK signals is detected.

State 4 (S4) — The MCU issues no new control signals during S4.

State 5 (S5) — The MCU negates AS and DS, but holds the address and data
valid to provide address hold time for memory systems. R/W, SiZ[1:0], and
FC[2:0] also remain valid throughout S5. The external device must assert the
DSACK signals until it detects the negation of either AS or DS. It must negate
DSACK within approximately one clock period after sensing the negation of
AS or DS. Signals that remain asserted beyond this limit can be prematurely
detected during the next bus cycle.

Fast Termination Cycles

When an external device has a fast access time, the chip-select circuit fast-
termination option can provide a two-cycle external bus transfer. Since the
chip-select circuits are driven from the system clock, the bus cycle termination is
inherently synchronized with the system clock.

Fast termination cycles use internal handshaking signals generated by the chip-
select logic. To initiate a transfer, the MCU asserts an address and the SiIZ[1:0]
signals. When AS, DS, and R/W are valid, a peripheral device either places
data on the bus (read cycle) or latches data from the bus (write cycle). At the
appropriate time, chip-select logic asserts data and size acknowledge signals.

The DSACK option fields in the chip-select option registers determine whether
internally generated DSACK or externally generated DSACK are used. Refer to
4.7.1 Chip-Select Registers for information about fast-termination setup.
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To use fast-termination, an external device must be fast enough to have data
ready, within the specified setup time, by the falling edge of S4. Figure 4-20
shows the DSACK timing for two wait states in read, and a fast-termination read
and write.

When fast termination is in use, DS is asserted during read cycles but notduring
write cycles. The STRB field in the chip-select option register used must be
programmed with the address strobe encoding in order to assert the chip select
signal for a fast-termination write.

S0 S1 S2 S3 SW SW'SW SW*S4 S5 (S0 S S4 S5(S0 S1 S4 S5(S0

e nlinlinipininininininl
s | \ /l \_/
—\

V{4

\_/

\_/
DSACK \__/
OD——

FAST FAST
| €————————TWO WAIT STATES IN READ~—~——————»1<&~ TERMINATION 3>t TERMINATION 3>
READ WRITE

NOTE:
* DSACK ONLY INTERNALLY ASSERTED FOR FAST TERMINATION

Figure 4-20. Fast-Termination Timing
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4.4.3.1 Fast-Termination Read Cycle

A fast-termination read cycle takes place in much the same way as a regular
read cycle, except that the clock states for external handshaking are omitted.

State 0 (S0) — The read cycle starts. The MCU places an address on
ADDR[23:0] and function codes on FC[2:0]. In the MC68HC162Z1, ADDR[23:20]
always follow the state of ADDR19, and FC2 is always equal to one. The MCU
drives R/W high for a read cycle. Size signals SIZ[1:0] become valid, indicating
the number of bytes to be read.

State 1 (S1) — The MCU asserts AS indicating that the address on the address
bus is valid. The MCU also asserts DS, indicating to external devices that data
can be placed on the data bus. External logic decodes ADDR[23:0], FC[1:0],
RW, and SIZ[1:0]. One or both of DATA[15:8] and DATA[7:0] are selected, and
the responding device places data on that portion of the bus.

State 4 (S4) — Appropriate internal DSACK signals are generated and the
MCU latches data on the falling edge of S4.

State 5 (S5) — The MCU negates AS and DS, but holds the address valid to
provide address hold time for memory systems. R/W, SIZ[1:0], and FC[2:0] also
remain valid throughout S5. The external device must maintain data until it
detects the negation of either AS or DS; it must remove the data within
approximately one clock period after sensing the negation of AS or DS.
Signals that remain asserted longer can be prematurely detected during the
next bus cycle.

4.4.3.2 Fast-Termination Write Cycle

A fast-termination write cycle takes place in much the same way as a regular
write cycle, except that the clock states for external handshaking are omitted.

State 0 (S0) — The MCU places an address on ADDR[23:0] and function codes
on FC[2:0]. In the MC68HC16Z1, ADDR[23:20] always follow the state of
ADDR19, and FC2 is always equal to one. The MCU drives R/W low for a write
cycle. Size signals SIZ[1:0] become valid, indicating the number of bytes to be
written.

State 1 (S1) — The MCU asserts AS, indicating that the address on the address
bus is valid. External logic decodes ADDR[23:0], FC[1:0], R/W, SIZ[1:0], and AS.

State 4 (S4) — Data driven onto DATA[15:0] becomes valid, and the selected
peripheral latches the data. Appropriate internal DSACK signals are generated.
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4.4.4

State 5 (S5) — The MCU negates AS, but holds address and data valid to

provide address hold time for memory systems. R/W, SIZ[1:0], and FC[2:0] also
remain valid throughout S5.

CPU Space Cycles

Function code signals FC[2:0] designate which of eight external address spaces
is accessed during a bus cycle. Address space 7 is designated CPU space.
CPU space is used for control information not normally associated with read or
write bus cycles. Function codes are valid only while AS is asserted. Refer to
4.3.1.7 Function Codes for more information on codes and encoding.

During a CPU space access, ADDR[19:16] are encoded to reflect the type of
access being made. Three encodings are used by the MC68HC16Z1, as
shown in Figure 4-21. These encodings represent breakpoint acknowledge
(Type $0) cycles, low power stop broadcast (Type $3) cycles, and interrupt
acknowledge (Type $F) cycles. Type 0 and type 3 cycles are discussed below.
Refer to 4.6 Interrupts for a comprehensive discussion of interrupt
acknowledge bus cycles.

CPU SPACE CYCLES
FUNCTION ADDRESS BUS
CODE

BREAKPONT (20 2 o o] 4 210
acknowtenge L1 1] [0 0o0ofoooofooo0000000ofekpr#[T o
LOWPOWER 0 B 1916 0
stoparorooney 11 1] [oooofoottfti 11111 111110]
NTERRUPT [ B B8 0
ackvowrepee Ot [ir ettt 11 tfuevec]i]

N —

CPU SPACE

TYPE FIELD

Figure 4-21. CPU Space Address Encoding

MOTOROLA SYSTEM INTEGRATION MODULE MC68HC162Z1

4-46

USER'S MANUAL



4.4.4.1 Breakpoint Acknowledge Cycle
Breakpoints are used to stop program execution at a predefined point during
system development. In the MC68HC16Z1, breakpoints are treated as a type of
exception processing. Breakpoints can be used alone or in conjunction with the
background debugging mode. See SECTION 5 CENTRAL PROCESSING
UNIT for more information on exception processing and the background
debugging mode.

The MC68HC16Z1 has only one source and type of breakpoint — a hardware
breakpoint initiated by assertion of the BKPT input. Other modular .
microcontrollers may have more than one source or type. The breakpoint
acknowledge cycle discussed here is the bus cycle that occurs as a part of

breakpoint exception processing when a breakpoint is initiated while
background debugging mode is not enabled.

BKPT is sampled on the same clock phase as data. If BKPT is valid, the data is
tagged as it enters the CPU pipeline. When BKPT is asserted while data is
valid during an instruction prefetch, the acknowledge cycle occurs immediately
after that instruction has executed. When BKPT is asserted while data is valid
during an operand fetch, the acknowledge cycle occurs immediately after
execution of the instruction during which it is latched. If BKPT is asserted for
only one bus cycle and a pipe flush occurs before BKPT is detected by the CPU,
no acknowledge cycle occurs. To ensure detection, BKPT can be asserted until
a breakpoint acknowledge cycle is recognized.

When BKPT assertion is acknowledged by the CPU, the MC68HC16Z1
performs a word read from CPU space address $00001E. This corresponds to
the breakpoint number field (ADDR[4:2]) and the type bit (T) being set to all
ones (source 7, type 1). If this bus cycle is terminated by BERR or by DSACK,
the MCU performs breakpoint exception processing.

The breakpoint operation flow is shown in Figure 4—22. Figure 4-23 is the
timing diagram for the breakpoint acknowledge cycle.
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CPU16

ACKNOWLEDGE BREAKPOINT PERIPHERAL

IF BKPT PIN ASSERTED:
1) SET RAW TO READ
2) SET FUNCTION CODE TO CPU SPACE
3) PLACE CPU SPACE TYPE 0 ON ADDR[19:16]
4) PLACE ALL ONES ON ADDR[4:2]
5) SET ADDR1 TO ONE
6) SET SIZE TO WORD
7) ASSERT AS AND DS

Y

ASSERT DSACK OR BERR TO INITIATE EXCEPTION
PROCESSING

A

IF BKPT PIN ASSERTED AND BERR OR
DSACK IS ASSERTED: _
1) NEGATE AS AND DS

/
NEGATE DSACKx or BERR

IF BKPT PIN ASSERTED:
1) INITIATE HARDWARE BREAKPOINT PROCESSING

Figure 4-22. Breakpoint Operation Flow
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4.4.4.2 LPSTOP Broadcast Cycle

Low-power stop is initiated by the CPU16. Individual modules can be stopped
by setting the STOP bits in each module configuration register, or the SIM can
turn off system clocks after execution of the LPSTOP instruction. When the CPU
executes LPSTOP, the LPSTOP broadcast cycle is generated. The SIM brings
the MCU out of low-power mode when either an interrupt of higher priority than
the stored mask or a reset occurs. Refer to 4.2.4 Low-Power Stop
Operation and SECTION 5 CENTRAL PROCESSING UNIT for more
information.

During an LPSTOP broadcast cycle, the CPU performs a CPU space write to
address $3FFFE. This write puts a copy of the interrupt mask value in the clock
control logic. The mask is encoded on the data bus as shown in Figure 4-24.
The LPSTOP CPU space cycle is shown externally (if the bus is available) as
an indication to external devices that the MCU is going into low-power stop
mode. The SIM provides an internally generated DSACK response to this
cycle. The timing of this bus cycle is the same as for a fast write cycle.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[o[oJoJo]oJoJo[oJo[oJo[o]o| Imask

Figure 4-24. LPSTOP Interrupt Mask Level

4.4.5 Bus Exception Control Cycles

An external device or a chip-select circuit must assert at least one of the
DSACK]1:0] signals or the AVEC signal to terminate a bus cycle normally (refer
to 4.3.1 Bus Signals). Bus exception control cycles are used when bus
cycles are not terminated in the expected manner. There are two sources of
bus exception control cycles.

Bus error signal (BERR).

The internal bus monitor asserts internal BERR when neither DSACK nor
AVEC is asserted within a specified period after assertion of AS.

The spurious interrupt monitor asserts internal BERR when an interrupt
request is acknowledged and no IARB contention occurs. BERR assertion
terminates a cycle and causes the MCU to process a bus error exception.

External devices can assert BERR to indicate an external bus error.
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Halt signal (HALT).

HALT can be asserted by an external device to cause single bus cycle
operation. HALT is typically used for debugging purposes.

To properly control termination of a bus cycle for a bus error condition, DSACK,
BERR, and HALT must be asserted and negated synchronously with the rising
edge of CLKOUT. This assures that setup time and hold time requirements are
met for the same falling edge of the MCU clock when two signals are asserted
simultaneously (see APPENDIX A ELECTRICAL CHARACTERISTICS).
External circuitry that provides these signals must be designed with these
constraints in mind, or the internal bus monitor must be used.

The acceptable bus cycle terminations for asynchronous cycles in relation to
DSACKX assertion are summarized in Table 4—14.

Table 4-14. DSACK, BERR, and HALT Assertion Results

Type Control Asserted on Description
of Signal Rising Edge of of
Termination State Result
S S+2
NORMAL DSACK A RA Normal cycle terminate and continue.
BERR NA NA
HALT NA X
HALT DSACK A RA Normal cycle terminate and halt.
BERR NA NA Continue when HALT is negated.
HALT A/RA RA
BUS ERROR 1 DSACK NA/A X Terminate and take bus error exception.
BERR A RA
HALT NA X
BUS ERROR 2 DSACK A X Terminate and take bus error exception.
BERR A RA
HALT NA NA
BUS ERROR 3 DSACK NA/A X Terminate and take bus error exception.
BERR A RA
HALT A/S RA
BUS ERROR 4 DSACK A X Terminate and take bus error exception.
BERR NA A
HALT NA A

NOTES:
A = Signal is asserted in this bus state.
NA = Signal is not asserted in this state.
RA = Signal was asserted in previous state and remains asserted in this state.
S = The number of current even bus state (e.g., S2, S4, etc.).
X = Don't care.
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4.4.5.1 Bus Errors

The CPU16 treats bus errors as a type of exception. Bus error exception
processing begins when the CPU detects assertion of the IMB BERR signal.

BERR assertions do not force immediate exception processing. The signal is
synchronized with normal bus cycles and is latched into the CPU16 at the end
of the bus cycle in which it was asserted. Since bus cycles can overlap
instruction boundaries, bus error exception processing may not occur at the end
of the instruction in which the bus cycle begins. Timing of BERR
detection/acknowledge is dependent upon several factors:

Which bus cycle of an instruction is terminated by assertion of BERR.

The number of bus cycles in the instruction during which BERR is asserted.

The number of bus cycles in the instruction following the instruction in which
BERR is asserted.

Whether BERR is asserted during a program space access or a data space
access.

Because of these factors, it is impossible to predict precisely how long after
occurrence of a bus error the bus error exception is processed.

CAUTION

The external bus interface does not latch data when an external
bus cycle is terminated by a bus error. When this occurs during an
instruction prefetch, the IMB precharge state (bus pulled high, or
$FF) is latched into the CPU16 instruction register, with
indeterminate results.

4.4.5.2 Double Bus Faults

Exception processing for bus error exceptions follows the standard exception
processing sequence (refer to SECTION 5 CENTRAL PROCESSING
UNIT for more information concerning exceptions). However, two special
cases of bus error, called double bus faults, can abort exception processing.

BERR assertion is not detected until an instruction is complete. The BERR latch
is cleared by the first instruction of the BERR exception handler. Double bus
fault occurs in two ways:

MOTOROLA SYSTEM INTEGRATION MODULE MCe68HC16Z1
4-52 USER'S MANUAL



1. When bus error exception processing begins and a second BERR is
detected before the first instruction of the first exception handler is
executed.

2. When one or more bus errors occur before the first instruction after a
RESET exception is executed.

Multiple bus errors within a single instruction which can generate multiple bus
cycles cause a single bus error exception after the instruction has executed.

Immediately after assertion of a second BERR, the MCU halts and drives the
HALT line low. Only a reset can restart a halted MCU. However, bus arbitration
can still occur (refer to 4.4.6 Bus Arbitration). A bus error or address error
that occurs after exception processing has completed (during the execution of
the exception handler routine, or later) does not cause a double bus fault.

4.4.5.3 Halt Operation

When HALT is asserted while BERR is not asserted, the MCU halts external bus
activity after negation of DSACK. The MCU may compiete the current word
transfer in progress. For a long-word to byte transfer, this could be after S2 or
S4. For a word to byte transfer, activity ceases after S2 (refer to Figure 4-25).

Negating and reasserting HALT in accordance with timing requirements
provides single-step (bus cycle to bus cycle) operation. The HALT signal affects
external bus cycles only, so that a program which does not use external bus can
continue executing. During dynamically-sized 8-bit transfers, external bus
activity may not stop at the next cycle boundary. Occurrence of a bus error
while HALT is asserted causes the CPU16 to process a bus error exception.

When the MCU completes a bus cycle while the HALT signal is asserted, the
data bus goes to high-impedance state and the AS and DS signals are driven
to their inactive states. Address, function code, size, and read/write signals
remain in the same state.

The halt operation has no effect on bus arbitration (refer to 4.4.6 Bus
Arbitration). However, when external bus arbitration occurs while the MCU is
halted, address and control signals go to high-impedance state. If HALT is still
asserted when the MCU regains control of the bus, address, function code, size,
and read/write signals revert to the previous driven states. The MCU cannot
service interrupt requests while halted.
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Figure 4-25. HALT Timing

4.4.6 External Bus Arbitration

MCU bus design provides for a single bus master at any one time. Either the
MCU or an external device can be master. Bus arbitration protocols determine
when an external device can become bus master. Bus arbitration requests are
recognized during normal processing, HALT assertion, and when the CPU has
halted due to a double bus fault.
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The bus controller in the MCU manages bus arbitration signals so that the MCU
has the lowest priority. External devices that need to obtain the bus must assert
bus arbitration signals in the sequences described in the following paragraphs.

Systems that include several devices that can become bus master require
external circuitry to assign priorities to the devices, so that when two or more
external devices attempt to become bus master at the same time, the one
having the highest priority becomes bus master first. The protocol sequence is:

A. An external device asserts bus request signal (BR);

B. The MCU asserts the bus grant signal (BG) to indicate that the bus is
available;

C. An external device asserts the bus grant acknowledge (BGACK) signal to
indicate that it has assumed bus mastership.

BR can be asserted during a bus cycle or between cycles. BG is asserted in
response to BR. To guarantee operand coherency, BG is only asserted at the
end of operand transfer.

If more than one external device can be bus master, required external
arbitration must begin when a requesting device receives BG. An external
device must assert BGACK when it assumes mastership, and must maintain
BGACK assertion as long as it is bus master.

Two conditions must be met for an external device to assume bus mastership.
The device must receive BG through the arbitration process, and BGACK must
be inactive, indicating that no other bus master is active. This technique allows
processing of bus requests during data transfer cycles.

BG is negated a few clock cycles after BGACK transition. However, if bus
requests are still pending after BG is negated, the MCU asserts BG again within
a few clock cycles. This additional BG assertion allows external arbitration
circuitry to select the next bus master before the current master has released the
bus.

Figure 4-26 is a flowchart of bus arbitration for a single device. The flowchart
shows BR negated at the same time BGACK is asserted.
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McCU REQUESTING DEVICE

REQUEST THE BUS

GRANT BUS ARBITRATION 1) ASSERT BUS REQUEST (ER)

1) ASSERT BUS GRANT (BG)

ACKNOWLEDGE BUS MASTERSHIP

1) EXTERNAL ARBITRATION DETERMINES
NEXT BUS MASTER

2) NEXT BUS MASTER WAITS FOR BGACK
TO BE NEGATED

3) NEXT BUS MASTER ASSERTS BGACK
TO BECOME NEW MASTER

TERMINATE ARBITRATION 4) BUS MASTER NEGATES BR

1) NEGATE BG (AND WAIT FOR
BGACK TO BE NEGATED) OPERATE AS BUS MASTER

1) PERFORM DATA TRANSFERS (READ AND
WRITE CYCLES) ACCORDING TO THE SAME
RULES THE PROCESSOR USES

v

RELEASE BUS MASTERSHIP

RE-ARBITRATE OR RESUME PROCESSOR | 1) NEGATE BGACK
OPERATION

Figure 4-26. Bus Arbitration Flowchart for Single Request

4.4.6.1 Bus Request

External devices capable of becoming bus masters request the bus by asserting
the BR signal. In a system with a number of devices capable of bus mastership,
a wired-OR can connect the bus request line from each device to the MCU.
After it has completed any current bus cycle, the MCU asserts BG, then releases
the bus when BGACK is asserted.

If no acknowledge signal is received, the MCU remains bus master. This
prevents interference with ordinary processing if the arbitration circuitry
responds to noise or if an external device negates a request after mastership
has been granted.
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4.4.6.2 Bus Grant

The MC68HC16Z1 supports operand coherency. When an operand transfer
requires multiple bus cycles, the MCU does not release the bus until the entire
transfer is complete. The assertion of bus grant is subject to certain constraints:

The minimum time for BG assertion after BR assertion depends on internal
synchronization.

During an external transfer, the MCU does not assert BG until after the last
cycle of the transfer (determined by SIZ[1:0] and DSACK][1:0] signals).

When SHEN bits are both set and the CPU is making internal accesses, the
MCU does not assert BG until the CPU finishes the internal transfers.

Externally, the BG signal can be routed through a daisy-chained network or a
priority-encoded network. The MCU is not affected by the method of arbitration
as long as the protocol is obeyed.

4.4.6.3 Bus Grant Acknowledge

When bus protocols are obeyed, a device becomes the active bus master when
it asserts BGACK. An external device cannot request and be granted the bus
while another device is the active bus master. A device remains the bus master
until it negates BGACK. BGACK must not be negated until all required bus
cycles are completed.

When a device receives the bus and asserts BGACK, it must also negate BR. If
BR remains asserted after BGACK assertion, the MCU assumes that another
device is requesting the bus and prepares to issue another BG.

Since external devices have priority, the MCU cannot regain control of the
external bus until all pending external bus requests have been satisfied.

4.4.6.4 Bus Arbitration Control

The bus arbitration control unit in the MCU is implemented with a finite-state
machine. All asynchronous inputs to the MCU are internally synchronized in a
maximum of two CLKOUT cycles. Figure 4-27 is the bus arbitration state
diagram. Input signals labeled R and A are internal versions of the bus request
and bus grant acknowledge signals that are internally synchronized to the
system clock. The bus grant output is labeled G and the internal high-
impedance control signal is labeled T. If T is true, the address, data, and control
buses are placed in the high-impedance state after the next rising edge
following the negation of AS.
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NOTE:
ALL FIGURES ARE SHOWN IN POSITIVE LOGIC (ACTIVE HIGH) REGARDLESS OF THEIR TRUE ACTIVE STATE.

Figure 4-27. Bus Arbitration State Diagram
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State changes occur on the next rising edge of CLKOUT after the internal signal
is valid. The BG signal transitions on the falling edge of the clock after a state is
reached during which G changes. The bus control signals (controlled by T) are
driven by the MCU immediately following a state change, when bus mastership
is returned to the MCU. State 0, in which G and T are both negated, is the state
of the bus arbiter while the MCU is bus master. Request R and acknowledge A
keep the arbiter in state 0 as long as they are both negated.

4.4.6.5 Slave (Factory Test) Mode Arbitration

This mode is used for factory production testing of internal modules. It is not
supported as a user operating mode. Slave mode is enabled by holding
DATA11 low during reset. In slave mode, when BG is asserted, the MCU is
slaved to an external master that has full access to all internal registers.

4.4.6.6 Show Cycles

The MCU normally performs internal data transfers without affecting the external
bus, but it is possible to "show" these transfers during debugging. AS is not
asserted externally during show cycles.

Show cycles are controlled by the SHEN field in the SIMCR (refer to 4.1.3
Show Internal Cycles). This field is cleared by reset. When show cycles are
disabled, the address bus, function codes, size, and read/write signals reflect
internal bus activity, but AS and DS are not asserted externally and external
data bus pins are in high-impedance state during internal accesses.

When show cycles are enabled, DS is asserted externally during internal
cycles, and internal data is driven out on the external data bus. Since internal
cycles normally continue to run when the external bus is granted away, one
SHEN encoding halts internal bus activity while there is an external master.

S1Z[1:0] signals reflect bus allocation during show cycles — only the
appropriate portion of the data bus is valid during the cycle. During a byte write
to an internal address, the portion of the bus that represents the byte that is not
written reflects internal bus conditions, and is indeterminate. During a byte write
to an external address, the data multiplexer in the SIM causes the value of the
byte that is written to be driven out on both bytes of the data bus.

A state-by-state description of show cycle timing follows. Refer to APPENDIX
A ELECTRICAL CHARACTERISTICS for specific timing information.

State 0 (SO) — Address and function codes become valid, R/W is driven to
indicate a show read or write cycle, and the size pins indicate the number of
bytes to transfer. During a read, the addressed peripheral drives the data bus,
and the user must take care to avoid bus conflicts.
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4.5.1

n 4.5 Reset

State 41 (S41) — DS is asserted to indicate that address information is valid.

State 42 (S42) — No change. The bus controller remains in S42 until the
internal read cycle is complete.

State 43 (S43) — DS is negated to indicate that show data is valid on the next
falling edge of CLKOUT. External data bus drivers are enabled so that data
becomes valid on the external bus as soon as it is available on the internal bus.

State 0 (S0) — ADDR[23:0], FC[2:0], R/W, and SIZ[1:0] pins change state to
begin the next cycle. Data from the preceding cycle is valid through SO.

Reset occurs when an active low logic level on the RESET pin is clocked into
the SIM. The RESET input is synchronized to the system clock — if there is no
clock when RESET is asserted, reset does not occur until the clock starts.
Resets are clocked in order to allow completion of write cycles in progress at the
time RESET is asserted.

Reset procedures handle system initialization and recovery from catastrophic
failure. The MC68HC16Z1 performs resets with a combination of hardware and
software. The system integration module determines whether a reset is valid,
asserts control signals, performs basic system configuration and boot ROM
selection based on hardware mode-select inputs, then passes control to the
CPU16.

Reset Exception Processing

The CPU16 processes resets as a type of asynchronous exception. An
exception is an event that preempts normal processing. Exception processing
makes the transition from normal instruction execution to execution of a routine
that deals with an exception. Each exception has an assigned vector that points
to an associated handler routine. These vectors are stored in a vector table
located in the first 512 bytes of address bank 0. The CPU16 uses vector
numbers to calculate displacement into the table. Refer to SECTION 5
CENTRAL PROCESSING UNIT for more information concerning
exceptions.

Reset is the highest-priority CPU16 exception. Unlike all other exceptions, a
reset occurs at the end of a bus cycle, and not at an instruction boundary.
Handling resets in this way prevents write cycles in progress at the time the
reset signal is asserted from being corrupted. However, any processing in
progress is aborted by the reset exception, and cannot be restarted. Only
essential reset tasks are performed during exception processing. Other
initialization tasks must be accomplished by the exception handler routine.
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4.5.8 Reset Processing Summary contains details of exception
processing.

4.5.2 Reset Control Logic
SIM reset control logic determines the cause of a reset, synchronizes request
signals to CLKOUT, and asserts reset control signals. Reset control logic can
drive three different internal signals.
EXTRST (external reset) drives the external reset pin.
CLKRST (clock reset) resets the clock module.
MSTRST (master reset) goes to all other internal circuits.
All resets are gated by CLKOUT. Asynchronous resets are assumed to be
catastrophic. An asynchronous reset can occur on any clock edge.
Synchronous resets are timed (CLKOUT) to occur at the end of bus cycles. The
internal bus monitor is automatically enabled for synchronous resets — when a
bus cycle does not terminate normally, the bus monitor terminates it. Table
4-15 is a summary of reset sources.
Table 4-15. Reset Source Summary
Type Source Timing Reset Lines Asserted by
Controller
_ EXTERNAL External Synchronous MSTRST CLKRST EXTRST
POWER UP EBI Asynchronous MSTRST CLKRST EXTRST
SOFTWARE WATCHDOG Monitor Asynchronous MSTRST CLKRST EXTRST
HALT Monitor Asynchronous MSTRST CLKRST EXTRST
LOSS OF CLOCK Clock Synchronous MSTRST | CLKRST | EXTRST
TEST Test Synchronous MSTRST — EXTRST
Internal single byte or aligned word writes are guaranteed valid for synchronous
resets. External writes are also guaranteed to complete, provided the external
configuration logic on the data bus is conditioned as shown in Figure 4-28.
4.5.3 Reset Mode Selection
The logic states of certain data bus pins during reset determine SIM operating
configuration. In addition, the state of the MODCLK pin determines system
clock source and the state of the BKPT pin determines what happens during
subsequent breakpoint assertions. Table 4-16 is a summary of reset mode
selection options.
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Table 4-16. Reset Mode

Selection

Mode Select Pin Default Function Alternate Function
(Pin Left High) (Pin Pulled Low)

DATAO CSBOOT 16-Bit CSBOOT 8-Bit
DATA1 [ BR

cs1 BG

CS2 BGACK
DATA2 cs3 FCO

cs4 FC1

Css FC2
DATA3 CS6 ADDR19
DATA4 CS7-CS6 ADDRJ[20:19]
DATAS S8 - C%8 ADDR([21:19]
DATAG % _ % ADDR[22:19]
DATA7 CS10-CS6 ADDR[23:19]
DATAS DSACKO, DSACKT, PORTE

AVEC, DS, AS,

SIZE

DATA9 IRQ7 - IRQ1 PORTF
MODCLK
DATA11 Test Mode Disabled Test Mode Enabled
MODCLK VCO = System Clock EXTAL = System Clock

BKPT Background Mode Disabled Background Mode Enabled

4.5.3.1 Data Bus Mode Selection

All data lines have weak internal pull-up drivers. When pins are held high by
the internal drivers, the MCU uses a default operating configuration. However,
specific lines can be held low externally to achieve an alternate configuration.

NOTE

External bus loading can overcome the weak internal pull-up
drivers on data bus lines, and hold pins low during reset.

Use an active device to hold data bus lines low. Data bus configuration logic
must release the bus prior to the first bus cycle after reset in order to prevent
conflict with external memory devices. The first bus cycle occurs 10 CLKOUT
cycles after RESET is released. If external mode selection logic causes a
conflict of this type, an isolation resistor on the driven lines may be required.
Figure 4—-28 shows a recommended method for conditioning the mode select
signals.
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Figure 4-28. Data Bus Mode Select Conditioning

Data bus mode select current is specified in APPENDIX A ELECTRICAL
CHARACTERISTICS. Do not confuse pin function with pin electrical state.
Refer to 4.5.5 Pin State During Reset for more information.

DATAO determines the function of the boot ROM chip-select signal (CSBOOT).
Unlike other chip-select signals, CSBOOT is active at the release of reset.
During reset exception processing, the MCU fetches initialization vectors from
word addresses $0000 to $0006 in bank O of program space. An external
memory device containing vectors located at these addresses can be enabled
by CSBOOT after a reset. The logic level of DATAO during reset selects boot
ROM port size for dynamic bus allocation. When DATAQO is held low, port size is
8 bits; when DATAO is held high, either by the weak internal pull-up driver or by
an external pull-up, pont size is 16 bits. Refer to 4.7.4 Chip-Select Reset
Operation for more information.

DATA1 and DATA2 determine the functions of CS[2:0] and CS[5:3],
respectively. DATA[7:3] determine the functions of an associated chip select
and all lower-numbered chip-selects down through CS6. For example, if
DATAS is pulled low during reset, CS[8:6] are assigned alternate function as
ADDRJ21:19], and CS[10:9] remain chip-selects. Because ADDR[23:20] follow
the state of ADDR19 in the CPU16, DATA[7:4] have limited use. Refer to 4.7.4
Chip-Select Reset Operation for more information.
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DATAS determines the function of the DSACKO, DSACK1, AVEC, DS, AS, and
SIZE pins. |f DATAS8 is held low during reset, these pins are used for discrete
/O (Port E).

DATAS9 determines the function of interrupt request pins IRQ[7:0] and the clock
mode select pin (MODCLK). When DATA9 is held low during reset, these pins
are used for discrete /O (Port F).

DATA11 determines whether the SIM operates in test mode out of reset. This
capability is used for factory testing of the MC68HC16Z1.

4.5.3.2 Clock Mode Selection

The state of the clock mode (MODCLK) pin during reset determines what clock
source the MCU uses. When MODCLK is held high during reset, the clock
signal is generated from a reference frequency. When MODCLK is held low
during reset, the clock synthesizer is disabled, and an external system clock
signal must be applied. Refer to 4.2 System Clock for more information.

NOTE

If the MODCLK pin is also used as a parallel port pin, make certain
that bus loading does not overcome the weak internal pull-up
driver during reset and cause inadvertent clock mode selection.

4.5.3.3 Breakpoint Mode Selection

The MC68HC16Z1 uses internal and external breakpoint (BKPT) signals.
During reset exception processing, at the release of the RESET signal, the
CPU16 samples these signals to determine how to handle breakpoints.

If either BKPT signal is at logic level zero when sampled, an internal BDM
flag is set, and the CPU16 enters background debugging mode whenever
either BKPT input is subsequently asserted.

If both BKPT inputs are at logic level one when sampled, BKPT exception
processing begins whenever either BKPT signal is subsequently asserted.

Refer to SECTION 5 CENTRAL PROCESSING UNIT for more information
on background debugging mode and exceptions. Refer to 4.4.4 CPU Space
Cycles for information concerning breakpoint acknowledge bus cycles.
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4.5.4 MCU Module Pin Function During Reset

Generally, module pins default to port functions, and input/output ports are set to
input state. This is accomplished by disabling pin functions in the appropriate
control registers, and by clearing the appropriate port data direction registers.
Refer to individual module sections in this manual for more information. Table
4-17 is a summary of module pin function out of reset. Refer to APPENDIX D
REGISTER SUMMARY for register function and reset state.

Table 4-17. Module Pin Functions

Module Pin Mnemonic Function
ADC PADA[7:0)/AN[7:0] DISCRETE INPUT
VRH REFERENCE VOLTAGE
VRL REFERENCE VOLTAGE
CPU DSVIPIPE1 DSI/IPIPET
DSO/IPIPEO DSO/IPIPEO
BKPT/DSCLK BKPT/DSCLK
GPT PGP7/1C4/0C5 DISCRETE INPUT
PGP[6:3]/0C[4:1] DISCRETE INPUT
PGP[2:0)/IC[3:1] DISCRETE INPUT
PAI DISCRETE INPUT
PCLK DISCRETE INPUT
PWMA, PWMB DISCRETE OUTPUT
QsM PQS7/TXD DISCRETE INPUT
PQS[6:4)/PCS[3:1] DISCRETE INPUT
PQS3/PCS0/SS DISCRETE INPUT
PQS2/SCK DISCRETE INPUT
PQS1/MOSI DISCRETE INPUT
PQSO/MISO DISCRETE INPUT
RXD RXD
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4.5.5 Pin State During Reset

It is important to keep the distinction between pin function and pin electrical
state clear. Although control register values and mode select inputs determine
pin function, a pin driver can be active, inactive or in high-impedance state
while reset occurs. During power-up reset, pin state is subject to the constraints
discussed in 4.5.7 Power-On Reset.

NOTE

Pins that are not used should either be configured as outputs, or (if
configured as inputs) pulled to the appropriate inactive state. This
decreases additional Ipp caused by digital inputs floating near
mid-supply level.

4.5.5.1 Reset States of SIM Pins

Generally, while RESET is asserted, SIM pins either go to an inactive high-
impedance state or are driven to their inactive states. After RESET is released,
mode selection occurs, and reset exception processing begins. Pins configured
as inputs during reset become active high-impedance loads after RESET is
released. Inputs must be driven to the desired active state — pull-up or pull-
down circuitry may be necessary. Pins configured as outputs begin to function
after RESET is released. Table 4-18 is a summary of SIM pin states during
reset.
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Table 4-18. SIM Pin Reset States

Pin State While Pin State After RESET Released

Mnemonic RESET Defauit Alternate
Asserted Function Function
ADDR23/CS10 1 1 ADDR23

ADDR[22:19)/CS[9:6)/PC[6:3] 1 1 ADDR[22:19]

ADDR([18:0] INACTIVE ADDR([18:0] ADDR[18:0]
AS/PE5 INACTIVE OUTPUT INPUT
AVEC/PE2 INACTIVE INPUT INPUT
BERR INACTIVE INPUT INPUT

BG/CST 1 1 1
BGACK/CS2 1 1 INPUT
BR/CSO 1 1 INPUT
CLKOUT OUTPUT OUTPUT OUTPUT
CSBOOT INACTIVE 0 0

DATA[15:0] MODE SELECT INPUTS INPUTS
DS/PE4 INACTIVE OUTPUT INPUT
DSACKO/PEO INACTIVE INPUT INPUT
DSACKI1/PE1 INACTIVE INPUT INPUT
FC[2:0)/CS[5:3]/PC[2:0] 1 1 FC[2:0]
HALT INACTIVE INPUT INPUT
IRQ[7:1)/PF[7:1] INACTIVE INPUT INPUT
MODCLK/PFO MODE SELECT INPUT INPUT
RW INACTIVE OUTPUT RW
RESET ASSERTED INPUT INPUT
SIZ[1:0)/PE[7:6] INACTIVE SIZ[1:0] INPUT
TSC MODE SELECT INPUT INPUT

4.5.5.2 Reset States of Pins Assigned to Other MCU Modules

As a rule, module pins that are assigned to general-purpose 1/O ports go to
active high-impedance state following reset. However, during power-up reset,
module port pins may be in an indeterminate state for a short period. Refer to
4.5.7 Power-On Reset for more information. Table 4-19 is a summary of
module pin states.
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Table 4-19. Module Pin Reset States

Module Pin Mnemonic State
ADC PADA[7:0)/AN[7:0] INPUT
VRH APPLIED VOLTAGE
VRL APPLIED VOLTAGE

CPU DSVIPIPE1 IPIPE1 SIGNAL

DSO/IPIPEO IPIPEO SIGNAL

BKPT/DSCLK BKPT SIGNAL
GPT PGP7/IC4/0C5 INPUT
PGP[6:3)/0C[4:1] INPUT
PGP[2:0)/IC[3:1] INPUT
PAI INPUT
PCLK INPUT
PWMA, PWMB INPUT
QsM PQS7/TXD INPUT
PQS[6:4)/PCS[3:1] INPUT
PQS3/PCS0/SS INPUT
PQS2/SCK INPUT
PQS1/MOSI INPUT
PQSO/MISO INPUT

RXD RXD SIGNAL

4.5.6 Reset Timing

The RESET input must be asserted for a specified minimum period in order for
reset to occur (See APPENDIX A ELECTRICAL CHARACTERISTICS,
Table A-5). External RESET assertion can be delayed internally for a period
equal to the longest bus cycle time (or the bus monitor timeout period) in order
to protect write cycles from being aborted by reset. While RESET is asserted,
SIM pins are either in an inactive, high-impedance state or are driven to their
inactive states.

When an external device asserts RESET for the proper period, reset control
logic clocks the signal into an internal latch. The control logic drives the RESET
pin low for an additional 512 CLKOUT cycles after it detects that the RESET
signal is no longer being externally driven, to guarantee this length of reset to
the entire system.

If an internal source asserts a reset signal, the reset control logic asserts RESET
for a minimum of 512 cycles. If the reset signal is still asserted at the end of 512
cycles, the control logic continues to assert RESET until the internal reset signal
is negated.
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After 512 cycles have elapsed, the RESET pin goes to an inactive, high-
impedance state for 10 cycles. At the end of this 10-cycle period, pin state is
tested. When pin state is logic level one, reset exception processing begins. If,
however, pin state is logic level zero, reset control logic drives the pin low for
another 512 cycles. At the end of this period, the pin again goes to high-
impedance state for 10 cycles, and then is tested again. The process repeats
until RESET goes high.

4.5.7 Power-On Reset

When the SIM clock synthesizer is used to generate system clocks, power-on
reset involves special circumstances related to application of system and clock
synthesizer power. Regardless of clock source, voltage must be applied to
clock synthesizer power input pin Vppsyn in order for the MCU to operate. The
following discussion assumes that Vppsyn is applied before and during reset —
this minimizes crystal start-up time. When Vppsyn is applied at power-on, start-
up time is affected by specific crystal parameters and by oscillator circuit design.
Vpp ramp-up time also affects pin state during reset. Refer to APPENDIX A
ELECTRICAL CHARACTERISTICS for voltage and timing specifications.

During power-on reset, an internal circuit in the SIM drives the IMB internal
(MSTRST) and external (EXTRST) reset lines. The circuit releases MSTRST as
Vpp ramps up to the minimum specified value, and SIM pins are initialized as
shown in Table 4-18. As Vpp reaches specified minimum value, the clock
synthesizer VCO begins operation and clock frequency ramps up to specified
limp mode frequency. The external RESET line remains asserted until the clock
synthesizer PLL locks and 512 CLKOUT cycles elapse.

The SIM clock synthesizer provides clock signals to the other MCU modules.
After the clock is running and MSTRST is asserted for at least four clock cycles,
these modules reset. Vpp ramp time and VCO frequency ramp time determine
how long the four cycles take. Worst case is approximately 15 milliseconds.
During this period, module port pins may be in an indeterminate state. While
input-only pins can be put in a known state by means of external pull-up
resistors, external logic on input/output or output-only pins during this time must
condition the lines. Active drivers require high-impedance buffers or isolation
resistors to prevent conflict.

Figure 4-29 is a timing diagram of power-up reset. It shows the relationships
between RESET, Vpp, and bus signals.
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Figure 4-29. Power-On Reset Timing

4.5.7.1 Use of Three-State Control Pin

Asserting the three-state control (TSC) input causes the MCU to put all output
drivers in an inactive, high-impedance state. TSC must remain asserted for 10 clock
cycles in order for drivers to change state. There are certain constraints on use of
TSC during power-up reset:

When the internal clock synthesizer is used (MODCLK held high during reset),
synthesizer ramp-up time affects how long the 10 cycles take. Worst case is
approximately 20 milliseconds from TSC assertion.

When an external clock signal is applied (MODCLK held low during reset), pins
go to high-impedance state as soon after TSC assertion as 10 clock pulses have
been applied to the EXTAL pin.

NOTE
When TSC assertion takes effect, internal signals are forced to values
that can cause inadvertent mode selection. Once the output drivers
change state, the MCU must be powered down and restarted before
normal operation can resume.
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4.5.8

4.5.9

Reset Processing Summary

In order to prevent write cycles in progress from being corrupted, a reset is
recognized at the end of a bus cycle, and not at an instruction boundary. Any
processing in progress at the time a reset occurs is aborted. After SIM reset
control logic has synchronized an internal or external reset request, it asserts
the MSTRST signal.

The following events take place when MSTRST is asserted.
A. Instruction execution is aborted.
B. The condition code register is initialized.

1. The IP field is set to $7, disabling all interrupts below priority 7.
2. The S bit is set, disabling LPSTOP mode.
3. The SM bit is cleared, disabling MAC saturation mode.

C. The K register is cleared.

It is important to be aware that all CCR bits that are not initialized are not
affected by reset. However, out of power-on reset, these bits will be
indeterminate.

The following events take place when MSTRST is negated after assertion.
A. The CPU16 samples the BKPT input.
B. The CPU16 fetches RESET vectors in the following order:

1. Initial ZK, SK, and PK extension field values.
2. Initial PC.

3. Initial SP.

4. Initial 1Z value.

Vectors can be fetched from internal RAM or from external ROM enabled
by the CSBOOT signal.

C. The CPU16 begins fetching instructions pointed to by the initial PK : PC.

Reset Status Register

The reset status register (RSR) contains a bit for each reset source in the MCU.
When a reset occurs, a bit corresponding to the reset type is set. When multiple
causes of reset occur at the same time, more than one bit in RSR may be set.
The reset status register is updated by the reset control logic when the RESET
signal is released. Refer to APPENDIX D REGISTER SUMMARY.
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4.6 Interrupts

Interrupt recognition and servicing involve complex interaction between the
system integration module, the central processing unit, and a device or module
requesting interrupt service. This discussion provides an overview of the entire
interrupt process. Chip-select logic can also be used to respond to interrupt
requests. Refer to 4.7 Chip Selects for more information.

4.6.1 Interrupt Exception Processing

The CPU16 handles interrupts as a type of asynchronous exception. An
exception is an event that preempts normal processing. Exception processing
makes the transition from normal instruction execution to execution of a routine
that deals with an exception. Each exception has an assigned vector that points
to an associated handler routine. These vectors are stored in a vector table
located in the first 512 bytes of address bank 0. The CPU16 uses vector
numbers to calculate displacement into the table. Refer to SECTION 5
CENTRAL PROCESSING UNIT for more information concerning
exceptions.

4.6.2 Interrupt Priority and Recognition

The CPU16 provides for eight levels of interrupt priority (0-7), seven automatic
interrupt vectors, and 200 assignable interrupt vectors. All interrupts with
priorities less than 7 can be masked by the interrupt priority (IP) field in the
condition code register.

Interrupt recognition is based on the states of interrupt request signals IRQ[7:1]
and the IP mask value. Each of the signals corresponds to an interrupt priority.
IRQ1 has the lowest priority, and IRQ7 has the highest priority.

The IP field consists of three bits (CCR[7:5]). Binary values %000 to %111
provide eight priority masks. Masks prevent an interrupt request of a priority
less than or equal to the mask value (except for IRQ7) from being recognized
and processed. When IP contains %000, no interrupt is masked. During
exception processing, the IP field is set to the priority of the interrupt being

serviced.

Interrupt request signals can be asserted by external devices or by
microcontroller modules. Request lines are connected internally by means of a
wired-NOR — simultaneous requests of differing priority can be made. Internal
assertion of an interrupt request signal does not affect the logic state of the
corresponding MCU pin.

External interrupt requests are routed to the CPU16 via the external bus
interface and SIM interrupt control logic — the CPU treats external interrupt
requests as though they come from the SIM.

MOTOROLA SYSTEM INTEGRATION MODULE MC68HC16Z1
4-72 USER'S MANUAL



4.6.3

External IRQ[6:1] are active-low level-sensitive inputs. External IRQ7 is an
active-low transition-sensitive input — it requires both an edge and a voltage
level for validity.

IRQ[6:1] are maskable. IRQ7 is nonmaskable. The IRQ7 input is transition-
sensitive in order to prevent redundant servicing and stack overflow. A
nonmaskable interrupt is generated each time IRQ7 is asserted, and each time
the priority mask changes from %111 to a lower number while IRQ7 is asserted.

Interrupt request signals are sampled on consecutive falling edges of the
system clock. Interrupt request input circuitry has hysteresis — to be valid, a
request signal must be asserted for at least two consecutive clock periods.
Valid requests do not cause immediate exception processing, but are left
pending. Pending requests are processed at instruction boundaries or when
exception processing of higher-priority exceptions is complete.

The CPU16 does not latch the priority of a pending interrupt request. If an
interrupt source of higher priority makes a service request while a lower priority
request is pending, the higher priority request is serviced. If an interrupt request
of equal or lower priority than the current IP mask value is made, the CPU does
not recognize the occurrence of the request in any way.

Interrupt Acknowledge and Arbitration

Interrupt acknowledge bus cycles are generated during exception processing.
When the CPU16 detects one or more interrupt requests of a priority higher than
the interrupt priority mask value, it performs a CPU space read from address
$FFFFF : [IP] : 1. (Refer to 4.3.1.7 Function Codes and 4.4.4 CPU Space
Cycles for more information.)

The CPU space read cycle performs two functions: it places a mask value
corresponding to the highest priority interrupt request on the address bus, and it
acquires an exception vector number from the interrupt source. The mask value
also serves two purposes: it is decoded by modules that have requested
interrupt service to determine whether the current interrupt acknowledge cycle
pertains to them, and it is latched into the CCR IP field in order to mask lower-
priority interrupts during exception processing.

Modules that have requested interrupt service decode the IP value placed on
the address bus at the beginning of the interrupt acknowledge cycle, and if their
requests are at the specified IP level, respond to the cycle. Arbitration between
simultaneous requests of the same priority is performed by means of serial
contention between module interrupt arbitration (IARB) field bit values.

MCe68HC1621 SYSTEM INTEGRATION MODULE MOTOROLA
USER'S MANUAL 4-73




Each module that can make an interrupt service request, including the SIM, has
an IARB field in its configuration register. An IARB field can be assigned a value
from %0001 (lowest priority) to %1111 (highest priority). A value of %0000 in
an IARB field causes the CPU16 to process a spurious interrupt exception when
an interrupt from that module is recognized.

Because the EBI manages external interrupt requests, the SIM IARB value is
used for arbitration between internal and external interrupt requests. The reset
value of IARB for the SIM is %1111, and the reset IARB value for all other
modules is %0000. Initialization software must assign different IARB values in
order to implement an arbitration scheme.

NOTE

Do not assign the same arbitration priority to more than one
module. When two or more IARB fields have the same nonzero
value, the CPU16 interprets multiple vector numbers
simultaneously, with unpredictable consequences.

Arbitration must always take place, even when a single source is requesting
service. This point is important for two reasons: the EBI does not transfer the
CPU interrupt acknowledge cycle to the external bus unless the SIM wins
contention, and failure to contend causes the interrupt acknowledge bus cycle
to be terminated early, by a bus error.

When arbitration is complete, the dominant module must place an interrupt
vector number on the data bus and terminate the bus cycle or assert the
autovector (AVEC) signal. In the case of an external interrupt request, because
the interrupt acknowledge cycle is transferred to the external bus, an external
device must decode the mask value and respond with a vector number, then
generate data and size acknowledge (DSACK) cycle termination signals. If the
device does not respond in time, the EBI bus monitor asserts the bus error
signal (BERR), and a spurious interrupt exception is taken.

The periodic interrupt timer (PIT) in the SIM can generate internal interrupt
requests of specific priority at predetermined intervals. By hardware
convention, PIT interrupts are serviced before external interrupt service
requests of the same priority. Refer to 4.1.11 Periodic Interrupt Timer for
more information.
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4.6.4 Interrupt Processing Summary

A summary of the entire interrupt processing sequence follows. When the
sequence begins, a valid interrupt service request has been detected and is
pending.

A. The CPU finishes higher priority exception processing or reaches an
instruction boundary.

B. Processor state is stacked, then the CCR PK extension field is cleared.
C. The interrupt acknowledge cycle begins:
1. FC[2:0] are driven to %111 (CPU space) encoding.

2. The address bus is driven as follows. ADDR[23:20] = %1111;
ADDR[19:16] = %1111, which indicates that the cycle is an interrupt
acknowledge CPU space cycle; ADDR[15:4] = %11111111111;
ADDR]J3:1] = the priority of the interrupt request being acknowledged;
and ADDRO = %f1.

3. Request priority is latched into the CCR IP field from the address bus.

D. Modules or external peripherals that have requested interrupt service
decode the priority value in ADDR[3:1]. If request priority is the same as
the priority value in the address, IARB contention takes place. When
there is no contention, the spurious interrupt monitor asserts BERR, and a
spurious interrupt exception is processed.

E. After arbitration, the interrupt acknowledge cycle can be completed in
one of three ways:

1. The dominant interrupt source supplies a vector number and DSACK
signals appropriate to the access. The CPU16 acquires the vector
number.

2. The AVEC signal is asserted (the signal can be asserted by the
dominant interrupt source or the pin can be tied low), and the CPU16
generates an autovector number corresponding to interrupt priority.

3. The bus monitor asserts BERR and the CPU16 generates the
spurious interrupt vector number.

F. The vector number is converted to a vector address.

G. The content of the vector address is loaded into the PC, and the
processor transfers control to the exception handler routine.

MCe68HC16Z1 SYSTEM INTEGRATION MODULE MOTOROLA
USER'S MANUAL 4-75




4.6.5 Interrupt Acknowledge Bus Cycles

Interrupt acknowledge bus cycles are CPU space cycles that are generated
during exception processing. The following paragraphs describe the various
kinds of interrupt acknowledge bus cycles that can be executed as part of
interrupt exception processing.

4.6.5.1 External Bus Cycle Terminated by Data and Size Acknowledge
Signals

The MCU acknowledges an external interrupt request by performing an external
read cycle to obtain the interrupt vector number. The following paragraphs
describe the interrupt acknowledge cycle for devices that supply a vector
number and appropriate bus cycle termination signals.

Other interrupt sources use the autovector cycle described in 4.6.5.2 External
Bus Cycle Terminated by External Autovector Signal. The interrupt
acknowledge cycle is a CPU space read cycle. It differs from the read cycle
described in 4.4.2.1 Read Cycle in the following ways:

A. FC[2:0] are set to %111, the CPU space encoding.

B. ADDR[19:16] (the CPU space type field) are set to %1111, the interrupt
acknowledge encoding.

C. ADDRI[3:1] are set to the interrupt request level and ADDRO is set to one.
D. All remaining address bits are set.
E. SIZ[1:0] and R/W are driven to indicate a single-byte read cycle.

Interrupting devices must decode ADDR[3:1] to determine which device puts the
interrupt vector number on the bus. The responding device must also decode
S1Z[1:0] for dynamic bus allocation. Because ADDRO = 1 during an interrupt
acknowledge cycle, transfer case is either an odd byte-to-byte transfer or an
odd byte-to-word transfer. The vector number is placed on DATA[15:8] if the
device is an 8-bit port, or on DATA[7:0] if it is a 16-bit port. To terminate the
cycle, the device must assert an appropriate combination of DSACK[1:0]
signals.

Chip-select logic can be programmed to decode this bus cycle and generate an
interrupt acknowledge signal. Refer to 4.7.3 Using Chip-Select Signals
for Interrupt Acknowledge for more information.

Figure 4-30 is a flowchart of the cycle. Figure 4-31 shows cycle timing.
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INTERRUPTING DEVICE

MCU

REQUEST INTERRUPT

GRANT INTERRUPT

PROVIDE VECTOR NUMBER

1) SYNCHRONIZE TRQI7]
2) COMPARE RQ[7-1] TOMASK LEVEL AND
WAIT FOR INSTRUCTION TO COMPLETE
3) PLACE INTERRUPT LEVEL ON ADDR[3:1};
TYPE FIELD (ADDR[18:16]) = $F
4) SET RAW TO READ
5) SET FC[2:0] TO 111
6) DRIVE SIZ[1:0] TO_INDICATE SIZE OF TRANSFER
7) ASSERT AS AND DS

1) PLACE VECTOR NUMBER ON LEAST
SIGNIFICANT BYTE OF DATA BUS

2) ASSERT DSACK (OR AVEC IF NO VECTOR NUMBER)

ACQUIRE VECTOR NUMBER

RELEASE

1) LATCH VECTOR NUMBER
2) NEGATE DS AND AS

1) NEGATE DSACK

START NEXT CYCLE

Figure 4-30. Interrupt Acknowledge Cycle Flowchart
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Figure 4-31. Interrupt Acknowledge Cycle Timing
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4.6.5.2 External Bus Cycle Terminated by External Autovector Signal

An interrupting device requests an automatically generated vector, or
autovector, by asserting the AVEC signal to terminate an interrupt acknowledge
cycle. DSACK signals must not be asserted during an interrupt acknowledge
cycle terminated by AVEC. If the AVEC pin is wired low, the CPU generates an
autovector whenever an interrupt (of any priority, from any source) is
acknowledged.

When AVEC is asserted, the CPU ignores the state of the data bus and
generates a vector number. The autovector number corresponds to the priority
level of the interrupt request. Seven autovectors are available, one for each of
the seven interrupt request signals. Figure 4-32 shows the timing for an
autovector operation.

Chip-select logic can be programmed to decode this bus cycle and generate an
internal AVEC response when an external interrupt request is made. The
interrupting device does not have to respond in this case. Chip-select logic is
typically used to generate an internal autovector signal when the corresponding
chip-select pin is used for an alternate function or for general-purpose 1/O.
Refer to 4.7.2 Chip-Select Operation for more information.

4.6.5.3 Spurious Interrupt Cycle

When an interrupt request is made, but no IARB field value is asserted in
response to the interrupt acknowledge cycle, the spurious interrupt monitor
asserts the BERR signal internally to prevent vector acquisition. When a
responding device does not terminate an interrupt acknowledge cycle with
AVEC or DSACK, the bus monitor asserts BERR internally. The CPU16
automatically generates the spurious interrupt vector number ($F) in both cases.
If the halt signal (HALT) is asserted while internal BERR is asserted, the MCU
responds as though BERR alone is asserted.

MC68HC1621 SYSTEM INTEGRATION MODULE MOTOROLA
USER'S MANUAL 4-79



S0 S2 S4 S0 [S21 S22 §23 S24| 81 82 S4 S0 S2

awor ] LT

ADDR[23:4]

ADDR(3:1] INTERRUPT LEVEL

ADDRO

FC[2:0]

Slizo

~
T T

T oW
r

1BYTE

SiZ1

/ T\

" VT
we /N VT
DATAt5:0] \/ _
w1 TN ZZINTY]

je——READ —— ! | |NTERNAL <— WRITE

CYCLE ARBITRATION STACK

| IACKCYCLE

Figure 4-32. Autovector Operation Timing

4.7 Chip Selects

Typical microcontrollers require additional hardware to provide external chip-
select signals. The MC68HC16Z1 includes 12 programmable chip-select
circuits that can provide two to thirteen cycle access to external memory and
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peripherals. Address block sizes of 2 Kbytes to 1 Mbyte can be selected.
However, because ADDR[23:20] follow the state of ADDR19, 512-Kbyte blocks
are the largest usable size. Figure 4-33 is a diagram of a basic system that
uses chip selects.

ASYNC BUS
. PERIPHERAL
siz »! siz
CLKOUT CLK
AS > AS
DSACK < DSACK
DS DS
cs1 [
cs2 > IACK
IRQ | IRQ
ADDR[23:0] > Aoonns:of
DATA[150] DATA[15:0]
MCU MEMORY
3| ADDR[19:0f
=3 DATA[15:8]
CSBOOT cs
RW RW
MEMORY
L3 ADDR[19:0f
e { DATA[7:0]
S
> RM

1. CAN BE DECODED TO PROVIDE ADDITIONAL ADDRESS SPACE.
2. VARIES DEPENDING UPON PERIPHERAL MEMORY SIZE.

Figure 4-33. Basic M68HC16 System

Chip-select assertion can be synchronized with bus control signals to provide
output enable, read/write strobe, or interrupt acknowledge signals. Logic can
also generate DSACK and AVEC signals internally. A single DSACK generator
is shared by all chip-select circuits — multiple chip selects assigned to the same
address must have the same number of wait states. Each signal can also be
synchronized with the ECLK signal available on ADDR23.
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When a memory access occurs, chip-select logic compares address space type,
address, type of access, transfer size, and interrupt priority (in the case of
interrupt acknowledge) to parameters stored in chip-select registers. |f all
parameters match, the appropriate chip-select signal is asserted. Select
signals are active low. If a chip-select function is given the same address as a
microcontroller module or an internal memory array, an access to that address
goes to the module or array, and the chip-select signal is not asserted. The
external address and data buses do not reflect the internal access.

All chip-select circuits are configured for operation out of reset. However, chip-
select signals 10 through 0 are disabled, and cannot be asserted until a transfer
size is chosen. The boot ROM select signal is automatically asserted out of
reset. Alternate functions for chip-select pins are enabled if appropriate data
bus pins are held low at the release of the reset signal (refer to 4.5.3.1 Data
Bus Mode Selection for more information). Figure 4-34 is a functional
diagram of a single chip-select circuit.

10F12

INTERNAL
SIGNALS [

ADDRESS ADDRESS COMPARATOR ]‘—> TIMING
; [ CONTROL
BUS CONTROL OPTION COMPARE }-——)

BASE ADDRESS REGISTER |

‘ | OPTION REGISTER ]
— AVEC DSACK PIN PIN
AVEC GENERATOR GENERATOR ASSIGNMENT DATA
r REGISTER REGISTER

DSACK %

Figure 4-34. Chip-Select Circuit Block Diagram

4.7.1 Chip-Select Registers

Each chip-select pin can have one or more functions. Chip-select pin
assignment registers (CSPAR[1:0]) determine functions of the pins. Pin
assignment registers also determine port size (8- or 16-bit) for dynamic bus
allocation. A pin data register (CSPDR) latches data for chip-select pins that
are used for discrete output.
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Blocks of addresses are assigned to each chip-select function. Block sizes of 2
Kbytes to 1 Mbyte can be selected by writing values to the appropriate base
address register (CSBAR[10:0], CSBARBT). However, because the logic state
of ADDR20 is always the same as the state of ADDR19 in the MC68HC162Z1,
the largest usable block size is 512 Kbytes. Address blocks for separate chip-
select functions can overlap.

Chip select option registers (CSOR[10:0], CSORBT) determine timing of and
conditions for assertion of chip-select signals. Eight parameters, including
operating mode, access size, synchronization, and wait state insertion can be
specified.

Initialization software usually resides in a peripheral memory device controlled
by the chip-select circuits. A set of special chip-select functions and registers
(CSORBT, CSBARBT) is provided to support bootstrap operation.

Comprehensive address maps and register diagrams are provided in
APPENDIX D REGISTER SUMMARY.

4.7.1.1 Chip-Select Pin Assignment Registers

The pin assignment registers contain 12 2-bit fields (CS[10:0], and CSBOOT)
that determine the functions of the chip-select pins. Each pin has two or three
possible functions, as shown in Table 4-20.

MC68HC16Z1
USER'S MANUAL

Table 4-20.
Chip-Select Pin Functions

16-Bit 8-Bit Alternate Discrete

Chip Select Chip Select Function Output
CSBOOT CSBOOT CSBOOT —
cso Ccso BR —
cst cst BG —
cs2 cs2 BGACK —
Ccs3 Cs3 FCo PCo
CS4 cs4 FC1 PC1
Css Css5 FC2 PC2
CS6 CS6 ADDR19 PC3
cs7 cs7 ADDR20 PC4
css css ADDR21 PC5
Cs9 Cs9 ADDR22 PC6
Ccs10 cs10 ADDR23 ECLK
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Table 4-21 shows pin assignment field encoding. Pins that have no discrete
output function do not use the %00 encoding.

Table 4-21.
Pin Assignment Field Encoding
Bit Field Description
00 Discrete Output
01 Alternate Function
10 Chip Select (8-Bit Port)
11 Chip Select (16-Bit Port)

Port size determines the way in which bus transfers to an external address are
allocated. Port size of 8-bits or 16-bits can be selected when a pin is assigned
as a chip select. Port size and transfer size affect how the chip-select signal is
asserted. Refer to 4.7.1.3 Option Registers for more information.

Out of reset, chip-select pin function is determined by the logic level on a
corresponding data bus pin. These pins have weak internal pull-up drivers, but
can be held low by external devices. (Refer to 4.5.3.1 Data Bus Mode
Selection for more information.) Either 16-bit chip-select function (%11) or
alternate function (%01) can be selected during reset. All pins except the boot
ROM select pin (CSBOOT) are disabled out of reset. There are 12 chip-select
functions and only 8 associated data bus pins — there is not a one-to-one
correspondence. Refer to 4.7.4 Chip-Select Reset Operation for more
detailed information.

The CSBOOT signal is normally asserted out of reset. The state of the DATAQ
line during reset determines what port width CSBOOT uses. |f DATAO is held
high (either by the weak internal pull-up driver or by an external pull-up device),
16-bit width is selected. If DATAO is held low, 8-bit port size is selected.

A pin programmed as a discrete output drives an external signal to the value
specified in the pin data register. No discrete output function is available on
pins CSBOOT, BR, BG, or BGACK. ADDR23 provides ECLK output rather than
a discrete output signal.

When a pin is programmed for discrete output or alternate function, internal
chip-select logic still functions and can be used to generate DSACK or AVEC
internally on an address and control signal match.
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4.7.1.2 Chip-Select Base Address Registers

Each chip select has an associated base address register. A base address is
the lowest address in the block of addresses enabled by a chip select.

Block size is the extent of the address block above the base address. Block
size is determined by the value contained in a BLKSZ field. Block addresses for
different chip selects can overlap.

The BLKSZ field determines which bits in the base address field are compared
to corresponding bits on the address bus during an access. Provided other
constraints determined by option register fields are also satisfied, when a match
occurs, the associated chip-select signal is asserted. Table 4-22 shows BLKSZ
encoding.

Table 4-22. Block Size Encoding

BLKSZ[2:0] Block Size | Address Lines Compared
000 2K ADDR[23:11]
001 8K ADDR[23:13]
010 16 K ADDR[23:14]
011 64K ADDR[23:16]
100 128K ADDR[23:17]
101 256 K ADDR[23:18]
110 512K ADDR[23:19]
111 512K ADDR[23:20]

ADDR[23:20] = ADDR19 during normal operation.

The chip-select address compare logic uses only the most significant bits to
match an address within a block — the value of the base address must be a
multiple of block size. Base address register diagrams show how base register
bits correspond to address lines.

Because the logic state of ADDR[23:20] follows that of ADDR19 in the CPU16,
maximum block size is 512 Kbytes. Because ADDR[23:20] follow the logic state
of ADDR19, addresses from $080000 to $F7FFFF are inaccessible.

After reset, the MCU fetches initialization values from word addresses $0000 to
$0006 in bank 0 of program space. To support bootstrap operation from reset,
the base address field in chip-select base address register boot (CSBARBT)
has a reset value of all zeros. A memory device containing vectors located at
these addresses can be automatically enabled by CSBOOT after a reset. The
block size field in CSBARBT has a reset value of 512 Kbyte. Refer to 4.7.4

Chip-Select Reset Operation for more information.
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4.7.1.3 Chip-Select Option Registers

Option register fields determine timing of and conditions for assertion of chip-
select signals. Other constraints set by fields in the option register and in the
base address register must also be satisfied in order to assert a chip-select
signal, and to provide DSACK or autovector support. Table 4-23 is a summary
of option register functions.

Table 4-23. Option Register Function Summary

MODE BYTE R/W | STRB DSACK SPACE IPL AVEC
0=ASYNC* |00 = Disable | 00=Rsvd | 0=AS | 0000=0WAIT | 00=CPUSP 000 = All* 0 = Off*
1=SYNC | O1=Lower |01=Read | 1=DS | 0001=1WAIT | 01=UserSP | 001 = Priority 1 1=0n
10 = Upper | 10 = Write 0010=2 WAIT | 10 =Supv SP | 010 = Priority 2
*11 = Both | 11 = Both 0011 = 3 WAIT 11 =S/U SP* | 011 = Priority 3
0100 = 4 WAIT 100 = Priority 4
0101 = 5 WAIT 101 = Priority 5
0110 = 6 WAIT 110 = Priority 6
0111 =7 WAIT 111 = Priority 7
1000 = 8 WAIT
1001 = 9 WAIT
1010 = 10 WAIT
1011 = 11 WAIT
1100 = 12 WAIT
1101 = 13 WAIT
1110 =F term
1111 = External

*Use this value when function is not required for chip-select operation.

The MODE bit determines whether chip-select assertion is asynchronous or
synchronized to the M6800-type bus clock signal (ECLK) available on ADDR23
(refer to 4.2 System Clock for more information on ECLK).

Asynchronous chip-select operation corresponds to asynchronous external
bus operation. In asynchronous mode, chip-select signal assertion occurs at
the same time as AS or DS assertion, depending on the value in the STRB
field. R/W determines whether the chip-select signal is asserted for a read
only, for a write only, or for both read and write. An asynchronous chip-
select cycle must be terminated by a data and size acknowledge (DSACK)
signal or by an autovector (AVEC) signal. The DSACK field determines the
source of the data and size acknowledge signal and controls wait-state
insertion in asynchronous mode. The AVEC bit controls the internally-
generated autovector signal. DSACK field encoding %1110 is used to
enable fast-termination bus cycles (refer to 4.4.3 Fast Termination
Cycles for more information).
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In synchronous mode, chip-select assertion is synchronized to the MCU
ECLK output. When a match condition occurs, the chip-select circuit signals
the EBI that an ECLK cycle is pending. When the EBI determines that bus
timing constraints are satisfied, the chip-select signal is asserted. Transfers
of word and long-word data to an 8-bit port are performed consecutively,
without insertion of additional ECLK cycles. During synchronous operation,
bus monitor timeout period must be longer than the number of clock cycles
required for two ECLK cycles (refer to 4.1.7 Bus Monitor for more
information). Because synchronous cycles are not terminated by data and
size acknowledge signals, the DSACK field has no effect in synchronous
mode. The AVEC bit must not be used in synchronous mode — autovector
response timing can vary due to ECLK synchronization.

The BYTE field controls bus allocation for chip-select transfers. Port size, set
when a chip-select is enabled by a pin assignment register, affects signal
assertion. When an 8-bit port is assigned, any BYTE field value other than %00
enables the chip select signal. When a 16-bit port is assigned, however, BYTE
field value determines when the chip select is enabled. The BYTE fields for
CS[10:0] are cleared during reset. However, both bits in the boot ROM:option
register (CSORBT) BYTE field are set (%11) when the reset signal is released.

The disable option prevents chip-select signal assertion, even when all
other constraints are satisfied. The associated pin is driven high, and
associated signals, such as DSACK or AVEC, cannot be asserted internally
by chip-select logic.

The upper and lower byte options are used to generate chip-select signals
for single-byte transfers to 16-bit ports. For example, two chip-select lines
can be used to select 8-bit banks in a 16-bit memory. To do this, program
two chip-select base address registers with the same base address, then set
up the individual lines for byte access. Program both option registers
identically except for the BYTE fields — use the upper byte option for one
line and the lower byte option for the other.

The both-bytes option is used to generate a single chip-select signal for
word transfers to a 16-bit port.

The R/W field causes a chip-select signal to be asserted only for a read, only for
a write, or for both read and write. Use this field in conjunction with the STRB bit
to generate asynchronous control signals for external devices.
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The STRB bit controls the timing of a chip-select assertion in asynchronous
mode. Selecting address strobe causes a chip-select signal to be asserted
synchronized with the address strobe. Selecting data strobe causes a chip-
select signal to be asserted synchronized with the data strobe. This bit has no
effect in synchronous mode.

The DSACK field specifies the source of data strobe acknowledge signals
used in asynchronous mode. It also allows the user to optimize bus speed in a
particular application by controlling the number of wait states that are inserted.

If an internally generated acknowledge option is selected, bus timing can be
adjusted by inserting up to 13 wait states before DSACK assertion. A wait
state has a duration of one clock cycle. The wait states are inserted
beginning with S3 of the external bus cycle. A no-wait-state encoding
corresponds to a three-cycle bus.

Fast termination encoding corresponds to a two-cycle bus access. MCU
modules typically respond at this rate, but fast termination can also be used
to access fast external devices. If an external device is fast enough, the bus
cycle can be terminated at S3. (Refer to 4.4.3 Fast Termination
Cycles.)

Cycles are terminated by the first DSACK that occurs — if an external
DSACK occurs during internal wait state generation, the bus cycle
terminates immediately. If the externally generated acknowledge option is
selected, the MCU waits indefinitely for external DSACK assetrtion.

If multiple chip selects are to be used to provide control signals to a single
device and match conditions can occur simultaneously, all but one of the
associated DSACK fields should be programmed either for external DSACK
or for the same number of wait states. The remaining DSACK field should
be programmed for the fast termination option. This prevents a conflict on
the internal bus when the wait states are loaded into the DSACK counter
shared by all chip selects.

The SPACE field determines the address space in which a chip select is
asserted. An access must have the space type represented by SPACE
encoding in order for a chip-select signal to be asserted.

A chip select set up for CPU space access should not be used to select an
external device for reading or writing — 1/0 occurs in supervisor space, but
interrupt acknowledge cycles occur in CPU space. A separate chip select is
needed to access the external device. The chip select used for the AVEC
can, however, still be used for discrete 1/O.
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The STRB bit controls the timing of a chip-select assertion in asynchronous
mode. Selecting address strobe causes a chip-select signal to be asserted
synchronized with the address strobe. Selecting data strobe causes a chip-
select signal to be asserted synchronized with the data strobe. This bit has no
effect in synchronous mode.

The DSACK field specifies the source of data strobe acknowledge signals
used in asynchronous mode. It also allows the user to optimize bus speed in a
particular application by controlling the number of wait states that are inserted.

If an internally generated acknowledge option is selected, bus timing can be
adjusted by inserting up to 13 wait states before DSACK assertion. A wait
state has a duration of one clock cycle. The wait states are inserted
beginning with S3 of the external bus cycle. A no-wait-state encoding
corresponds to a three-cycle bus.

Fast termination encoding corresponds to a two-cycle bus access. MCU
modules typically respond at this rate, but fast termination can also be used
to access fast external devices. If an external device is fast enough, the bus
cycle can be terminated at S3. (Refer to 4.4.3 Fast Termination
Cycles.)

Cycles are terminated by the first DSACK that occurs — if an external
DSACK occurs during internal wait state generation, the bus cycle
terminates immediately. If the externally generated acknowledge option is
selected, the MCU waits indefinitely for external DSACK assertion.

If multiple chip selects are to be used to provide control signals to a single
device and match conditions can occur simultaneously, all but one of the
associated DSACK fields should be programmed either for external DSACK
or for the same number of wait states. The remaining DSACK field should
be programmed for the fast termination option. This prevents a conflict on
the internal bus when the wait states are loaded into the DSACK counter
shared by all chip selects.

The SPACE field determines the address space in which a chip select is
asserted. An access must have the space type represented by SPACE
encoding in order for a chip-select signal to be asserted.

A chip select set up for CPU space access should not be used to select an
external device for reading or writing — 1/0O occurs in supervisor space, but
interrupt acknowledge cycles occur in CPU space. A separate chip select is
needed to access the external device. The chip select used for the AVEC
can, however, still be used for discrete 1/0O.
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4.7.2 Chip-Select Operation

When the MCU makes an access, enabled chip-select circuits compare the
following items:

1. Function codes to SPACE fields.
Appropriate ADDR bits to base address fields.
Read/write status to R/W fields.

ADDRO and/or SIZ bits to the BYTE field (16-bit ports only).

o 0D

Priority of the interrupt being acknowledged (ADDR[3:1]) to IPL fields
(when the access is an interrupt acknowledge cycle).

When a match occurs, the chip-select signal is asserted. Assertion occurs at the
same time as AS or DS assertion in asynchronous mode. Assertion is
synchronized with ECLK in synchronous mode. In asynchronous mode, the
value of the DSACK field determines whether DSACK is generated internally —
DSACK also determines the number of wait states inserted before internal
DSACK assertion.

The speed of an external device determines whether internal wait states are
needed. Normally, wait states are inserted into the bus cycle during S3 until a
peripheral asserts DSACK (refer to 4.4.2.1 Read Cycle and 4.4.2.2 Write
Cycle for more information on wait-state timing). If a peripheral does not
generate DSACK, internal DSACK generation must be selected and a
predetermined number of wait states may be programmed into the chip-select
option register.

Refer to 4.6.5 Interrupt Acknowlege Bus Cycles for additional information.
Figure 4-35 is a flow diagram for the assertion of chip select.
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BEGIN

ADDRESS SPACE NO MATCH

FC[20)

CSBAR([15:3]
BLOCK SIZE
2 KBYTES -512 KBYTES

NO MATCH

IACK CYCLE YES
MATCH OR
NO CHECK INTERRUPT NO MATCH
PRIORITY LEVEL
READMWRITE NO MATCH
16 BIT

NO MATCH

8BIT

UPPERLOWER

END

Figure 4-35. Flow Diagram for Chip Select (Sheet 1 of 3)
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Figure 4-35. Flow Diagram for Chip Select (Sheet 2 of 3)
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SYNC

GENERATOR EXTERNAL
INTERNAL OR
EXTERNAL

INTERNAL

GENERATES DSACK
INTERNALLY WITH TERMINATES THE
WAIT STATES OR BUS CYCLE AT THE
FAST TERMINATE END OF ECLK CYCLE
- ]
NEGATES CS_
AFTER AS OR DS

Figure 4-35. Flow Diagram for Chip Select (Sheet 3 of 3)
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4.7.3 Using Chip-Select Signals for Interrupt Acknowledge

Ordinary I/O bus cycles use supervisor space access, but interrupt acknowledge
bus cycles use CPU space access (refer to 4.4.4 CPU Space Cycles and
4.6 Interrupts for more information). There are no differences in flow for chip
selects in each type of space, but base and option registers must be properly
programmed for each type of external bus cycle.

During a CPU space cycle, bits [15:3] of the appropriate base register must be
configured to match ADDR[23:11], since the address is compared to an address
generated by the CPU. In the MC68HC16Z1, ADDR[23:20] follow the state of
n ADDR19 — the states of base register bits [15:12] must match that of bit 11.

Figure 4-36 shows CPU space encoding for an interrupt acknowledge cycle.
FC[2:0] are set to %111, designating CPU space access. ADDRI[3:1] indicate
interrupt priority, and the space type field (ADDR[19:16]) is set to %1111, the
interrupt acknowledge code. The rest of the address lines are set to one.

FUNCTION ADDRESS BUS
CODE
INTERRUPT [0y 2 19 16 0
ackNowtepce Lt 1) DLttt [t 1111 11 1]ueve]t]
N

CPU SPACE
TYPE FIELD

Figure 4-36. CPU Space Encoding for Interrupt Acknowledge

Perform the following operations before using a chip select to generate an
interrupt acknowledge signal.

1. Program the base address field to all ones.

2. Program block size to no more than 64 Kbytes. Use of CPU space
automatically drives ADDR[19:16] to logic level one and ADDR[23:20]
follow the state of ADDR19, so the address comparator can use only the
lower 16 address lines.

3. Set the R/W field to read only — an interrupt acknowledge cycle is
performed as a read cycle.
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4.7.4

4. Set the BYTE field to lower byte when using a 16-bit port, since the
external vector for a 16-bit port is fetched from the lower byte. Set the
BYTE field to upper byte when using an 8-bit port.

If an interrupting device does not provide a vector number, an autovector
acknowledge must be generated — the bus cycle is terminated by asserting
AVEC. This can be done either by asserting the AVEC pin or by generating
AVEC internally, using the chip-select option register.

Chip-Select Reset Operation

The least significant bits of each of the 2-bit CS[10:0] pin assignment fields in
CSPARO and CSPART1 each have a reset value of one. The reset values of the
most significant bits of each field are determined by the states of DATA[7:1]
during reset. There are weak internal pull-up drivers for each of the data lines,
but these drivers can be overcome by bus loading effects.

The CSBOOT assignment field in CSPARQO is configured differently. The MSB,
bit 1 of CSPARO, has a reset value of one. This enables the CSBOOT signal to
select a boot ROM containing initialization firmware. The LSB value,
determined by the logic level of DATAO during reset, selects boot ROM port size.
When DATAO is held low, port size is 8 bits — when DATAO is held high, port
size is 16 bits.

After reset, the MCU fetches initialization values from word addresses $0000 to
$0006 in bank 0 of program space. To support bootstrap operation from reset,
the base address field in chip-select base address register boot (CSBARBT)
has a reset value of all zeros. A ROM device containing vectors located at these
addresses can be enabled by CSBOOT after a reset. The block size field in
CSBARBT has a reset value of 512 Kbyte.

The byte field in option register CSORBT has a reset value of both bytes, but
CSOR[10:0] have a reset value of disable, since they should not select external
devices until an initial program sets up the base and option registers. Table
4-24 shows the reset values in the base and option registers for CSBOOT.
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Table 4-24.

CSBOOT Base and Option Register

Reset Values

Flelds Reset Values
Base Address $0000 0000
Block Size 512 Kbyte
Async/Sync Mode Asynchronous Mode
Upper/Lower Byte Both Bytes (CSORBT)
Byte Disable (CSOR10-CSORO0)
Read/Write Read/Write
AS/DS AS
DSACK 13 Wait States
Address Space Supervisor/User Space
IPL Any Level
Autovector Interrupt Vector Externally

4.8 Parallel Input/Output Ports

4.8.1

4.8.2

MOTOROLA

4-96

Sixteen of the SIM pins can be configured for general-purpose discrete input
and output. Although these pins are organized into two ports, port E and port F,
function assignment is by individual pin. PE3 is not connected to a pin. PE3
returns zero when read — writes have no effect. Pin assignment registers, data
direction registers, and data registers are used to implement discrete 1/O.

Pin Assignment Registers

Bits in the Port E and Port F pin assignment registers (PEPAR and PFPAR)
control the functions of the pins in each port. Any bit set to one defines the
corresponding pin to be a bus control signal. Any bit cleared to zero defines the
corresponding pin to be an /O pin. PEPAS returns one when read — writes
have no effect.

Data Direction Registers

Bits in the Port E and Port F data direction registers (DDRE and DDRF) control
the direction of the pin drivers when the pins are configured as I/O. Any bit in a
register set to one configures the corresponding pin as an output. Any bit in a
register cleared to zero configures the corresponding pin as an input. These
registers can be read or written at any time. DDES3 returns zero when read;
writes have no effect.

MC68HC16Z1
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4.8.3 Data Registers

A write to the Port E and Port F data registers (PORTE and PORTF) is stored in
an internal data latch, and if any pin in the corresponding port is configured as
an output, the value stored for that bit is driven out on the pin. A read of a data
register returns the value at the pin only if the pin is configured as a discrete
input. Otherwise, the value read is the value stored in the register. Both data
registers can be accessed in two locations. Registers can be read or written at
any time.

4.9 Factory Test

The test submodule supports scan-based testing of the various MCU modules.
It is integrated into the SIM to support production test. Test submodule registers
are intended for Motorola use. Register names and addresses are provided in
APPENDIX D REGISTER SUMMARY to show the user that these
addresses are occupied. The TSTME and QUOT pins are also used for factory
test.
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SECTION 5
CENTRAL PROCESSING UNIT

The central processing unit (CPU16) was designed to provide compatibility with
the MC68HC11 and to provide additional capabilities associated with 16- and
32-bit data sizes, 20-bit addressing, and digital signal processing. CPU16
registers are an integral part of the CPU and are not addressed as memory
locations. The CPU16 register model contains all the resources of the
MC68HC11, plus additional resources.

The CPU16 treats all peripheral, I/O, and memory locations as parts of a
pseudolinear 1 Megabyte address space. There are no special instructions for
I/O that are separate from instructions for addressing memory. Address space is
made up of 16 64-Kbyte banks. Specialized bank addressing techniques and
support registers provide transparent access across bank boundaries.

The CPU16 interacts with external devices and with other modules within the
microcontroller via a standardized bus and bus interface. There are bus
protocols for memory and peripheral accesses, as well as for managing an
hierarchy of interrupt priorities.

This section is intended to provide an overview of and ready reference to
CPU16 function. For detailed information concerning CPU operation, refer to
the CPU16 Reference Manual (CPU16RM/AD).
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5.1 Register Model

Figure 5—1 shows the CPU16 register model. Registers are discussed in detail
in the following paragraphs.

[ 20 8|7 0] BIT POSITION
A | B ACCUMULATORS A AND B
D ACCUMULATORD (A : B)
E | AccuMULATORE
XK IX | INDEX REGISTER X
YK Iy | INDEX REGISTER Y
R Iz | INDEX REGISTER Z
[ sK SP ] STACK POINTER
i PK PC | PROGRAM COUNTER
CCR | PK | CONDITION CODE REGISTER/
PC EXTENSION REGISTER
EK | xx YK | zK | ADDRESS EXTENSION REGISTER
STACK EXTENSION REGISTER
HR | MAC MULTIPLIER REGISTER
IR | MAC MULTIPLICAND REGISTER
AM MAC ACCUMULATOR MSB [35:16]
AM MAC ACCUMULATOR LSB [15:0]
XMSK | YMSK | MAC XY MASK REGISTER
Figure 5-1. CPU16 Register Model
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5.1.1

5.1.2

513

Accumulators

The CPU16 has two 8-bit accumulators (A and B) and one 16-bit accumulator
(E). In addition, accumulators A and B can be concatenated into a second
16-bit double accumulator (D).

Accumulators A, B, and D are general-purpose registers used to hold operands
and results during mathematic and data manipulation operations.

Accumulator E can be used in the same way as accumulator D, and also
extends CPU16 capabilities. It allows more data to be held within the CPU16
during operations, simplifies 32-bit arithmetic and digital signal processing, and
provides a practical 16-bit accumulator offset indexed addressing mode.

Index Registers

The CPU16 has three 16-bit index registers (I1X, 1Y, and 1Z). Each index register
has an associated 4-bit extension field (XK, YK, and ZK).

Concatenated registers and extension fields provide 20-bit indexed addressing
and support data structure functions anywhere in the CPU16 address space.

IX and 1Y can perform the same operations as MC68HC11 registers of the same
names, but the CPU16 instruction set provides additional indexed operations.

IZ can perform the same operations as IX and lY, and also provides an
additional indexed addressing capability that replaces MC68HC11 direct
addressing mode. Initial 1Z and ZK extension field values are included in the
RESET exception vector, so that ZK : IZ can be used as a direct page pointer out
of reset.

Stack Pointer

The CPU16 stack pointer (SP) is 16 bits wide. An associated 4-bit extension
field (SK) provides 20-bit stack addressing.

Stack implementation in the CPU16 is from high to low memory. The stack
grows downward as it is filled. SK : SP are decremented each time data is
pushed on the stack, and incremented each time data is pulled from the stack.

SK : SP point to the next available stack address, rather than to the address of
the latest stack entry. Although the stack pointer is normally incremented or
decremented by word address, it is possible to push and pull byte-sized data.
Setting the stack pointer to an odd value causes misalignment, which- affects
performance.
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5.1.4

5.1.5

15

Program Counter

The CPU16 program counter (PC) is 16 bits wide. An associated 4-bit
extension field (PK) provides 20-bit program addressing.

CPU16 instructions are fetched from even word boundaries. PCO always has a
value of 0, to assure that instruction fetches are made from word-aligned
addresses.

Condition Code Register

The 16-bit condition code register can be divided into two functional blocks.
The 8 MSB, which correspond to the CCR in the MC68HC11, contain the low-
power stop control bit and processor status flags. The 8 LSB contain the
interrupt priority field, the DSP saturation mode control bit, and the program
counter address extension field.

Figure 5-2 shows the condition code register. Detailed descriptions of each
status indicator and field in the register follow the figure.

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

[ s[w]H|ev|[N]Z]V]c] 1P | sm ] PK

Figure 5-2. Condition Code Register

S — STOP Enable

MV —

0 = Stop clock when LPSTOP instruction is executed.
1 = Perform NOP when LPSTOP instruction is executed.

Accumulator M overflow flag

Set when overflow into AM35 has occurred.

H — Half Carry Flag
Set when a carry from A3 or B3 occurs during BCD addition.

EV — Extension Bit Overflow Flag
Set when an overflow into AM31 has occurred.

N — Negative Flag
Set when the MSB of a result register is set.

Z— Zero Flag
Set when all bits of a result register are zero.
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V — Overflow Flag
Set when twos complement overflow occurs as the result of an operation.

C — Carry Flag
Set when carry or borrow occurs during arithmetic operation. Also used during
shift and rotate to facilitate multiple word operations.

IP[2:0] — Interrupt Priority Field
The priority value in this field (0 to 7) is used to mask interrupts.

SM — Saturate Mode Bit
When SM is set, if either EV or MV is set, data read from AM using TMER or TMET
will be given maximum positive or negative value, depending on the state of the
AM sign bit before overflow.

PK[3:0] — Program Counter Address Extension Field
This field is concatenated with the program counter to form a 20-bit address.

5.1.6 Address Extension Register and Address Extension Fields

There are six 4-bit address extension fields. EK, XK, YK, and ZK are contained
by the address extension register, PK is part of the CCR, and SK stands alone.

Extension fields are the bank portions of 20-bit concatenated bank : byte
addresses used in the CPU16 pseudolinear memory management scheme.

All extension fields except EK correspond directly to a register. XK, YK, and ZK
extend registers 1X, 1Y, and |Z; PK extends the PC; and SK extends the SP.
EK holds the 4 MSB of the 20-bit address used by extended addressing mode.

5.1.7 Multiply and Accumulate Registers

The multiply and accumulate (MAC) registers are part of a CPU submodule that
performs repetitive signed fractional multiplication and stores the cumulative
result. These operations are part of control-oriented digital signal processing.

There are four MAC registers. Register H contains the 16-bit signed fractional
mulitiplier. Register | contains the 16-bit signed fractional multplicand.
Accumulator M is a specialized 36-bit product accumulation register. XMSK
and YMSK contain 8-bit mask values used in modulo addressing.

The CPU16 has a special subset of signal processing instructions that
manipulate the MAC registers and perform signal processing calculation.
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5.2 Memory Management

5.2.1

5.2.2

The CPU16 uses bank switching to provide a 1 Megabyte address space.
There are 16 banks within the address space. Each bank is made up of 64
Kbytes addressed from $0000 to $FFFF. Banks are selected by means of
address extension fields associated with individual CPU16 registers.

In addition, address space can be split into discrete 1 Megabyte program and
data spaces by externally decoding the SIM function code outputs. When this
technique is used, instruction fetches and reset vector fetches access program
space, while exception vector fetches (other than for reset), data accesses, and
stack accesses are made in data space.

Address Extension

All CPU16 resources that are used to generate addresses are effectively 20 bits
wide. These resources include extended index registers, program counter, and
stack pointer. All addressing modes use 20-bit addresses.

20-bit addresses are formed from a 16-bit byte address generated by an
individual CPU16 register and a 4-bit bank address contained in an associated
extension field. The byte address corresponds to ADDR[15:0] and the bank
address corresponds to ADDR[19:16].

Extension Fields

The six address extension fields are each used in a different type of access. All
but EK are associated with particular CPU16 registers. There are a number of
ways to manipulate extension fields and the address map. Refer to the CPU16
Reference Manual (CPU16RM/AD) for detailed information.

5.3 Data Types

The CPU16 uses the following types of data:

* Bits

4-bit signed integers

8-bit (byte) signed and unsigned integers

8-bit, 2-digit binary coded decimal numbers

16-bit (word) signed and unsigned integers

32-bit (long word) signed and unsigned integers

16-bit signed fractions

» 32-bit signed fractions

» 36-bit signed fixed-point numbers

« 20-bit effective address consisting of 16-bit byte address and 4-bit
extension
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There are 8 bits in a byte, 16 bits in a word. Bit set and clear instructions use
both byte and word operands. Bit test instructions use byte operands.

Negative integers are represented in twos-complement form. Four-bit signed
integers, packed two to a byte, are used only as X and Y offsets in MAC and
RMAC operations. Thirty-two-bit integers are used only by extended multiply
and divide instructions, and by the associated LDED and STED instructions.

Binary coded decimal numbers are packed, two digits per byte. BCD
operations use byte operands.

16-bit fractions are used in both fractional multiplication and division, and as
multiplicand and multiplier operands in the MAC unit. Bit 15 is the sign bit.
There is an implied radix point between bits 15 and 14. There are 15 bits of
magnitude — the range of values is —1 ($8000) to 1 — 2-15 ($7FFF).

Signed 32-bit fractions are used only by fractional multiplication and division
instructions. Bit 31 is the sign bit. An implied radix point lies between bits 31
and 30. There are 31 bits of magnitude — the range of values is —1
($80000000) to 1 — 2-31 ($7FFFFFFF).

Signed 36-bit fixed-point numbers are used only by the MAC unit. Bit 35 is the
sign bit. Bits [34:31] are sign extension bits. There is an implied radix point
between bits 31 and 30. There are 31 bits of magnitude, but use of the
extension bits allows representation of numbers in the range —16 ($800000000)
to 15.999969482 ($7FFFFFFFF).

20-bit addresses are formed by combining a 16-bit byte address with a 4-bit
address extension.

5.4 Memory Organization

Both program and data memory are divided into sixteen 64-Kbyte banks.
Addressing is pseudolinear — a 20-bit extended address can access any byte
location in the appropriate address space.

A word is composed of two consecutive bytes. A word address is normally an
even byte address. Byte 0 of a word has a lower 16-bit address than Byte 1.
Long words and 32-bit signed fractions consist of two consecutive words, and
are normally accessed at the address of Byte 0 in Word 0.

Instruction fetches always access word addresses. Word operands are
normally accessed at even byte addresses, but may be accessed at odd byte
addresses, with a substantial performance penalty.
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To be compatible with the MC68HC11, misaligned word transfers and
misaligned stack accesses are allowed. Transferring a misaligned word
requires two successive byte transfer operations.

Figure 5-3 shows how each CPU16 data type is organized in memory.
Consecutive even addresses show size and alignment.

Address Type
$0000 BIT | BIT | BIT | BIT | BIT | BIT | BIT | BIT| BIT| BIT| BIT | BIT | BIT | BIT | BIT | BIT
15|/14|13| 1211|109 |8|7|6|5|a|3|2]1]o0
$0002 BYTEO BYTE1
$0004 + | XOFFSET | + | YOFFSET | + | XOFFSET | * | YOFFSET
$0006 BCD1 BCDO BCD1 BCDO
$0008 WORD 0
$000A WORD1
$000C MSW LONG WORD 0
$000E LSW LONG WORD 0
$0010 MSW LONG WORD 1
$0012 LSW LONG WORD 1
$0014  (Radix Point) 16-BIT SIGNED FRACTION 0
$0016 = (Radix Point) 16-BIT SIGNED FRACTION 1
$0018 < (Radix Point) MSW 32-BIT SIGNED FRACTION 0
$001A LSW 32-BIT SIGNED FRACTION 0 [ o
$001C t | (Radix Point) MSW 32-BIT SIGNED FRACTION 1
$001E LSW 32-BIT SIGNED FRACTION 1 | o
MAC Data Types
35 32 | 31 16 |
| « | « | «| « |=(RadxPoiny MSW 32-BIT SIGNED FRACTION
15 0
LSW 32-BIT SIGNED FRACTION
t ]<= (Radix Point) 16-BIT SIGNED FRACTION
Address Data Type
19 16 | 15 0
4-Bit Extension 16-Bit Address
Figure 5-3. Data Types and Memory Organization
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5.5 Addressing Modes

The CPU16 uses 10 basic types of addressing. There are one or more
addressing modes within each type. Table 5-1 shows the addressing modes.

Table 5-1. Addressing Modes

Mode Mnemonic Description
Accumulator Offset E.X Index Register X with Accumulator E offset
E)Y Index Register Y with Accumulator E offset
EZ Index Register Z with Accumulator E offset
Extended EXT Extended
EXT20 20-bit Extended
Immediate IMM8 8-bit Inmediate
IMM16 16-bit Inmediate
Indexed 8-Bit INDS, X Index Register X with unsigned 8-bit offset
INDS8, Y Index Register Y with unsigned 8-bit offset
INDS8, Z Index Register Z with unsigned 8-bit offset
Indexed 16-Bit IND16, X Index Register X with signed 16-bit offset
' IND16, Y Index Register Y with signed 16-bit offset
IND16, Z Index Register Z with signed 16-bit offset
Indexed 20-Bit IND20, X Index Register X with signed 20-bit offset
k IND20, Y Index Register Y with signed 20-bit offset
IND20, Z Index Register Z with signed 20-bit offset
Inherent INH Inherent
Post-Modified Index IXP Signed 8-bit offset added to Index Register X
after effective address is used
Relative REL8 8-bit relative
REL16 16-bit relative

All modes generate ADDR[15:0]. This address is combined with ADDR[19:16]
from an operand or an extension field to form a 20-bit effective address.

NOTE

Bank switching is transparent to most instructions. ADDR[19:16] of
the effective address are changed to make an access across a
bank boundary. However, extension field values do not change
as a result of effective address computation.
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5.5.1

5.5.2

5.5.3

5.5.4

Immediate Addressing Modes
In the immediate modes, an argument is contained in a byte or word

immediately following the instruction. For IMM8 and IMM16 modes, the effective
address is the address of the argument.

There are three specialized forms of IMM8 addressing.

The AIS, AIX/Y/Z, ADDD and ADDE instructions decrease execution time by
sign-extending the 8-bit immediate operand to 16 bits, then adding it to an
appropriate register.

The MAC and RMAC instructions use an 8-bit immediate operand to specify
two signed 4-bit index register offsets.

The PSHM and PULM instructions use an 8-bit imnmediate mask operand to
indicate which registers must be pushed to or pulled from the stack.

Extended Addressing Modes

Regular extended mode instructions contain ADDR[15:0] in the word following
the opcode. The effective address is formed by concatenating the EK field and
the 16-bit byte address. EXT20 mode is used only by the JMP and JSR
instructions. These instructions contain a 20-bit effective address that is zero-
extended to 24 bits to give the instruction an even number of bytes.

Indexed Addressing Modes

In the indexed modes, registers IX, 1Y, and 1Z, together with their associated
extension fields, are used to calculate the effective address.

For 8-bit indexed modes an 8-bit unsigned offset contained in the instruction
is added to the value contained in an index register and its extension field.

For 16-bit modes, a 16-bit signed offset contained in the instruction is added
to the value contained in an index register and its extension field.

For 20-bit modes, a 20-bit signed offset (zero-extended to 24 bits) is added
to the value contained in an index register. These modes are used for JMP
and JSR instructions only.

Inherent Addressing Mode

Inherent mode instructions use information directly available to the processor to
determine the effective address. Operands (if any) are system resources and
are thus not fetched from memory.
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5.5.5

5.5.6

Accumulator Offset Addressing Mode

Accumulator offset modes form an effective address by sign-extending the
content of accumulator E to 20 bits, then adding the result to an index register
and its associated extension field. This mode allows use of an index register
and an accumulator within a loop without corrupting accumulator D.

Relative Addressing Modes

Relative modes are used for branch and long branch instructions. If a branch
condition is satisfied, a byte or word signed twos-complement offset is added to
the concatenated PK field and program counter. The new PK : PC value is the

~ effective address.

5.5.7

5.5.8

Post-Modified Index Addressing Mode

Post-modified index mode is used by the MOVB and MOVW instructions. A
signed 8-bit offset is added to index register X after the effective address formed

by XK : IX is used.

Use of HC16 Indexed Mode to Replace HC11 Direct Mode

In MC68HC11 systems, the direct addressing mode can be used to perform
rapid accesses to RAM or /O mapped into bank 0 ($0000 to $00FF), but the
CPU16 uses the first 512 bytes of bank 0 for exception vectors. To provide an
enhanced replacement for direct mode, the ZK field and index register Z have
been assigned reset initialization vectors — by resetting the ZK field to a chosen
page, and using indexed mode addressing, a programmer can access useful
data structures anywhere in the address map.

5.6 Instruction Set

5.6.1

The instruction set is based upon that of the MC68HC11, but the opcode map
has been rearranged to maximize performance with a 16-bit data bus. Much
MC68HC11 code can run on the CPU16 following reassembly. The user must
take into account changed instruction times, the interrupt mask, and the new
interrupt stack frame.

Data Movement Instructions

The CPU16 has a complete set of 8 and 16-bit data movement instructions, as
well as instructions to support 32-bit intermodule bus (IMB) operations.
General-purpose load, store, transfer and move instructions facilitate movement
of data to and from memory and peripherals. Special purpose instructions
enhance indexing, extended addressing, stacking, and digital signal
processing.
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5.6.1.1 Load Instructions

Load instructions copy memory content into an accumulator or register.
Memory content is not changed by the operation.

There are specialized load instructions for stacking, indexing, extended
addressing, and digital signal processing. Refer to the appropriate summary for
more information.

Table 5-2. Load Summary

Mnemonic Function Operation
LDAA Load A M=>A
LDAB Load B M)=B
LDD Load D M:M+1)=D

LDE Load E (M:M+1)=E
LDED Load Concatenated E and D (M:M+1)=E
M+2:M+3)=D

5.6.1.2 Move Instructions
These instructions move data bytes or words from one location to another in

memory.
Table 5-3. Move Summary
Mnemonic Function Operation
MOVB Move Byte (M1) M2
MOVW Move Word M:M+11)=>M:M+12
MOTOROLA CENTRAL PROCESSING UNIT MC68HC16Z1
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5.6.1.3 Store Instructions

Store instructions copy the content of an accumulator or register to memory.
Register/accumulator content is not changed by the operation.

There are specialized store instructions for indexing, extended addressing, and
CCR manipulation. Refer to the appropriate summary for more information.

Table 5-4. Store Summary

Mnemonic Function Operation
STAA Store A (A)=>M
STAB Store B (B)=>M

STD Store D D)=>M:M+1

STE . Store E (E)=M:M+1

STED Store Concatenated D and E (E)=>M:M4+1
D)=>M+2:M+3

5.6.1.4 Transfer Instructions

These instructions transfer the content of a register or accumulator to another
register or accumulator. Content of the source is not changed by the operation.

There are specialized transfer instructions for stacking, indexing, extended
addressing, CCR manipulation, and digital signal processing. Refer to the
appropriate summary for more information.

Table 5-5. Transfer Summary

Mnemonic Function Operation
TAB Transfer Ato B (A)=B
TBA Transfer B to A (B)=>A
TDE TransferDto E (D)=>E
TED Transfer Eto D (Ey=D
MCe8HC16Z1 CENTRAL PROCESSING UNIT MOTOROLA
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5.6.1.5 Exchange Instructions

These instructions exchange the contents of pairs of registers or accumulators.
There are specialized exchange instructions for indexing.

Table 5-6. Exchange Summary

Mnemonic Function Operation
XGAB Exchange A with B (A) < (B)
XGDE Exchange D with E (D) & (E)

5.6.2 Mathematic Instructions
The CPU16 has a full set of 8- and 16-bit mathematic instructions. There are
instructions for signed and unsigned arithmetic, division and multiplication, as
well as a complete set of Boolean operators.

Special arithmetic and logic instructions aid stacking operations, indexing,
extended addressing, BCD calculation, and condition code register
manipulation. There are also dedicated multiply and accumulate instructions.

5.6.2.1 Addition and Subtraction Instructions

Signed and unsigned 8- and 16-bit arithmetic instructions can be performed
between registers or between registers and memory. Instructions that add or
subtract the value of the CCR carry bit facilitate multiple precision computation.

Table 5-7. Addition Summary

Mnemonic Function Operation
ABA AddBto A (A)+ (B)=>A
ADCA Add with Carry to A (A)+(M)+C=A
ADCB Add with Carry to B (B)+(M)+C=B
ADCD Add with Carry to D D)+M:M+1)+C=D
ADCE Add with Carry to E (E)+(M:M+1)+C=E
ADDA Addto A A+ M)=A
ADDB Addto B (B)+(M)=B
ADDD Addto D (D)+(M:M+1)=D
ADDE Addto E (E)+(M:M+1)=E
ADE AddDtoE (E)+(D)=>E

MOTOROLA CENTRAL PROCESSING UNIT MC68HC16Z1
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Table 5-8. Subtraction

Summary

SBA Subtract B from A (A)-(B)=>A
SBCA Subtract with Carry from A (A)-M)-C=A
SBCB Subtract with Carry from B (B)-(M)-C =B
SBCD Subtract with Carry from D D)-M:M+1)-C=D
SBCE Subtract with Carry from E (E)-M:M+1)~-C=E

SDE Subtract D from E (E)- (D)=>E
SUBA Subtract from A (A)- (M) =>A
SuBB Subtract from B (8)- (M) =B
suBD Subtract from D (D)-M:M+1)=D
SUBE Subtract from E (E)-M:M+1)=E

5.6.2.2 Binary Coded Decimal Instructions
To add binary coded decimal operands, use addition instructions that set the

half-carry bit in the CCR, then adjust the result with the DAA instruction.

Table 5-9. BCD Summary

ABA Add Bto A (A)+(B)=>A
ADCA Add with Carry to A (A +M+C=A
ADCB Add with Carry to B (B)+(M)+C=B
ADDA Addto A A)+M)=>A
ADDB Add to B (B)+M)=B
DAA Decimal Adjust A (A)10
SXT Sign Extend B into A ¥B7 =1
then A = $FF
else A = $00
MC68HC16Z1 CENTRAL PROCESSING UNIT MOTOROLA
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5.6.2.3 Compare and Test Instructions

Compare and test instructions perform subtraction between a pair of registers or
between a register and memory. The result is not stored, but condition codes
are set by the operation. These instructions are generally used to establish
conditions for branch instructions.

Table 5-10. Compare and Test Summary

CBA Compare Ato B (A)-(B)
CMPA Compare A to Memory (A)— (M)
CMPB Compare B to Memory (B) - (M)

CPD Compare D to Memory D)-(M:M +1)

CPE Compare E to Memory (E)-(M:M +1)

TST Test for Zero or Minus (M) — $00
TSTA Test A for Zero or Minus (A) - $00
TSTB Test B for Zero or Minus (B) — $00
TSTD Test D for Zero or Minus (D) — $0000

TSTE Test E for Zero or Minus (E) — $0000
TSTW Test for Zero or Minus Word (M: M+ 1) - $0000

5.6.2.4 Multiplication and Division Instructions

There are instructions for signed and unsigned 8- and 16-bit multiplication, as
well as for signed 16-bit fractional multiplication. Eight-bit multiplication
operations have a 16-bit product. Sixteen-bit multiplication operations can
have either 16- or 32-bit products.

All division operations have 16-bit divisors, but dividends can be either 16- or
32-bit numbers. Quotients and remainders of all division operations are 16-bit
numbers. There are instructions for signed and unsigned division, as well as for
fractional division.

Fractional multiplication uses 16-bit operands. Bit 15 is the sign bit. There is an
implied radix point between bits 15 and 14. The range of values is —1 ($8000)
to 0.999969482 ($7FFF). The MSB of the result is its sign bit, and there is an
implied radix point between the sign bit and the rest of the resuilt.

There are special 36-bit signed fractional multiply and accumulate unit
instructions to support digital signal processing operations. Refer to the
appropriate summary for more information.
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Table 5-11. Multiplication and Division Summary

EDIV Extended Unsigned Divide (E:D)/(IX)
Quotient = IX
Remainder = D
EDIVS Extended Signed Divide (E:D)/(IX)
Quotient = IX
Remainder = D
EMUL Extended Unsigned Multiply (E)*(D)=E:D
EMULS Extended Signed Multiply (E)* (D)=E:D
FDIV Fractional Divide (D) / (IX) = IX
Remainder = D
FMULS Fractional Signed Multiply (E)*(D)=E:D
IDIV Integer Divide (D) /7 (IX) = IX;
Remainder = D
MUL Multiply (A)*(B)=D

5.6.2.5 Decrement and Increment Instructions

These instructions are optimized 8- and 16-bit addition and subtraction
operations. Because they do not affect the carry bit in the CCR, they are
particularly well suited for loop counters in multiple-precision computation

routines.

Table 5-12. Decrement and Increment Summary

DEC Decrement Memory (M)-$01 =M

DECA Decrement A (A)-$01 = A

DECB Decrement B (B)-$01 =B
DECW Decrement Memory Word M:M4+1)-$0001 =>M:M+1

INC Increment Memory (M) +$01 =M

INCA Increment A (A)+$01 = A

INCB Increment B (B)+$01 =B
INCW increment Memory Word (M:M+1)+$0001 =M:M+1
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5.6.2.6 Clear, Complement and Negate Instructions

Each of these instructions performs a specific binary operation on a value in an
accumulator or in memory. Clear operations set the value to 0, complement
operations replace the value with its ones complement, and negate operations

replace the value with its twos complement.

Table 5-13. Clear, Complement and Negate Summary

CLR Clear Memory $00 =M

CLRA Clear A $00=>A

CLRB ClearB $00=B

CLRD ClearD $0000 =D

CLRE ClearE $0000 = E

CLRW Clear Memory Word $0000=>M:M+1
COoM Ones Complement Byte $FF— (M) =>M

COMA Ones Complement A $FF—(A) > A

COMB Ones Complement B $FF-(B)=>B

COMD Ones Complement D $FFFF-(D)=>D
COME Ones Complement E $FFFF - (E) =E

CoOMW Ones Complement Word $FFFF-M:M+1=>M:M+1
NEG Twos Complement Byte $00 - (M) =M

NEGA Twos Complement A $00 - (A) =>A

NEGB Twos Complement B $00-(B)=B

NEGD Twos Complement D $0000—-(D)=D
NEGE Twos Complement E $0000 - (E) = E
NEGW Twos Complement Word $0000-(M:M+1)=>M:M+1

5.6.2.7 Boolean Logic Instructions

Each of these instructions performs the Boolean logic operation represented by
the mnemonic. There are 8- and 16-bit versions of each instruction.

There are special forms of logic instructions for stack pointer, program counter,
index register, and address extension field manipulation. Refer to the
appropriate summary for more information.

MOTOROLA CENTRAL PROCESSING UNIT MC68HC1621
5-18 USER'S MANUAL



Table 5-14. Boolean Logic Summary

Mnemonic Function Operation
ANDA AND A (A)* (M) =A
ANDB ANDB (B)-(M)=B
ANDD ANDD (D)-M:M+1)=D
ANDE ANDE (E)sM:M+1)E
EORA Exclusive OR A A M=A
EORB Exclusive OR B B)® M) =B
EORD Exclusive ORD D)yd(M:M+1)=D
EORE Exclusive OR E (E)Y®dM:M+1)E
ORAA ORA A+M=A
ORAB ORB B)+ M) =B
ORD ORD D)+ M:M+1)=D

ORE ORE (E)+M:M+1)=E

5.6.3 Bit Test and Manipulation Instructions
These operations use a mask value to test or change the value of individual bits
in an accumulator or in memory. BITA and BITB provide a convenient means of
setting condition codes without altering the value of either operand.

Table 5-15. Bit Test and Manipulation Summary

Mnemonic Function Operation

BITA Bit Test A (A) - (M)
BITB Bit Test B (8)+ (M)
BCLR Clear Bit(s) (M) « (Mask) =M

BCLRW Clear Bit(s) Word (M: M4+ 1) (Mask) =>M: M+ 1
BSET Set Bit(s) (M) + (Mask) = M

BSETW Set Bit(s) Word M:M+1)+(Mask) =>M:M+1
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5.6.4 Shift and Rotate Instructions

There are shift and rotate commands for all accumulators, for memory bytes and
for memory words. All shift and rotate operations pass the shifted-out bit
through the carry bit in the CCR in order to facilitate multiple-byte and multiple-
word operations. There are no separate logical left shift operations — use ASL
instead. Motorola assemblers assemble LSL mnemonics as ASL operations.

Table 5-16. Logic Shift Summary

LSR Logic Shift Right
0-—>l I HEEE I p[c]
b0
LSRA Logic Shift Right A >
oL TTTTTT Ic]
b0
LSRB Logic Shift Right B >
0—>{ T IHENI Tf
LSRD Logic Shift Right D
o1 1 ---T] H—)I
b15
LSRE Logic Shift Right E
o>[TT ---T1 1—>l
b15
LSRW Logic Shift Right Word
o1 ---]] l HI
b15
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Table 5-17. Arithmetic Shift Summary

Mnemonic Function Operation
ASL Arithmetic Shift Left €
(s C{TTTTTTT ko
b7 b0
ASLA Arithmetic Shift Left A €
(LSA [TTTTTT ko
b7 b0
ASLB Arithmetic Shift Left B €
(Lsie) C T I T TI11 o
b7 b0
ASLD Arithmetic Shift Left D ¢
(LSLD) Ce{ T ---TT ko
b15 b0
ASLE Arithmetic Shift Left E ¢
(LSLE) {11 ---TT ko
b15 b0
ASLW Arithmetic Shift Left Word €
Lstw Bl T ---TIJeo
b15 b0
ASR Arithmetic Shift Right _
i
b7 b0
ASRA Arithmetic Shift Right A _—
El [TTTTTT el
b7 b0
ASRB Arithmetic Shift Right B _—
bt
b7 b0
ASRD Arithmetic Shift Right D _—
b15 b0
ASRE Arithmetic Shift Right E —_—
L -
b15 b0
ASRW Arithmetic Shift Right Word —————
[---T11
b15 b0
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Table 5-18. Rotate Summary

ROL Rotate Left
[TTTTTTK
b7 b0
ROLA Rotate Left A
Lol (T T T T T T T
b7 b0
ROLB Rotate Left B
[T
b7 b0
ROLD Rotate Left D
T T - - - T
b15 b0
ROLE Rotate Left E
ST - --TT K
b15 b0
ROLW Rotate Left Word
Sk [T ---TTk
b15 b0
ROR Rotate Right
LT T
b7 b0
RORA Rotate Right A
LT
b7 b0
RORB Rotate Right B
LT heH
b7 b0
RORD Rotate Right D
LT - 11
b15 b0
RORE Rotate Right E
L -
b15 b0
RORW Rotate Right Word
[T ---1
b15 b0
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5.6.5 Program Control Instructions
Program control instructions affect the sequence of instruction execution.

Branch instructions cause sequence to change when specific conditions exist.
The CPU16 has short, long, and bit-condition branches.

Jump instructions cause immediate changes in sequence. The CPU16 has a
true 20-bit address jump instruction.

Subroutine instructions optimize the process of temporarily transferring control
to a segment of code that performs a particular task. The CPU16 can branch or
jump to subroutines.

Interrupt instructions handle immediate transfer of control to a routine that
performs a critical task. Software interrupts are a type of exception.

5.6.5.1 Short Branch Instructions
Short branch instructions operate as follows. When a specified condition is met,
a signed 8-bit offset is added to the value in the program counter. If addition
causes the value in the PC to be greater than $FFFF or less than $0000, the PK
extension field is incremented or decremented. Program execution continues at
the new extended address.

Short branch instructions can be classified by the type of condition that must be
satisfied in order for a branch to be taken. Some instructions belong to more
than one classification.

Unary branch instructions always execute.

Simple branches are taken when a specific bit in the condition code register
is in a specific state as a result of a previous operation.

Unsigned conditional branches are taken when comparison or test of
unsigned quantities results in a specific combination of condition code
register bits.

Signed branches are taken when comparison or test of signed quantities
results in a specific combination of condition code register bits.
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Table 5-19. Short Branch Summary

Unary Branches
Mnemonic Opcode Equation Condition
BRA BO 1=1 True
BRN B1 1=0 False
Simple Branches
Mnemonic Opcode Equation Condition
BCC B4 C=0 Equation
BCS B5 C=1 Equation
BEQ B7 Z=1 Equation
BMI BB N=1 Equation
BNE B6 Z=0 Equation
BPL BA N=0 Equation
BvVC B8 V=0 Equation
BVS B9 V=1 Equation
Unsigned Branches
Mnemonic Opcode Equation Condition
BCC B4 C=0 X) = (M)
BCS B5 C=1 X) <M
BEQ B7 Z=1 X)=(M)
BHI B2 C+Z=0 X)> (M)
BLS B3 C+2Z=1 X)< (M)
BNE Bé Z=0 X) = (M)
Signed Branches
Mnemonic Opcode Equation Condition
BEQ B7 Z=1 X)=(M)
BGE BC NeV=0 X) = (M)
BGT BE Z+(N®V)=0 X)> (M)
BLE BF Z+(NoV)=1 X) < (M)
BLT BD NeV=1 (X) < (M)
BNE B6 Z=0 (X) = (M)

The numeric range of short branch offset values is $80 (—128) to $7F (127), but
actual displacement from the instruction differs from the range for two reasons.
First, PC values are automatically aligned to word boundaries. Only even
offsets are valid — an odd offset value is rounded down. Maximum positive
offset is $7E. Second, instruction pipelining affects the value in the PC at the
time an instruction executes. The value to which the offset is added is the
address of the instruction plus $0006. At maximum positive offset ($7E),
displacement from the branch instruction is 132. At maximum negative offset
($80), displacement is —122.
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5.6.5.2 Long Branch Instructions
Long branch instructions operate as follows. When a specified condition is met,
a signed 16-bit offset is added to the value in the program counter. If addition
causes the value in the PC to be greater than $FFFF or less than $0000, the PK
extension field is incremented or decremented. Program execution continues at
the new extended address.

Long branch instructions can be classified by the type of condition that must be
satisfied in order for a branch to be taken. Some instructions belong to more
than one classification.

Unary branch instructions always execute.

Simple branches are taken when a specific bit in the condition code register
is in a specific state as a result of a previous operation.

Unsigned branches are taken when comparison or test of unsigned
quantities results in a specific combination of condition code register bits.

Signed branches are taken when comparison or test of signed quantities
results in a specific combination of condition code register bits.
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Table 5-20. Long Branch Instructions

Unary Branches
Mnemonic Opcode Equation Condition
LBRA 3780 1=1 True
LBRN 3781 1=0 False
Simple Branches
Mnemonic Opcode Equation Condition
LBCC 3784 Cc=0 Equation
LBCS 3785 C=1 Equation
LBEQ 3787 Z=1 Equation
LBEV 3791 EV=1 Equation
LBMI 378B N=1 Equation
LBMV 3790 MV=1 Equation
LBNE 3786 Z=0 Equation
LBPL 378A N=0 Equation
LBVC 3788 V=0 Equation
LBVS 3789 V=1 Equation
Unsigned Branches
Mnemonic Opcode Equation Condition
LBCC 3784 C=0 )= (M)
LBCS 3785 C=1 X)<(M)
LBEQ 3787 Z=1 =M
LBHI 3782 C+2Z=0 X)>(M)
LBLS 3783 C+2Z=1 X)<(M)
LBNE 3786 Z=0 (X) = (M)
Signed Branches
Mnemonic Opcode Equation Condition
LBEQ 3787 Z=1 %) =(M).
LBGE 378C N®V=0 X) 2(M)
LBGT 378E Z+(NeV)=0 X > M)
LBLE 378F Z+(NoV)=1 Xy <M
LBLT 378D NeV=1 X) <(M)
LBNE 3786 Z=0 X)= (M)

The numeric range of long branch offset values is $8000 (-32768) to $7FFF
(32767), but actual displacement from the instruction differs from the range for
two reasons. First, PC values are automatically aligned to word boundaries.
Only even offsets are valid — an odd offset value will be rounded down.
Maximum positive offset is $7FFE. Second, instruction pipelining affects the
value in the PC at the time an instruction executes. The value to which the
offset is added is the address of the instruction plus $0006. At maximum
positive offset ($7FFE), displacement from the instruction is 32772. At maximum
negative offset ($8000), displacement is —=32762.
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5.6.5.3 Bit Condition Branch Instructions

Bit condition branches are taken when specific bits in a memory byte are in a
specific state. A mask operand is used to test a memory location pointed to by a
20-bit indexed or extended effective address. If the bits in memory match the
mask, an 8- or 16-bit signed relative offset is added to the current value of the
program counter. If addition causes the value in the PC to be greater than
$FFFF or less than $0000, the PK extension field is incremented or
decremented. Program execution continues at the new extended address.

Table 5-21. Bit Condition Branch Summary

Mnemonic Addressing Mode Opcode Equation
BRCLR IND8, X cB (M) « (Mask) = 0
IND8, Y DB
INDS8, Z EB
IND16, X 0A
IND16, Y 1A
IND16, Z 2A
EXT 3A
BRSET IND8, X 8B (M) + (Mask) = 0
IND8, Y 9B
INDS, Z AB
IND16, X 0B
IND16, Y 1B
IND16, Z 2B
EXT 3B

The numeric range of 8-bit offset values is $80 (-128) to $7F (127), and the
numeric range of 16-bit offset values is $8000 (-32768) to $7FFF (32767), but
actual displacement from the branch instruction differs from the range for two
reasons. First, PC values are automatically aligned to word boundaries. Only
even offsets are valid — an odd offset value is rounded down. Maximum
positive 8-bit offset is $7E; maximum positive 16-bit offset is $7FFE. Second,
instruction pipelining affects the value in the PC at the time an instruction
executes. The value to which the offset is added is the address of the
instruction plus $0006. Maximum positive ($7E) and negative ($80) 8-bit offsets
correspond to displacements of 132 and —122 from the branch instruction.
Maximum positive ($7FFE) and negative ($8000) 16-bit offsets correspond to
displacements of 32772 and —32762.
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5.6.5.4 Jump Instruction

The CPU16 JMP instruction uses 20-bit addressing, so that control can be
passed to any address in the memory map. It should be noted that BRA and
LBRA execute in fewer cycles than the indexed forms of JMP.

Table 5-22. Jump Summary

Mnemonic Function Operation
JMP Jump 20-bit Address = PK : PC

5.6.5.5 Subroutine Instructions

Subroutines can be called by short (BSR) or long (LBSR) branches, or by a
jump (JSR). A single instruction, RTS, returns control to the calling routine.

All three types of calling instructions stack return PC and CCR values prior to
transferring control to a subroutine. Stacking the CCR also saves the PK
extension field. Other resources can be saved by means of the PSHM
instruction, if necessary.

Table 5-23. Subroutine Summary

Mnemonic Function Operation
BSR Branch to Subroutine (PK:PC)-2 = PK:PC
Push (PC)
(SK:SP)-2=SK:SP
Push (CCR)

(SK:SP)-2=SK:SP
(PK : PC) + Offset = PK : PC

JSR Jump to Subroutine Push (PC)
(SK:SP)-2=SK:SP
Push (CCR)
(SK:SP)-2=SK:SP
20-bit Address = PK : PC

LBSR Long Branch to Subroutine Push (PC)
(SK:SP)-2=SK:SP
Push (CCR)
(SK:SP)-2=SK:SP
(PK : PC) + Offset = PK : PC

RTS Return from Subroutine (SK:SP)+2=>SK:SP
Pull PK
(SK:SP)+2=SK:SP
Pull PC
(PK:PC)-2=PK:PC
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Instruction pipelining affects the operation of BSR. When a subroutine is called,
PK : PC contain the address of the calling instruction plus $0006. LBSR and
JSR stack this value, but BSR must adjust it prior to stacking. LBSR and JSR
are 4-byte instructions. For program execution to resume at the instruction
immediately following them, RTS must subtract $0002 from the stacked PK : PC
value. BSR is a 2-byte instruction. BSR subtracts $0002 from the stacked value
prior to stacking so that RTS will work correctly.

5.6.5.6 Interrupt Instructions

The SWI instruction initiates synchronous exception processing. First, return
PC and CCR values are stacked (stacking the CCR saves the PK extension
field). After return values are stacked, the PK field is cleared, and the PC is

loaded with exception vector 6 (content of address $000C).
The RTI instruction is used to terminate all exception handlers, including u
interrupt service routines. It causes normal execution to resume with the !
instruction following the last instruction that executed prior to interrupt.

Table 5-24. Interrupt Summary

Mnemonic Function Operation

RTI Return from Interrupt (SK:SP)+2=8K:SP
Pull CCR
(SK:SP)+2=>SK:SP
PullPC
(PK:PC)-6=PK:PC

SWI Software Interrupt (PK:PC)+2=PK:PC
Push (PC)
(SK:SP)-2=SK:SP
Push (CCR)
(SK:SP)-2=SK:SP
$0 = PK
SWiI Vector = PC

Instruction pipelining affects the operation of SWI. When an interrupt occurs,
PK : PC contain the address of the interrupted instruction plus $0006. This
value is stacked during asynchronous exception processing, but synchronous
exceptions, such as SWI, must adjust the stacked value so that RTI can work
correctly. For program execution to resume with the interrupted instruction
following an asynchronous interrupt, RTI must subtract $0006 from the stacked
PK : PC value. Synchronous interrupts allow an interrupted instruction to finish
execution before exception processing begins. The SWI instruction must add
$0002 prior to stacking in order for execution to resume correctly.
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5.6.6 Indexing and Address Extension Instructions

The CPU16 has a complete set of instructions that enable a user to take full
advantage of 20-bit pseudolinear addressing. These instructions use
specialized forms of mathematic and data transfer instructions to perform index
register manipulation and extension field manipulation.

5.6.6.1 Indexing Instructions

Indexing instructions perform 8- and 16-bit operations on the three index
registers and accumulators, other registers, or memory. Index addition and
transfer instructions also affect the associated extension field.

Table 5-25. Indexing Summary

Addition Instructions

Mnemonic Function Operation
ABX Add B to IX (XK : IX) + (000 : B) = XK : IX
ABY AddBtolY (YK :1Y) + (000 : B) = YK : IY
ABZ AddBto IZ ZK:2)+(000:B)=ZK: IZ
ADX Add D to IX (XK : IX) + ( « D) = XK: IX
ADY AddDto IY (YK:IV)+ (« D)= YK:IY
ADZ AddDto IZ (ZK:1Z)+(«D)=>ZK:1Z
AEX Add E to IX (XK : IX) + ( « D)= XK : IX
AEY AddEtolY (YK:IV)+(«E)=>YK:IY
AEZ AddEto IZ (ZK:1Z)+ («E)=2ZK:1Z
AlIX Add Immediate Value to IX XK : IX + ( « IMM8/16) = XK : IX
AlY Add Immediate Value to IY YK : 1Y + ( « IMM8/16) = YK : IY
AlZ Add Immediate Value to IZ ZK:1Z + ( « IMM8/16) = ZK : IZ

Compare Instructions

Mnemonic Function Operation
CPX Compare IX to Memory (IX)-(M:M+1)
CPY Compare IY to Memory (IY)-(M:M+1)
CPZ Compare IZ to Memory (12)-(M:M+1)

Load Instructions

Mnemonic Function Operation
LDX Load IX M:M+1)=IX
LDY Load IY M:M+1)=31Y
LDZ Load 1Z M:M+1)Z
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Table 5-25. Indexing Summary (Continued)

Store Instructions
Mnemonic Function Operation
STX Store IX (X)=>M:M+1
STY Store 1Y (Y)=>M:M+1
ST1Z Store I1Z (Z)=>M:M+1
Transfer Instructions
Mnemonic Function Operation
TSX Transfer SP to IX (SK:SP)+ 2= XK: IX
TSY Transfer SP to IY (SK:SP)+2=3YK:IY
TSZ Transter SP to 1Z (SK:SP)+2=ZK:I1Z
TXS Transfer IX to SP (XK:IX)-2=SK:SP
XY Transfer IX to IY XK:IX)=>YK:IY
™ Transfer IX to 1Z XK:IX)=>2ZK:1Z
TYS Transfer Y to SP (YK:1Y)-2=SK:SP
TYX Transfer IY to IX (YK:1Y) = XK: IX
TvZ Transfer 1Y to IZ (YK:IY)=>ZK:1Z
TZS Transfer IZ to SP (ZK:12)-2=>SK:SP
TZX Transfer [Z to IX (ZK:1Z) = XK: IX
TZY Transfer IZ to IY ZK:12) = ZK:IY
Exchange Instructions
Mnemonic Function Operation
XGDX Exchange D with IX (D) & (IX)
XGDY Exchange D with IY (D) < (lY)
XGDzZ Exchange D with IZ (D) & (12)
XGEX Exchange E with IX (E) & (IX)
XGEY Exchange E with IY (E) & (1Y)
XGEZ Exchange E with 1Z (E) & (12)
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5.6.6.2 Address Extension Instructions

Address extension instructions transfer extension field contents to or from
accumulator B. Other types of operations can be performed on the extension
field value while it is in the accumulator.

Table 5-26. Address Extension Summary

Mnemonic Function Operation
TBEK Transfer B to EK (B) > EK
TBSK Transfer B to SK (B)=>SK
TBXK Transfer B to XK (B) = XK
TBYK Transfer B to YK (B) =YK
TBZK Transfer B to ZK (B) = ZK
TEKB Transfer EK to B $0 = B[7:4]
(EK) = B[3:0]
TSKB Transfer SK to B (SK) = B[3:0]

$0 = B[7:4]

TXKB Transfer XK to B $0 = B[7:4]
(XK) = B[3:0]

TYKB Transfer YK to B $0 = B[7:4]
(YK) = B[3:0]

TZKB Transfer ZK to B $0 = B[7:4]
(ZK) = B[3:0]

5.6.7 Stacking Instructions

There are two types of stacking instructions. Stack pointer instructions use
specialized forms of mathematic and data transfer instructions to perform stack
pointer manipulation. Stack operation instructions save information on and
retrieve information from the system stack.
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Table 5-27. Stacking Summary
Stack Polnter Instructions
Mnemonic Function Operation
AlIS Add Immediate Data to SP SK:SP + ( « IMM16) = SK : SP
CPS Compare SP to Memory (SP)-(M:M+1)
LDS Load SP M:M+1)=>SP
STS Store SP (SP)=>M:M+1
TSX Transfer SP to IX (SK:SP)+2= XK: IX
TSY Transfer SP to IY (SK:SP)+2= YK:IY
TSZ Transfer SP to 12 (SK:SP)+2=7K:IZ
TXS Transfer IX to SP (XK:IX)-2=SK:SP
TYS Transfer IY to SP (YK:1Y)-2=SK:SP
TZS Transfer IZ to SP (ZK:1Z)-2=>SK:SP
Stack Operation Instructions
Mnemonic Function Operation
PSHA Push A (SK:SP)+1=>SK:SP
Push (A)
(SK:SP)-2=SK:SP
PSHB Push B (SK:SP)+1=SK:SP
Push (B)
(SK:SP)-2= SK:SP
PSHM Push Multiple Registers For mask bits 0to 6 :
Mask bits:
0=D 1=E If mask bit set
2=1IX 3=1Y Push register
4=1Z 5=K . .
6<CCR 7 = (reserved) (SK:SP)-2 = SK: SP
PULA PullA (SK:SP)+2=SK:SP
Pull (A)
(SK:SP)-1=SK:SP
PULB Pull B (SK:SP)+2=>SK:SP
Pull (B)
(SK:SP)-1=SK:SP
PULM Pull Multiple Registers For mask bits 0 to 7:
Mask bits:
0=CCR[1514] 1=K If mask bit set
2= 3=l (SK:SP) +2 = SK: SP
4=IX 5=E .
6=D 7 = (reserved) Pull register
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5.6.8

5.6.9

Condition Code Instructions

Condition code instructions use specialized forms of mathematic and data
transfer instructions to perform condition code register manipulation. Interrupts
are not acknowledged until the instruction following ANDP, ORP, TAP, and TDP
has executed. Refer to 5.6.10 Stop and Wait Instructions for more
information.

Table 5-28. Condition Code Summary

Mnemonic Function Operation
ANDP AND CCR (CCR) » IMM16 = CCR[15:4]
ORP ORCCR (CCR) + IMM16 = CCR[15:4]
TAP Transfer A to CCR (A[7:0]) = CCR[15:8]
TDP Transfer D to CCR (D) = CCR[15:4]
TPA Transfer CCR MSB to A (CCR[15:8])) = A
TPD Transfer CCRto D (CCR)=D

Digital Signal Processing Instructions

DSP instructions use the CPU16 multiply and accumulate unit to implement
digital filters and other signal processing functions. Other instructions, notably
those that operate on concatenated E and D accumulators, are also used for
signal processing.

Table 5-29. DSP Summary

Mnemonic Function Operation
ACE Add E to AM[31:15] (AM[31:15]) + (E) = AM
ACED Add concatenated E and D to AM (E : D) + (AM) = AM
ASLM Arithmetic Shift Left AM €
c [ ] ---_11 o
b35 b0
ASRM Arithmetic Shift Right AM —_——
[T ---T171
b35 b0
CLRM Clear AM $000000000 = AM[35:0]
LDHI Initialize HR and IR M:M+1)x=>HR
M:M+1)y=1IR
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Table 5-29. DSP Summary (Continued)

MAC Multiply and Accumulate (HR)* (IR)=E:D
Signed 16-Bit Fractions (AM) + (E : D) = AM
Qualified (I1X) = I1X
Qualified (IY) = Y
HR)=>1Z
M:M+1)x=>HR
M:M+1)y=IR
PSHMAC Push MAC State MAC Registers = Stack
PULMAC Pull MAC State Stack = MAC Registers
FMAG Multipl R::s a/:icr::gumulate Repat unll ) <0
Signr;g 16-Bit Fractions (AM) T_(H) *() =AM
Qualified (IX) = IX;
Qualified (IY) = 1Y;
(M:M+1)x=H;
M:M+1)y=>1
(E)-1=E
TDMSK Transfer D to XMSK : YMSK (D[15:8]) = XMSK
(D[7:0]) = YMSK
TEDM Transfer E and D to AM[31:0] (D) = AM[15:0]
Sign Extend AM (E) = AM[31:16]
AM[32:35] = AM31
TEM Transsfer E to A‘;ME:; :16] (E) = AM[31:16]
Clar )2:"""33 Aﬁ&?zsg]@ fl\:noah
TMER Transfer AM to E Rounded Rounded (AM) = Temp
if (SM e (EV + MV))
then Saturation = E
else Temp[31:16] = E
TMET Transfer AM to E Truncated If (SM o (EV + MV))
then Saturation = E
else AM[31:16] = E
TMXED Transfer AMto IX :E : D AM[35:32] = I1X[3:0]
AM35 = IX[15:4]
AM[31:16] = E
AM[15:0] = D
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5.6.10 Stop and Wait Instructions

There are two instructions that put the CPU16 in an inactive state. Both require
that either an interrupt or a reset exception occurs before normal execution of
instructions resumes. However, each operates differently.

LPSTOP minimizes microcontroller power consumption. The CPU16 initiates a
stop, but it and other controller modules are deactivated by the MCU system
integration module (SIM). Reactivation is also handled by the SIM. The
interrupt priority field from the CPU16 condition code register is copied into SIM
control logic, then the system clock to the processor is stopped. When a reset or
an interrupt of higher priority than the IP value occurs, the SIM activates the
CPU16, and the appropriate exception processing sequence begins (refer to
SECTION 4 SYSTEM INTEGRATION MODULE for more information).

WAI idles the CPU16, but does not affect operation of other MCU modules. The
IP field is not copied to the SIM. System clocks continue to run. The processor
waits until a reset or an interrupt of higher priority than the IP value occurs, then
begins the appropriate exception processing sequence.

Because the system integration module does not restart the CPU16, interrupts
are acknowledged more quickly following WAI than following LPSTOP.

To make certain that conditions for termination of LPSTOP and WAI are correct,
interrupts are not recognized until after the instruction following ANDP, ORP,
TAP, and TDP executes. This prevents interrupt exception processing during
the period after the mask changes but before the following instruction executes.
Refer to 5.12 Exceptions and SECTION 4 SYSTEM INTEGRATION
MODULE for more information concerning exceptions and interrupt exception
processing.

Table 5-30. Stop and Wait Summary

Mnemonic Function Operation
LPSTOP Low Power Stop kS
then STOP
else NOP
WAI Wait for Interrupt WAIT
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5.6.11 Background Mode and Null Operations

Background debugging mode (BDM) is a special CPU16 operating mode that is
used for system development. Executing BGND when BDM is enabled puts the
CPU16 in this mode. The logic state of certain SIM pins during system reset
affects BDM operation. Refer to SECTION 4 SYSTEM INTEGRATION
MODULE for more information.

Null operations are often used to replace other instructions during software
debugging. Replacing conditional branch instructions with BRN, for instance,
permits testing a decision-making routine without actually taking the branches.

Table 5-31. Background Mode and Null Operations

BGND Enter Background Debug Mode If BDM enabled
enter BDM;
else, illegal instruction
BRN Branch Never f 1 = 0, branch
LBRN Long Branch Never If 1 =0, branch
NOP Null operation —
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5.6.12 Instruction Set Summary

The following summary is a quick reference to the entire CPU16 instruction set.
Refer to the CPU16 Reference Manual (CPU16RM/AD) for detailed information
on each instruction, assembler syntax, and condition code evaluation. A key to

table nomenclature is provided on the last page of the table.

Instruction Set Summary

Mnemonic Operation Description Address Instruction Condition Codes
Mode Opcode | Operand | Cycles | S [MV[H[EV][N]JZJV]C
ABA Add Bto A (A) +(B) =A INH 3708 — 2 A —|A A A A
ABX Add B o X (XK:IX)+(0I())(O:B)=XK: INH 374F = 2 - = ===
ABY AddBtoY (YK:IY)+(O&O:B)=YK: INA 375F = 2 - = = = =
ABZ AddBtoZ (ZK:IZ)+(0I%0:B)=ZK: INH 376F — 2 e
ACE Add E to AM[31:15] | (AM[31:15]) + (E) = AM INH 3722 — 2 — A= — — —
ACED Add concatenated (E : D) + (AM) = AM INH 3723 — 4 — A= — — —
E and D to AM
ADCA | Add with Carry to A A +M+C=A IND8, X a3 ff 6 A —|8 A A A
IND8, Y 53 ff 6
IND8, Z 63 ff 6
IMM8 73 ii 2
IND16, X 1743 9909 6
ey | v | B
EXT 773 | TR 6
E X 2743 — 6
E Y 2753 - 6
E,Z 2763 — 6
ADCB | Add with Carry to B B +M+C=8B IND8, X C3 ff 6 A —|a A A A
INDS8, Y D3 ff 6
IND8, Z E3 ff 6
IMM8 F3 ii 2
E X 27C3 _ 6
E Y 2703 6
E,Z 27E3 — 6
IND16, X 17C3 0999 6
IND16,Y | 17D3 9999 6
IND16, Z 17E3 g%g? 6
EXT 17F3 | 6
ADCD | Add with Carry oD | (D) +(M:M+1)+C =D | IND8, X 83 [ 6 — —|a & a &
INDS8, Y 93 ff 6
IND8, Z A3 ff 6
E, X 2783 - 6
EY 2793 - 6
E,Z 27A3 — 6
IMM16 3783 i kk 4
IND16, X 37C3 9999 6
Nbjo.2 | a7es | Sose | 8
EXT ars | TR 6
ADCE Add with Carry to E | (E) + (M:M+1)+C= E | IMM1 3733 i kk 4 — —|Aa A A A
IND16, X 3743 0999 6
IND16, Y 3753 9999 6
IND16, 2 3763 %%gﬁ 6
EXT 3773 6
ADDA Add to A (A) + (M) = A IND8, X 41 f 6 A —|A A A A
IND8, Y 51 ff 6
IND8, Z 61 ff 6
IMM8 71 i 2
E, X 2741 - 6
EY 2751 -— 6
INDie, X | T7al - e
ey | o | ww | e
E | W e
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Instruction Set Summary (Continued)

M k Operati Description Address Instruction Condition Codes
Mode Opcode | Operand| Cycles [ S[MV H[EV] N[ Z] V] C
ADDB Add to B (B)+(M) =B IND8, X C1 ii 6 — — A —|A A A A
IND8, Y D1 ff 6
IND8, Z E1 ff 6
IMM8 F1 ff 2
s 27C1 —_ 6
E Y 27D1 — 6
NDie X | Trer - e
16, 17C1 g
NoreY| oy | e |
3 1
EXT 17F1 %?\gﬁ 6
ADDD Add to D D)y+M:M+1)=D IND8, X 81 ji kk 6 — — — —| A A A A
IND8, Y 91 ff 6
IND8, Z A1 6
IMM8 FC ff 2
E, X 2781 —_ 6
E, Y 2791 —_ 6
,Z 27A1 — 6
IMM16 37B1 i 4
IND16, X 37C1 [e[olols] 6
:“81 6, ; 3721 9999 6
16, 37E1 6
sk | WR | e
ADDE Add to E (E)+ M:M+1) = E IMM8 7C ii 2 — — — —| A A A A
IMM16 3731 ii kk 4
IND16, X 3741 aggg 6
IND16, Y 3751 9999 6
IND16, Z 3761 %?‘gﬁ 6
EXT 3771 6
ADE AddD W0 E (E)+ (D) >E INH 2778 — 2 — — — —| A A A A
ADX Add D to X (XK : 1X) + («D) = XK : IX INH 37CD — 2 —_ - — == — —
ADY AddDtoY (YK 1Y) +(«D) = YK : IY INH 370D — 2 _—_— = == - — -
ADZ Add D to Z (ZK:12) + («D) = ZK : I1Z INH 37ED — 2 _ = — - - — —
AEX Add E to X (XK IX) + («E) = XK : IX INH 374D — 2 — — — —|— — — —
AEY AddEtoY (YK : 1Y) + («E) = YK : IY INH 375D — 2 e
AEZ Add E to Z (ZK:1Z) + («E) = ZK : 1Z INH 376D — 2 - = = == - - —
AIS Add Immediate Data| SK:SP + «IMM = SK: IMM8 3F ii 2 e
to SP SP IMM16 373F ii kk 4
AIX Add Immediate XK : IX + «IMM = XK : IX[  IMM8 3C ii 2 _—_—— == A - -
Value to X IMM16 373C ii kk 4
AlY Add Immediate YK:IY + «IMM = YK : IY IMM8 3D ii 2 — - — == A - —
Value to Y IMM16 373D i kk 4
AlZ Add Immediate ZK:1Z + «IMM = ZK : 1Z IMM8 3E ii 2 _ - — == A - —
Value to Z IMM16 373E i kk 4
ANDA AND A (A)+M)= A IND8, X 46 ff 6 — — — —|A A 0 —
IND8, Y 56 ff 6
D8, Z 66 ff 6
INIE)AMBX 76 i g
16, 1746
IND16,Y | 1756 8888 6
IND16, Z 1766 %%gﬁ 6
1776 6
y 2746 —_— 6
E Y 2756 —_ 6
E, Z 2766 — 6
ANDB AND B B)+M=8 INDS8, X C6 ff 6 - — — —| A A 0 —
INDS8, Y D6 ff 6
IND8, Z E6 ff 6
IMM8 F6 ii 2
IND16, X 17C6 ggag 6
neY| s |<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>