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1.0 General Description

The CR16MCS9/CR16MCS5 and CR16HCS9/
CR16HCS5 CompactRISC™ microcontroller is based on a
Reduced Instruction Set Computer (RISC) architecture.
The device operates as a complete microcomputer with all
system timing, interrupt logic, flash program memory or
ROM memory, RAM, EEPROM data memory, and 1/O ports
included on-chip. It is ideally suited to a wide range of em-
bedded controller applications because of its high perfor-
mance, on-chip integrated features and low power
consumption resulting in decreased system cost.

The CR16MCS9/CR16MCS5 and CR16HCS9/
CR16HCS?5 offer the high performance of a RISC architec-
ture while retaining the advantages of a traditional Com-
plex Instruction Set Computer (CISC): compact code, on-
chip memory and 1/0, and reduced cost. The CPU uses a
three-stage instruction pipeline that allows execution of up
to one instruction per clock cycle, or up to 24 million in-
structions per second (MIPS) at a clock rate of 24 MHz.

The CR16MCS9/CR16MCS5 and CR16HCS9/
CR16HCSS5 contain a FullCAN class, CAN serial interface
for low/high speed applications with 15 orthogonal mes-
sage buffers, each supporting standard as well as extend-
ed message identifiers.
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1.0 General Description (Continued)

The CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
have 64K bytes of reprogrammable flash EEPROM program
memory or ROM memory, 1.5K bytes of flash EEPROM In-
System-Programming memory, 3K bytes of static RAM, 2K
bytes of non-volatile EEPROM data memory and 128 bytes
with high endurance, two USARTS, two 16-bit multi-function
timers, one SPI/MICROWIRE-PLUS™ serial interface, a 12-
channel A/D converter, two analog comparators, WATCH-
DOG™ protection mechanism, and up to 56 general-purpose
1/0 pins.

The CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
operate with a high-frequency crystal as the main clock
source and either the prescaled main clock source or with a
low frequency (32.768 kHz) oscillator in Power Save mode.
The devices support several Power Save modes which are
combined with multi-source interrupt and wake-up capabili-
ties.

This devices also have a Versatile Timer Unit (VTU) with four
timer sub-systems, a CAN interface, and ACCESS.bus syn-
chronous serial bus interface.

Powerful cross-development tools are available from Nation-
al Semiconductor and third party suppliers to support the de-
velopment and debugging of application software for the
CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCSS.
These tools let you program the application software in C and
are designed to take full advantage of the CompactRISC ar-
chitecture.

2.0 Features
* CPU Features

— Fully static core, capable of operating at any rate from
0 to 24 MHz (4 MHz minimum in active mode)

— 41.67 ns instruction cycle time with a 24 MHz external
clock frequency

— Multi-source vectored interrupts (internal, external,
and on-chip peripheral)

— Dual clock and reset

« On-chip power-on reset
¢ On-Chip Memory

— Up to 64K bytes flash EEPROM program memory; can
be programmed, erased, and reprogrammed by soft-
ware (100K cycles)

— 3K bytes of static RAM data memory

— For flash program memory devices, 1.5k bytes flash
EEPROM memory is available to store boot loader
code (100K cycles)

— 2K bytes of non-volatile EEPROM data memory with
low endurance (25K cycles) and 128 bytes with high
endurance (100K cycles)

e On-Chip Peripherals

— Two Universal Synchronous/Asynchronous Receiver/
Transmitter (USART) devices

— Programmable Idle Timer and real-time clock (TO)

— Two dual 16-bit multi-function timers (MFT1 and
MFT2)

— 8/16-bit SPI/MICROWIRE-PLUS serial interface

— 12-channel, 8-bit Analog-to-Digital (A/D) converter
with external voltage reference, programmable sam-
ple-and-hold delay, and programmable conversion fre-
quency

— ACCESS.bus synchronous serial bus

— FulICAN interface with 15 message buffers complaint
to CAN specification 2.0B active

— Versatile Timer Unit with four subsystems (VTU)

— Two analog comparators

— Integrated WATCHDOG logic

I/O Features

— Up to 56 general-purpose I/O pins (shared with on-chip
peripheral I/O pins)

— Programmable 1/O pin characteristics: TRI-STATE out-
put, push-pull output, weak pull-up input, high-imped-
ance input

— Schmitt triggers on general purpose inputs

Power Supply

— 4.5V to 5.5V single-supply operation

Temperature Range

— —40°C to +85°C

— —40°C to +125°C

Development Support

— Real-time emulation and full program debug capabili-
ties available

— CompactRISC tools provide C programming and de-
bugging support
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CR16 CompactRISC Microcontroller with CAN Interface Family Selection Guide

Programmable devices

EEPROM
Speed Flash/ Data SRAM . Temp. . Package
NSID (MH2) | (kByte) | Memory | (kBytes) USART | Timer | I/Os Range Peripherals Type
(Bytes)
CR16MCS9VJIEX 16 64 2176 3 2 2MFT, 56 E, I ADC, CAN, 80PQFP
VTU Comparators
2MFT, ADC, CAN,
CR16HCS9VJEX 24 64 2176 3 2 VTU 56 E, | Comparators 80PQFP
Factory Programmed devices
EEPROM
Speed | Flash/ Data SRAM ) Temp. . Package
NSID (MHz) | (KByte) | Memory | (kBytes) USART | Timer | I/Os Range Peripherals Type
(Bytes)
2MFT, ADC, CAN,
CR16MCS9VJIExy 16 64 2176 3 2 VTU 56 E, | Comparators 80PQFP
2MFT, ADC, CAN,
CR16HCS9VJIExy 24 64 2176 3 2 VTU 56 E, | Comparators 80PQFP
ROM devices
EEPROM
Speed Flash/ Data SRAM Tem Package
NSID P ROM USART | Timer | 1/0s P-| peripherals 9
(MHz) Memory | (kBytes) Range Type
(KByte)
(Bytes)
CR16MCS5VJEX 16 64 2176 3 2 2MFT, 56 E, | ADC, CAN, 80PQFP
VTU Comparators
2MFT, ADC, CAN,
CR16HCS5VJEX 24 64 2176 3 2 VTU 56 E, | Comparators 80PQFP

Note:

» Suffix x in the NSID is defined below:

Temperature Ranges:

| = Industrial
E = Extended

« Suffix y in the NSID defines the ROM code.

-40°C to +85°C is represented when x is 8
-40°C to +125°C is represented when x is 7

Note: All devices contains Access.bus (ACB), Clock and Re-
set, MICROWIRE/API, Multi-Input Wake-Up (MIWU), Power
Management (PMM), and the Real-Time Timer and Watch-
dog (TWM) modules. Access.bus is compatible with 12C bus
offered by Philips Semiconductor.

CR16 CompactRISC Microcontroller with CAN Interface

Family Devices

National Semiconductor currently offers a variety of the
CR16 CompactRISC Microcontrollers with CAN interface.
The CR16MCS offer complete functionality in an 80-pin

PQFP package.
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3.0 Device Overview

TheCR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
are complete microcomputers with all system timing, inter-
rupt logic, program memory, data memory, and 1/O ports in-
cluded on-chip, making it well-suited to a wide range of
embedded controller applications.

3.1 CR16B CPU CORE

The CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
uses a CR16B CPU core module. This is the same core used
in other CompactRISC family member designs, like DECT or
GSM chipsets.

The high performance of the CPU core results from the im-
plementation of a pipelined architecture with a two-bytes-per-
cycle pipelined system bus. As a result, the CPU can support
a peak execution rate of one instruction per clock cycle.

Compared with conventional RISC processors, the devices
differ in the following ways:

— The CPU core can use on-chip rather than external
memory. This eliminates the need for large and com-
plex bus interface units.

— Most instructions are 16 bits, so all basic instructions
are just two bytes long. Additional bytes are sometimes
required for immediate values, so instructions can be
two or four bytes long.

— Non-aligned word access is allowed. Each instruction
can operate on 8-bit or 16-bit data.

— The devices are designed to operate with a clock rate
in the 10 to 24 MHz range rather than 100 MHz or
more. Most embedded systems face EMI and noise
constraints that limit clock speed to these lower rang-
es. A lower clock speed means a simpler, less costly
silicon implementation.

— The instruction pipeline uses three stages. A smaller
pipeline eliminates the need for costly branch predic-
tion mechanisms and bypass registers, while maintain-
ing adequate performance for typical embedded
controller applications.

For more information, please refer to the CR16B Program-
mer’s Reference Manual, Literature #: 633150.

3.2 MEMORY

The CompactRISC architecture supports a uniform linear ad-
dress space of 2 megabytes. The CR16MCS9/CR16MCS5
and CR16HCS9/CR16HCS5 implementation of this architec-
ture uses only the lowest 128K bytes of address space. Four
types of on-chip memory occupy specific intervals within this
address space:

e 64K bytes of flash EEPROM program memory (100K cy-
cles)

e 48K bytes ROM programm memory version available also
(100K cycles)

« 3K bytes of static RAM

e 2K bytes of EEPROM data memory with low endurance
(25K cycles)

e 128 bytes with high endurance (100K cycles)

¢ 1.5K bytes flash EEPROM memory for ISP code

The 3K bytes of static RAM are used for temporary storage
of data and for the program stack and interrupt stack. Read
and write operations can be byte-wide or word-wide, depend-
ing on the instruction executed by the CPU. Each memory
access requires one clock cycle; no wait cycles or hold cycles
are required.

There are two types of flash EEPROM data memory storage.
The 2K bytes of EEPROM data memory with low endurance
(25K cycles) and 128 bytes of flash EEPROM data memory
with high endurance (100K cycles) are used for non-volatile
storage of data, such as configuration settings entered by the
end-user.

The 64K bytes of flash EEPROM program memory are used
to store the application program. It has security features to
prevent unintentional programming and to prevent unautho-
rized access to the program code. This memory can be pro-
grammed with a device external programming unit or with the
CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5 in-
stalled in the application system (in-system programming).

There is a factory programmed boot memory used to store
In-System-Programming (ISP) code. (This code allows pro-
gramming of the program memory via one of the USART in-
terfaces in the final application.)

For flash EEPROM program and data memory, the
CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCSS inter-
nally generates the necessary voltages for programming. No
additional power supply is required.

3.3 INPUT/OUTPUT PORTS

The CCR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
devices havs 56 software-configurable 1/0 pins, organized
into seven 8-pin ports called Port B, Port C, Port F, Port G,
Port H, Port I, and Port L. Each pin can be configured to op-
erate as a general-purpose input or general-purpose output.
In addition, many 1/O pins can be configured to operate as a
designated input or output for an on-chip peripheral module
such as the USART, timer, A/D converter, or MICROWIRE/
SPI interface.

The I/O pin characteristics are fully programmable. Each pin
can be configured to operate as a TRI-STATE output, push-
pull output, weak pull-up input, or high-impedance input.

3.4 BUS INTERFACE UNIT

The Bus Interface Unit (BIU) controls the interface between
the on-chip modules to the internal core bus. It determines
the configured parameters for bus access (such as the num-
ber of wait states for memory access) and issues the appro-
priate bus signals for each requested access.

The BIU uses a set of control registers to determine how
many wait states and hold states are to be used when ac-
cessing flash EEPROM program memory, ISP memory and
the 1/0O area (Port B and Port C). Upon start-up the configu-
ration registers are set for slowest possible memory access.
To achieve fastest possible program execution, appropriate
values should be programmed. These settings vary with the
clock frequency and the type of on-chip device being access-
ed.
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3.5 INTERRUPTS

The Interrupt Control Unit (ICU31L) receives interrupt re-
quests from internal and external sources and generates in-
terrupts to the CPU. An interrupt is an event that temporarily
stops the normal flow of program execution and causes a
separate interrupt service routine to be executed. After the in-
terrupt is serviced, CPU execution continues with the next in-
struction in the program following the point of interruption.

Interrupts from the timers, USARTs, MICROWIRE/SPI inter-
face, multi-input wake-up, and A/D converter are all
maskable interrupts; they can be enabled or disabled by the
software. There are 32 of these maskable interrupts, orga-
nized into 32 predetermined levels of priority.

The highest-priority interrupt is the Non-Maskable Interrupt
(NMI), which is generated by a signal received on the NMl in-
put pin.

3.6 MULTI-INPUT WAKE-UP

The Multi-Input Wake-Up (MIWU16) module can be used for
either of two purposes: to provide inputs for waking up (exit-
ing) from the HALT, IDLE, or Power Save mode; or to provide
general-purpose edge-triggered maskable interrupts from
external sources. This 16-channel module generates four
programmable interrupts to the CPU based on the signals re-
ceived on its 16 input channels. Channels can be individually
enabled or disabled, and programmed to respond to positive
or negative edges.

3.7 DUAL CLOCK AND RESET

The Dual Clock and Reset (CLK2RES) module generates a
high-speed main system clock from an external crystal net-
work. It also provides the main system reset signal and a
power-on reset function.

This module also generates a slow system clock (32.768
kHz) from another external crystal network. The slow clock is
used for operating the device in power-save mode. Without a
32.768kHz external crystal network, the low speed system
clock can be derived from the high speed clock by a prescal-
er.

Also, two independent clocks divided down from the high
speed clock are available on output pins.

3.8 POWER MANAGEMENT

The Power Management Module (PMM) improves the effi-
ciency of the CR16MCS9/CR16MCS5 and CR16HCS9/
CR16HCS5 by changing the operating mode and therefore
the power consumption according to the required level of ac-
tivity.

The CR16MCS9/CR16MCS5 and CR16HCS9/CR16HCS5
can operate in any of four power modes:

— Active: The CR16MCS9/CR16MCS5 and CR16HCS9/
CR16HCS5 operate at full speed using the high-fre-
quency clock. All devices function are fully operational.

— Power Save: The device operates at reduced speed
using the slow clock. The CPU and some modules can
continue to operate at this low speed.

— IDLE: The device is inactive except for the Power Man-
agement Module and Timing and Watchdog Module,
which continue to operate using the slow clock.

— HALT: The device is inactive but still retains its internal
state (RAM and register contents).

3.9 MULTI-FUNCTION TIMER

The Multi-Function Timer (MFT16) module contains two in-
dependent timer/counter units called MFT1 and MFT2, each
containing a pair of 16-bit timer/counter registers. Each timer/
counter unit can be configured to operate in any of the follow-
ing modes:

— Processor-Independent Pulse Width Modulation
(PWM) mode, which generates pulses of a specified
width and duty cycle, and which also provides a gener-
al-purpose timer/counter.

— Dual Input Capture mode, which measures the
elapsed time between occurrences of external events,
and which also provides a general-purpose timer/
counter.

— Dual Independent Timer mode, which generates sys-
tem timing signals or counts occurrences of external
events.

— Single Input Capture and Single Timer mode, which
provides one external event counter and one system
timer.

3.10 VERSATILE TIMER UNIT

The Versatile Timer Unit (VTU) module contains four inde-
pendent timer subsystems, each operating in either dual 8-bit
PWM configuration, as a single 16-bit PWM timer, or a 16-bit
counter with two input capture channels. Each of the four tim-
er subsystems offer an 8-bit clock prescaler to accommodate
a wide range of frequencies.

3.11 REAL-TIME TIMER AND WATCHDOG

The Timing and Watchdog Module (TWM) generates the
clocks and interrupts used for timing periodic functions in the
system. It also provides Watchdog protection against soft-
ware errors. The module operates on the slow system clock.

The real-time timer can generate a periodic interrupt to the
CPU at a software-programmed interval. This can be used
for real-time functions such as a time-of-day clock. The real-
time timer can trigger a wake-up condition from power-save
mode via the Multi-Input Wake-Up module.

The Watchdog is designed to detect program execution er-
rors such as an infinite loop or a “runaway” program. Once
Watchdog operation is initiated, the application program
must periodically write a specific value to a Watchdog regis-
ter, within specific time intervals. If the software fails to do so,
a Watchdog error is triggered, which resets the device.

3.12 USART

The USART supports a wide range of programmable baud
rates and data formats, and handles parity generation and
several error detection schemes. The baud rate is generated
on-chip, under software control.

There are two independent USARTSs in the device and they
offer a wake-up condition from the power-save mode via the
Multi-Input Wake-Up module.

3.13 MICROWIRE/SPI

The MICROWIRE/SPI (MWSPI) interface module supports
synchronous serial communications with other devices that
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conform to MICROWIRE or Serial Peripheral Interface (SPI)
specifications. It supports 8-bit and 16-bit data transfers.

The MICROWIRE interface allows several devices to com-
municate over a single system consisting of four wires: serial
in, serial out, shift clock, and slave enable. At any given time,
the MICROWIRE interface operates as the master or a slave.
The support supports the full set of slave select for multi-
slave implementation.

In master mode, the shift clock is generated on chip under
software control. In slave mode, a wake-up out of power-
save mode is triggered via the Multi-Input Wake-Up module.

3.14 CR16CAN

The CR16CAN device contains a FullCAN class, CAN serial
bus interface for applications that require a high speed (up to
1MBits per second) or a low speed interface with CAN bus
master capability. The data transfer between CAN and the
CPU is established by 15 memory mapped message buffers,
which can be individually configured as receive or transmit
buffers. An incoming message is filtered by two masks, one
for the first 14 message buffers and another one for the 15th
message buffer to provide a basic CAN path. A priority de-
coder allows any buffer to have the highest or lowest transmit
priority. Remote transmission requests can be processed au-
tomatically by automatic reconfiguration to a receiver after
transmission or by automated transmit scheduling upon re-
ception. In addition, a time stamp counter (16-bits wide) is
provided to support real time applications.

The CR16CAN device is a fast core bus peripheral, which al-
lows single cycle byte or word read/write access. A set of di-
agnostic features (such as loopback, listen only, and error
identification) support the development with the CR16CAN
module and provide a sophisticated error management tool.

The CR16CAN receiver can trigger a wake-up condition out
of the power-save modes via the Multi-Input Wake-Up mod-
ule.

3.15 ACCESS.BUS INTERFACE

The ACCESS.bus interface module (ACB) is a two-wire seri-
al interface with the ACCESS.bus physical layer. It is also
compatible with Intel's System Management Bus (SMBus)
and Philips’ I2C bus. The ACB module can be configured as
a bus master or slave, and can maintain bi-directional com-
munications with both multiple master and slave devices.

The ACCESS.bus receiver can trigger a wake-up condition
out of the power-save modes via the Multi-Input Wake-Up
module.

3.16 A/D CONVERTER

The A/D Converter (ADC) module is a 12-channel multi-
plexed-input analog-to-digital converter. The A/D Converter
receives an analog voltage signal on an input pin and con-
verts the analog signal into an 8-bit digital value using suc-
cessive approximation. The CPU can then read the result
from a memory-mapped register. The module supports four
automated operating modes, providing single-channel or 4-
channel operation in single or continuous mode.

The device has a separate pin, Vref, for the A/D reference
voltage.

3.17 ANALOG COMPARATORS

The Dual Analog Comparator (ACMP2) module contains two
independent analog comparators with all necessary control
logic. Each comparator unit compares the analog input volt-
ages applied to two input pins and determines which voltage
is higher. The CPU uses a memory-mapped register to con-
trol the comparator and to obtain the comparison results. The
comparison result can also be applied to comparator output
pins.

3.18 DEVELOPMENT SUPPORT

A powerful cross-development tool set is available from Na-
tional Semiconductor and third parties to support the devel-
opment and debugging of application software for the
CR16MCS9. The tool set lets you program the application
software in C and is designed to take full advantage of the
CompactRISC architecture.

There are In-System Emulation (ISE) devices available for
the device fromiSYSTEM™, as well as lower-cost evaluation
boards. See your National Semiconductor sales representa-
tive for current information on availability and features of em-
ulation equipment and evaluation boards.
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4.0 Device Pinouts

Table 1 Package Pin Assignments

Pin Name Alternate Function(s) Pin Number Type
PH4 MWCS 1 /0
PH5 MD1DO 2 /0
PH6 MDOD1 3 I/O
PH7 MSK 4 /0
PBO DO 5 /0
PB1 D1 6 I/O
PB2 D2 7 /0
PB3 D3 8 /0
PB4 D4 9 I/0
PB5 D5 10 /0
PB6 D6 11 /0
PB7 D7 12 le]

ENVO/CLKOUT1 13 /0
SDA 14 /0
SCL 15 I/0
GND 16 PWR
Vcc 17 PWR
GND 18 PWR

CANTX 19 O

CANRX 20 |
PCO D8 21 I/0
PC1 D9 22 /0
PC2 D10 23 /0
PC3 D11 24 I/0
PC4 D12 25 /0
PC5 D13 26 /0
PC6 D14 27 I/0
PC7 D15 28 /0
PG7 CKX1 29 /0
PG6 TDX1 30 I/0
PG5 RDX1 31 /0
PG4 TIO6 32 /0
PG3 TIO5 33 le]
PG2 CKX2 34 /0
PG1 TDX2 35 /0
PGO RDX2 36 I/0
CLKOUT2 37 O
ENV1/CLK! 37 e}
PF7 TIO4 38 le]
PF6 TIO3 39 /0
PF5 T2B 40 /0
PF4 T2A 41 le]
PF3 TIO2 42 /0
PF2 TIO1 43 /0
PF1 TIB 44 le]
www.national.com 8




Table 1 Package Pin Assignments

Pin Name Alternate Function(s) Pin Number Type
PFO TIA 45 110
NMI 46 |

X1CKO 47 o)
X1CKI 48 |
GND 49 PWR
Vcec 50 PWR
GND 51 PWR
X2CKO 52 o
X2CKI 53 |

RESET? 54 |
PIO ACHO® 55 110
PI1 ACH13 56 110
PI2 ACN23 57 110
PI3 ACH33 58 110
P14 ACH43 59 110
PI5 ACH53 60 110
PI6 ACH63 61 110
PI7 ACHT73 62 110
Vref 63 PWR

AGND 64 PWR
Avcc 65 PWR
PHO ACHS8S, wul4 66 110
PH1 ACH93, WUI5 67 110
PH2 ACH103, WUI6 68 110
PH3 ACH1183, wuI7 69 110
GND 70 PWR
Vee 71 PWR
GND 72 PWR
PLO COMPINS, WUIO 73 110
PL1 COMP1P3, WuI1 74 110
PL2 COMP10, WUI2 75 110
PL3 COMP20, WUI3 76 110
PL4 comp2p? 77 110
PL5 COMP2N3 78 110
PL6 TIO7 79 110
PL7 TIO8 80 110

Note 1: The ENVO and ENV1 pins each have a weak pull-up to keep the input from floating.
Note 2: The RESET input has a weak pulldown.
Note 3: These functions are always enabled, due to the direct low-impedance path to these pins.
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4.1 PIN DESCRIPTION

Some pins have alternate functions which may be enabled.
These pins can be individually configured as general pur-
pose pins, even when the module they belong to is enabled.

The following is a brief description of all device pins.

Table 2 Input Pins

Signal | Type | Active| Pin (* for a shared pin) Function
X1CKI | OSC High Main oscillator clock input.
X2CKI | OSsC High 32kHz oscillator clock input.
RESET | CMOS | Low Chip general reset pin. Schmitt trigger input, asynchronous.
ISE CMOS | Low Interrupt input for development system.
T1B CMOS | Prog. |* Timer 1 input B. Shares pin with I/O port pin PF1.
T2B CMOS | Prog. |* Timer 2 input B. Shares pin with I/O port pin PF5.
RDX1 | CMOS | High * USART 1 receive data input. Shares pin with I/O port pin PG5.
RDX2 | CMOS | High * USART 2 receive data input. Shares pin with I/O port pin PGO.
ACHO | Analog * A2D converter channel 0. Shares pin with I/O port pin P10
ACH1 | Analog * A2D converter channel 1. Shares pin with I/O port pin PI1
ACH2 | Analog * A2D converter channel 2. Shares pin with I/O port pin P12
ACH3 | Analog * A2D converter channel 3. Shares pin with I/O port pin PI3
ACH4 | Analog * A2D converter channel 4. Shares pin with I/O port pin P14
ACH5 | Analog * A2D converter channel 5. Shares pin with I/O port pin PI5
ACH6 | Analog * A2D converter channel 6. Shares pin with I/O port pin P16
ACH7 | Analog * A2D converter channel 7. Shares pin with I/O port pin P17
ACH8 | Analog * A2D converter channel 8. Shares pin with I/O port pin PHO
ACH9 | Analog * A2D converter channel 9. Shares pin with I/O port pin PH1
ACH10 | Analog * A2D converter channel 10. Shares pin with I/O port pin PH2
ACH11 | Analog * A2D converter channel 11. Shares pin with 1/O port pin PH3
MWCS | CMOS |Low | * SPI/MICROWIRE slave select. Shares pin with I/O port pin PH4.
NMI CMOS | Low External non-maskable interrupt.
ENVO |CMOS | Low * Strap to select operating environment.
ENV1 |CMOS |Low * Strap pin to select operating environment.
ENV2 |CMOS |Low Strap pin to select operating environment.
CANRX | CMOS | High CAN receive data input.
Table 3 Output Pins

Signal Type | Active asF;:grgdf(:Jzn) Function
X1CKO OSC | High Main oscillator clock output.
X2CKO OSC | High 32kHz oscillator clock output.
CLK CMOS| High | * External reference clock for development environment (shared with m).
CLKOUT | CMOS| High |* Clock output generated through prescaler (shared with m).
1
CLKOUT | CMOS| High | * Clock output generated through prescaler (shared with ENV1).
2
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Table 3 Output Pins

Signal Type | Active a sljrigrg(j]c?)rin) Function
TDX1 CMOS| High |* USART 1 transmit data output (shared with PG6).
TDX2 CMOS| High |* USART 2 transmit data output (shared with PG1).
CANTX CMOS| High CAN output.
Table 4 Input/Output Pins
Signal Type | Active sPP:ZrSJc:):rii) Function
PF[0:7] | CMOS| High |* Generic I/O port. Shared with T1A, T1B, TIO1, TIO2, T2A, T2B, TIO3, TIOA4.
PG[0:7] CMOS| High * Generic 1/O port. Shared with RDX2, TDX2, CKX2, TIO5, TIO6, RDX1, TDX1,
CKX1.
PB[0:7] CMOS| High | * Generic /O port.
PC[0:7] | CMOS| High |* Generic I/O port.
PL[0:7] CMOS| High | * Generic I/O port. Shared with 6 comparator pins, MIWU16 on PLO:3.
PH[0:7] | CMOS| High |* Generic 1/O port. Shared with ADC input channels 8-11, MWCS, MDIDO,
MDODI, MSK; MIWU16 on PH4:7.
PI[0:7] CMOS| High | * Generic /O port. Shared with ADC input channels 0-7.
T1A CMOS| Prog | * Timer 1 input A. Shared with 1/0O port pin PFO.
T2A CMOS| Prog | * Timer 2 input A. Shared with 1/0O port pin PF4.
TIO[0:7] | CMOS| Prog |* Versatile timer unit I/0s. Shared with PF2:3, PF6:7, PG3:4, PL6:7.
MDIDO | CMOS| High |* Master In/Slave Out port: SPI/Microwire. Shared with 1/0O pin PH5,
MDODI CMOS| High | * Master Out/Slave In port: SPI/Microwire. Shared with 1/0O pin PH6.
MSK CMOS| Prog |* SPI/Microwire clock. Shared with 1/0O pin PH7.
CKX1 CMOS| High | * USART 1 clock. Shared with I/O pin PG7.
CKX2 CMOS| High | * USART 2 clock. Shared with I/O pin PG2
SCL CMOS| High ACCESS.bus clock I/0.
SDA CMOS| High ACCESS.bus data I/O.
Table 5 Power Supply
Signal Function

Vce Main digital power supply (4 total).

Vref Voltage reference supply for analog to digital converter.

AVcc | Analog power supply for analog/digital converter.

AGND | Analog reference ground supply.

GND | Main digital reference ground (8 total).
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5.0 System Configuration

The device has two input pins, ENVO and ENV1, which are
used to specify the operating environment of the device upon
reset. There are also two system configuration registers,
called the Module Configuration (MCFG) register and the
Module Status (MSTAT) register.

51 ENVO AND ENV1 PINS

Upon reset, the operating mode of the device is determined
by the state of the ENVO and ENV1 input pins, as indicated
in Table 6.

Table 6 Operating Environment Selection

ENV1 | ENVO Operating Environment
0 0 Test Mode Flash Me3mory
0 1 Test Mode
1 0 In-System-Programming mode (ISP)
Internal ROM enabled Mode (IRE), if
1 1 program memory is not empty; or ISP-
Mode, if program memory is empty

normal operating mode, the CLK pin operates
as a CPU clock output.

Generated Clock Output 1 Enable. When
cleared (0), the CLKOUT1 pin (ENVO) stays in
high impedance state. When set (1), the pin
outputs the clock from the prescaler controlled
by PRSSC1.SCDIV1.

Generated Clock Output 2 Enable. When this
bit is set (1) and CLKOE is cleared, the
CLKOUT?2 pin (ENV1) outputs the clock from
the prescaler controlled by PRSSC1.SCDIV2.
Otherwise, the CLKOUT2 pin is in high imped-
ance state.

5.3 MODULE STATUS (MSTAT) REGISTER

The MSTAT register is a byte-wide, read-only register that in-
dicates the general status of the device.

CLK1OE

CLK20E

The MCFG register format is shown below.

7 4 3 2 1 0

Reserved |PGMBUSY| Reserved | OENV1 | OENVO

In the case where the ENV1 and ENVO pins are both high,
the reset algorithm looks at the FLCTRL2.EMPTY bit to de-
termine whether the program memory is empty, and sets the
operating mode accordingly.

The ENVO and ENV1 pins have on-chip pull-up devices that
are enabled during reset while the pins are being sampled.
Therefore, if they are left unconnected, the inputs are consid-
ered high and the normal operating mode (IRE-Mode) is se-
lected and the CPU starts to execute code at address 0. To
enter any other operating mode, the external hardware must
drive the appropriate input low.

In the case where the ISP-Mode is selected, the chip starts
executing the ISP code residing in the on-chip ISP-Memory
area.

The test modes are Reserved for factory testing and for ex-
ternal programming of the flash EEPROM program memory.
They should not be invoked otherwise.

5.2 MODULE CONFIGURATION (MCFG)
REGISTER

The MCFG register is a byte-wide, read/write register that
sets the clock output features of the device.

Upon reset, the non-reserved bits of this register are cleared
to zero. The start-up software must write a specific value to
this register in order to configure the CLK output pin function.

When the software writes to this register, it must write a zero
to each reserved bit for the device to operate properly. The
register should be written in active mode only, not in power
save, HALT, or IDLE mode. However, the register contents
are preserved during all power modes.

The MCFG register format is shown below.

7 | 6 5 4 | 3 2 1 0
CLK20E CLK1OE | CLKOE

Reserved Reserved Reserved

CLKOE CPU Clock Output Enable. When this bit is
cleared (0), the CLK pin (ENV1) remains in the

high-impedance state. When this bitis set (1) in

OENV(1:0) Operating Environment. These two bits contain
the values applied to the ENV1 and ENVO pins
upon reset. These bit values are controlled by
the external hardware upon reset and are held
constant in the register until the next reset.
Flash EEPROM Programming Busy. This bit is
automatically set to 1 when either the program
memory or the data memory is busy being pro-
grammed or erased. It is cleared to 0 when nei-
ther of the two flash EEPROM memories is
busy being programmed or erased. When this
bit is set, the software should not attempt any
write access to either of these two memories.

PGMBUSY
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6.0 Input/Output Ports

Each device has up to 56 software-configurable I/O pins, or-
ganized into seven ports of up to eight pins per port. The
ports are named Port B, Port C, Port F, Port G, Port H, Port I,
and Port L.

Each pin can be configured to operate as a general-purpose
input or general-purpose output. In addition, many I/O pins
can be configured to operate as a designated input or output
for an on-chip peripheral module such as the USART or the
Multi-Input Wakeup. This is called the pin's “alternate func-
tion.” The alternate functions of all I/O pins are shown in the
pinout diagrams in Table 1.

The I/O pin characteristics are fully programmable. Each pin
can be configured to operate as a TRI-STATE output, push-
pull output, weak pull-up input, or high-impedance input. Dif-
ferent pins within the same port can be individually config-
ured to operate in different modes.

Figure 1 is a diagram showing the functional features of an I/
O port pin. The register bits, multiplexers, and buffers allow
the port pin to be configured into the various operating
modes.The output buffer is a TRI-STATE buffer with weak
pull-up capability. The weak pull-up, if used, prevents the port
pin from going to an undefined state when it operates as an
input.

The input buffer is disabled when it is not needed to prevent
leakage current caused by an input signal’s level between
V¢-0.2 and V¢+0.2 [Volts]. When enabled, it buffers the in-
put signal and sends the pin's logic level to the appropriate

Alternate Function

on-chip module where it is latched. A Schmitt-Trigger mini-
mizes the effects of electrical noise.

The electrical characteristics and drive capabilities of the in-
put and output buffers are described in Section 25.0.

For some pins, a direct low-impedance path is provided be-
tween the pin and an internal analog function. These are the
input pins to the A/D converter and the analog comparators.

6.1 PORT REGISTERS

Each port has an associated set of memory-mapped regis-
ters used for controlling the port and for holding the port data.
In general, there are five such registers:

— PXALT: Port alternate function register
— PxDIR: Port direction register

— PxDIN: Port data input register

— PxDOUT: Port data output register

— PXWKPU: Port weak pull-up register

In the descriptions of the ports and port registers, the lower-
case letter “x” represents the port designation, either B, C, F,
G, H, |, or L. For example, “PxDIR register” means any one
of the port direction registers: PBDIR, PCDIR, PFDIR, and so
on.

All of the port registers are byte-wide read/write registers, ex-
cept for the port data input registers, which are read-only reg-
isters. Each register bit controls the function of the
corresponding port pin. For example, PFDIR.2 (bit 2 of the
PFDIR register) controls the operation of port pin PF2.

enable

P~ Weak pull-up
Weak pull-up
Register - <I

Alt Device Direction

Direction 4@
Register - <l

Alt Device Data Output

X PIN

Deta Out ™| oawou]
Register - <I
Data Input -
Alternate Data Input g (
Alt
Data In Read Strobe J—I—
Figure 1.

I/0 Pin Functional Diagram
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6.1.1

Each port that supports an alternate function (any port other
than Port B or Port C) has an alternate function register (Px-
ALT). This register determines whether the port pins are used
for general-purpose 1/O or for the predetermined alternate
function. Each port pin can be controlled independently.

Port Alternate Function Register

A bit cleared to 0 in the alternate function register causes the
corresponding pin to be used for general-purpose I/O. In this
configuration, the output buffer is controlled by the direction
register and the data output register. The input buffer is rout-
ed to the data input register. The input buffer is blocked ex-
cept when the buffer is actually being read.

A bit set to 1 in the alternate function register causes the cor-
responding pin to be used for its predetermined peripheral I/
O function. The output buffer data and TRI-STATE configura-
tion are controlled by signals coming from the on-chip periph-
eral device. The input buffer is enabled continuously in this
case. To minimize power consumption, the input signal
should be held within 0.2 volts of the VCC or GND voltage.

A reset operation clears the port alternate function registers
to 0, which programs the pins to operate as general-purpose
I/0 ports. This register must be enabled before the corre-
sponding alternate function is enabled.

6.1.2

The port direction register (PxDIR) determines whether each
port pin is used for input or for output. A bit cleared to 0 caus-
es the pin to operate as an input, which puts the output buffer
in the high-impedance state. A bit set to 1 causes the pin to
operate as an output, which enables the output buffer.

Port Direction Register

A reset operation clears the port direction registers to 0,
which programs the pins to operate as inputs.

6.1.3

The data input register (PxDIN) is a read-only register that re-
turns the current state of each port pin. The CPU can read
this register at any time even when the pin is configured as
an output.

Port Data Input Register

6.14 Port Data Output Register

The data output register (PxDOUT) holds the data to be driv-
en onto each port pin configured to operate as a general-pur-
pose output. In this configuration, writing to the register
changes the output value. Reading the register returns the
last value written to the register.

A reset operation leaves the register contents unchanged.
Upon power-up, the registers contain unknown values.

6.1.5 Port Weak Pull-Up Register

The weak pull-up register (PXWKPU) determines whether
each port pin uses a weak pull-up on the output buffer. A bit
set to 1 causes the weak pull-up to be used, while a bit
cleared to 0 causes the causes the weak pull-up not to be
used.

The pull-up device, if enabled by the register bit, operates in
the general-purpose 1/0 mode whenever the port output buff-
er is in the TRI-STATE mode. In the alternate function mode,
the pull-ups are always disabled.

A reset operation clears the port weak pull-up registers to 0,
which disables all pull-ups.

6.2 OPEN-DRAIN OPERATION

A port pin can be configured to operate as an inverting open-
drain output buffer. To do this, the CPU should clear the bit in
the data output register (PxDOUT) and then use the port di-
rection register (PxDIR) to set the value of the port pin. With
the direction register bit set to 1 (direction=out), the value
zero is forced on the pin. With the direction register bit
cleared to O (direction=in), the pin is placed in the TRI-STATE
mode. If desired, the internal weak pull-up can be enabled to
pull the signal high when the output buffer is in the TRI-
STATE mode.

www.national.com
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7.0 CPU and Core Registers

The device uses the same CR16B CPU core as other Com-
pactRISC family members. The core's Reduced Instruction
Set Computer (RISC) architecture allows a processing rate
of up to one instruction per clock cycle.

The CPU core uses a set of internal registers:

— General-purpose registers (R0-R13, RA, and SP)

— Dedicated address registers (PC, ISP, and INTBASE)
— Processor Status Register (PSR)

— Configuration Register (CFG)

All of these registers are 16 bits wide except for the three ad-
dress registers, which are 21 bits wide.

Some register bits are designated as “reserved.” The CPU
must write a zero to each of these bit locations when it writes
to the register. Read operations from reserved bit locations
return undefined values.

7.1 GENERAL-PURPOSE REGISTERS

There are 16 general-purpose registers, designated RO
through R13, RA, and SP. Registers RO through R13 can be
used for any purpose such as holding variables, addresses,
or index values. The RA register is usually used to store the
return address upon entry into a subroutine. The SP register
is usually used as the pointer to the program run-time stack.

If a general-purpose register is used for a byte-wide opera-
tion, only the low-order byte is referenced or modified. The
high-order byte is not used or affected by a byte-wide opera-
tion.

7.2 DEDICATED ADDRESS REGISTERS

There are three dedicated address registers: the Program
Counter (PC), the Interrupt Stack Pointer (ISP), and the Inter-
rupt Base Register (INTBASE). Each of these registers is 21
bits wide.

721

The PC register contains the address of the least significant
word currently being fetched. It is automatically incremented
or changed by the appropriate amount each time an instruc-
tion is executed.

Program Counter

The least significant bit of the PC is always zero, thus instruc-
tions must always be aligned to an even address in the range
of 0000 to 1FFFE hex.

Upon reset, the PC register is initialized to zero and program
execution starts at that address (if in IRE-Mode). When a re-
set signal is received, bits 1 through 16 of the PC register
(prior to initialization) are stored in register RO. This allows
the software to determine the point in the program at which
the reset occurred.

7.2.2

The ISP register points to the lowest address of the last item
stored on the interrupt stack. This stack is used by the hard-
ware when an interrupt or trap service procedure is invoked.

Interrupt Stack Pointer

7.2.3 Interrupt Base Register

The INTBASE register holds the address of the Dispatch Ta-
ble for interrupts and traps. The least significant bit of the reg-
ister is always zero. Thus, the Dispatch Table starts at an
even address in the range of 0000 to FFFE.

7.3 PROCESSOR STATUS REGISTER

The Processor Status Register (PSR) holds status informa-
tion and selects the operating modes for the CPU core. The
format of the register is shown below.

15]14]13|12|11|10| 9|8 |7 |6|5|4|3|2|1]0
Reserved I |P|E|O|N|Z|F|O|O|L|T|C
C bit The Carry (C) bit indicates whether a carry or

borrow occurred after addition or subtraction. It
is set to 1 if a carry or borrow occurred, or
cleared to 0 otherwise.

The Trace (T) bit, when set, causes a Trace
(TRC) trap to be executed after every instruc-
tion. This bit is automatically cleared to 0 when
a trap or interrupt occurs.

The Low (L) bit is set by comparison opera-
tions. In a comparison of unsigned integers, the
bit is set to 1 if the second operand (Rdest) is
less than the first operand (Rsrc). Otherwise, it
is cleared to 0.

The Flag (F) bit is a general condition flag that
is set by various instructions. It may be used to
signal exception conditions or to distinguish the
results of an instruction. For example, integer
arithmetic instructions use this bit to indicate an
overflow condition after an addition or subtrac-
tion operation.

The Zero (Z) bit is set by comparison opera-
tions. In a comparison of integers, the bit is set
to 1 if the two operands are equal. Otherwise,
itis cleared to 0.

The Negative (N) bit is set by comparison oper-
ations. In a comparison of signed integers, the
bit is set to 1 if the second operand (Rdest) is
less than the first operand (Rsrc). Otherwise, it
is cleared to 0.

The Local Maskable Interrupt Enable (E) bit is
used to enable or disable maskable interrupts.
If this bit and the Global Maskable Interrupt En-
able (I) bit are both set to 1, all maskable inter-
rupts are accepted. Otherwise, only the non-
maskable interrupt is accepted. The E bit is set
to 1 by the Enable Interrupts (EI) instruction
and cleared to 0 by the Disable Interrupts (DI)
instruction.

The Trace Trap Pending (P) bit is used togeth-
er with the Trace (T) bit to prevent a Trace
(TRC) trap from occurring more than once for
any instruction. The P bit may be cleared to 0
(no TRC trap pending) or set to 1 (TRC trap
pending).

T bit

L bit

F bit

Z bit

N bit

E bit

P bit
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| bit The Global Maskable Interrupt Enable (I) bit is
used to enable or disable maskable interrupts.
If this bit and the Local Maskable Interrupt En-
able (E) bit are both set to 1, all maskable inter-
rupts are accepted. Otherwise, only the non-
maskable interrupt is accepted. This bit is auto-
matically cleared to 0 when an interrupt occurs
and automatically set to 1 upon completion of
an interrupt service routine.

Upon reset, all non-reserved bits of the register are cleared
to 0 except for the E bit (bit 9), which is set to 1. When a de-
vice reset occurs, the PSR contents prior to the reset are
stored into register R1, allowing the initialization software to
determine the state of the device prior to the reset operation.

7.4 CONFIGURATION REGISTER

The Configuration (CFG) register is a 16-bit core register that
determines the size of the INTBASE register. For the device,
the CFG register should always be left in its default state
(cleared to zero), resulting in a 16-bit INTBASE register.

7.5 ADDRESSING MODES

Each instruction operates on one or more operands. An op-
erand can be a register or a memory location.

Most instructions use one, two, or three device registers as
operands. The instruction opcode specifies the registers to
be operated on. Some instructions may use an immediate
value (a value provided in the instruction itself) instead of a
register.

Memory locations are accessed only by the Load and Store
commands. The memory location to use for a particular in-
struction can be specified as an absolute, relative, or far-rel-
ative address.

The instruction set supports the following addressing modes:

Register Mode The operand is a general-purpose regis-

ter: RO through R13, RA, or SP. For exam-

ple:

ADDB R1, R2
Immediate A constant operand value is specified with-
Mode in the instruction. In a branch instruction,

the immediate operand is a displacement
from the program counter (PC). In the as-
sembly language syntax, a dollar sign indi-
cates an immediate value. For example:

MULW $4, R4

The operand is located in memory. Its ad-
dress is obtained by adding the contents of
a general purpose register to the constant
value encoded into the displacement field
of the instruction. For example:

LOADW 12(R5), R6

The operand is located in memory. Its ad-
dress is obtained by concatenating a pair
of adjacent general-purpose registers to
form a 21-bit value, and adding this value
to the constant value encoded into the dis-
placement field of the instruction.

Relative Mode

Far-Relative
Mode

Absolute Mode The operand is located in memory. Its ad-
dress is specified within the instruction.
For example:

LOADB 4000, R6

For additional information on the instruction set and instruc-
tion encoding, see the CompactRISC CR16B Programmer's
Reference manual.

7.6 STACKS

A stack is a one-dimensional data buffer in which values are
entered and removed one at a time. The last valued entered
is the first one removed. A register called the stack pointer
contains the current address of the last item entered on the
stack. In the device, when an item is entered or “pushed”
onto the stack, the stack expands downward in memory (the
stack pointer is decremented). When an item is removed or
“popped” from the stack, the stack shrinks upward in memory
(the stack pointer is incremented).

The device uses two type of stacks: the program stack and
the interrupt stack.

The program stack is used by the software to save and re-
store register values upon entry into and exit from a subrou-
tine. The software can also use the program stack to store
local and temporary variables. The stack pointer for this stack
is the SP register.

The interrupt stack is used to save and restore the program
state when an exception occurs (an interrupt or software
trap). The on-chip hardware automatically pushes the pro-
gram state information onto the stack before the exception
service procedure is executed. Upon exit from the exception
service procedure, the hardware pops this information from
the stack and restores the program state. The stack pointer
for this stack is the ISP register.

7.7 INSTRUCTION SET

Table 7 is a summary list of all instructions in the device in-
struction set. For each instruction, the table shows the mne-
monic and a brief description of the operation performed.

In the Mnemonic column, the lower-case letter “i” is used to
indicate the type of integer that the instruction operates on,
either “B” for byte or “W” for word. For example, the notation
ADDi for the “add” instruction means that there are two forms
of this instruction, ADDB and ADDW, which operate on bytes
and words, respectively.

Similarly, the lower-case string “cond” is used to indicate the
type of condition tested by the instruction. For example, the
notation Jcond represents a class of conditional jump instruc-
tions: JEQ for Jump on Equal, JNE for Jump on Not Equal,
and so on.
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For detailed information on all instructions, see the Table 7 Device Instruction Set Summary
CompactRISC CR16B Programmer's Reference manual.

Table 7 Device Instruction Set Summary Mnemonic Description
- — SUBCi Subtract Integer with Carry
Mnemonic Description TBIT TestBit
ADDi Add Integer WAIT Wait for Interrupt
ADDUI Add Unsigned Integer XORi Bitwise Logical Exclusive OR
ADDCi Add Integer with Carry
ANDi Bitwise Logical AND
ASHUi Arithmetic Shift Unsigned
Bcond Conditional Branch

BcondOi Compare Register to 0 and Branch

Bcondli Compare Register to 1and Branch

BAL Branch and Link

BR Unconditional Branch

CBITi Clear Bit in Integer

CMPiI Compare Integer

DI Disable Maskable Interrupts
El Enable Maskable Interrupts
EIWAIT Enable Interrupts and Wait for Interrupt
EXCP Exception

Jcond Conditional Jump

JAL Jump and Link

JUMP Jump

LOADI Load Integer

LOADM Load Multiple Registers
LPR Load Processor Register
LSHi Logical Shift Integer

MOVi Move Integer

MOVXB Move with Sign-Extension
MOVZB Move with Zero-Extension
MULI Multiply Integer
MULSI Multiply Signed

MULUW | Multiply Unsigned

NOP No Operation

ORI Bitwise Logical OR

POP Pop Registers from Stack
POPRET |Pop and jump RA

PUSH Push Registers on Stack
RETX Return from Exception
Scond Save Condition as Boolean
MULI Multiply Integer

SBITi Set Bit in Integer

STORI Store Integer

STORM Store Registers to Memory
SUBI Subtract Integer
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8.0 Bus Interface Unit

The Bus Interface Unit (BIU) controls the interface between
the internal core bus and those on-chip modules which are
mapped into BIU zones. These on-chip modules are the flash
EEPROM program memory, the ISP-memory and the 1/O-
zone. It determines the configured parameters for bus ac-
cess (such as the number of wait states for memory access)
and issues the appropriate bus signals for the requested ac-
cess.

Note: The device is manufactured in a 224-pin version which
is used in emulation equipment. In the 224-pin device, the
BIU controls access to both on-chip and off-chip memory and
peripherals. Operation of the 224-pin device and the use of
chip-external memory is beyond the scope of this data sheet.

8.1 BUS CYCLES
There are four types of data transfer bus cycles:

— Normal read
— Fast read
— Early write
— Late write

The type of data cycle used in a particular transaction de-
pends on the type of CPU operation (a write or a read), the
type of memory or I/O being accessed, and the access type
programmed into the BIU control registers (early/late write or
normal/fast read).

For read operations, a basic normal read takes two clock cy-
cles, whereas a fast read bus cycle takes one clock cycle.
Upon reset of the device, normal read bus cycles are enabled
by default.

For write operations, a basic late write bus cycle takes two
clock cycles, whereas a basic early write bus cycle takes
three clock cycles. Upon reset of the device, early write bus
cycles are enabled by default. However, late write bus cycles
are needed for ordinary write operations, so this configura-
tion should be changed by the application software (see
Section 8.2.1).

In certain cases, one or more additional clock cycles are add-
ed to a bus access cycle. There are two types of additional
clock cycles for ordinary memory accesses, called internal
wait cycles (TIW) and hold (Thg|q) cycles.

A wait cycle is inserted in a bus cycle just after the memory
address has been placed on the address bus. This gives the
accessed memory more time to respond to the transaction
request. A hold cycle is inserted at the end of a bus cycle.
This holds the data on the data bus for an extended number
of clock cycles.

8.2 BIU CONTROL REGISTERS

The BIU has a set of control registers that determine how
many wait cycles and hold cycles are to be used for access-
ing memory. Upon start-up of the device, these registers
should be programmed with appropriate values so that the
minimum allowable number of cycles is used. This number
varies with the clock frequency used.

There are four applicable BIU registers: the BIU Configura-
tion (BCFG) register, the I/O Configuration (IOCFG) register,
the Static Zone 0 Configuration (SZCFGO) register and the
Static Zone 1Configuration (SZCFG1) register. These regis-
ters control the bus cycle configuration used for accessing
the various on-chip memory types.

Note: A system configuration register called the Module
Configuration (MCFG) register controls the number of wait
cycles used for accessing the EEPROM data memory. This
register is described in Section 5.1.

8.2.1 BIU Configuration (BCFG) Register

The BIU Configuration (BCFG) Register is a byte-wide, read/
write register that selects either early write or late write bus
cycles. The register address is F900 hex. Upon reset, the
register is initialized to 07 hex. The register format is shown
below.
7]6]5]|4]|3

2 1 0

Reserved Note 1 Note 1 EWR

EWR Early Write. This bit is cleared to O for late write
operation (two clock cycles to write) or setto 1

for early write operation.

Note 1: These bits (bit 1 or bit 2) control the configuration of
the 224-pin device used in emulation equipment. The CPU
should set this bit to 1 when it writes to the register.

Upon reset, the BCFG register is initialized to 07 hex, which
selects early write operation. However, late write operation is
required for normal device operation, so the software should
change the register value to 06 hex.

8.2.2 I/0O Zone Configuration (IOCFG) Register

The 1/0 Zone Configuration (IOCFG) register is a word-wide,
read/write register that sets the timing and bus characteris-
tics of I/0O Zone memory accesses. In the device implemen-
tation, the registers associated to Port B and Port C reside in
the 1/0 memory array. (These ports are used as a 16-bit data
port, if the device operates in development mode.)
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The IOCFG register address is F902 hex. Upon reset, the
register is initialized to 069F hex. The register format is
shown below.
15|14 |13 |12| 11 |
Reserved

10 8

Reserved

6 | 5
Reserved

4 | 3
HOLD

BW

WAIT Memory Wait cycles

This field specifies the number of TIW (internal
wait state) clock cycles added for each memory
access, ranging from 000 binary for no addi-
tional TIW wait cycles to 111 binary for seven
additional TIW wait cycles.

Memory Hold cycles

This field specifies the number of Thg|g clock
cycles used for each memory access, ranging
from 00 binary for no Tho|g cycles to 11 binary
for three Tho|d clock cycles.

Bus Width.

This bit defines the bus width of the zone.

If cleared to 0, a bus width of 8-bit is used.

if set to 1, a bus width of 16-bit is used.

For the device, a bus width of 16-bit needs to
be set.

Post Idle.

An idle cycle follows the current bus cycle,
when the next bus cycle accesses a different
zone.

If cleared to 0, no idle cycle is inserted.

If setto 1, one idle cycle is inserted.

The IPST bit can be cleared to 0, as no idle cy-
cles are required for on-chip accesses.

HOLD

BW

IPST

Note: Reserved bits must be cleared to 0 when the CPU
writes to the register.

8.2.3 Static Zone 0 Configuration (SZCFGO0) Register

The Static Zone 0 Configuration (SZCFGO0) register is a
word-wide, read/write register that sets the timing and bus
characteristics of Zone 0 memory accesses. In the device im-
plementation of the CompactRISC architecture, Zone 0 is oc-
cupied by the flash EEPROM program memory.

The SCCFGO register address is F904 hex. Upon reset, the
register is initialized to 069F hex. The register format is
shown below.

15|14|13|12 11 10 9 8
Reserved FRE IPRE IPST Reserved
7 6 | 5 4 3 2 | 1 | 0
BW Reserved HOLD WAIT
WAIT Memory Wait cycles

This field specifies the number of TIW (internal
wait state) clock cycles added for each memory
access, ranging from 000 binary for no addi-
tional TIW wait cycles to 111 binary for seven
additional TIW wait cycles. These bits are ig-
nored if the SZCFGO.FRE bit is set to 1.

HOLD Memory Hold cycles

This field specifies the number of Thg|g clock
cycles used for each memory access, ranging
from 00 binary for no Thg|q cycles to 11 binary
for three Thg|g clock cycles. These bits are ig-
nored if the SZCFGO.FRE bit is set to 1.

Bus Width.

This bit defines the bus width of the zone.

If cleared to 0, a bus width of 8-bit is used.

if set to 1, a bus width of 16-bit is used.

For the devicedevice a bus width of 16-bit
needs to be set.

Fast Read Enable

This bit enables (1) or disables (0) fast read
bus cycles. A fast read operation takes one
clock cycle. A normal read operation takes at
least two clock cycles.

Post Idle.

An idle cycle follows the current bus cycle,
when the next bus cycle accesses a different
zone.

If cleared to 0, no idle cycle is inserted.

If set to 1, one idle cycle is inserted.

The IPST bit can be cleared to 0, as no idle cy-
cles are required for on-chip accesses.
Preliminary Idle.

An idle cycle is inserted prior to the current bus
cycle, when the new bus cycle accesses a dif-
ferent zone.

If cleared to 0, no idle cycle is inserted.

If set to 1, one idle cycle is inserted.

The IPRE bit can be cleared to 0, as no idle cy-
cles are required for on-chip accesses.

BW

FRE

IPST

IPRE

Note: Reserved bits must be cleared to 0 when the CPU
writes to the register.

8.2.4 Static Zone 1 Configuration (SZCFG1) Register

The Static Zone 1 Configuration (SZCFG1) register is a
word-wide, read/write register that sets the timing and bus
characteristics of Zone 1 memory accesses. In the device im-
plementation of the CompactRISC architecture, Zone 1 is oc-
cupied by the boot ROM memory (ISP-Memory).

The SCCFG1 register address is F906 hex. Upon reset, the
register is initialized to 069F hex. The register format is
shown below.

15|14|13|12 11 10 9 8
Reserved FRE IPRE IPST Reserved
7 6 | 5 4 3 2 | 1 | 0
BW Reserved HOLD WAIT
WAIT Memory Wait cycles

This field specifies the number of TIW (internal
wait state) clock cycles added for each memory
access, ranging from 000 binary for no addi-
tional TIW wait cycles to 111 binary for seven
additional TIW wait cycles. These bits are ig-
nored if the SZCFGO.FRE bit is set to 1.
Memory Hold cycles

This field specifies the number of Thg|g clock

HOLD
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cycles used for each memory access, ranging
from 00 binary for no Thg|d cycles to 11 binary
for three Thg|g clock cycles. These bits are ig-
nored if the SZCFGO.FRE bit is set to 1.

Bus Width.

This bit defines the bus width of the zone.

If cleared to 0, a bus width of 8-bit is used.

if set to 1, a bus width of 16-bit is used.

For the device a bus width of 16-bit needs to be
set.

Fast Read Enable

This bit enables (1) or disables (0) fast read bus
cycles. A fast read operation takes one clock
cycle. A normal read operation takes at least
two clock cycles.

Post Idle.

An idle cycle follows the current bus cycle,
when the next bus cycle accesses a different
zone.

If cleared to 0, no idle cycle is inserted.

If setto 1, one idle cycle is inserted.

The IPST bit can be cleared to 0, as no idle cy-
cles are required for on-chip accesses.
Preliminary Idle.

An idle cycle is inserted prior to the current bus
cycle, when the new bus cycle accesses a dif-
ferent zone.

If cleared to 0, no idle cycle is inserted.

If setto 1, one idle cycle is inserted.

The IPRE bit can be cleared to 0, as no idle cy-
cles are required for on-chip accesses.

BW

FRE

IPST

IPRE

Note: Reserved bits must be cleared to 0 when the CPU
writes to the register.

8.3 WAIT AND HOLD STATES USED

The number of wait cycles and hold cycles inserted into a bus
cycle depends on whether it is a read or write operation, the
type of memory or I/O being accessed, and the control regis-
ter settings.

8.3.1 Flash EEPROM Program Memory

When the CPU accesses the flash EEPROM program mem-
ory (address ranges 0000-BFFF and 1C000-1FFFF), the
number of added wait and hold cycles depends on the type
of access and the BIU register settings.

In fast read mode (SZCFGO0.FRE=1), a read operation is a
single cycle access. This limits the maximum CPU operating
frequency to either 10 MHz or 20 MHz (see Section 9.1.5).

For aread operation in normal read mode (SZCFGO0.FRE=0),
the number of inserted wait cycles is one plus the value writ-
ten to the SZCFGO.WAIT field. The number in this field can
range from zero to seven, so the total number of wait cycles
can range from one to eight. The number of inserted hold cy-
cles is equal to the value written to the SCCFGO0.HOLD field,
which can range from zero to three.

For a write operation in fast read mode (SZCFGO0.FRE=1),
the number of inserted wait cycles is one. No hold cycles are
used.

For a write operation normal read mode (SZCFGO0.FRE=0),
the number of wait cycles is equal to the value written to the
SZCFGO. WAIT field plus one (in the late write mode) or two
(in the early write mode). The number of inserted hold cycles
is equal to the value written to the SCCFGO0.HOLD field,
which can range from zero to three.

Writing to the flash EEPROM program memory is a Flash
programming operation that requires some additional steps,
as explained in Section 9.3.

8.3.2 RAM Memory

Read and write accesses to on-chip RAM is performed within
a single cycle, regardless of the BIU settings.

8.3.3 EEPROM Data Memory

There is either no wait state or one wait state used when the
CPU accesses the EEPROM data memory (address FOOO-
F27F hex). The number of required wait states (zero or one)
depends on the CPU clock frequency and operating mode,
and is controlled by programming of the DMCSR.ZEROWS
bit in the MCFG register, as explained in Section 9.3. No hold
cycles are used.

8.3.4

When the CPU accesses on-chip peripherals in the range of
F800-FAFF hex and FCO0-FFFF hex, one wait cycle and one
preliminary idle cycle is used. No hold cycles are used.

Accesses to Peripheral

The IOCFG register determines the access timing for the ad-
dress range FB0O-FB16 hex (Ports B and Port C).
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8.3.5 Access Timing Summary Table

Table 8 is a summary showing the number of access cycles
used for various address ranges.

Table 8 Access Timing Table

Address Memory or Access Cycles
Range (hex) I/O Type read write
0000-BFFF Flash EEPROM Program SZCFGO0.FRE=1: SZCFGO.FRE=1:
Memory 1 cycle 1 cycle
+ BCFG.EWR
(+ programming time)
SZCFGO0.FRE=0: SZCFGO0.FRE=0:
2 cycles 2 cycles
+ SZCFGO.WAIT + BCFG.EWR
+ SZCFGO0.HOLD + SZCFGO.WAIT
+ SZCFG0.HOLD
(+ programming time)
CO000-CBFF Static RAM Memory 1 cycle 1 cycle
FO00-F27F EEPROM Data Memory MCFG.ZEROWS=1.: MCFG.ZEROWS=1.:
1 cycle 1 cycle
(+ programming time)
MCFG.ZEROWS=0: MCFG.ZEROWS=0:
2 cycles 2 cycles
(+ programming time)
F900-FFFF On-Chip Peripherals 2 cycles 2 cycles
F800-F9FF
FCO00-FFFF
FBOO-FBFF Ports B and C 3 cycle 3 cycle
+ IOCFG.WAIT + BCFG.EW
+ I0CFG.HOLD + IOCFG.WAIT
+ I0CFG.HOLD

8.3.6 Recommended Register Settings

Table 9 shows the recommended register settings for various
clock rates. Different clock rates require different register set-
tings because the flash EEPROM program memories have

specific setup and hold requirements that can be met only by
using enough wait cycles and hold cycles.

Between clock rates of 10 MHz and 20MHz, the number of
wait states required for memory access (either none or one)
depends on the desired power mode of the program memory.

Table 9 Recommended Register Settings

Clock Rate SZCFGO SZCFG1 IOCFG
< 10 MHz, 0880 hex 0880 hex 0080 hex
0 wait state

10to 20MHz, 0880 hex 0880 hex 0080 hex
0 wait state

10 to 20MHz, 0080 hex 0080 hex 0080 hex
1 wait state
> 20 MHz, 0080 hex 0080 hex 0080 hex
1 walit state
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9.0 Memory

The CompactRISC architecture supports a uniform linear ad-
dress space of 2 megabytes, addressed by 21 bits. The de-
vice implementation of this architecture uses only the lowest
128K bytes of address space. Each memory location con-
tains a byte consisting of eight bits.

Various types of on-chip memory occupy specific intervals
within the address space: 64K bytes of flash EEPROM pro-
gram memory, 3K bytes of static RAM, 2K bytes of low endur-
ance EEPROM data memory, 128 bytes of high endurance
EEPROM data memory, and 1.5K bytes of ISP memory. All
of these memories are 16 bits wide, and their contents can
be accessed either as bytes (eight bits wide) or words (16 bits
wide except for the program memory which only supports
word access).

The CPU core uses the Load and Store instructions to ac-
cess memory. These instructions can operate on bytes or
words. For a byte access, the CPU operates on a single byte
occupying a specified memory address. For a word access,
the CPU operates on two consecutive bytes. In that case, the
specified address refers to the least significant byte of the
data value; the most significant byte is located at the next
higher address. Thus, the ordering of bytes in memory is
from least to most significant byte, known as “little-endian” or-
dering. For more efficient data access operations, 16-bit vari-
ables should be stored starting at word boundaries (at even
address).

9.1 FLASH EEPROM PROGRAM MEMORY

The flash EEPROM program memory is used to store the ap-
plication program. The 64K bytes of this memory reside in the
address range of 0000-BFFF hex and 1C000-1FFFF in Zone
0 of the CR16B address space. A normal CPU write opera-
tion to this memory has no effect.

The flash EEPROM Program Memory module has the follow-
ing features:

— 64K bytes arranged as 32K by 16 bits

— Page size of 64 words

— 30 ms programming pulse per word

— Page mode erase with a 1 ms pulse, mass erase with
4ms pulse

— All erased flash EEPROM program memory bits read 1

— Fast single cycle read access

— Flexible software controlled In-System-Programming
(ISP) capability

— Pipelined programming cycles through double-buff-
ered data register, with write access disabled when the
register is full

— Programming high voltage and timing generated on-
chip

— Memory disabled when address is out of range

— Requires valid key for program and erase to proceed

— Provide busy status during programming and erase

— Read accesses disabled during programming and
erase

— Security features to limit read/write access

9.1.1

Program memory read accesses can operate without wait cy-
cles with a CPU clock rate of up to 20MHz in the normal

Reading

mode. At higher clock rates, memory read accesses can op-
erate with one wait state.

The programmed number of wait cycles used (either zero or
one) is controlled by the BIU Configuration (BCFG) register
and the Static Zone 0 Configuration (SZCFGO) register.
These registers are described in Section 8.0.

9.1.2

The flash EEPROM program memory can be programmed
either with the device plugged into a flash EEPROM pro-
grammer unit (External Programming) or with the device al-
ready installed in the application system (In-System-
Programming).

Conventional Programming Modes

If the device is programmed using a flash EEPROM program-
mer, the device is set into an external programming mode. In
this mode the device operates as if it were a pure flash mem-
ory device. The flash memory is programmed without involv-
ing any CPU activity.

If the device is to be programmed within the user application,
it can either be done by an user written boot loader or by uti-
lizing a pre-programmed in-system-programming code (ISP-
Code) residing in the boot ROM array of the device.

The device executes the pre-programmed in-system-pro-
gramming code if it operates in the In-System-Programming
Mode (ISP-Mode). To enter the ISP-Mode the device must be
reset (or powered-up) with the ENVO-pin set to low level and
the ENV1-pin set to high level (or left open). Also if the flash
program memory is not programmed yet (FLCTRL2.EMPTY
bit is still set) the device automatically enters the ISP-Mode
after reset, even though both pins ENVO and ENVlare at
high level (or left open). If the device enters the ISP-Mode it
starts execution at address E0Q0O hex.

In ISP-Mode the program code can be downloaded into the
device using one of the on-chip USARTs and written into the
flash program memory. For more detailed information on the
In-System-Programming features of the pre-programmed
ISP-Code please refer to the ISP-Monitor manual.

9.1.3

Instead of using a flash EEPROM programmer unit or the
conventional in-system programming mode, you can write
your own processor code to program and erase the flash
EEPROM program memory. User-written code is more flexi-
ble than using the other programming methods. Like the con-
ventional in-system programming mode, the device is
programmed while it is installed in the system. It is not nec-
essary to reset the device or use the ENVO/ENV1 pins to
configure the device.

User-Coded Programming Routines

User-written flash programming code must reside outside of
the flash program memory. This is because the entire pro-
gram memory becomes unavailable while programming or
erasing any part of this memory.

9.1.4 Flash EEPROM Programming and Verify

The flash EEPROM program memory programming and
erase can be performed using different methods. It can be
done through user code that is stored in system RAM, or
through In-System-Programming mode, but should not be
programmed through the flash EEPROM program memory it-
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self as no instruction or data can be fetched from it while it is
being programmed. All program and erase operations must
be preceded immediately by writing the proper key to the pro-
gram memory key register PGMKEY.

The flash EEPROM program memory is divided into 256 pag-
es, each page containing 64 words (each 16 bits wide). Each
page is further divided into two adjacent rows. A page erase
will erase one page. Programming is done by writing to all the
words within a row, one word following another sequentially
within one single high voltage pulse. This is supported
through a double-buffered write-data buffer scheme. Byte
programming is not supported. Programming should be done
on erased rows.

A mass erase requires the following code sequence (assum-
ing that this sequence will not be interrupted to do another
flash erase or programming):

1. Check for MSTAT.PGMBUSY not set.

2. Setup flash timing reload registers for mass erase oper-
ation.

Set FLCSR.MERASE = 1.

If interrupt was enabled, disable interrupt.

Write proper key value to PGMKEY.

Write to any valid location within the flash EEPROM pro-
gram memory.

If interrupt was disabled in step 4, re-enable interrupt.
Wait for MSTAT.PGMBUSY to clear.

Set FLCSR.MERASE = 0.

Restore flash timing reload registers for normal opera-
tion.
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A page erase requires the following code sequence (assum-
ing that this sequence will not be interrupted to do another
flash erase or programming):

Check for MSTAT.PGMBUSY not set.

Set FLCSR.ERASE = 1.

If interrupt was enabled, disable interrupt.

Write proper key value to PGMKEY.

Write to any valid location within the page to be erased.
If interrupt was disabled in step 3, re-enable interrupt.
Set FLCSR.ERASE = 0.

When programming, the data to be written into the flash EE-
PROM program memory is first written into a double-buffered
write-data buffer. When a piece of data is written to the page
while the flash EEPROM program memory is idle, the write
cycle will start. Due to the double-buffered nature of the write-
data buffer, a second word can be written to the flash EE-
PROM program memory. This will then set FLCSR.PML-
FULL flag indicating the buffer is now full. When the first write
is done, the memory address would be incremented, and the
second word would be written to that address while keeping
the high voltage pulse active; the FLCSR.PMLFULL flag is
cleared. Another word can then be written to the buffer, and
this programming will repeat until there are no more words to
be programmed. This allows pipelined writes to different
words on the same row within the same high voltage pulse.
If the programming sequence exceeds a row, the flash pro-
gramming interface will automatically initiate a programming
pulse for the next row. The FLCSR.PMLFULL bit is also
cleared when programming of the last word of the current
row is completed, e.g. programming of the entire row is com-
pleted and MSTAT.PGMBUSY is cleared. This means, the
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separation of the program memory into rows is transparent to
the user, as the transition is handled by the flash program
memory interface. Figure 3 shows a flowchart for a program-
ming sequence.

disable interrupt
if necessary

¢

write PGMKEY

¢

write memory

¢

re-enable interrupt
if necessary

Figure 2. Programming Sequence for
the Program Memory

9.1.5

The internal hardware of the device handles the timing of
erase and programming operations. To drive the timing con-
trol circuits, the device divides the system clock by a pro-
grammable prescaler factor. You should select a prescaler
value to produce a program/erase clock of 200 kHz (or as
close as possible to 200 kHz without exceeding 200 kHz).
For the timing control circuit to operate correctly, you must

Erase and Programming Timing

23

www.national.com




program the prescaler value in advance and leave it un-
changed while a program or erase operation is in progress.
A similar (but separate) prescaler factor is applied to the EE-
PROM data memory. See Section 9.1.7 and Section 9.3.4 for
details.

9.1.6 Flash EEPROM Program Memory Control and

Status Register (FLCSR)

The Flash EEPROM Program Memory Control and Status
(FLCSR) register is a byte-wide, read/write register that con-
tains several status and control bits related to the program
memory. All reserved bits must be written with 0 for the mem-
ory to operate properly when writing to this register. Upon re-
set, this register is cleared to zero when the flash memory on
the chip is in the idle state.

The register format is shown below.

7 6 4 3 2
MERASE | Reserved | PMLFULL | PMBUSY

1
PMER

0

Reserved

PMER Flash EEPROM Program Memory page erase.
When set (1) with MERASE bit cleared, a valid
write to the flash EEPROM program memory
erases the entire flash EEPROM program
memory page pointed to by the write address
rather than performing a write to the addressed
memory location.

Program Memory Busy. This bit is automatical-
ly set to 1 when the flash EEPROM program
memory is busy being programmed, and
cleared to O at all other times. (The MSTAT.PG-
MBUSY is also set to 1 whenever the PMBUSY
bit is setto 1.)

Program Memory Write-Latch Buffer Full.
When set (1), the double-buffered data register
for program memory write operations is full.
When cleared (0), the double-buffered data
register is not full.

Mass Erase Flash EEPROM Program Memory
Array. When set (1) in ISP or test mode, a valid
write to the flash EEPROM program memory
performs an erase to the whole flash EEPROM
program memory rather than perform a write to
the addressed memory location. However, it is
necessary to enter new values into the
FLERASE and FLEND registers to adjust the
mass erase timing before starting the mass
erase.

PMBUSY

PMLFULL

MERASE

9.1.7 Program Memory Timing Prescaler Register

(FLPSLR)

The FLPSLR register is a byte-wide, read/write register that
selects the prescaler divider ratio for the flash EEPROM pro-
gram memory programming clock. Before you program or
erase the program memory for the first time, you should pro-
gram the FLPSLR register with the proper prescaler value,
an 8-bit value called FTDIV. The device divides the system
clock by (FTDIV+1) to produce the program memory pro-
gramming clock.

You should choose a value of FTDIV to produce a clock of the
highest possible frequency that is equal to or just less than
200 kHz. For example, if the system clock frequency is 12.5
MHz, use the value 3E hex (62 decimal) for FTDIV, because

12.5 MHz / (62+1) = 198.4 kHz. Do not modify this register
while a flash EEPROM program or erase operation is in
progress.

Upon reset, this register is programmed by default with the
value 63 hex (99 decimal), which is an appropriate setting for
a 20 MHz system clock.

9.1.8 Program Memory Start Time Reload (FLSTART)

The FLSTART register is a byte-wide read/write register that
controls the program and erase start delay time. This value is
loaded into the lower 8 bits of the flash timing counter, and at
the same time, 00, is loaded into the upper 2 bits. Before you
program or erase the program memory for the first time, pro-
gram the FLSTART register with the proper prescaler value,
FTSTART. The flash timing counter generates a delay of
(FTSTART + 1) prescaler output clocks. The default value
provides a delay time of 10mS when the prescaler output
clock is 200kHz. Do not modify this register while a program
or erase operation is in progress.

Upon reset, this register resets to 01, when the flash mem-
ory on the chip is in an idle state.

9.1.9 Program Memory Transition Time Reload

Register (FLTRAN)

The FLTRAN register is a byte-wide read/write register that
controls some program/erase transition times. This value is
loaded into the lower 8 bits of the flash timing counter, and at
the same time, 00, is loaded into the upper 2 bits. Before you
program or erase the program memory for the first time, you
should program the FLTRAM register with the proper pres-
caler value, FTTRAN. The flash timing counter generates a
delay of (FTTRAN + 1) prescaler output clocks. The default
value provides a delay time of 5ms when the prescaler output
clock is 200kHz. Do not modify this register while a program
or erase operation is in progress.

Upon reset, this register resets to 00,6 when the flash mem-
ory on the chip is in an idle state.

9.1.10 Program Memory Programming Time Reload

Register (FLPROG)

The FLPROG register is a byte-wide read/write register that
controls the programming pulse width. This value is loaded
into the lower 8 bits of the flash timing counter, and at the
same time, 00, is loaded into the upper 2 bits. Before you
program or erase the program memory for the first time, pro-
gram the FLPROG register with the proper prescaler value,
FTPROG. The flash timing counter generates a programming
pulse width of (FTPROG + 1) prescaler output clocks. The
default value provides a delay time of 30ms when the pres-
caler output clock is 200kHz.

Do not modify this register while program/erase operation is
in progress.

Upon reset, this register resets to 05,6 when the flash mem-
ory on the chip is in idle state.
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9.1.11 Program Memory Erase Time Reload Register

(FLERASE)

The FLERASE register is a byte-wide read/write register that
controls the erase pulse width. This value is loaded into the
upper 8 bits of the flash timing counter, and at the same time,
11, is loaded into the lower 2 bits. Before you program or
erase the program memory for the first time, program the
FLERASE register with the proper prescaler value, FTER.
The flash timing counter generates a erase pulse width of
4¥(FTER + 1) prescaler output clocks. The default value pro-
vides a delay time of 1ms when the prescaler output clock is
200kHz. Do not modify this register while a program or erase
operation is in progress.

Upon reset, this register resets to 31, when the flash mem-
ory on the chip is in idle state.

For mass erase, this value should be changed to C7,¢ to
generate a pulse width that is four times as long as the page
erase.

9.1.12 Program Memory End Time Reload Register

(FLEND)

The FLEND register is a byte-wide read/write register that
controls the delay time after a program/erase operation. This
value is loaded into the lower 8 bits of the flash timing
counter, and at the same time, 00, is loaded into the upper 2
bits. Before you program or erase the program memory for
the first time, program the FLEND register with the proper
prescaler value, FTEND. The flash timing counter generates
a delay of (FTEND + 1) prescaler output clocks. The default
value provides a delay time of 5ms when the prescaler output
clock is 200kHz. Do not modify this register while program/
erase operation is in progress.

Upon reset, this register resets to 00,6 when the flash mem-
ory on the chip is in idle state.

For mass erase, this value should be changed to 13,4 to pro-
vide for a delay time twenty times that of the standard delay.

9.1.13 Program Memory Prescaler Count Register

(FLPCNT)

The FLPCNT register is a byte-wide read-only register that
returns the value of the program memory prescaler counter.
FPCNT contains the flash timing prescaler present count val-
ue.

9.1.14 Program Memory Timer Count Register 1
(FLCNT1)

The FLCNT1 register is a byte-wide read-only register that
returns the lower 8 bits of the program memory timing
counter value. FLCNTL is the lower 8 bits of the flash timer
present count value.

9.1.15 Program Memory Timer Count Register 2

(FLCNT2)

The FLCNT2 register is a byte-wide read-only register that
returns the upper 2 bits of the program memory timing
counter value and also the state of the key flash memory in-
terface timing signals. The interface timing signals are only
used in special test modes. Their function is beyond the
scope of this document.

9.1.16 Program Memory Write Key Register (PGMKEY)

The PGMKEY register is a byte-wide, write-only register that
must be written with a key value (A3,¢) immediately prior to
each write to the flash EEPROM program memory. Other-
wise, the write operation to the program memory will fail. This
feature is intended to prevent unintentional programming of
the program memory.

Reading this register always returns FF hex.

Upon reset, the write enable status that is generated as a re-
sult of writing to this key register is cleared.

9.2 RAM MEMORY

The static RAM memory is used for temporary storage of
data and for the program and interrupt stacks. The 3K bytes
of this memory reside in the address range of CO00-CBFF
hex. Each memory access requires one clock cycle, for a
byte or word access. No wait cycles or hold cycles are re-
quired. For non-aligned word access, each memory access
requires multiple clock cycles.

9.3 FLASH EEPROM DATA MEMORY

The flash EEPROM data memory is used for non-volatile
storage of data. The 2K bytes of low endurance memory re-
side in the address range of E800-EFFF hex and the 128
bytes of high endurance memory reside in the address range
of FO00-FO7F hex. The CPU reads or writes this memory by
using ordinary byte-wide or word-wide memory access com-
mands. This memory shares the same array as the ISP flash
program memory.

This memory also support flash memory test mode and there
is no read protection or permanent write protection for this
memory.

93.1

The flash EEPROM data memory read accesses can oper-
ate without wait cycles with a CPU clock rate of up to 20MHz
in the normal mode. At higher clock rates, read accesses can
operate with one wait state.

Reading

The programmed number of wait cycles used (either zero or
one) is controlled by a bit in the Data Memory Control Status
register (DMCSR.ZEROWS). This register is described in
Section 9.3.3.

9.3.2

Before you begin programming the flash EEPROM data
memory, you should set the value in the EEPROM Data
Memory Prescaler register. This register sets the prescaler
used to generate the data memory programming clock from
the system clock, as described in Section 9.3.4.

Programming

A code fetch from ISP flash EEPROM program memory is
not possible while flash EEPROM data memory is being pro-
grammed because they share the same memory array.

After the CPU performs a write to the flash EEPROM data
memory, the on-chip hardware completes the EEPROM pro-
gramming in the background. When programming begins,
the on-chip hardware sets the DMCSR.DMBUSY bit to 1,
and also sets the MSTAT.PGMBUSY bit to 1. When program-
ming is completed, it resets these status bits back to 0. Once
the software writes to the flash EEPROM data memory, it
should not attempt to access the EEPROM data memory
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again until programming is completed and the status bit is re-
set to 0.

The device hardware internally generates the voltages and
timing signals necessary for programming. No additional
power supply is required, nor any software required except to
check the status bit for completion of programming. The min-
imum time required to erase and reprogram a byte or word is
1.1 ms. The programmed values can be verified by using nor-
mal memory read operations. The prescaler output drives a
10-bit counter to generate timing pulses and there are five re-
load registers to produce various pulse widths.

If a reset occurs during a programming or erase operation,
the operation is terminated. The reset is extended until the
flash memory returns to the idle state. Therefore, the timing
logic and program or erase state machine is not cleared on
reset; they are cleared on power-up with the clear signal ac-
tive until the bus signals are in a known state.

The flash EEPROM data memory does not have permanent
read-protection or write-protection features like those avail-
able for the EEPROM program memory. However, the Data
Memory Write Key Register provides a way to “lock” the data
written to the data memory.

9.3.3 Data Memory Control and Status Register

(DMCSR)

The DMCSR register is a byte-wide, read/write register used
with the flash EEPROM data memory or ISP flash EEPROM
program memory. When writing to this register, all reserved
bits must be written with 0 for the memory to operate proper-
ly. There are two status/control bits, as shown in the register
format below.

7 | 6 | 5 | 4 3 2 1 0
Reserved | ERASE | DMBUSY | ZEROWS | Reserved
ZEROWS  Zero Wait-State Access. When cleared (0), the

flash EEPROM data memory will be read in two
cycles. When set (1), the flash EEPROM data
memory will be read in one cycle.

Data Memory Busy. This bit is automatically set
to 1 when the flash EEPROM data memory or
the ISP flash EEPROM program memory is
busy being programmed, and cleared to 0 at all
other times. (The MSTAT.PGMBUSY is also set
to 1 whenever the DMBUSY bit is set to 1.)
Erase ISP Flash Program Memory Page.
When set (1) a valid write to the ISP flash EE-
PROM program memory will erase the entire
ISP flash EEPROM program memory page
pointed to by the write address rather than per-
forming a write to the addressed memory loca-
tion. This bit should be cleared to 0 and remain
cleared after the write operation.

DMBUSY

ERASE

Upon reset, the DMCSR register is cleared to zero when the
flash memory on the chip is in the idle state.

9.3.4 Data Memory Prescaler Register (DMPSLR)

The DMPSLR register is a byte-wide, read/write register that
selects the prescaler divider ratio for the EEPROM data
memory programming clock. Before you write to the data

memory for the first time, you should program the DMPSLR
register with the proper prescaler value, an 8-hit value called
FTDIV. The device divides the system clock by (FTDIV+1) to
produce the data memory programming clock.

You should choose a value of FTDIV to produce a clock of the
highest possible frequency that is equal to or just less than
200 kHz. Upon reset, this register is programmed by default
with the value 63 hex (99 decimal), which is an appropriate
setting for a 20 MHz system clock.

9.3.5 Data Memory Start Time Reload Register

(DMSTART)

The DMSTART register is a byte-wide read/write register that
controls the program/erase start delay time. This value is
loaded into the lower 8 bits of the flash timing counter, and at
the same time, 00, is loaded into the upper 2 bits. Before you
write to the data memory for the first time, you should pro-
gram the DMSTART register with the proper prescaler value,
an 8-bit value called FTSTART. The flash timing counter gen-
erates a delay of (FTSTART + 1) prescaler output clocks. The
default value provides a delay time of 10ms when the pres-
caler output clock is 200kHz. Do not modify this register while
program/erase operation is in progress.

Upon reset, this register resets to 01,5 when the flash mem-
ory on the chip is in idle state.

9.3.6 Data Memory Transition Time Reload Register

(DMTRAN)

The DMTRAN register is a byte-wide read/write register that
controls some program/erase transition times. This value is
loaded into the lower 8 bits of the flash timing counter, and at
the same time, 00, is loaded into the upper 2 bits. Before you
write to the data memory for the first time, you should pro-
gram the DMTRAN register with the proper prescaler value,
an 8-bit value called FTTRAN. The flash timing counter gen-
erates a delay of (FTTRAN + 1) prescaler output clocks. The
default value provides a delay time of 5ms when the prescal-
er output clock is 200kHz. Do not modify this register while
program/erase operation is in progress.

Upon reset, this register resets to 00,6 when the flash mem-
ory on the chip is in idle state.

9.3.7 Data Memory Programming Time Reload

Register (DMPROG)

The DMPROG register is a byte-wide read/write register that
controls the programming pulse width. This value is loaded
into the lower 8 bits of the flash timing counter, and at the
same time, 00, is loaded into the upper 2 bits. Before you
write to the data memory for the first time, you should pro-
gram the DMPROG register with the proper prescaler value,
an 8-bit value called FTPROG. The flash timing counter gen-
erates a programming pulse width of (FTPROG + 1) prescal-
er output clocks. The default value provides a delay time of
30ms when the prescaler output clock is 200kHz. Do not
modify this register while program/erase operation is in
progress.

Upon reset, this register resets to 05,6 when the flash mem-
ory on the chip is in idle state.
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9.3.8 Data Memory Erase Time Reload Register

(DMERASE)

The DMERASE register is a byte-wide read/write register
that controls the erase pulse width. This value is loaded into
the upper 8 bits of the flash timing counter, and at the same
time, 11, is loaded into the lower 2 bits. Before you write to
the data memory for the first time, you should program the
DMERASE register with the proper prescaler value, an 8-bit
value called FTER. The flash timing counter generates a
erase pulse width of 4¥(FTER + 1) prescaler output clocks.
The default value provides a delay time of 1ms when the
prescaler output clock is 200kHz. Do not modify this register
while program/erase operation is in progress.

Upon reset, this register resets to 31, when the flash mem-
ory on the chip is in idle state.

For mass erase, this value should be changed to C7,6 when
the flash EEPROM data memory goes to idle mode.

9.3.9 Data Memory End Time Reload Register

(DMEND)

The DMEND register is a byte-wide read/write register that
controls the delay time after a program/erase operation. This
value is loaded into the lower 8 bits of the flash timing
counter, and at the same time, 00, is loaded into the upper 2
bits. Before you write to the data memory for the first time,
you should program the DMEND register with the proper
prescaler value, an 8-hit value called FTEND. The flash tim-
ing counter generates a delay of (FTEND + 1) prescaler out-
put clocks. The default value provides a delay time of 5ms
when the prescaler output clock is 200kHz. Do not modify
this register while program/erase operation is in progress.

Upon reset, this register resets to 00,6 when the flash mem-
ory on the chip is in idle state.

For mass erase, this value should be changed to 134¢.

9.3.10 Data Memory Prescaler Count Register
(DMPCNT)

The DMPCNT register is a byte-wide read-only register that
returns the value of the data memory prescaler counter.

FPCNT is the flash timing prescaler present count value.

9.3.11 Data Memory Timer Count Register (DMCNT)

The DMCNT register is a word-wide read-only register that
returns the data memory timing counter value. The reserved
bits return 000000,.

FTCNTJ[0:9] is the flash timer present count value.

9.3.12 Data Memory Write Key Register (DMKEY)

The DMKEY register is a byte-wide, read/write register that
provides a way to “lock” the data contained in the EEPROM
data memory. Upon reset, the register is automatically set to
C9 hex, which is the key value. Writing to the EEPROM data
memory is allowed as long as the DMKEY register contains
this value. When the register contains any value other than
C9 hex, writing the EEPROM data memory is disallowed.

To “lock” the current data stored in the data memory, write an-
other value (such as 00 hex) to the DMKEY register. To “un-
lock” the data memory, write the value C9 hex to the DMKEY
register.

Note: Operation of this register is different in from the
PGMKEY register used with the program memory. It is not
necessary to write the key value to DMKEY every time you
write to the data memory.

9.4 ISP MEMORY

The In-System Program memory is part of the flash memory
array that contains the flash EEPROM data memory. It is not
possible to access the ISP memory while programming the
flash EEPROM data memory or access the flash EEPROM
data memory while programming the ISP memory. The 1.5K
bytes of ISP memory resides in the address range of EO0O-
E5FF and is used for storing the boot ROM. The ROM con-
tains the code that performs in-system programming, and is
programmed at the factory. In ISP mode, code execution
starts at address E0QO.

The ISP program memory and flash EEPROM data memory
share the same memory array, which makes it impossible to
access one type of memory while the other is being pro-
grammed.

The ISP memory has the following features:

— 1.5K bytes flash EEPROM program memory
— Page size of 4 words, divided into two rows of 2 words
each
— Odd and even bytes within a page can be erased sep-
arately
— 30ms programming pulse width per word
— Page mode erase with 1ms pulse, mass erase with
4ms pulse
— All erased memory bits read 1
— Fast read access time
— Requires valid key for program and erase to proceed
— Provide memory protection and security features for
flash EEPROM program memory
— Security features may limit accesses to ISP memory
— Disable memory when address is out of range to pre-
vent accessing data memory
— Mass erase only allowed in test modes
— Provide busy status during programming and erase
— Read/write accesses disabled during programming/
erase
— Programming high voltage and timing generated on-
chip
9.4.1
The ISP flash EEPROM program memory read accesses
can operate without wait cycles with a CPU clock rate of up

to 20MHz in the normal mode. At higher clock rates, read ac-
cesses can operate with one wait state.

Reading

The programmed number of wait cycles used (either zero or
one) is controlled by BIU Configuration (BCFG) register and
the Static Zone 1 Configuration (SZCFG1) register. These
registers are described in Section 8.0.

9.4.2

All program and erase operations must be preceded by writ-
ing the proper key to the program memory key register ISP-
KEY. The programming code can be in-system RAM, but
cannot be from ISP flash EEPROM program memory or flash
EEPROM data memory as accesses within these ranges are

User-Coded Programming Routines
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not permitted while ISP flash EEPROM program memory is
being programmed.

The ISP flash memory is divided into 192 pages, each page
containing 4 words (each 16 bits wide). Each page is further
divided into two rows. Erase is carried out one page at a time,
whereas programming is carried out one row (or one partial
row) at a time.

Once an erase or programming operation is started, the PG-
MBUSY bit in the MSTAT register is automatically set, and
then cleared when the operation is complete. All high-voltage
pulses and timing needed for programming and erasing are
provided internally. The program memory cannot be access-
ed while the PGMBUSY bit is set.

Erase Procedure
Erasing a page requires the following code sequence:

Verify that the MSTAT.PGMBUSY bhit is cleared.
Set the DMCSR.ERASE bit to 1.

Locally disable interrupts.

Write proper key value to the ISPKEY register.
Write to any valid page to be erased.
Re-enable interrupts disabled in Step 3.

Set the DMCSR.ERASE bit to 0.

9.4.3

Programming is done by writing one byte or word at a time
and should be done on already erased memory.

NookwdpE

Programming Procedure

Programming the ISP flash EEPROM program memory re-
quires the following code sequence:

Verify that the MSTAT.PGMBUSY bhit is cleared.
Locally disable interrupts.

Write proper key value to the ISPKEY register.

Write a byte or word to the addressed location.
Re-enable interrupts disabled in Step 2.

Programmed values can be verified through normal read op-
erations.

If a reset occurs in the middle of an erase or programming
operation, the operation is terminated. The reset is extended
until the flash EEPROM memory returns to the idle state.

9.4.4

The program and erase timing are controlled by the flash EE-
PROM data memory logic.

9.4.5

The last 8 bytes of the ISP memory are reserved for special
functions and some of these bytes provide memory protec-
tion and security for the flash EEPROM program memory.
Read and various types of write protection are provided.

Erase and Programming Timing

Memory Control and Protection Features

During the reset stretch period, bytes located at ESFE and
E5FF are read out to the FLCTRL2 and FLSEC registers re-
spectively. Upon reset and before an instruction fetch, bytes
located at ESFC and E5FD are read out to the FLCTRL2 and
FLCTRL1 registers respectively. Parts of FLCTRL2 register
are loaded at different times.

ES5FE Byte

Upon reset of the chip, the byte located at E5FE is read into
the FLCTRL2 register. It can be written in the ISP or test en-
vironments. It can also be written in the IRE environment

through a byte write instruction when the write instruction is
anywhere within the user boot ROM area (defined above) ex-
cept for the last two words. When the user boot ROM area
has been disabled, this word cannot be programmed in the
IRE environment. Note that when this word is erased for re-
programming, the other words in the same page must first be
saved, and then re-programmed.

7 5 4 2 1 0
EMPTY Reserved CODEAREA[9:8]
CODEAREA[9:8]
The 2 least significant bits in address E5FE
contains the two most significant bits of the 10-
bit CODEAREA field. The description of
CODEAREA is shown in the E5FC section.
EMPTY The EMPTY status indicates if the flash EE-

PROM program memory array is empty or not.
It is located in the 3 most significant bits in ad-
dress ESFE. When two or more bits in the
EMPTY field are set, the flash EEPROM pro-
gram memory is empty. Upon reset of the de-
vice and the environment select pins are all
high, the device operates in ISP environment
rather than IRE environment. After the program
memory has been filled with user code, this
field should be cleared to 000,.

000, 001, 010, 100: Program memory contains user code

011, 101, 11x: Program memory is empty, do not start up in IRE

E5FF Byte

Upon reset, the byte located in the ESFF address is read into
the FLSEC register. This byte cannot be written to in the IRE
environment. The format of the ES5FF byte is shown below:
7 4 3 0
FROMWR

FROMRD

The FROMRD and FROMWR fields in address location
E5FF respectively provide read and write security to the flash
EEPROM program memory array while executing instruc-
tions in all environments except IRE. The user should always
write 0000, to enable security feature.

0000, 0001, 0010, 0100, 1000: Security feature enabled
0011, 0101, 011x, 1001, 101x, 11xx: Security feature disabled

FROMRD  Upon reset of the chip, read security is enabled
and 0000 is returned in all environments except
IRE. The internal program code can only be ex-
ecuted in the IRE environment when read se-
curity is activated.

Upon reset of the chip, write security is enabled
and program and erase operations to the flash
EEPROM program memory in either program-
ming modes are prevented.

FROMWR

Once read/write security is enabled, the odd numbered bytes
from address E5F9 to ES5FF cannot be erased. Once a secu-
rity feature has been enabled, it cannot be undone. To pre-
vent the security status from being erased, the ISP and data
memory array cannot be mass erased.

Note: In flash memory test mode, this condition also pre-
vents the odd numbered bytes of the high endurance flash
EEPROM data memory (FO01 to FO7F) from being erased;
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however, the even numbered bytes of the high endurance
flash EEPROM data memory (FO0O to FO7E) and the ISP
flash EEPROM program memory (EO00 to E5FE) can be
erased.

Read/write is overridden through PADX.

E5FC Byte

Upon reset of the chip, ES5FC is read into the FLCTRL2 reg-
ister. The byte at ES5FC is written in the ISP or test environ-
ments, or in the IRE environment through a byte-write
instruction when the write instruction is anywhere within the
user boot ROM area except for the last two words. When the
user boot ROM area has been disabled by having a value of
7F16 in BOOTAREA, this word cannot be programmed in the
IRE environment. Note that when this word is erased for re-
programming, the other words in the same page must first be
saved, and then re-programmed also. The ESFC register for-
mat is shown below:

7 0
CODEAREA[7:0]

This byte contains the lowest 8 bits of the CODEAREA field.
When appended to the left with the lowest 2 bits in the ad-
dress E5FE, it forms the complete CODEAREA field, which
provides write protection to all or part of the program memo-
ry, see Figure 3. When write security is not enabled and
CODEAREA does not contain the value 3FF;g, the program
memory range from (CODEAREA¥128) to 1FFFF is consid-
ered as protected user code area and cannot be written. The
minimum protected memory range is therefore 256 bytes
when CODEAREA contains the value 3FE. Note that the
CO000-FFFF memory range is not considered as program
memory and is not protected by CODEAREA.

1FFFFh
protected user
code area
10000h
non-code area, not
protected
CO000h
protected user
code area CODEAREAx128
0000h
CR16MHR6

Address Map

Figure 3. Memory Protection through CODEAREA

When CODEAREA contains the value 3FF¢, write protec-
tion is disabled. When the user code area overlaps into the
user boot ROM area, the overlap area is governed by a more
restrictive write protection feature, which is the user boot
ROM area. When write security has been enabled, the entire
program memory area is already write protected in all envi-
ronments.

Note that when a new value is written into CODEAREA, write
protection controlled by CODEAREA is updated after the
next device reset.

E5FD Byte

Upon the reset of the chip, the byte located at the ES5FD ad-
dress is read into the FLCTRLL1 register. This byte can only
be written in the ISP or test environments but not in the IRE
environment. If this byte is erased for re-programming, the
user must first save the other bytes in the same page, and
then re-program those bytes. The format of the ESFD byte is
shown below:

7 6 0
Reserved BOOTAREA

BOOTAREA provides write protection to part of the program
memory, see Figure 4. When the write security feature is not
enabled and BOOTAREA does not contain the value 7Fqg,
then the program memory range from 0 to (BOOTAR-
EA*128)+127 is considered as user boot ROM area and can-
not be written to. The maximum protected memory range is
therefore 16K-127 bytes when BOOTAREA contains the val-
ue 7E16'

1FFFFh
boot area maximum limit
3F80h
(BOOTAREAX128)+127
-
protected user boot
area
0000h
CR16MHR6

Address Map

Figure 4. Memory Protection through BOOTAREA

When BOOTAREA contains the value 7Fg, write protection
is disabled. When write security has been enabled, the entire
program memory area is already write protected in all envi-
ronments.

Note that when a new value is written into BOOTAREA, write
protection controlled by BOOTAREA is updated after the
next device reset.

9.4.6 Test Mode

The ISP flash EEPROM program memory test mode allows
direct access to the flash memory from the device pins, and
bypasses the CR16B core. This test mode also accesses the
flash memory cells that are not used in data memory (three
out of four bytes in each page).

9.4.7 Flash Program Memory Control Register 1

(FLCTRL1)

The FLCTRL1 register is a read-only byte-wide register. The
value of this register is loaded from memory address E5FD ¢
when the chip comes out of reset. The BOOTAREA field de-
fines a user boot ROM area to be write protected. The Flash
EEPROM Program Memory Control Register 1 format is
shown below:

7 6 0

Reserved BOOTAREA
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When BOOTAREA has any value other than 7F¢, then the
memory at 0 to (BOOTAREA¥128)+15 is considered as user
boot ROM area and is write protected. When it has a value of
7F 46, then there is no user boot ROM area to be write pro-
tected

9.4.8 Flash Program Memory Control Register 2

(FLCTRL2)

The FLCTRL2 register is a read-only word-wide register. The
value of this register is loaded from memory addresses
E5FC,¢ and E5FE g when the chip comes out of reset. When
the device starts execution, the EMPTY bit indicates whether
the flash EEPROM program memory is empty of not, and se-
lects the chip to be in IRE or ISP environment if the external
environment pins are all high. The CODEAREA field defines
a user code area to be write protected. The Flash EEPROM

9.4.10 ISP Memory Write Key Register (ISPKEY)

The In-System-Programming Memory Write Key (ISPKEY)
register is a byte-wide, write-only register. It contains the en-
able key to enable writes to ISP flash EEPROM program
memory. A value of 6A;g must be written to this register im-
mediately preceding every write to the ISP flash EEPROM
program memory for the flash write operation to proceed,
otherwise any other write operation will clear the key (the
only exception is that the subsequent write is another write to
this key register with the proper key, in which case the key is
still set). A read always returns FFqg. Engineering note: on
reset, the write enable status that is generated as a result of
a write to this key register is cleared. The ISP Memory Write
Key register format is shown below:

Program Memory Control Register 2 format is shown below: 7 0
15 13|12 10|19 0 ISPKYVAL

EMPTY Reserved CODEAREA
EMPTY When the bits are either 0115, 1015, 110,, or ISPKYVAL is the ISP Flash Program Memory Write Enable

111,, and if the device’s environment select
pins are all high, the device will come out of re-
set in ISP environment instead of IRE environ-
ment.

CODEAREA When it has any value other than 3FF,g, then
the memory (CODEAREA¥128) to 1FFFFg is
considered as user code area and is write pro-
tected. When it has a value of 3FF4g, then there
is no code protection area to be write protect-
ed.

9.4.9 Flash Program Memory Security Register

(FLSEC)

The FLSEC register is a read-only byte-wide register. When
the chip comes out of reset, the value of this register is load-
ed from memory address E5FF;s. The FROMRD and
FROMWR field control the read and write security of the flash
EEPROM program memory respectively. The Flash EE-
PROM Program Memory Security register format is shown
below:

7 4

FROMWR FROMRD

0000, 0001, 0010, 0100, 1000: Security feature enabled
0011, 0101, 011x, 1001, 101x, 11xx: Security feature disabled

FROMRD  When read security feature is enabled, the
flash EEPROM program memory can only be
read in IRE environment, but will return 0000, ¢
in other environments; also, erase to odd hum-
bered bytes from address E5F9,4 to ES5FF 4
and mass erase to ISP and flash EEPROM
data memory array are ignored unless PADX is
activated (see security override below).
Unless PADX is activated (see override below),
when write security feature is enabled, all fur-
ther writes and erases to flash EEPROM pro-
gram memory, erase to odd numbered bytes
from address E5F9,¢ to E5FF;5, and mass
erase to ISP and flash EEPROM data memory
array are ignored.

FROMWR

Key Value.
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10.0 Interrupts

The Interrupt Control Unit (ICU31L) receives interrupt re-
quests from internal and external sources and generates in-
terrupts to the CPU. Interrupts from the timers, USARTS,
MICROWIRE/SPI interface, Multi-input Wake-Up, and A/D
converter are all maskable interrupts. The highest-priority in-
terrupt is the Non-Maskable Interrupt (NMI), which is trig-
gered by a falling edge received on the NMI input pin. The
NMI pin is not available on the 44-pin packages.

10.1 INTERRUPT OPERATION

An exception is an event that temporarily stops the normal
flow of program execution and causes execution of a sepa-
rate service routine. Upon completion of the service routine,
execution of the interrupted program continues from the point
at which it was stopped.

There are two kinds of exceptions, called traps and inter-
rupts. A trap is the result of some action or condition in the
program itself, such as execution of an Exception (EXCP) in-
struction. An interrupt is a CPU-external event, such as a sig-
nal received on a Multi-lnput Wake-Up input or a request
from an on-chip peripheral module for service.

The operation of traps is beyond the scope of this data sheet.
For information on traps, and for additional detailed informa-
tion on interrupts not provided in this data sheet, please refer
to the CompactRISC CR16B Programmer's Reference Man-
ual.

10.1.1

When an interrupt occurs, the on-chip hardware performs the
following steps:

1.
2.

Interrupt Operation Summary

Decrements the Interrupt Stack Point (ISP) by four.
Saves the contents of the Program Counter (PC) and
Processor Status Register (PSR) on the interrupt stack.
Clears the I, P, and T bits in the Processor Status Regis-
ter (PSR). These are the Global Maskable Interrupt En-
able bit, Trace Trap Pending bit, and Trace Dbit,
respectively.

Reads the interrupt vector from the Interrupt Vector Reg-
ister (IVCT).

Combines the interrupt vector with the value in the Inter-
rupt Base (INTBASE) register to obtain an address in
the Interrupt Dispatch Table, and loads the dispatch ta-
ble entry into the Program Counter (PC).

3.

From this point onward, the CPU executes the interrupt ser-
vice routine. The service routine ends with a Return from Ex-
ception (RETX) instruction. This returns the CPU to the
interrupted program. The CPU restores the contents of the
PC and PSR registers from the stack and increments the In-
terrupt Stack Pointer by four.

10.1.2

When an interrupt or trap occurs, the CPU executes a ser-
vice routine. There are different service routines for different
interrupts and traps. Each service routine may reside any-
where in program memory. The starting addresses of the ser-
vice routines are contained in a table called the Dispatch
Table. Entries in the table are organized in the order shown
in Table 10.

Service Routine Addresses

Table 10 Dispatch Table Entries

: Reserved

NMI

: Reserved

: Reserved

: Reserved

: SVC (Supervisor Call Trap)

: DVC (Divided by Zero Trap)

: FLG (Flag Trap)

: BPT (Breakpoint Trap)

: TRC (Trace Trap)

=
o

: UND (Undefined Instruction Trap)

[
[N

: Reserved

[N
N

: Reserved

[
w

: Reserved

[N
N

: Reserved

[N
(&)

: Reserved

=
(2]

1 INTO (Reserved)

[
~

. INT1 (Flash EEPROM Program Memory)

[N
[ee]

1 INT2 (Reserved)

[N
[(e]

- INT3 (Reserved)

N
o

1 INT4 (Reserved)

N
[y

- INT5 (ADC)

N
N

2 INT6 (MIWU Interrupt 3)

N
w

S INT7 (MIWU Interrupt 2)

N
S

1 INT8 (MIWU Interrupt 1)

N
a1

2 INT9 (MIWU Interrupt 0)

N
(o2}

- INT10 (USART 2 Tx)

N
~

- INT11 (USART 1Tx)

N
[ee]

1 INT12 (Reserved)

N
©

1 INT13 (MICROWIRE/SPI RX/TX)

W
o

- INT14 (ACCESS.bus)

w
-

- INT15 (USART 2 Rx)

w
N

- INT16 (USART 1 RX)

w
w

1 INT17 (Reserved)

w
I

- INT18 (CAN)

w
a1

1 INT19 (Reserved)

w
(o2}

1 INT20 (Reserved)

w
~

1 INT21 (Reserved)
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Table 10 Dispatch Table Entries

38:
39:
40:
41:
42:
43:
44:
45:
46:
47:

INT22 (Reserved)

INT23 (VTUD Interrupt Request 4)
INT24 (VTUD Interrupt Request 3)
INT25 (VTUD Interrupt Request 3)
INT26 (VTUD Interrupt Request 1)
INT27 (T2B Timer 2 Interrupt B)
INT28 (T2A Timer 2 Interrupt A)
INT29 (T1B Timer linterrupt B)
INT30 (T1A Timer linterrupt A)
INT31 (RTI Timer 0)

Each entry in the Dispatch Table consists of two bytes that
provide bits 1 through 16 of the starting address of the corre-
sponding service routine. The full 21-bit address of a service
routine is reconstructed by adding a leading 0 and a trailing
0 to the 16-bit table entry.

The INTBASE register is a pointer to the Dispatch Table.
Upon reset, the initialization software must write the starting
address of the Dispatch Table to the INTBASE register, a 21-
bit register with the five most significant bits and the least sig-
nificant bit always equal to 0. It is typically kept in the flash
EEPROM program memory. The Dispatch Table is 48 words
long.

Each interrupt or trap source has an associated vector num-
ber ranging from 0 to 31, as indicated in Table 10. When an
interrupt occurs, the hardware multiplies the vector by 2,
adds the result to the contents of the INTBASE register, and
uses the resulting address to obtain the service routine start-
ing address from the corresponding entry in the Dispatch Ta-
ble. This address is placed in the Program Counter so that
the CPU begins executing the interrupt service routine.

Figure 5 summarizes the method used by the device to gen-
erate the starting address of a service routine.

10.1.3

When an interrupt occurs, the CPU automatically preserves
the contents of the Program Counter (PC) and Processor
Status Register (PSR) by pushing them on the interrupt stack
and decrementing the Interrupt Stack Pointer by four. The
service routine ends with a Return from Exception (RETX) in-
struction, which returns control to the interrupted program by
restoring the PC and PSR values and incrementing the Inter-
rupt Stack Pointer (ISP) by four.

Prior to using any interrupts, the Interrupt Stack Pointer (ISP)
must be initialized so that it points to a space in RAM where
the interrupt stack will be kept. The stack grows downward in
memory (toward address zero) when an interrupt occurs and
items are pushed onto the stack. The stack shrinks upward
in memory when an interrupt service routine ends and items
are popped from the stack.

Stack Usage

Many routines need to use the general-purpose registers RO
through R13. To preserve the existing register contents, a
routine can save register contents on the program stack upon
start of the routine and restore the register contents prior to
completion of the routine. The software can also use the pro-
gram stack to transfer data parameters from one routine to

another when the parameters are too large to easily fit into
the registers. A high-level language typically allocates the lo-
cal (non-static) variables on the stack.

The pointer to the program stack is the SP register, which
must be initialized prior to any register save/restore opera-
tions or data transfer operations. Using the program stack, an
interrupt routine needs to initially save the contests of all reg-
isters that it uses, and restore those register contents before
returning to the interrupted program.

10.2 NON-MASKABLE INTERRUPT

A non-maskable interrupt is triggered by a falling edge on the
NMI input pin, which generates a software trap. The NMI pin
is an asynchronous input with Schmitt trigger characteristics
and an internal synchronization circuit. Therefore, no exter-
nal synchronizing is needed.

Upon reset, the non-maskable interrupt is disabled and
should remain disabled until the software initializes the inter-
rupt table, interrupt base, and interrupt stack pointer. It can
be enabled by setting either of two control bits in the External
NMI Control/Status (EXNMI) register. The two bits are called
the EN (Enable) bit and the ENLCK (Enable and Lock) bit.

The EN bit enables the NMI trap until an NMI trap event or a
reset occurs. An NMI trap automatically resets the EN bit. Us-
ing this bit to enable the NMI trap is intended for applications
where the NMI pin is toggled frequently but nested NMI traps
are not needed. The trap service routine should re-enable the
NMI trap by setting the EN bit before returning to the main
program.

The ENLCK bit enables the NMI trap and locks it in the en-
abled state. In other words, it leaves the NMI trap enabled
even after the trap occurs. It can be cleared only by a reset
operation. After the bit is set, an NMI trap is triggered by each
falling edge on the NMI pin, allowing nested NMI traps.

To use the EN bit, the ENLCK must remain cleared to 0. Oth-
erwise, the EN bit is ignored.

10.3 MASKABLE INTERRUPTS

Maskable interrupts can be enabled or disabled under soft-
ware control. There are 31 level-triggered maskable interrupt
sources (including some reserved for future expansion), or-
ganized into levels of priority. If more than one interrupt event
occurs at any given time, the interrupt source with the highest
priority is serviced first. The others must wait until the high-
est-priority interrupt is serviced and is no longer pending.

Figure 11 lists the maskable interrupt sources of the device in
order of priority, from the highest-priority interrupt (IRQ31) to
the lowest (IRQO).

To enable a maskable interrupt, the enable bit must be set in
the applicable peripheral module and also in the appropriate
Interrupt and Enable Mask register, IENAMO or IENAML. In
addition, both the Global Maskable Interrupt Enable bit (I)
and the Local Maskable Interrupt Enable bit (E) must be set
to 1 in the PSR register. If either one of these bits is 0, then
all maskable interrupts are disabled. The CR16B core sup-
ports IRQO, but ICU3L1L reserves IRQO so that it is not con-
nected to any interrupt source.
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INTBASE 3
0 Reserved
1 NMI Non-maskable Interrupt
2 Reserved
3 Reserved
4 Reserved
5 SvC Supervisor Call Trap
6 Dvz Divide By Zero Trap
7 FLG Flag Trap
8 BPT Breakpoint Trap
9 TRC Trace Trap
10 UND Undefined Instruction Trap
11 Reserved
12 Reserved
13 Reserved
14 DBG Debug Trap
15 ISE In-System Emulator Interrupt
16 to 127 INTn Maskable Interrupts
- Figure 5. )

Table 11 Maskable Interrupt Priority List

Table 11 Maskable Interrupt Priority List

Interrupt Request Source Interrupt Request Source
IRQ31 RTI (Timer 0), highest priority IRQ8 MIWUL16 Interrupt 1
IRQ30 T1A (Timer 1 input A) IRQ7 MIWUL16 Interrupt 2
IRQ29 T1B (Timer 1 input B) IRQ6 MIWUL16 Interrupt 3
IRQ28 T2A (Timer 2 input A) IRQ5 ADC
IRQ27 T2B (Timer 2 input B) IRQ4-IRQ2 Reserved
IRQ26 VTUA (VTU Interrupt Request 1) IRQ1 Flash Program Memory
IRQ25 VTUB (VTU Interrupt Request 2) IRQO Reserved, lowest priority
IRQ24 VTUC (VTU Interrupt Request 3) Both the E bit and I bit can be controlled with the Load Pro-
IRQ23 VTUD (VTU Interrupt Request 4) cessor Register (LPR) instruction. In addition, the E bit is
easily changed by executing the Enable Interrupts (El) or
IRQ22-IRQ19 Reserved Disable Interrupts (DI) instruction. Using the EI and DI in-
IRQ18 CAN structions avoids the possibility of an interrupt occurring with-
IRQ17 Reserved in a read-modify-write operation on the PSR register.
IRQ16 USART1 Rx 104 INTERRUPT REGISTERS
IRQ15 USART2 Rx The Interrupt Control Unit uses the following interrupt control
IRQ14 ACCESS bus and status registers:
IRQ13 MICROWIRE/SP| Rx/Tx — Non-Maskable Interrupt Status Regi_ster (NMISTAT)
— Non-Maskable Interrupt Status Monitor Reg. (NMIMN-
IRQ12 Reserved TR)
IRQ11 USART1 Tx — External NMI Control/Status Register (EXNMI)
— Interrupt Enable and Mask Register 0 (IENAMO)
IRQ10 USART2 Tx — Interrupt Enable and Mask Register 1 (IENAM1)
IRQ9 MIWU16 Interrupt O — Interrupt Vector Register (IVCT)
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— Interrupt Status Register 0 (ISTATO)
— Interrupt Status Register 1 (ISTAT1)
— Interrupt Debug Register (IDBG)

The following CPU core registers are also used in processing
interrupts:

— Interrupt Stack Pointer (ISP)
— Interrupt Base Register (INTBASE)

10.4.1 Non-Maskable Interrupt Status Register

(NMISTAT)

The NMISTAT register is a byte-wide, read-only register that
holds the current pending status of the Non-Maskable Inter-
rupt (NMI). This register is cleared upon reset. It is also
cleared each time it is read. The register format is shown be-
low.
7| 6|54 ]3]2]1
Reserved

0
EXT

External Non-Maskable Interrupt Request.
When set to 1 by the hardware, it indicates an
external Non-Maskable Interrupt request has
occurred. See the description of the EXNMI
register below for more information.

10.4.2 External NMI Control/Status Register (EXNMI)

The EXNMI register is a byte-wide, read/write register that
shows the current state of the NMI pin and also allows the
NMI trap to be enabled by setting either the EN bit or the EN-
LCK bit. Both of these bits are cleared upon reset. When the
software writes to this register, it must write 0 to all reserved
bit positions for the device to function properly. EN, ENLCK,
and TST are cleared upon reset. The register format is
shown below.

7| 6|5 | 4] 3

Reserved

2
ENLCK

1
PIN

0
EN

EN Enable NMI Trap. When set to 1, NMI traps are
enabled and falling edge on the NMI pin gener-
ates a NMI trap. Each occurrence of an NMI
trap automatically clears the EN bit. The trap
service routine should set the EN bit to 1 before
returning control to the interrupted program.
When EN is cleared to 0, NMI traps are dis-
abled unless they are enabled with the ENLCK
bit. When the ENLCK bit is set to 1, the EN bit
is ignored.

NMI Pin. This bit shows the current state of the
NMI input pin (without logical inversion). A 1 in-
dicates a high level and a 0 indicates a low lev-
el on the pin. This is a read-only bit. In a write
operation, the value written to this bit position is
ignored.

Enable and Lock NMI Trap. When set to 1, NMI
traps are enabled and locked in the enabled
state. Each falling edge on the NMI pin gener-
ates a NMl trap, even if a previous NMI trap has
occurred and is still being processed. When
ENLCK is cleared to 0, NMI traps are disabled
unless they are enabled with the EN bit.

PIN

ENLCK

10.4.3

The IVCT register is a byte-wide, read-only register that con-
tains the encoded value of the enabled and pending
maskable interrupt with the highest priority. The on-chip hard-
ware automatically updates this field whenever there is a
change in the highest-priority enabled and pending maskable
interrupt. The CPU reads this register during an interrupt ac-
knowledge core bus cycle to determine where to begin exe-
cuting the interrupt service routine. The register contents are
guaranteed to be valid at that time. The register is not guar-
anteed to contain valid data during a hardware update oper-
ation. The register format is shown below.

765|4|3|2|l|0

Interrupt Vector Register (IVCT)

0 0 INTVECT

INTVECT Interrupt Vector. This 6-bit field contains the en-
coded value of the enabled and pending
maskable interrupt with the highest priority. For
example, if interrupts IRQ1 and IRQ6 are both
enabled and pending, the higher-priority inter-
rupt is IRQ6. As a result the 6 bit interrupt vec-

tor is 010110.

10.4.4 Interrupt Enable and Mask Register 0 (IENAMO)

The IENAMO register is a word-wide, read/write register that
enables or disables the individual interrupts IRQO through
IRQ15. The register format is shown below.

15

IENA(15:0)

A hit set to 1 enables the corresponding interrupt. A bit
cleared to O disables the corresponding interrupt. Upon re-
set, this register is initialized to FFFF hex.

10.4.5 Interrupt Enable and Mask Register 1 (IENAM1)

The IENAMO register is a word-wide, read/write register that
enables or disables the individual interrupts IRQ16 through
IRQ31. The register format is shown below.

15

IENA(31:16)

A hit set to 1 enables the corresponding interrupt. A bit
cleared to O disables the corresponding interrupt. Upon re-
set, this register is initialized to FFFF hex.

10.4.6 Interrupt Status Register 0 (ISTATO)

The ISTATO register is a word-wide, read-only register that
indicates which maskable interrupt inputs to the ICU31L
(IRQO through IRQ15) are currently active. The register for-
mat is shown below.

15

IST(15:0)

IST(15:0) Interrupt Status bits. Each bit indicates the cur-
rent status of an interrupt input to the ICU31L,
corresponding to interrupts IRQO through
IRQ15. A bit set to 1 indicates an active inter-
rupt input, even when the interrupt is masked
out by the IENAMO register. A bit cleared to 0

indicates an inactive interrupt input.
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10.4.7 Interrupt Status Register 1 (ISTAT1)

The ISTAT1 register is a word-wide, read-only register that
indicates which maskable interrupt inputs to the ICU31L
(IRQ16 through IRQ31) are currently active. The register for-
mat is shown below.

15

IST(31:16)

IST(31:16) Interrupt Status bits. Each bit indicates the cur-
rent status of an interrupt input to the ICU31L,
corresponding to interrupts IRQ16 through
IRQ31. A bit set to 1 indicates an active inter-
rupt input, even when the interrupt is masked
out by the IENAMO register. A bit cleared to 0

indicates an inactive interrupt input.

10.4.8

The IDBG register is a word-wide read-only register, which
contains various status information of the ICU31L. The low-
est 6 bits contain the INTVECT value during the last read
from address FEOO. The next 6 bits contain the INTVECT val-
ue when a maskable interrupt request is sent to the CR16B
core. Upon reset, this register is set to 0000 hex.

10.5 INTERRUPT PROGRAMMING
PROCEDURES

The following subsections provide information on initializing
the device for interrupts, clearing interrupts, and nesting in-
terrupts.

10.5.1

Upon reset, all interrupts are disabled. To program the device
for interrupt operation and to enable interrupts, use the fol-
lowing procedure in the application software:

1. Set the Interrupt Stack Pointer (ISP)

2. Load the INTBASE register so that it points to the base
of the Interrupt Dispatch Table.

Perform any required preparation steps for the interrupt
service routines.

Initialize the peripheral devices that can generate inter-
rupts and set their respective interrupt enable bits.

Set the relevant bits in the interrupt mask registers
(IENAMO and IENAM1)

Note: The MIWUL16 interrupts have no local interrupt en-
able bits, which means you can only disable the
MIWU16 interrupts if you clear the specific bits in the IE-
NAM register.

Use the Load Processor Register (LPR) instruction to
set | bit in the PSR register.

When the device is ready to execute interrupts, set the
E bit in the PSR register by executing the Enable Inter-
rupts (El) instruction.

Interrupt Debug Register

Initialization

3.

Once maskable interrupts are enabled by setting the E and |
bits, you can disable and re-enable all maskable interrupts lo-
cally by using the Enable Interrupts (El) and Disable Inter-
rupts (DI) instructions, which set and clear the E bit.

10.5.2 Clearing Interrupts

Clearing an interrupt request before it is serviced may cause
a spurious interrupt because the CPU may detect an inter-
rupt not reflected in the Interrupt Vector (IVCT) register. To
ensure reliable operation, clear interrupt requests only while
interrupts are disabled.

Changing the polarity of an interrupt input (for example, in the
Multi-Input Wake-Up module) can cause a spurious interrupt,
and therefore should be done only while interrupts are dis-
abled.

For the same reason, clearing an enable bit in a peripheral
module should be carried out only while the interrupt is dis-
abled.

10.5.3 Nesting Interrupts

Interrupts may be nested, or in other words, an interrupt ser-
vice routine can itself be interrupted by a different interrupt
source. There is no hardware limitation on the number of in-
terrupt nesting levels. However, the interrupt stack must not
be allowed to overflow its allocated memory space.

Unless specifically enabled by the software, nested inter-
rupts will not occur. When the CPU acknowledges an inter-
rupt, the | bitin the PSR register is automatically cleared to 0
for the duration of the service routine, disabling any further
maskable interrupts.

To allow nested interrupts, an interrupt service routine should
first set or clear the respective interrupt enable bits to specify
which peripherals will be allowed to interrupt the current ser-
vice routine. The present interrupt routine should be disabled
(or interrupt pending bit cleared). The service routine should
then set the PSR.I bit to 1, thus enabling maskable interrupts.
This bit can be controlled with the Store Processor Register
(SPR) and Load Processor Register (LPR) instructions.

Note:

Clearing the pending bit of the current interrupt should not be
immediately followed by enabling further interrupts by setting
the I bit in the PSR register. Wait states must be inserted into
the software after clearing the interrupt pending bit and be-
fore another interrupt. Placing a NOP instruction will perform
this instruction. This is because the instruction which resets
the pending bit may not yet be finished when the interrupts
are already enabled again by setting the | bit in the PSR reg-
ister. To avoid this situation the user has to make sure that
prior to enabling the interrupt an additional instruction is in-
serted. This could look like the example below:

SBITi $0, T1ICRL # clear pending bit

NOP # NOP instruction

MOVW $0x0a00, r0 # enable further interrupts
LPR

A CBITi or SBITi instruction may be used to clear the interrupt
pending bit. In such cases, a spurious interrupt may occur.

r0, psr
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11.0 Power Management

The Power Management Module (PMM) improves the effi-
ciency of the device by changing the operating mode (and
therefore the power consumption) according to the required
level of device activity.

The device can operate in any of four power modes:

— Active

— Power Save
— Idle

— Halt

Table 12 summarizes the main properties of the four operat-
ing modes: the state of the high-frequency oscillator (on or
off), the type of clock used by most modules, and the clock
used by the Timing and Watchdog Module (TWM).

Table 12 Power Mode Operating Summary

Mode High-Frequency | o Used | TWM Clock
Oscillator
Active On Main Clock |Slow Clock
Power Save |On or Off Slow Clock |Slow Clock
Idle On or Off None Slow Clock
Halt Off None None

The low-frequency oscillator continues to operate in all four
modes and power must be provided continuously to the de-
vice power supply pins. In the Halt mode, however, the inter-
nal SLCLK does not toggle, and as a result, the TWM timer
and Watchdog Module do not operate. For the Power Save
and Idle modes, the high-frequency oscillator can be turned
on or off under software control, as long as the low-frequency
oscillator is used.

11.1 ACTIVE MODE

In the Active mode, all device modules are fully operational.
This is the operating mode upon reset. Most device modules
use the clock generated by the high-frequency clock oscilla-
tor. The clock rate is determined by the external crystal net-
work.

Power consumption in the Active mode can be reduced by
selectively disabling unused modules and/or by executing
the WAIT instruction. When WAIT is executed, the core stops
executing new instructions and waits for an interrupt.

11.2 POWER SAVE MODE

In the Power Save mode, all device modules operate off the
low-frequency clock. If the low-frequency clock is generated
from an external crystal network, the high-frequency clock
oscillator can be turned off to further reduce power consump-
tion.

All on-chip modules continue to operate in the Power Save
mode, with the SLCLK acting as their system clock. If this
mode is entered by using the WAIT command, the CPU is in-
active and waits for an interrupt to wake up. Otherwise, CPU
continues to function normally at the lower frequency of the
slow clock.

The low frequency of the clock in Power Save mode limits the
operation of modules such as the USARTs, MICROWIRE in-
terface, A/D Converter, and timers because they are driven

by the slow clock rather than the normal high-speed clock. In
order to work properly in Power Save mode, modules that
perform real-time operations (such as a USART baud rate
generator) must be reprogrammed to use the slower clock.

To reduce power consumption as much as possible, the pro-
gram should execute a WAIT instruction during periods of
CPU inactivity.

11.3 IDLE MODE

In the Idle mode, the clock is stopped for most of the device.
Only the Power Management Module and Timing and Watch-
dog Module continue to operate. Both of these modules use
the slow clock in this mode.

11.4 HALT MODE

In the Halt mode, all device clocks are disabled and the high-
frequency oscillator is shut off. In this mode, the device con-
sumes the least possible power while maintaining the device
memory and register contents. The low-frequency oscillator
continues to operate in this mode, but with very low power
consumption due to its power-optimized design.

11.5 CLOCK INPUTS AND RESET
CONFIGURATION

The system uses a high frequency clock Active mode. The
source of this clock in the device is a high frequency crystal
oscillator. The Oscillating High Frequency Clock (OHFC) in-
put indicates to the Power Management Module (PMM)
when this clock is stable and therefore usable. The clock can
be used when OHFC is set to 1. The PMM does not use the
high frequency clock when OHFC is set to 0. OHFC can be
the output of a clock monitor or a strapped input signal to this
module.

The low frequency clock is used in Power Save mode as the
system clock source. In Idle mode, it is used as the clock
source for the PMM and the TWM, both of which remain
clocked. The clock source may be a low frequency clock os-
cillator or the prescaler from the high frequency clock.

The Oscillating Low Frequency Clock (OLFC) input indicates
to the PMM when the clock is stable and therefore usable.
When OLFC is set to 1, it indicates that the clock can be
used. When OLFC is set to 0, the PMM does not use the low
frequency clock. OLFC is generated by the “slow clock good”
output of the Dual Clock and Reset module (CLK2RES).

While in reset (i.e., the reset signal is active), the PMM out-
puts the clock as long as the clock selected for use upon re-
set is stable (OHFC or OLFC are 1). If the clock selected is
not stable, the PMM clock output remains low.

11.6 SWITCHING BETWEEN POWER MODES

Switching from a higher to a lower power consumption mode
is accomplished by writing an appropriate value to the Power
Management Control/Status Register (PMCSR). Switching
from a lower power consumption mode to the Active mode is
usually triggered by a hardware interrupt. Figure 6 shows the
four power consumption modes and the events that trigger a
transition from one mode to another.

Some of the power-up transitions are based on the occur-
rence of a wake-up event. An event of this type can be either
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Reset

Power Save

LE =1 HW event
and WAIT or PSM =0

HW event

HW event

Figure 6. Power Modes and Transitions

a maskable interrupt or a non-maskable interrupt (NMI). All
of the maskable hardware wake-up events are gathered and
processed by the Multi-Input Wake-Up Module, which is ac-
tive in all modes. Once a wake-up event is detected, it is
latched until an interrupt acknowledge cycle occurs or a reset
is applied.

A wake-up event causes a transition to the Active mode and
restores normal clock operation, but does not start execution
of the program. It is the interrupt service routine associated
with the wake-up source (MIWU16 or NMI) that causes actu-
al program execution to resume.

11.6.1 Power Management Control/Status Register

(PMCSR)

The Power Management Control/Status Register (PMCSR)
is a byte-wide, read/write register that controls the operating
power mode (Active, Power Save, Idle, or Halt) and enables
or disables the high-frequency oscillator in the Power Save
and ldle modes. The two most significant bits, OLFC and
OHFC, are read-only status bits controlled by the hardware.
Upon reset, the non-reserved bits of this register are cleared.
The format of the register is shown below.

7 6 5 4 3 2 1 0
OLFC |OHFC |WBPSM |Reserved |[HALT |IDLE |DHF |PSM
PSM Power Save Mode. When this bit is 0, the de-

vice operates in the Active mode. Writing a 1 to
this bit position puts the device into the Power
Save mode, either immediately or upon execu-
tion of the next WAIT instruction, depending on
the WBPSM bit.

The PSM bit can be set and cleared by the soft-
ware. It is also cleared by the hardware when a
hardware wake-up event is detected.

Disable High-Frequency Oscillator. This bit en-
ables (0) or disables (1) the high-frequency os-
cillator in the Power Save or Idle mode. (The
high-frequency oscillator is always enabled in
Active mode and always disabled in Halt mode,
regardless of this bit settings.) The DHF bit is
cleared automatically when a hardware wake-
up event is detected.

Idle Mode. When this bit is set and the device
is in Power Save mode, the device enters the

DHF

IDLE

HALT

WBPSM

OHFC

OLFC

Idle mode upon execution of a WAIT instruc-
tion. In order to enter the Idle mode directly
from the Active mode, the WBPSM bit must be
set before the WAIT instruction is executed.
The IDLE bit can be set and cleared by the soft-
ware. When a hardware wake-up event is de-
tected, this bit is cleared automatically and the
device returns to the Active mode.

Halt Mode. When this bit is set and the device
isin Idle mode, the device enters the Halt mode
upon execution of a WAIT instruction. In order
to enter the Halt mode directly from the Active
mode, the WBPSM bit must be set before the
WAIT instruction is executed.

The Halt bit can be set and cleared by the soft-
ware. When a hardware wake-up event is de-
tected, this bit is cleared automatically and the
device returns to the Active mode.

Wait Before Entering Power Save Mode. When
the CPU writes a 1 to the PSM bit, the WBPSM
determines when the transition from Active to
Power Save mode is done. If the WBPSM bit is
0, the switch to Power Save mode is initiated
immediately; the PSM bit in the register is set
to 1 upon completion of the switch to Power
Save mode. If the WBPSM bit is 1, the device
continues to operate in Active mode until the
next WAIT instruction, and then enters the
Power Save mode. In this case, the PSM bit is
set to 1 immediately, even if a WAIT instruction
has not yet been executed.

In the Active mode, the WBPSM bit must be set
in order to enter the Idle or Halt mode.
Oscillating High-Frequency Clock. This read-
only bit indicates the status of the high-frequen-
cy clock. If this bit is 1, the high-frequency clock
is available and stable. If this bit is 0, the high-
frequency clock is either disabled, not available
to the Power Management Module, or operat-
ing but not yet stable. The device can switch to
the Active mode only when this bit is 1.
Oscillating Low-Frequency Clock. This read-
only bit indicates the status of the low-frequen-
cy (slow) clock. If this bit is 1, it indicates that
the slow clock is running and stable. The slow
clock can be either the prescaled fast clock (the
default) or the external oscillator (if selected).
The Dual Clock module will not allow a transi-
tion to the slow crystal mode unless the slow
crystal is operating, so this bit should be 1 un-
der normal circumstances.

The device can switch from the Active mode to
the Power Save or Idle mode only if the OLFC
bit is 1. There is no such restriction on switch-
ing to the Halt mode.
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11.6.2

A transition from the Active mode to the Power Save mode is
accomplished by writing a 1 to the PMCSR.PSM bit. The
transition to Power Save mode is either initiated immediately
or upon execution of the next WAIT in