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Notes for CMOS Devices

1. Precaution against ESD for semiconductors
Strong electric field, when exposed to a MOS device, can cause
destruction of the gate oxide and ultimately degrade the device operation.
Steps must be taken to stop generation of static electricity as much as
possible, and quickly dissipate it once, when it has occurred.
Environmental control must be adequate. When it is dry, humidifier should
be used. It is recommended to avoid using insulators that easily build static
electricity. Semiconductor devices must be stored and transported in an
anti-static container, static shielding bag or conductive material. All test
and measurement tools including work bench and floor should be
grounded. The operator should be grounded using wrist strap.
Semiconductor devices must not be touched with bare hands. Similar
precautions need to be taken for PW boards with semiconductor devices
on it.

2. Handling of unused input pins for CMOS
No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction.
CMOS devices behave differently than Bipolar or NMOS devices. Input
levels of CMOS devices must be fixed high or low by using a pull-up or pull-
down circuitry. Each unused pin should be connected to VDD or GND with
a resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

3. Status before initialization of MOS devices
Power-on does not necessarily define initial status of MOS device.
Production process of MOS does not define the initial operation status of
the device. Immediately after the power source is turned ON, the devices
with reset function have not yet been initialized. Hence, power-on does not
guarantee out-pin levels, I/O settings or contents of registers. Device is not
initialized until the reset signal is received. Reset operation must be
executed immediately after power-on for devices having reset function.
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Legal Notes

The information in this document is current as of 18/7/06. The information is
subject to change without notice. For actual design-in, refer to the latest
publications of NEC Electronics data sheets or data books, etc., for the most
up-to-date specifications of NEC Electronics products. Not all products and/
or types are available in every country. Please check with an NEC sales
representative for availability and additional information.

No part of this document may be copied or reproduced in any form or by any
means without prior written consent of NEC Electronics. NEC Electronics
assumes no responsibility for any errors that may appear in this document.

NEC Electronics does not assume any liability for infringement of patents,
copyrights or other intellectual property rights of third parties by or arising
from the use of NEC Electronics products listed in this document or any
other liability arising from the use of such NEC Electronics products. No
license, express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Electronics or others.

Descriptions of circuits, software and other related information in this
document are provided for illustrative purposes in semiconductor product
operation and application examples. The incorporation of these circuits,
software and information in the design of customer's equipment shall be
done under the full responsibility of customer. NEC Electronics assumes no
responsibility for any losses incurred by customers or third parties arising
from the use of these circuits, software and information.

While NEC Electronics endeavors to enhance the quality, reliability and
safety of NEC Electronics products, customers agree and acknowledge that
the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising
from defects in NEC Electronics products, customers must incorporate
sufficient safety measures in their design, such as redundancy, fire-
containment and anti-failure features.

NEC Electronics products are classified into the following three quality
grades: “Standard”, “Special’ and “Specific”.

The "Specific" quality grade applies only to NEC Electronics products
developed based on a customer-designated “quality assurance program” for
a specific application. The recommended applications of NEC Electronics
product depend on its quality grade, as indicated below. Customers must
check the quality grade of each NEC Electronics product before using itin a
particular application.

"Standard": Computers, office equipment, communications
equipment, test and measurement equipment, audio
and visual equipment, home electronic appliances,
machine tools, personal electronic equipment and
industrial robots.

"Special™: Transportation equipment (automobiles, trains, ships,
etc.), traffic control systems, anti-disaster systems,
anti-crime systems, safety equipment and medical
equipment (not specifically designed for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters,
nuclear reactor control systems, life support systems and
medical equipment for life support, etc.

4 V850E/Dx3 Preliminary User's Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

The quality grade of NEC Electronics products is “Standard” unless
otherwise expressly specified in NEC Electronics data sheets or data books,
etc. If customers wish to use NEC Electronics products in applications not
intended by NEC Electronics, they must contact NEC Electronics sales
representative in advance to determine NEC Electronics 's willingness to
support a given application.

Note 1. "NEC Electronics" as used in this statement means NEC Electronics
Corporation and also includes its majority-owned subsidiaries.

2. "NEC Electronics products" means any product developed or
manufactured by or for NEC Electronics (as defined above).

3. SuperFIash® is a registered trademark of Silicon Storage Technology, Inc.
in several countries including the United States and Japan. This product

uses SuperFIash® technology licensed from Silicon Storage Technology,
Inc.
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Regional Information

Some information contained in this document may vary from country to
country. Before using any NEC product in your application, please contact the
NEC office in your country to obtain a list of authorized representatives and
distributors. They will verify:

Device availability

Ordering information
Product release schedule
Availability of related technical literature

Development environment specifications (for example, specifications for
third-party tools and components, host computers, power plugs, AC supply
voltages, and so forth)

Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other
legal issues may also vary from country to country.

NEC Electronics Inc. (U.S.) NEC Electronics Hong Kong Ltd.

Santa Clara, California

Tel: 408-588-6000
800-366-9782

Fax: 408-588-6130
800-729-9288

Hong Kong
Tel: 2886-9318
Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

NEC Electronics (Europe) GmbH Seoul, Korea

Duesseldorf, Germany
Tel: 0211-65 03 01
Fax: 0211-65 03 327

Sucursal en Espaiia
Madrid, Spain

Tel: 091- 504 27 87
Fax: 091- 504 28 60

Succursale Francaise

Tel: 02-528-0303
Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Singapore

Tel:  65-6253-8311

Fax: 65-6250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Vélizy-Villacoublay, France Tel: 02-2719-2377

Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

Filiale Italiana

Milano, Italy

Tel:  02-66 75 41
Fax: 02-66 75 42 99

Branch The Netherlands

Fax: 02-2719-5951

NEC do Brasil S.A.
Electron Devices Division
Guarulhos, Brasil

Tel: 55-11-6465-6810
Fax: 55-11-6465-6829

Eindhoven, The Netherlands

Tel: 040-244 58 45
Fax:  040-244 45 80

Branch Sweden
Taeby, Sweden

Tel: 08-63 80 820
Fax: 08-63 80 388

United Kingdom Branch

Milton Keynes, UK
Tel: 01908-691-133
Fax: 01908-670-290
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Preface

This manual is intended for users who want to understand the functions of the
concerned microcontrollers.

This manual presents the hardware manual for the concerned microcontrollers.

This system specification describes the following sections:

¢ Pin function

e CPU function

* |Internal peripheral function

These microcontrollers may contain several instances of a dedicated module.
In general the different instances of such modules are identified by the index
“n”, where “n” counts from 0 to the number of instances minus one.

Symbols and notation are used as follows:

* Weight in data notation:  Left is high order column, right is low order

column

¢ Active low notation: xxx (pin or signal name is over-scored) or
/xxx (slash before signal name)

e Memory map address: High order at high stage and low order at low
stage

Additional remark or tip

Item deserving extra attention

* Binary: XXXX OF XXXg

e Decimal: XXXX

* Hexadecimal: XXXXp Or OX XXXX

representing powers of 2 (address space, memory capacity):
o K (Kilo): 210 = 1024

e M (Mega): 220 = 10242 = 1,048,576

* G (Giga): 280 = 10248 = 1,073,741,824

X, X = don’t care

Block diagrams do not necessarily show the exact wiring in hardware but the
functional structure.

Timing diagrams are for functional explanation purposes only, without any
relevance to the real hardware implementation.

For further information see http://www.eu.necel.com.
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Chapter 1

1.1

1

)

Introduction

The V850E/Dx3 is a product line in NEC Electronics’ V850 family of single-chip
microcontrollers designed for automotive applications.

General

The V850E/Dx3 single-chip microcontroller devices make the performance
gains attainable with 32-bit RISC-based controllers available for embedded
control applications. The integrated V850 CPU offers easy pipeline handling
and programming, resulting in compact code size comparable to 16-bit CISC
CPUs.

The V850E/Dx3 provide an excellent combination of general purpose
peripheral functions, like serial communication interfaces (UARTS, Clocked
Serial Interfaces), timers, and measurement inputs (A/D Converter), with
dedicated CAN network support.

The devices offer specific power-saving modes to manage the power
consumption effectively under varying conditions.

Thus equipped, the V850E/Dx3 product line is ideally suited for automotive
applications, like dashboard or body. It is also an excellent choice for other
applications where a combination of sophisticated peripheral functions and
CAN network support is required.

V850E CPU

The VB50E CPU core is a RISC processor. Through the use of basic
instructions that can be executed in one clock period combined with an
optimized pipeline architecture, it achieves marked improvements in instruction
execution speed.

In addition, to make it ideal for use in digital control applications, a 32-bit
hardware multiplier enables this CPU to support multiply instructions,
saturated multiply instructions, bit operation instructions, etc.

Through two-byte basic instructions and instructions compatible with high level
languages, the object code efficiency in a C compiler is increased, and
program size can be reduced.

Further, because the on-chip interrupt controller provides high-speed interrupt
response and processing, this device is well suited for high level real-time
control applications.

On-chip flash memory

The V850E/Dx3 microcontrollers have on-chip flash memory. It is possible to
program the controllers directly in the target environment where they are
mounted.

With this feature, system development time can be reduced and system
maintainability after shipping can be markedly improved.
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(3) A full range of software development tools

A development system is available that includes an optimized C compiler,
debugger, in-circuit emulator, simulator, system performance analyzer, and
other elements.

1.2 Features Summary

The following table provides a quick summary of the most outstanding
features.

Table 1-1 V850E/Dx3 features summary (1/4)

CPU

Core V850E1

Number of instructions 81

Minimum instruction execution time e 19.841 ns (@ ¢ = 50.4 MHz) (UPD70F3424,
pPD70F3425, yPD70F3426, yPD70F3427)

e 39.683 ns (@ ¢ = 25.2 MHz) (uPD70(F)3420,

puPD70(F)3421, uPD70(F)3422, uPD70F3423)

General registers 32 registers (32 bits each)

Instruction set

V850E (compatible with V850 plus additional powerful instructions for reducing code and increasing execution
speed)

Signed multiplication (16 bits x 16 bits — 32 bits or 32 bits x 32 bits — 64 bits): 1 to 2 clocks

Saturated operation instructions (with overflow/underflow detection)
32-bit shift instructions: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions

Internal flash memory

Size ¢ 2 MB (uUPD70F3426)
1 MB (uPD70F3427, uPD70F3425)
* 512 KB (UPD70F3424, uPD70F3423)
* 384 KB (UPD70F3422)
* 256 KB (UPD70F3421)
* 128KB (UPD70F3420)

Flash protection * N-Wire security function
e external programmer security function

Secure self programming

Internal mask ROM memory
Size e 384 KB (uPD703422)

* 256 KB (UPD703421)
* 128 KB (UPD703420)
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Table 1-1 V850E/Dx3 features summary (2/4)
Internal data RAM
Size e 84 KB (UPD70F3426)
e 60 KB (UPD70F3427)
e 32KB (UPD70F3425)
e 24 KB (UPD70F3424)
e 20 KB (UPD70F3423)
¢ 16 KB (UPD70(F)3422)
e 12 KB (uPD70(F)3421)
e 6 KB (uPD70(F)3420)
Clock Generator
Internal spread-spectrum PLL e 48 MHz £ 5 % (UPD70F3424, yPD70F3425,
uPD70F3426, yPD70F3427)
e 24 MHz + 5 % (UPD70(F)3420, uPD70(F)3421,
uPD70(F)3422, uPD70F3423)
Internal PLL (peripheral clock supply) 8-fold PLL
CPU frequency range e upto50.4 MHz (uPD70F3424, yPD70F3425,
pPD70F3426, yPD70F3427)
e up to 25.2 MHz (uPD70(F)3420, yPD70(F)3421,
puPD70(F)3422, uPD70F3423)
Peripheral frequency range up to 16 MHz
Main crystal frequency range (main oscillator) | 4 MHz
Sub oscillator 32 KHz (typ.)
Ring oscillator 240 KHz (typ.)
Clock supervision 2 channels:
* main oscillator monitor
¢ sub oscillator monitor
Auxiliary frequency output
Built-in power saving modes
HALT / IDLE / WATCH / Sub-WATCH / STOP
External memory bus interface (WPD70F3427 only)
Address/data separated busses 24/32-bit
Chip select signals 4
DMA Controller
Number of channels 4
I/O ports
Input/output ports e pPD70F3427: 101
¢ all others: 98
Input ports 16
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Table 1-1 V850E/Dx3 features summary (3/4)

A/D Converter

Number of channels e 16 (UPD70F3424, uPD70F3425, yPD70F3426,
uPD70F3427)

e 12 (uPD70(F)3420, uPD70(F)3421, yPD70(F)3422,
pPD70F3423)

Resolution 10-bit

Conversion modes ¢ Continuous select mode
e Continuous scan mode
e Timer trigger mode

e Software trigger mode

Analog input channels shared with digital input port functionality

Serial interfaces

Synchroneous: CSI (CSIB) ¢ 3channels (WPD70F3424, yPD70F3425, uPD70F3426,
pPD70F3427)

e 2 channels (uPD70(F)3420, uPD70(F)3421,
puPD70(F)3422, uPD70F3423)

Asynchroneous: UART (UARTA) 2 channels with LIN support

I2C (1IC) 2 channels

CAN (CAN) 2 channels with 32 message buffers each
Timers

16-bit multi purpose timer/event counter (TMP) | 4 channels

16-bit multi purpose timer/counter (TMG) 3 channels
16-bit multi purpose timer/counter (TMZ) e 10 channels (WPD70F3424, yPD70F3425, yPD70F3426,
puPD70F3427)

e 6 channels (UPD70(F)3420, yPD70(F)3421,
uPD70(F)3422, yPD70F3423)

Watch Timer (WT) 1 channel
Watch Calibration Timer (WCT) 1 channel
Watchdog Timer (WDT) 1 channel
LCD Controller/Driver (uPD70(F)3420, yPD70(F)3421, uPD70(F)3422, yPD70F3423)
Segment signal output max. 40
Common signal output max. 4
Modes 1/4 duty, 1/3 bias
LCD Bus Interface
Bus width 8-bit parallel
Bus control modes 2 modes:

¢ RD strobe and WR strobe (“mod80”)
* RD/WR signal and data strobe (“mod68”)

Transfer speed 100 KHz to 3.2 MHz
Stepper Motor Controller/Driver
Number of channels 6
Resolution 8-bit and 8-bit + 1
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Table 1-1

V850E/Dx3 features summary (4/4)

Sound Generator

Number of channels

1

Volume

9-bit volume level accuracy

Sound frequency

245 Hz to 6 KHz with min. resolution of + 20 Hz

Sound duration 256 steps
Interrupts and exceptions
Non-maskable interrupts 2 sources

Maskable interrupts

e 92 sources (UPD70F3424, yPD70F3425, yPD70F 3426,
puPD70F3427)

* 84 sources (UPD70(F)3420, pPD70(F)3421,
puPD70(F)3422, uPD70F3423)

Software exceptions

32 sources

Exception trap

2 sources

ROM Correction

Number of channels

‘ 8 channels by DBTRAP

On-chip debug interface

Number of interfaces

‘ 1

Connection of an external N-Wire emulator

Internal Voltage Comparators

Number of channels

‘ 2

Power supply supervision

Power-On-Clear

‘ Generates reset at power-up and in case of power loss

Single supply operating voltage

Range

‘ 4.0V to 5.5V (refer to Electrical Target Specification)

Temperature range

Range T, =—40 to +85°C
* @ ¢ =48 MHz) (WPD70F3424, uPD70F3425,
uPD70F3426, uPD70F3427)
e @ ¢ =24 MHz) (uPD70(F)3420, uPD70(F)3421,
uPD70(F)3422, uPD70F3423)
Package
Package e pPD70F3427: 208-pin QFP

¢ all others: 144-pin QFP

Package size

e pPD70F3427: 28 mm x 28 mm
e all others: 20 mm x 20 mm

Pin pitch

0.5mm

CMOS technology

Note

The CAN controller of this device fulfils the requirements according ISO 11898.
Additionally, the CAN controller was tested according to the test procedures
required by ISO 16845. The CAN controller has successfully passed all test
patterns. Beyond these test patterns, other tests like robustness tests and
processor interface tests as recommended by C&S/FH Wolfenbuettel have
been performed with success.
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Chapter 1 Introduction

1.4 Description

Figure 1-1 provides a functional block diagram of the V850E/DJ3
pPD70(F)3420, yPD70(F)3421, yPD70(F)3422, yPD70F3423, uPD70F3424,
pPD70F3425, yPD70F3426 microcontrollers.

Power and Reset

VCMPO, VCMP1 — 2 x Voltage A——| Reset | POC | Power supply
VCMPOO, VCMPO1 Comparator
Memory
NMI Note 1 CPU RoM Note 6
INTPO to INTP6 | Interrupt Correction Flash
Controller [~ CPU Core
o 1
INTP7 Note 8] Note 7|
: RAM ROM g < Note 9]
Serial Interfaces System Controller £ g 1MB
2 £
RXDAO, RXDA1 ——=| 2 3
: 2 x UARTA § = l;/IaSSBh
TXDAO, TXDA1 ~——] 5RG gl |[&
Standby Controller :V;
SIBO, SIB1, SIB2'"2 —f Note 2 Bus 8 Note 10
SOBO, SOB1, SOB2"? ~—— 3/2 x CSIB Control
SCKBO, SCKB1, SCKB2"t*2 =—=| BRG E'r:lil;o 16 KB
On-Chip Debug Unit VSB
CRXDO, CRXD1 2 CAN DMA RAM
CTXDO, CTXD1
SCLO, SCL1 * BESZe

Control Interfaces

NPB (NEC Peripheral Bus)

ANIO-ANI11 Note3
10-bit ADC | Ports |
ANHM2-ANHSWe s — o 16/12 ||
ChannEIS []][]]]}]]]][[
A —]
N e T Y Y
Or-rANNMTVO—O0DOT— NM
SM11 to SM14  ~——| ssgesset ettt
SM21 to SM24  ~———| SeR8988o83c000
SM31toSM34 -~ Stepper aoaa
SM41 to SM44  ~——| N(':O/‘S"
SM51 to SM54 = Clock Generator
ng oscillator
SGO/SGOF
SGO . XT1
SGOA
Sub oscillator XT2
SEGO to SEG39

Note 4
LCD C/D

COMO to COM3 “
DBDO to DBD7~——+ X2
DBRD~——LCD Bus I/F =—=
DBWR
16-bit Timer
TMZ0 - TMZ5 Clock Generator
—RESET
16-bit Timer [ Fout
TIG11 o TIG14 ——) TMZ6 - TMZ9 —-FouT
TIG21 to TIG24 ——
16-bit Timer i Main and
TMGO - TMG2 ; i Sub oscillator
i | 16-bit Timer| .
TOGO1 to TOG04 — WCT §V\_Iatch Correction Supervision
TOG11 to TOG14 ~—| : U=
TOG21 to TOG24 ~——| T
TIP0O, TIPO1 —— 16-bit Timer
TIP10, TIP11 ——=| w Auxiliary Functions
TIP20, TIP21 —| o
TIP30, TIP31 —= 16-bit Timer
TOP0O, TOPO1 ~—— TMPO - TMP3 +~—DMS
TOP10, TOP11 ~—— .| Watchdog N-Wire o
TOP20, TOP21~—— Timer debug IF [ ppg
TOP30, TOP31 ~—— . Dck

V850E/DJ3 pPD70(F)3420, puPD70(F)3421, yuPD70(F)3422, yPD70F3423,
pPD70F3424, yPD70F3425, yPD70F3426 block diagram

Figure 1-1
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Chapter 1

Table 1-3 summarizes the different features of the of the V850E/DJ3
uPD70(F)3420, yPD70(F)3421, uyPD70(F)3422, uPD70F3423, yPD70F3424,
pPD70F3425, yPD70F3426 microcontrollers, marked as “Notes” in Figure 1-1.

Table 1-3 Feature set differences

Downloaded from Elcodis.com electronic components distributor

Note | Feature | ‘F3426 | ‘F3425 | ‘F3424 | ‘F3423 | ‘F3422 | ‘3422 | ‘F3421 | ‘3421 | ‘F3420 | ‘3420
INTP7 \ v Y — — — — — _ _
2 CsIB2 v v v — — — — — _ _
ANI12
to ANI15 v \ v - - - - - - -
LCD-C/D — — — v v v v v v N
T™MZ6
to TMZ9 v \ v - - - o - - -
6 Flash 512 512 384 256 128
1MB | 1MB KB KB KB T KB o KB -
7 ROM o o . . . 384 . 256 . 128
KB KB KB
RAM 60KB | 32KB | 24KB | 20KB | 16 KB | 16 KB | 12KB | 12KB | 6 KB | 6KB
VSB Flash | 1 MB — — — — — — — — —
10 VSB RAM | 24 KB — — — — — — — — —
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Chapter 1 Introduction

Figure 1-2 provides a functional block diagram of the V850E/DL3 yPD70F3427
microcontroller.

VCMPO, VCMP1 —
VCMPOO, VCMPO1 ~—

2 x Voltage
Comparator

NMI ——
INTPO to INTP7 ———

Interrupt
Controller

ﬁ POC Power supply

CPU Core

ROM
Correction

A0 to A23
DO to D15
D16 to D31
Cso, Cs1

System Controller

2 x UARTA
Memory

Standby Controller
Controller
3xCsIB
R
2x CAN

On-Chip Debug Unit

NPB (NEC Peripheral Bus)

10-bit ADC
16
channels

P20 to P27 <—
P30 to P37 =—
P40 to P47 =—
P50 to P57 ~—~
P60 to P67 ~—=
P70 to P715 —=
P80 to P87 ~—=
P90 to P97 ~—=
P100 to P107 ——=
P110to P17 ~—=
P120 to P127 —~—=
P130 to P137 —=—=
P140 to P142 w—|

~~
S
aa
Lee
g©
ISE
aa

Stepper
Motor
C/ID

Sound
Generator
LCD Bus IIF

Clock Generator

Spread Spectrum PLL

PLL

16-bit Timer

TMGO - TMG2 Main and

Sub oscillator
Supervision

it Timer
WT

Watchdog N-Wire
Timer debug IIF

16-bit Timer
TMPO - TMP3

Figure 1-2 V850E/DL3 pPD70F3427 block diagram
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Structure of the In the diagram, the building blocks are grouped according to their function.

diagram At the top of the diagram, you find the functions for controlling power supply

and reset.

The upper right-hand section shows the building blocks of the CPU system and
the memory interface components. The 1/O ports are summarized below that
section.

The left-hand section of the block diagram identifies the interfaces to
peripherals and also the built-in timers. All these components are connected to
and can be controlled via the internal bus.

The Clock Generator, depicted in the lower right-hand section, plays a central
role. It generates and monitors not only the clocks for the CPU and the
peripheral interfaces, but also governs the power save modes that can be
entered when the device is not in use.

Structure of the This manual explains how to use the V850E/Dx3 microcontroller devices. It
manual provides comprehensive information about the building blocks, their features,
and how to set registers in order to enable or disable specific functions.

The manual provides individual chapters for the building blocks. These
chapters are organized according to the grouping in the diagram.

¢ Core functions

“Pin Functions*® on page 33

“CPU System Functions* on page 103
“Clock Generator” on page 129

“Interrupt Controller (INTC)* on page 187

¢ Memory access

“Flash Memory* on page 229

“Bus Control Unit (BCU)" on page 227

“DMA Controller (DMAC)“ on page 309

“ROM Correction Function (ROMC)“ on page 331
“Code Protection and Security” on page 339

e Timers

“16-bit Timer/Event Counter P (TMP)“ on page 343
“16-bit Interval Timer Z (TMZ)" on page 429

“16-bit Multi-Purpose Timer G (TMG)“ on page 437
“Watch Timer (WT)“ on page 477

“Watchdog Timer (WDT)" on page 497

¢ Serial interfaces

“Asynchronous Serial Interface (UARTA)" on page 507
“Clocked Serial Interface (CSIB)“ on page 541

“I2C Bus (IIC)“ on page 573

“CAN Controller (CAN)“ on page 639

¢ Control interfaces

“A/D Converter (ADC)“ on page 769

“Stepper Motor Controller/Driver (Stepper-C/D)“ on page 795
“LCD Controller/Driver (LCD-C/D)" on page 809

“LCD Bus Interface (LCD-I/F)" on page 823

“Sound Generator (SG)“ on page 841
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Chapter 1 Introduction
¢ Power and reset

“Power Supply Scheme* on page 855

“Reset” on page 861

“Voltage Comparator” on page 871

¢ Auxiliary functions
“On-Chip Debug Unit“ on page 877
1.5 Ordering Information
Table 1-4 V850E/Dx3 ordering information

NEC order code Pin/package Memory size Remarks
UPD703420GJ(A)-GAE-QS-AX 144 pin LQFP 128 KB ROM -
UPD70F3420GJ(A)-GAE-QS-AX 144 pin LQFP 128 KB flash -
UPD703421GJ(A)-GAE-QS-AX 144 pin LQFP 256 KB ROM -
UPD70F3421GJ(A)-GAE-QS-AX 144 pin LQFP 256 KB flash -
UPD703422GJ(A)-GAE-QS-AX 144 pin LQFP 384 KB ROM -
UPD70F3422GJ(A)-GAE-QS-AX 144 pin LQFP 384 KB flash -
UPD70F3423GJ(A)-GAE-QS-AX 144 pin LQFP 512 KB flash -
UPD70F3424GJ(A)-GAE-QS-AX 144 pin LQFP 512 KB flash -
UPD70F3425GJ(A)-GAE-QS-AX 144 pin LQFP 1 MB flash -
UPD70F3426GJ(A)-GAE-QS-AX 144 pin LQFP 2 MB flash VSB flash and RAM
UPD70F3427GD(A)-LML-QS-AX 208 pin QFP 1 MB flash External bus I/F
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Chapter 2

2.1

Features summary

Pin Functions

This chapter lists the ports of the microcontroller. It presents the configuration
of the ports for alternative functions. Noise elimination on input signals is
explained and a recommendation for the connection of unused pins is given at
the end of the chapter.

Overview

The microcontroller offers various pins for input/output functions, so-called
ports. The ports are organized in port groups.

To allocate other than general purpose input/output functions to the pins,
several control registers are provided.

For a description of the terms pin, port or port group, see “Terms* on page 39.

* Number of ports and port groups:

Number of ports
Device Number of port groups
1/0 ports Input ports
pPD70F3427 101 16 15
all others 98 16 14
e 5V I/O:

Can be used as 3V 1/O with degraded electrical parameters. Please refer to
the Electrical Target Specification.

¢ 24 high-drive ports for direct stepper motor drive.
¢ Configuration possible for individual pins.

¢ The following features can be selected for most of the pins:
— One out of two input thresholds
— Output current limit
— Open drain emulation
* 8 ports for Schmitt and non-Schmitt chararacteristic configurable.

¢ The following registers are offered for most of the ports:
— Direct register for reading the pin values

— Port register with selectable read source (for improved bit set / bit clear
capabilities)
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2.1.1 Description

This microcontroller has the port groups shown below.

-— | POO P70 fo———

Port group 0 ‘ to to ‘ Port group 7
-~ Po7 P7156 jo—«—
P80 [~—

Port group 1 { P16 to ‘ Port 8

ort grou ort grou
-~ P17 group

P87 |«—
~— | P20 P90 [~—

Port group 2 ‘ to to ‘ Port group 9
-~ P27 P97 [+—
~——~{ P30 P100 f+——=

Port group 3 ‘ to to ‘ Port group 10
~— | P37 P107 j«—
~——{ P40 P110 [+~

Port group 4 ‘ to to ‘ Port group 11
-~ P47 P117 [+—
~—{ P50 P120 (~—

Port group 5 ‘ to to ‘ Port group 12
~— | P57 P127 [+—
~— | P60 P130 [(~—

Port group 6 ‘ to to ‘ Port group 13
-~ P67 P137 f+—
P140 [~—

to ‘ Port group 14

(uPD70F3427 only)

P142 |+

External memory
interface

MEM-I/F ‘
(WPD70F3427 only)

I

Figure 2-1 Port groups
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Port group overview Table 2-1 gives an overview of the port groups. For each port group it shows
the supported functions in port mode and in alternative mode. Any port group
can operate in 8-bit or 1-bit units. Port group 7 can additionally operate in
16-bit units.

Table 2-1 Functions of each port group (1/2)

Port

group
name

Function

Port mode

Alternative mode

0

8-bit input/output

External interrupt O to 6

Non maskable interrupt

N-Wire debug interface reset

Output state of internal Voltage Comparators 0

2-bit input/output

[2C0 data/clock line

8-bit input/output

Timer TMGO to TMG1 channels
[2C1 data/clock line

LCD controller segment signal output
(uPD70(F)3420, uPD70(F)3421, yPD70(F)3422,
uPD70F3423 only)

8-bit input/output

UARTAO transmit/receive data,
UARTA1 transmit/receive data
I2C1 data/clock line

LCD controller segment signal output
(WPD70(F)3420, yPD70(F)3421, uPD70(F)3422,
pPD70F3423 only)

Timer TMG2 channels
Timer TMPO to TMP3 channels

8-bit input/output

Clocked Serial Interface CSIBO data/clock line
Clocked Serial Interface CSIB1 data/clock line

LCD controller segment signal output
(WPD70(F)3420, yPD70(F)3421, yPD70(F)3422,
uPD70F3423 only)

CANO transmit/receive data

8-bit input/output

External interrupt 7 (WPD70F3424, yPD70F3425,
pPD70F3426, uPD70F3427 only)

Sound Generator outputs
Frequency output

N-Wire interface signals
CANT1 transmit/receive data
UARTA1 transmit/receive data

8-bit input/output

Timer TMPO to TMP3 channels
Timer TMG2 channels

LCD controller segment signal output
(WPD70(F)3420, yPD70(F)3421, uPD70(F)3422,
pPD70F3423 only)

I>C0 data/clock line

16-bit input

A/D Converter input

- uPD70F3424, yPD70F3425,
pPD70F3426, yPD70F3427: 16 channels

- uPD70(F)3420, yPD70(F)3421,
pPD70(F)3422, yPD70F3423: 12 channels
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Table 2-1 Functions of each port group (2/2)

Port

group
name

Function

Port mode

Alternative mode

8

8-bit input/output

¢ Clocked Serial Interface CSIB2 data/clock line
(WPD70F3424, yPD70F3425, uPD70F3426,
pPD70F3427 only)

e LCD controller segment signal output
(WPD70(F)3420, uyPD70(F)3421, uPD70(F)3422,
uPD70F3423 only)

¢ Frequency output

¢ UARTAO transmit/receive data

8-bit input/output

e LCD Bus I/F data lines

e LCD controller segment/common signal output
(uPD70(F)3420, uPD70(F)3421, yPD70(F)3422,
pPD70F3423 only)

10

8-bit input/output

e Timer TMPO to TMP3 channels
e LCD Bus I/F read/write strobe

* LCD controller segment signal output
(WPD70(F)3420, yPD70(F)3421, yPD70(F)3422,
pPD70F3423 only)

¢ Clocked Serial Interface CSIBO data/clock line

11

8-bit input/output

e Stepper Motor Controller/Driver outputs

12

8-bit input/output

e Stepper Motor Controller/Driver outputs

13

8-bit input/output

e Stepper Motor Controller/Driver outputs
e Timer TMGO to TMG1 channels

14

3-bit input/output

External memory interface (UPD70F3427 only):
¢ Bus clock
e Byte enable 2, 3

MEM-I/F

External memory interface (UPD70F3427 only):
e Address lines 0 to 23

e Chipselects 0, 1, 3,4

¢ Read/write strobe

e Data wait request

e Byte enable 0, 1

e Data lines 0 to 31

Pin configuration To define the function and the electrical characteristics of a pin, several control
registers are provided.

* For a general description of the registers, see “Port Group Configuration
Registers” on page 40.

* For every port, detailed information on the configuration registers is given in
“Port Group Configuration”on page 56.

There are three types of control circuits, defined as port types. For a
description of the port types, see “Port Types Diagrams* on page 52.
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2.1.2 Terms

In this section, the following terms are used:

Pin
Denotes the physical pin. Every pin is uniquely denoted by its pin number.

A pin can be used in several modes. Depending on the selected mode, a pin
name is allocated to the pin.

Port group

Denotes a group of pins. The pins of a port group have a common set of port
mode control registers.

Port mode / Port

A pin in port mode works as a general purpose input/output pin. It is then
called “port”.

The corresponding name is Pnm. For example, P07 denotes port 7 of port
group 0. It is referenced as “port PO7”.

Alternative mode

In alternative mode, a pin can work in various non-general purpose input/
output functions, for example, as the input/output pin of on-chip peripherals.

The corresponding pin name depends on the selected function. For
example, pin INTPO denotes the pin for one of the external interrupt inputs.

Note that for example P00 and INTPO denote the same physical pin. The
different names indicate the function in which the pin is being operated.

Port type

A control circuit evaluates the settings of the configuration registers. There
are different types of control circuits, called “port types”.

2.1.3 Noise elimination

The input signals at some pins are passing a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters. The
analog filters are always applied to the input signals, whereas the digital filters
can be enabled/disabled by control registers.

See “Noise Elimination” on page 93 for a detailed description.
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2.2 Port Group Configuration Registers
This section starts with an overview of all configuration registers and then
presents all registers in detail. The configuration registers are classified in the
following groups:
* “Pin function configuration” on page 41
* “Pin data input/output” on page 46
* “Configuration of electrical characteristics“ on page 48
o ‘“Alternative input selection“on page 50
2.2.1 Overview
For the configuration of the individual pins of the port groups, the following
registers are used:
Table 2-2 Registers for port group configuration
Register name Shortcut Function
Port mode register PMn Pin function configuration
Port mode control register PMCn
Port function control register PFCn
Port LCD control register PLCDCn
On-chip debug mode register OCDM
Port register Pn Pin data input/output
Port pin read register PPRn
Port drive strength control register PDSCn Configuration of electrical
Port input characteristic control register PICCn characteristics
Port input level control register PILCn
Port open drain control register PODCn
Peripheral function select register PFSRO, PFSR3 Alternative input selection

n=0to 14
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2.2.2 Pin function configuration

The registers for pin function configuration define the general function of a pin:

¢ input mode or output mode

¢ port mode or alternative mode
» selection of one of the alternative output functions ALT1-OUT/ALT2-OUT
* pin usage for LCD Controller/Driver output LCD_OUT

e normal mode or on-chip debug mode (N-Wire interface)

An overview of the register settings is given in the table below.

Table 2-3 Pin function configuration (overview)

Registers
Function /0
OCDM PLCDC PMC PFC PM

Port mode (output) 0 X 0 (0]
Port mode (input) X 1 |
Alternative output 1 mode 0 0 0 (0]
Alternative output 2 mode 0 1 1 0 (0]
Alternative input mode X 1 |
LCD signal output ' 1 X X X o
(segment or common signal)

On-chip debug mode? 1 X X X X I/0

a) In on-chip debug mode, the corresponding pins are automatically set as input or output pins to
provide the N-Wire interface. In this mode the configuration of these pins can not be changed
by the pin configuration registers.
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(1) PMn - Port mode register

The PMn register specifies whether the individual pins of the port group n are
in input mode or in output mode.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.

Address see “Port Group Configuration“ on page 56
Initial Value FFy or FFFFy. This register is initialized by any reset.
7 6 5 4 3 2 1 0

\ PMn7 \ PMn6 \ PMn5 \ PMn4 \ PMn3 \ PMn2 \ PMn1 \ PMnO \
RW RW RW RW RW RW BRW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
\PMn15\PMn14\PMn13\PMn12\PMn11 ]PMnm] PMng \ PMn8 \ PMn7 ] PMn6 \ PMn5 \ PMn4 \ PMn3 \ PMn2 ] PMnf \ PMnO \
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-4 PMn register contents

Bit position | Bit name Function
7t00 PMn[7:0] | Specifies input/output mode of the corresponding pin
or or 0: Output mode (output enabled)
15t0 0 PMn[15:0] | 1: Input mode (output disabled)
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(2) PMCn - Port mode control register
The PMCn register specifies whether the individual pins of port group n are in
port mode or in alternative mode.
For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.
Access This register can be read/written in 8-bit and 1-bit units.

16-bit registers can also be read/written in 16-bit units.

Address see “Port Group Configuration“ on page 56

Initial Value 00y or 0000y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
| PMCn7 | PMCn6 | PMCn5 | PMCn4 | PMCn3 | PMCn2 | PMCn1 | PMCno |
RW RW RW RW RW RW RW RW

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘PMCn15‘PMCn14‘PMCn13‘PMCn12‘PMCn11’PMCn10’PMCn9‘ PMCns\ PMCn7’ PMCne\ PMCns\ PMCn4‘ PMCns\ PMany PMCn1‘ PMCno\
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-5 PMCn register contents
Bit position | Bit name Function
7t00 PMCn[7:0] | Specifies the operation mode of the corresponding pin
or or 0: Port mode
15t0 0 PMCI[15:0] | 1: Alternative mode
(3) PFCn - Port function control register
If a pin is in alternative mode and serves as an output pin (PMn.PMnm = 0)
some pins offer two output functions ALT1-OUT and ALT2-OUT.
The 8-bit PFCn register specifies which output function of a pin is to be used.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration“ on page 56
Initial Value PFCO0: 20y
other PFCn: 00y
This register is initialized by any reset.
7 6 5 4 3 2 1 0
| PFCn7 | PFCn6 | PFCn5 | PFCn4 | PFCn3 | PFCn2 | PFCat | PFCnO |
RW RW RW RW RW RW RW RW
Table 2-6 PFCn register contents

Bit position | Bit name Function
Specifies the output function of the pin
0: Alternative output mode 1 (ALT1-OUT)
7t00 PFCn[7:0] | 1: Alternative output mode 2 (ALT2-OUT)
See “Port Group Configuration”on page 56 for a list of
the possible output modes.
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(4)

Access
Address

Initial Value

Table 2-7

Note

44

PLCDCn - Port LCD control register

Some port groups comprise pins for signal output of the LCD Controller Driver.
For those port groups, the 8-bit PLCDCn register specifies whether an
individual pin of port group n serves as an output pin of the LCD Controller/
Driver or not.

This register can be read/written in 8-bit and 1-bit units.
see “Port Group Configuration” on page 56
00y. This register is initialized by any reset.
7 6 5 4 3 2 1 0

’PLCDCn?‘PLCDCn6’PLCDCn5‘PLCDCn4‘PLCDCn3’PLCDCnZ‘PLCDCn1’PLCDCnO‘
RW RW RW PRW RW RW RW RW

PLCDCn register contents

Bit position | Bit name Function

Enables LCD function of the pin:
0: Pin is not allocated to the LCD Controller/Driver.
Pin function is specified in PMn, PMCn and PFCn
1: Pin serves as an output pin of the LCD Controller/
Driver. Data is output directly from buffers of the
LCD Controller/Driver. Bit Pn.Pnm is neglected.

7t00 PLCDCn[7:0]

If PLCDCn.PLCDCnm = 1, the settings of the bits m in registers PMn, PMCn,
and PFCn are neglected.
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(5)

Access
Address

Initial Value

Table 2-8

Note

OCDM - On-chip debug mode register

The 8-bit OCDM register specifies whether dedicated pins of the
microcontroller operate in normal operation mode or can be used for on-chip
debugging (N-Wire interface). The setting of this register concerns only those
pins that can be used for the N-Wire interface: PO5/DRST, P52/DDI, P53/DDO,
P54/DCK, and P55/DMS.

To make these pins available for on-chip debugging, bit OCDM.OCDMO must
be set while pin DRST is high. If the on-chip debug mode is selected, the
corresponding pins are automatically set as input or output pins, respectively.
Setting of bits PMn.PMnm is not necessary.

For more details refer to “On-Chip Debug Unit” on page 877.

This register can be read/written in 8-bit and 1-bit units.
FFFF FOFCy

OOH/01 H:
¢ After Power-On Clear reset, the normal operation mode is selected
(OCDM.OCDMO = 0).

* After external reset, the dedicated pins are available for on-chip debugging
(OCDM.OCDMO = 1).

* After any other reset, bit OCDMO holds the same value as before the reset.
7 6 5 4 3 2 1 0
[ o [ o | o | o [ o | o | o [ocomol
R/W R/W R/W R/W R/W R/W R/W R/W

OCDM register contents

Bit position | Bit name Function

Enables/disables N-Wire interface:
0: Pins are used in normal operation mode (port
mode or alternative mode).
1: Pins are used in on-chip debug mode.

0 OCDMo

If the pins PO5/DRST, P52/DDI, P53/DDO, P54/DCK, and P55/DMS are used
as N-Wire interface pins their configuration can not be changed by the pin
configuration registers.
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2.2.3 Pin data input/output

If a pin is in port mode, the registers for pin data input/output specify the input
and output data.
(1) Pn - Port register

In port mode (PMCn.PMCnm=0), data is input from or output to an external
device by writing or reading the Pn register.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

Access This register can be read/written in 8-bit and 1-bit units.
16-bit registers can also be read/written in 16-bit units.

Address see “Port Group Configuration”on page 56

Initial Value 00y or 0000y. This register is cleared by any reset.

Note After reset, the ports are in input mode (PMn.PMnm = 1). The read input value
is determined by the port pins.

7 6 5 4 3 2 1 0
| Pn7 | Pn6 | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 | Pn0O |
RW  R/W RW RW RW RW RW  R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|Pn15|Pn14|Pn13|Pn12|Pn11 |Pn1o| Pn9 | Pn8 | Pn7 | Pné | Pn5 | Pn4 | Pn3 | Pn2 | Pn1 | Pno |
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 2-9 Pn register contents

Bit position | Bit name Function
7t00 Pn[7:0] Data, see Table 2-10 for details.
or or
15100 Pn[15:0]

Note The value written to register Pn is retained until a new value is written to
register Pn.

Data is written to or read from the Pn register as follows:

Table 2-10 Writing/reading register Pn

Function PM /0

Write to Pn 0 o

and output contents of Pn to pins

Write to Pn 1 |

without affecting the pin status

Read from Pn 1 |

and thus read the pin status

Read from Pn 0 O

and disregard the pin status ] |
46 Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Pin Functions

Chapter 2

)

Access

Address

Initial Value

15 14 13 12

PPRn - Port pin read register

The PPRn register reflects the actual pin value, independent of the control
registers set-up.

For port groups with up to eight ports, this is an 8-bit register. For port groups
with up to 16 ports, this is a 16-bit register.

This register is read-only, in 8-bit and 1-bit units.
16-bit registers can also be read in 16-bit units.

see “Port Group Configuration” on page 56

00y or 0000y. This register is cleared by any reset.

7 6 5 4 3 2 1 0
|PPRn7| PPRn6| PPRn5| PPRn4| PPRn3| PPRn2|PPRn1 |PPRn0|
R R R R R R R R

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

|PPRn15|PPRn14|PPRn13|PPRn12|PPRn11|PPRn10|PPRn9|PPRn8|PPRn7|PPRn6|PPRn5|PPHn4|PPRn3|PPRn2|PPRn1 |PPRn0|

R R R R

Table 2-11

R R R R R R R R R R R R

PPRn register contents

Bit position | Bit name Function
7t00 PPRnN[7:0] Actual pin value
or or
15t00 PPRn[15:0]
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2.2.4 Configuration of electrical characteristics
The registers for the configuration of electrical characteristics are briefly
described in the following. For details refer to the Electrical Target
Specification.
(1) PDSCn - Port drive strength control register
The 8-bit PDSCn register selects the output current limiting function for high- or
low-drive strength.
Access This register can be read/written, in 8-bit and 1-bit units.
Address see “Port Group Configuration“ on page 56
Initial Value 00y. This register is cleared by any reset.
7 6 5 4 3 2 1 0
[PDSCn7[PDSCN6|PDSCN5|PDSCN4[PDSCN3|PDSCN2|PDSCN1[PDSChO|
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-12 PDSCn register contents
Bit position | Bit name Function
Specifies output current limiting function:
7t00 PDSCn[7:0] 0: Limit 1.
1: Limit 2.
For the detailed specification of "Limit 1" and "Limit 2" refer to the Electrical
Target Specification.
(2) PICCn - Port input characteristic control register
The 8-bit PICCn register selects between Schmitt Trigger or non-Schmitt
Trigger input characteristics.
Access This register can be read/written in 8-bit and 1-bit units.
Address see “Port Group Configuration®on page 56
Initial Value FFy. This register is cleared by any reset.
7 6 5 4 3 2 1 0
[ PIcCn7 | PICCn6 | PICCnS [ PICCN4 | PICCN3 | PICCN2 | PICCN1 [ PICCNO |
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-13 PICCn register contents
Bit position | Bit name Function
Specifies Trigger input characteristics:
7t00 PICCn[7:0] 0: non-Schmitt Trigger
1: Schmitt Trigger
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©))

Access
Address

Initial Value

Table 2-14

(4)

Access
Address

Initial Value

Table 2-15

PILCn - Port input level control register

The 8-bit PILCn register selects between different input characteristics for
Schmitt Trigger (PICCn.PICCnm = 1) and non-Schmitt Trigger
(PICCn.PICCnm = 0).

This register can be read/written in 8-bit and 1-bit units.
see “Port Group Configuration” on page 56

00y

This register is initialized by any reset.

7 6 5 4 3 2 1 0
| PILCh7 | PILCn6 | PILCNn5 | PILCn4 | PILCn3 | PILCn2 | PILCn1 | PILChO |

R/W R/W R/W R/W R/wW R/W R/W R/W
PILCn register contents
Bit position | Bit name Function
Selects the input level:
for Schmitt Trigger (PICCn.PICCnm = 1):
0: Schmitt 1
7t00 PILCn[7:0] 1: Schmitt 2
for non-Schmitt Trigger (PICCn.PICCnm = 0):
0: CMOS1
1: CMOS2

PODCn - Port open drain control register

The PODCn register selects the output buffer function as push-pull or open-
drain emulation.

This register can be read/written in 8-bit and 1-bit units.
see “Port Group Configuration” on page 56

00y. This register is cleared by any reset.

7 6 5 4 3 2 1 0
[PODCn7[PODCN6|PODCNS[PODCN4[PODCN3[PODCN2|PODCN1[PODCNO|
R/W R/W R/W R/W R/W R/W R/W R/W

PODCn register contents
Bit position | Bit name Function
Specifies the output buffer function:
7t00 PODCN[7:0] | O: push-pull
1: open drain emulation output mode

If open drain emulation is enabled the output function of concerned pin is
automatically enabled as well, independently of the PMn.PMnm setting.
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2.2.5 Alternative input selection

Alternative input functions of CSIBO, UARTO, UART1, 12C0 and I°C1 are
provided on two pins each. Thus you can select on which pin the alternative
function should appear. For this purpose, four peripheral function select
registers PFSRk (k = 0, 3) are provided.

Note The selection of the alternative input function is done by a different circuit than
the selection of the alternative output function. Therefore, the registers for
selecting the alternative input functions (PFSR) are not reflected in the block
diagrams of the port types in chapter “Port Types Diagrams* on page 52.

(1) PFSRO - Peripheral function select register

The 8-bit PFSRO register selects the alternative input paths for the peripheral
functions CSIBO, I2C0 and I°C1.

Access This register can be read/written in 8-bit units.
Address FFFF F720y4
Initial Value 01p. This register is initialized by any reset.
7 6 5 4 3 2 1 0
| 0@ | o |[pFsmos|PFSRo4| 0* | 0® | 0® [PFSRoo|
R/W R/W R/W R/W R/W R/W R/W R/W

a) These bits must not be changed!

Table 2-16 PFSRO register contents

Bit position | Bit name Function

Specifies the alternative input path for 12C1:
0: SCL1 is input from P21 (SCL1_0)
5 PFSR05 SDAT1 is input from P20 (SDA1_0)
1: SCL1 is input from P31 (SCL1_1)
SDAT1 is input from P30 (SDA1_1)

Specifies the alternative input path for I2CO:
0: SCLO is input from P17 (SCLO_0)
4 PFSR04 SDAQO is input from P16 (SDAO_0)
1: SCLO is input from P64 (SCLO_1)
SDAQO is input from P65 (SDAOQ_1)

Specifies the alternative input path for CSIBO:
0: SCKBO is input from P42 (SCKBO0_0)
0 PFSR00 SIBO is input from P40 (SIB0O_0)
1: SCKBO is input from P107 (SCKBO_1)
SIBO is input from P105 (SIBO_1)
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)

Access
Address

Initial Value

Table 2-17

PFSR3 - Peripheral function select register

The 8-bit PFSRS3 register selects the alternative input paths for the peripheral

functions UARTAO and UARTAT.
This register can be read/written in 8-bit units.
FFFF F726y
01y. This register is initialized by any reset.
7 6 5 4 3 2 1 0
[ 0 [ o* |[pFsmas|pFsma4l 02 | 0@ | 0@ | 17 |
R/W R/W R/W R/W R/W R/W R/W R/W

a) These bits must not be changed!

PFSR3 register contents

Bit position | Bit name Function

Specifies the alternative input path for UARTA1:
5 PFSR35 0: RXDAT1 is input from P33 (RXDA1_0)
1: RXDAT1 is input from P56 (RXDA1_1)

Specifies the alternative input path for UARTAO:
4 PFSR34 0: RXDAQ is input from P31 (RXDAO_0)
1: RXDAO is input from P87 (RXDAO_1)
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2.3 Port Types Diagrams

The control circuits that evaluate the settings of the configuration registers are
of different types. This chapter presents the block diagrams of all port types.

(1) Porttype M

~-— = PDSCnm

~—— =~ PICCnm

Note 1

~— = PILCnm

~— = PMCnm

~— = PMnm

— D
=D

~— = PODCnm
Note 2

PFCnm

ALT1-OUT ——=

ALT2-OUT ——~

Pnm

ENABLE

Pnm

— D

ENABLE

=

—7\

PPR

RD

Note 3

ALT-IN ~—

Analog Filter f+=——

Note 4

N

-— = PLCDCnm

Figure 2-2 Block diagram: port type M
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Note 1. Bits PILCn.PILChm are available only for port group 8.

2. The PFCn register is only available for port groups PO, P3, P5, P6 and
P13.

Note that PFCO does not select between ALT1-OUT and ALT2-OUT but
has a different function, refer to “Port type R* on page 55.

3. The analog filter is provided only for alternative external interrupt ports
P00-04, P06, PO7.

The yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427 provides an
additional analog filter at P50..

4. Bits PLCDCn.PLCDCnm are only provided with yPD70(F)3420,
pPD70(F)3421, yPD70(F)3422, yPD70F3423 for pins with an alternative
function as LCD Controller/Driver output ports P20-27, P32-37, P43-45,
P60-67, P80-83, P85-87, P90-97, P104—-107.
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(2) PorttypeQ

— >| PDSCnm

~—— = PICCnm

= PMCnm
~— = PMnm

~— =| PODCnm

ENABLE

ALT1-OUT —~

ALT2-OUT ——~

Pnm

LCD Bus LCD Bus
I/F read I/F write

Figure 2-3 Block diagram: port type Q
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(3) Porttype R

This port type holds for pins that can be used for on-chip debugging with the
N-Wire interface.

~— = PDSCnm

~— ~| PICCnm

~— | OCDM 4D7

~— = PMnm

~— = PODCnm D

~— = PFCnm

DDO wr Pnm
> @)
Pnm
0
/‘ |_ ENABLE
a 1] (7
Pro-L D) ‘
internal
e RESET
R
PPRRD PFC0.PDCO5

DDI, DMS, DCK, DRST

Figure 2-4 Block diagram: port type R
Note If OCDM.OCDMO = 1, the corresponding pins are operating in on-chip debug
mode. The pins are automatically set as input or output pins, respectively.

Setting of bits PMn.PMnm is not necessary.
For more details refer to “On-Chip Debug Unit“ on page 877.
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(4)

Figure 2-5

24

2.4.1

56

Port type B

This port type holds for pins that only work in input mode. Pins of port type B
are used for the corresponding alternative input function. At the same time, the
pin status can also be read via the port register Pn, so that the pin also works
in port function.

[ |

ADC input ~ -~

A, select

Pnm

”F 7
o PRD

Block diagram: port type B

Port Group Configuration

This section provides an overview of the port groups (Table 2-18, Table 2-19)
and of the pin functions (Table 2-20 on page 65). In Table 2-58 on page 97 it is
listed how the pin functions change if the microcontroller is reset or if it is in
one of the standby modes.

In the subsections, for every port group the settings of the configuration
registers is listed. Further, the addresses and initial values of the configuration
registers are given. See “Port group 0“ on page 72 to “Port group 13“on
page 91.

Port group configuration lists

Following tables provide overviews of the functions available at each port pin:

» Table 2-18 for ypD70(F)3420, pPD70(F)3421, uyPD70(F)3422,
puPD70F3423

» Table 2-19 for ypD70F3424, yPD70F3425, yPD70F3426, uPD70F3427

Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Pin Functions Chapter 2

Table 2-18 Port group list for yPD70(F)3420, uPD70(F)3421, uPD70(F)3422,
uPD70F3423 (1/4)

:::3"0”') Port name 2:f$:rla(‘)t:.}’1?lxt'tlglit§UT/ il:l:zrtr;ative t';‘::
LCD_OUT

P00 - INTPO/NMI M

PO1 - INTP1 M

P02 - INTP2 M

P03 - INTP3 M

0 P04 - INTP4 M
P05 - DRST R

P06 - INTP5 M

PO7 VCMPOO INTP6 M

P16 SDAO SDAO M

1 P17 SCLO SCLO M
P20 SDA1/SEGO SDA1 M

P21 SCL1/SEGH1 TIG02/SCLA M

P22 SEG2 TIGO3 M

P23 SEG3 TIG04 M

2 P24 SEG4 TIG11 M
P25 SEG5 TIG12 M

P26 SEG6 TIG13 M

P27 SEG7 TIG14 M

P30 TXDAO/SDA1 SDA1 M

P31 SCL1 RXDAO0/SCLA M

P32 TXDA1/SEG31 - M

P33 SEG29 RXDA1 M

8 P34 SEG8/TOG21 - M
P35 SEG9/TOG22 TIG22 M

P36 SEG10/TOG23 TIG23 M

P37 SEG11/TOG24 TIG24 M

P40 - SIBO M

P41 SOBO - M

P42 SCKBO SCKBO M

P43 SEG22 SIB1 M

N P44 SOB1/SEG21 - M
P45 SCKB1/SEG20 SCKB1 M

P46 - CRXDO M

P47 CTXDO - M
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Table 2-18 Port group list for yPD70(F)3420, yPD70(F)3421, uPD70(F)3422,

pPD70F3423 (2/4)

::;:eg;roup Port name ﬁ:fﬂrlaota,%zt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT

P50 FOUT/SGOA - M

P51 SGO - M

P52 - DDI R

P53 DDO - R

° P54 - DCK R
P55 - DMS R

P56 - RXDA1/CRXD1 M

P57 TXDA1/CTXD1 - M

P60 SEG12 TIG20 M

P61 SEG13 TIPO1/TIG21 M

P62 TOP10/SEG14 TIP10/TIG25 M

P63 TOP11/SEG15 TIP11 M

® P64 SCLO/SEG16 TIP20/SCLO M
P65 SDAO/TOP30/SEG17 TIP30/SDAO M

P66 SEG18 TIP21 M

P67 TOP31/SEG19 TIP31 M

P70 - ANIO B

P71 - ANI1 B

P72 - ANI2 B

P73 - ANI3 B

P74 - ANI4 B

P75 - ANI5 B

P76 - ANI6 B

P77 - ANI7 B

! P78 - ANI8 B
P79 - ANI9 B

P710 - ANI10 B

P711 - ANI11 B

P712 - - B

P713 - - B

P714 - - B

P715 - - B
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Table 2-18 Port group list for yPD70(F)3420, pPD70(F)3421, uPD70(F)3422,
pPD70F3423 (3/4)
::;:eg;roup Port name ﬁ:fﬂrlaota,%zt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT

P80 SEG26 - M

P81 SEG25 - M

P82 SEG24 - M

P83 SEG23 - M

8 P84 - - M

P85 FOUT/SEG27 - M

P86 TXDAO/SEG30 - M

P87 SEG28 RXDAO M

P90 DBO0/SEG36 - Q

P91 DB1/SEG37 - Q

P92 DB2/SEG38 - Q

P93 DB3/SEG39 - Q

° P94 DB4/COMO - Q

P95 DB5/COM1 - Q

P96 DB6/COM2 - Q

P97 DB7/COM3 - Q

P100 TOPOO TIPOO M

P101 TOPO1 - M

P102 TOP20 - M

10 P103 TOP21 - M
P104 DBRD/SEG35 - M

P105 DBWR/SEG34 SIBO M

P106 SOBO/SEG33 - M

P107 SCKBO/SEG32 SCKBO M

P110 SM11 - M

P111 SM12 - M

P112 SM13 - M

P113 SM14 - M

1 P114 SM21 - M
P115 SM22 - M

P116 SM23 - M

P117 SM24 - M

Note: Port group 11 is equipped with high drive buffers for stepper motor control.
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Table 2-18 Port group list for yPD70(F)3420, yPD70(F)3421, uPD70(F)3422,
pPD70F3423 (4/4)

Alternative outputs

::;:egm“p Portname | ALT1_OUT/ALT2_OUT/ i’:';i’t’;a“"e :,‘::
LCD_OUT
P120 SM51 - M
P121 SM52 - M
P122 SM53 - M
P123 SM54 - M
12 P124 SM61 - M
P125 SM62 - M
P126 SM63 - M
P127 SMe4 - M
Note: Port group 12 is equipped with high drive buffers for stepper motor control.
P130 SM31/TOGO1 TIGO1 M
P131 SM32/TOG02 - M
P132 SM33/TOG03 - M
P133 SM34/TOG04 - M
13 P134 SM41/TOG11 - M
P135 SM42/TOG12 - M
P136 SM43/TOG13 - M
P137 SM44/TOG14 - M

Note: Port group 13 is equipped with high drive buffers for stepper motor control.

Table 2-19 Port group list for yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427

(1/5)
:::'t‘group Port name ﬁ:mr:g:}’%.::;gttgur/ il-:‘lrt:le‘rtr;ative :::;
LCD_OuUT

POO - INTPO/NMI M

PO1 - INTP1 M

PO2 - INTP2 M

P03 - INTP3 M

0 P04 - INTP4 M

P05 - DRST R

P06 - INTP5 M

Po7 VCMPOO INTP6 M

P16 SDAO SDAO M

1 P17 SCLO SCLO M
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Table 2-19 Port group list for yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427

(2/5)
::;:eg;roup Port name ﬁ:fﬂrlaota,%zt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT

P20 SDA1 SDA1 M

P21 SCL1 TIG02/SCL1 M

P22 - TIGO3 M

P23 - TIG04 M

2 P24 - TIG11 M
P25 - TIG12 M

P26 - TIG13 M

P27 - TIG14 M

P30 TXDAO/SDA1 SDA1 M

P31 SCL1 RXDAO0/SCLA M

P32 TXDAA1 - M

P33 - RXDAA1 M

8 P34 TOP01/TOG21 - M
P35 TOP21/TOG22 TIG22 M

P36 TOP31/TOG23 TIG23 M

P37 TOP11/TOG24 TIG24 M

P40 - SIBO M

P41 SOBO - M

P42 SCKBO SCKBO M

P43 - SIB1 M

N P44 SOB1 - M
P45 SCKB1 SCKB1 M

P46 - CRXDO M

P47 CTXDO - M

P50 FOUT/SGOA INTP7 M

P51 SGO - M

P52 - DDI R

P53 DDO - R

° P54 - DCK R
P55 - DMS R

P56 - RXDA1/CRXD1 M

P57 TXDA1/CTXD1 - M
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Table 2-19 Port group list for yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427

(3/5)
::;:eg;roup Port name ﬁ:fﬂrlaota,%zt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT
P60 - TIG20 M
P61 - TIPO1/TIG21 M
P62 TOP10 TIP10TIG25 M
P63 TOP11 TIP11 M
® P64 SCLO TIP20/SCLO M
P65 SDAO/TOP30 TIP30/SDAO M
P66 - TIP21 M
P67 TOP31 TIP31 M
P70 - ANIO B
P71 - ANI1 B
P72 - ANI2 B
P73 - ANI3 B
P74 - ANI4 B
P75 - ANI5 B
P76 - ANI6 B
P77 - ANI7 B
! P78 - ANI8 B
P79 - ANI9 B
P710 - ANI10 B
P711 - ANI11 B
P712 - - B
P713 - - B
P714 - - B
P715 - - B
P80 - SiB2 M
P81 SOB2 - M
P82 SCKB2 SCKB2 M
P83 - - M
8 P84 - - M
P85 FOUT - M
P86 TXDAO - M
P87 - RXDAO M
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Table 2-19 Port group list for yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427

(4/5)
::;:eg;roup Port name ﬁ:fﬂrlaota,%zt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT

P90 DBDO - Q

P91 DBD1 - Q

P92 DBD2 - Q

P93 DBD3 - Q

° P94 DBD4 - Q
P95 DBD5 - Q

P96 DBD6 - Q

P97 DBD7 - Q

P100 TOPOO TIPOO M

P101 TOPO1 - M

P102 TOP20 - M

P103 TOP21 - M

10 P104 DBRD - M
P105 DBWR SIBO M

P106 SOBO - M

P107 SCKBO SCKBO M

P110 SM11 - M

P111 SM12 - M

P112 SM13 - M

P113 SM14 - M

1 P114 SM21 - M
P115 SM22 - M

P116 SM23 - M

P117 SM24 - M

Note: Port group 11 is equipped with high drive buffers for stepper motor control.
P120 SM51 - M

P121 SM52 - M

P122 SM53 - M

P123 SM54 - M

12 P124 SM61 - M
P125 SM62 - M

P126 SM63 - M

P127 SM6e4 - M

Note: Port group 12 is equipped with high drive buffers for stepper motor control.
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Table 2-19 Port group list for yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427

(5/5)
::;:eg;roup Port name ﬁ:fﬂ'laot:ﬁlzt'tl%ithTl Qllt)irtr;ative :;:;
LCD_OUT

P130 SM31/TOGO1 TIGO1 M
P131 SM32/TOG02 - M
P132 SM33/TOG03 - M
P133 SM34/TOG04 - M
13 P134 SM41/TOG11 - M
P135 SM42/TOG12 - M
P136 SM43/TOG13 - M
P137 SM44/TOG14 - M
Note: Port group 13 is equipped with high drive buffers for stepper motor control.
P140 BCLK - M
142 P141 BE2 - M
P142 BE3 - M

- A[23:0] -

- CS0,CS1,CS3,Cs4 |-

MEM-I/Fe | WA _

— RD —

— m, BE1 —

- D[15:0] -

8  PD70F3427 only
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2.4.2 Alphabetic pin function list
Table 2-20 provides a list of all pin function names in alphabetic order.
The right columns show also the port, the concerned signal is shared with:
e “Pnm”: signal is shared with port Pnm
e “no ports”™: signal has no shared port function
- signal is not available
Table 2-20 Alphabetic pin functions list (1/5)
Port
Pin name I/O | Pin function 3420, ‘3421 | ‘3424, ‘3425
‘3422: ‘3423 ‘3426’ Sary/
AO to A23 o) External memory interface - no ports
address lines 0 to 23
ANIO to ANI11 I A/D Converter input 0 to 11 P70 to P711
ANI12 to ANI15 I A/D Converter input 12 to 15 - P712 to P715
AVDD — | ADC supply voltage no ports
AVREF — | ADC reference voltage input no ports
AVSS — | ADC ground no ports
BEO, BE1 o | External memory interface byte | — no ports
enable signals 0, 1
BE2 o External_memory interface byte - P141
enable signals 2
BE3 o) External_memory interface byte - P142
enable signals 3
BCLK o External memory interface clock | — P140
signal
BVvDDS50, BVDD51 — | /O buffer supply voltage no ports
BVSS50, BVSS51 — | /O buffer supply ground no ports
COMO to COM3 O | LCD common lines0to3 P94 to P97 -
CRXDO I CANO receive data P46
CRXD1 I CANT1 receive data P56
CSo, CS1, CS3, External memory interface chip | - no ports
CS4 O | select signals
CTXDO O | CANO transmit data P47
CTXD1 O | CANT1 transmit data P57
DO to D15 e External memory interface data - no ports
lines 0to 15
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Table 2-20 Alphabetic pin functions list (2/5)

Port
Pin name 1/0 | Pin function ‘3420, ‘3421 | ‘3424, ‘3425 .
‘3422, ‘3423 | ‘3426
D16 I/0O | External memory interface data - P87
D17 lines 16 to 31 P86
D18 P32
D19 P33
D20 P104
D21 P105
D22 P106
D23 P107
D24 P90
D25 P91
D26 P92
D27 P93
D28 P94
D29 P95
D30 P96
D31 P97
DBDO to DBD7 /O | LCD Bus I/F data lines 0to 7 P90 to P97
DBRD O | LCD Bus I/F read strobe P104
DBWR O | LCD Bus I/F write strobe P105
DCK | N-Wire interface clock P54
DDI | N-Wire interface debug data input | P52
DDO O | N-Wire interface debug data P53
output
DMS | N-Wire interface debug mode P55
select input
DRST I | N-Wire debug interface reset P05
DVDD50 — | LCD Bus I/F supply voltage no ports
DVSS50 — | LCD Bus I/F supply ground no ports
DvDD51 _ | LCD Bus I/F, D[31:16] ports - no ports
supply voltage
DVSS51 _ | LCD Bus I/F, D[31:16] ports - no ports
supply ground
FLMDO | Primary operating mode select no ports
pin
FLMD1 I Secondary operating mode select | P07
pin (flash memory devices only)
FOUT O | Frequency output P50, P85
INTPO to INTP4 | External interrupts O to 6 POO0 to P04
INTP5 to INTP6 P06 to P07
INTP7 | External interrupt 7 - P50
MVDD50 to — | External memory interface supply | — no ports
MVDD54 voltage
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Table 2-20 Alphabetic pin functions list (3/5)
Port
Pin name 1/0 | Pin function ‘3420, ‘3421 | ‘3424, ‘3425 .
‘3422, ‘3423 | ‘3426
MVSS50 to — | External memory interface supply | — no ports
MVSS54 ground
NMI | Non-maskable interrupt POO
RD e, External memory interface read - no ports
strobe
REGCO to REGC2 — | External capacitor connection no ports
RESET | | Reset input no ports
RXDAO I UARTAO receive data P31, P87
RXDA1 I UARTAT1 receive data P33, P56
SCKBO I/O | Clocked Serial Interface CSIBO P42, P107
clock line
SCKB1 I/O | Clocked Serial Interface CSIB1 P45
clock line
SCKB2 I/O | Clocked Serial Interface CSIB2 - P82
clock line
SCLO I/0 | I2CO clock line P17, P64
SCLA I/0 | 1PC1 clock line P21, P31
SDAO I/0 | I2CO data line P16, P65
SDA1 I/0 | I2C1 data line P20, P30
SEGO to SEG7 O | LCD segment lines 0 to 39 P20 to P27 -
SEGS8 to SEG11 P34 to P37
SEG12 to SEG19 P60 to P67
SEG20 to SEG22 P45 to P43
SEG23 to SEG26 P83 to P80
SEG27 P85
SEG28 P87
SEG29 P33
SEG30 P86
SEG31 P32
SEG32 to SEG35 P107 to P104
SEG36 to SEG39 P90 to P93
SGO O | Sound Generator output P51
SGOA O | Sound Generator amplitude PWM | P50
output
SIBO I Clocked Serial Interface CSIBO P40, P105
data input
SIB1 | Clocked Serial Interface CSIB1 P43
data input
SiB2 I Clocked Serial Interface CSIB2 - P80
data input
SM11 O | Stepper motor 1 output sin + P110
SM12 O | Stepper motor 1 output sin — P111
SM13 O | Stepper motor 1 output cos + P112
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Table 2-20 Alphabetic pin functions list (4/5)

Port
Pin name 1/0 | Pin function ‘3420, ‘3421 | ‘3424, ‘3425 .
‘3422, ‘3423 | ‘3426

SM14 O | Stepper motor 1 output cos — P113
SM21 O | Stepper motor 2 output sin + P114
SM22 O | Stepper motor 2 output sin — P115
SM23 O | Stepper motor 2 output cos + P116
SM24 O | Stepper motor 2 output cos — P117
SM31 O | Stepper motor 3 output sin + P130
SM32 O | Stepper motor 3 output sin — P131
SM33 O | Stepper motor 3 output cos + P132
SM34 O | Stepper motor 3 output cos — P133
SM41 O | Stepper motor 4 output sin + P134
SM42 O | Stepper motor 4 output sin — P135
SM43 O | Stepper motor 4 output cos + P136
SM44 O | Stepper motor 4 output cos — P137
SM51 O | Stepper motor 5 output sin + P120
SM52 O | Stepper motor 5 output sin — P121
SM53 O | Stepper motor 5 output cos + P122
SM54 O | Stepper motor 5 output cos — P123
SM61 O | Stepper motor 6 output sin + P124
SM62 O | Stepper motor 6 output sin — P125
SM63 O | Stepper motor 6 output cos + P126
SMé64 O | Stepper motor 6 output cos — P127
SMVDD50, — | Stepper Motor Controller/Driver no ports
SMVDD51 supply voltage
SMVSS50, — | Stepper Motor Controller/Driver no ports
SMVSS51 ground
SOBO O | Clocked Serial Interface CSIBO P41, P106

data output
SOB1 O | Clocked Serial Interface CSIB1 P44

data output
SOB2 O | Clocked Serial Interface CSIB2 - P81

data output
TIGO1 | Timer TMGO channels 1 to 4 input | P130
TIGO2 to TIG04 P21 to P23
TIG11 to TIG14 | Timer TMG1 channels 1 to 4 input | P24 to P27
TIG20 to TIG21 | Timer TMGO channels 0 to 5 input | P60 to P61
TIG22 to TIG24 P35 to P37
TIG25 P62
TIPOO | Timer TMPO channel 0 capture P100

input
TIPO1 I Timer TMPO channel 1 capture P61

input
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Table 2-20 Alphabetic pin functions list (5/5)
Port
Pin name 1/0 | Pin function ‘3420, ‘3421 | ‘3424, ‘3425 |,
‘3422, ‘3423 | ‘3426 alf

TIP10 | Timer TMP1 channel 0 capture P62
input

TIP11 | Timer TMP1 channel 1 capture P63
input

TIP20 | Timer TMP2 channel 0 capture P64
input

TIP21 | Timer TMP2 channel 1 capture P66
input

TIP30 | Timer TMP3 channel 0 capture P65
input

TIP31 I Timer TMP3 channel 1 capture P67
input

TOGO1 to TOG04 O | Timer TMGO channels 1 to 4 P130 to P133
output

TOG11 to TOG14 O | Timer TMG1 channels 1 to 4 P134 to P137
output

TOG21 to TOG24 O | Timer TMG2 channels 1 to 4 P34 to P37
output

TOPOO O | Timer TMPO channel 0 output P100

TOPO1 O | Timer TMPO channel 1 output P34, P101

TOP10 O | Timer TMP1 channel 0 output P62

TOP11 O | Timer TMP1 channel 1 output P37, P63

TOP20 O | Timer TMP2 channel 0 output P102

TOP21 O | Timer TMP2 channel 1 output P35, P103

TOP30 O | Timer TMP3 channel 0 output P65

TOP31 O | Timer TMP3 channel 1 output P36, P67

TXDAO O | UARTAO transmit data P30, P86

TXDA1 O | UARTA1 transmit data P32, P57

VCMPO | Voltage Comparator 0 input no ports

VCMPA1 | Voltage Comparator 1 input no ports

VCMPOO O | Output state of internal Voltage P07
Comparator 0

VDDO to VDD2 — | Core supply voltage no ports

VSS0 to VSS2 — | Core supply ground no ports

WAIT /0 External memory interface data - no ports
wait request

WR yo | External memory interface write | - no ports
strobe

X1, X2 — Main oscillator terminals no ports

XT1, XT2 — | Sub-oscillator terminals no ports
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Note Alternative input functions of CSIBO, UARTO and UART1 are provided on two

pins each. Thus you can select on which pin the alternative function should
appear.

Refer to “Alternative input selection” on page 50.
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Table 2-21

2.4.3 External memory interface of yPD70F3427

The yPD70F3427 is equipped with an external memory interface. The data
bus width can be chosen between 16-bit D[15:0] and 32-bit D[31:0].

The signals of the external memory interface are partly shared with ports
respectively alternative functions and are controlled by different means, as

listed in Table 2-21.

The upper data bus lines D[31:16] are made available by setting
PMC.PMC143 = 1. Thus this bit changes the interface from 16- to 32-bit mode.

All other bus interface signals are available via group 14 (also usable as 3-bit I/
O port) and the permanent MEM-I/F group.

External memory interface pin control

Port Ext. memory I/F Mode control
Group | Name signal Port/alternative Ext. Memory I/F
3 P32 D18 PMC.PMC143 =0 PMC.PMC143 =1
P33 D19
8 P86 D17
P87 D18
9 P90 D24
P91 D25
P92 D26
P93 D27
P94 D28
P95 D29
P96 D30
P97 D31
10 P104 D20
P105 D21
P106 D22
P107 D23
14 P140 BCLK PMC.PMC140=0 | PMC.PMC140 =1
P141 BE2 PMC.PMC141 =0 | PMC.PMC141 =1
P142 BE3 PMC.PMC142=0 | PMC.PMC142 =1
MEM-I/F - A[23:0] - permanent
D[15:0]
WR
G0, G5,
CS3, Cs4
RD
WAIT
BEO, BET

Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor

71


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Chapter 2

PinFunctions

2.4.4 Portgroup0
e Port group 0 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
e External interrupt (INTPO to INTP6)
* Non-maskable interrupt (NMI)
* N-Wire debug interface reset (DRST)
* Output state of internal Voltage Comparator 0 (VCMPOO)
Port group 0 includes the following pins:
Table 2-22 Port group 0: pin functions and port types
Pin functions in different modes
Port mode Alternative mode On-chip Pin function
(PMCnm = 0) (PMCnm =1) debug mode it Port type
(OCDMO = 1) after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)
P00 (1/O) - INTPO/NMI - POO (1) M
P01 (1/0) - INTP1 - PO1 (1) M
P02 (1/O) - INTP2 - P02 (1) M
P03 (1/0) - INTP3 - PO3 (1) M
P04 (1/0) - INTP4 - P04 (1) M
P05 (1/0) - - DRST (I) P05 or R
DRST (1)2
P06 (1/0) - INTP5 - P06 (1) M
P07 (1/O) VCMPOO INTP6 - PO7 (1) M

) The pin function after reset depends on the reset source, that means on bit OCDM.OCDMO. Re-
fer to “OCDM - On-chip debug mode register” on page 45 and to the “On-Chip Debug Unit“ on
page 877.

Note 1. The setting of bit OCDM.OCDMO applies only to pins of port type R.

2. For configuring POO as NMI and/or INTPO refer also to “Edge and Level
Detection Configuration” on page 218.
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Table 2-23 Port group 0: configuration registers

Register | Address :::Itlif: Used bits

PMO FFFF F4204 | FFy PMO7 PMO06 PMO05 PM04 PMO03 PMO02 PMO1 PMO00

PMCO FFFF F4404 | 00y PMC07 | PMCO6 | X PMC04 | PMCO3 | PMCO2 | PMCOT PMCO00

PFCO FFFF F460, |20y 0? X PDC05® | X X X X X

OCDM FFFF FOFCy | 004/ 0 0 0 0 0 0 0 OCDMO

014°

PO FFFF F4004 | 00y Po7 P06 P05 P04 P03 P02 P01 P00

PPRO FFFF F3COy | 004 PPRO7 PPR06 PPR05 PPRO4 PPR03 PPR02 PPRO1 PPR0OO

PDSCO FFFF F3004 | 00y PDSC07 | PDSC06 | PDSC05 | PDSC04 |PDSC03 |PDSC02 |PDSCO1 | PDSCO0

PICCO FFFF F3804 | 00y PICC0O7 | PICCO6 |PICCO5 |PICC04 |PICCO3 |PICCO2 |PICCOT |PICCOO

PODCO | FFFF F3604 | 00y PODC07 | PODCO6 | PODCO5 | PODCO4 | PODCO3 | PODCO2 | PODCO1 | PODCO0

@) The default value “0” of this bit must not be changed!

b)

Note that PDCO5 is used to connect/disconnect the internal pull-down resistor at pin PO5/DRST.

c) Depends on the reset source (Refer to “OCDM - On-chip debug mode register” on page 45 and to “On-Chip
Debug Unit“on page 877.

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.5 Portgroup 1
Port group 1 is a 2-bit port group. In alternative mode, it comprises pins for the
following functions:
* 12C0 data/clock line (SDA0/SCLO)
Port group 1 includes the following pins:
Table 2-24 Port group 1: pin functions and port types
Pin functions in different modes
Port mode Alternative mode Pin function
(PMCnm = 0) (PMCnm =1) after reset Port type
Output mode Input mode
(PMnm = 0) (PMnm = 1)
P16 (1/0) SDAO? SDAO P16 (1) M
P17 (1/O) SCL0? SCLO P17 (1) M
a) In 12C function mode open drain emulation has to be enabled
(PODC1.PODC16 = 1 and PODC1.PODC17 = 1). Thus output function is enabled
automatically, although PMnm = 1.
Note Alternative input functions SDAO and SCLO are provided on two pins each.
Thus you can select on which pin the alternative function should appear. If
alternative functions SDAO/SCLO are used at P16/17 make sure to set also
PFSR0.PFSR04 = 0.
Refer to “Alternative input selection” on page 50.
Table 2-25 Port group 1: configuration registers
Register | Address Initial Used bits
value
PM1 FFFF F422, FFy PM17 PM16 X X X X X X
PMC1 FFFF F442, 00y PMC17 PMC16 X X X X X X
P1 FFFF F4024 00y P17 P16 X X X X X X
PPR1 FFFF F3C24 00y PPR17 PPR16 X X X X X X
PDSCH1 FFFF F3024 00y PDSC17 | PDSC16 |X X X X X X
PICC1 FFFF F3824 00y PICC17 PICC16 X X X X X X
PODC1 FFFF F3624 00y PODC17 | PODC16 |X X X X X X

Access

74

All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.6 Port group 2

Port group 2 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e Timer TMGO to TMG1 channels (TIG02 to TIG04, TIG11 to TIG14)
* [2C1 data/clock line (SDA1, SCL1)

e LCD controller segment signal output (SEGO to SEG7) (uPD70(F)3420,
uPD70(F)3421, yPD70(F)3422, uPD70F3423 only)

Port group 2 includes the following pins:

Table 2-26 Port group 2: pin functions and port types

Pin functions in different modes

(:l\c/:gnn:(-’%) A'I?ﬂ?:ﬂ‘ﬁ = f)de (PLIECD%r;df 1ya| Pinfunction | o440 ne
B - B after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)

P20 (1/0) SDA1P SDAT1 SEGO0? P20 (1) M
P21 (I/O) ScL1b TIG02/SCLA1 SEG12 P21 (I) M
P22 (1/0) - TIGO3 SEG22 P22 (I) M
P23 (I/0) - TIGO4 SEG3? P23 (1) M
P24 (1/0) - TIG11 SEG42 P24 (1) M
P25 (I/0) - TIG12 SEG5?2 P25 (1) M
P26 (I/0) - TIG13 SEG6? P26 (1) M
P27 (1/0) - TIG14 SEG72 P27 (1) M

a)
b)

pPD70(F)3420, uPD70(F)3421, yPD70(F)3422, uPD70F3423 only

In I2C function mode open drain emulation has to be enabled (PODC2.PODC20 = 1 and
PODC2.PODC21 = 1). Thus output function is enabled automatically, although PMnm = 1.

Note Alternative input functions of 1°C1 (SDA1, SCL1) are provided on two pins
each. Thus you can select on which pin the alternative function should appear.
If alternative functions SDA1/SCL1 are used at P20/21 make sure to set also
PFSRO0.PFSRO05 = 0.
Refer to “Alternative input selection” on page 50.

Table 2-27 Port group 2: Configuration registers

Register | Address :::Ittila; Used bits
PM2 FFFF F424y | FFy PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PMC2 FFFF F444y, | 00y PMC27 PMC26 PMC25 PMC24 PMC23 PMC22 PMC21 PMC20
PLCDC2? | FFFF F344y | 00y PLCDC27 | PLCDC26 | PLCDC25 | PLCDC24 | PLCDC23 | PLCDC22 | PLCDG2t | PLCDC20
P2 FFFF F404y | 00y P27 P26 P25 P24 P23 P22 P21 P20
PPR2 FFFF F3C4y | 00y PPR27 PPR26 PPR25 PPR24 PPR23 PPR22 PPR21 PPR20
PDSC2 FFFF F304y | 00y PDSC27 |PDSC26 |PDSC25 |PDSC24 |PDSC23 |PDSC22 |PDSC21 |PDSC20
PICC2 FFFF F384y | 004 PICC27 | PICC26 |PICC25 |PICC24 |PICC23 |PICC22 |PICC21 |PICC20
PODC2 FFFF F364y | 00y PODC27 | PODC26 |PODC25 |PODC24 |PODC23 |PODC22 |PODC21 |PODC20
) pPD70(F)3420, pPD70(F)3421, yPD70(F)3422, yPD70F3423 only
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.7

Port group 3

Port group 3 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

e UARTAO transmit/receive data (TXDAO, RXDAO)
* UARTAT1 transmit/receive data (TXDA1, RXDA1)
* [2C1 data/clock line (SDA1, SCL1)

* LCD controller segment signal output (SEG8 to SEG11, SEG29, SEG31)
(uPD70(F)3420, yPD70(F)3421, yPD70(F)3422, yPD70F 3423 only)

¢ Timer TMG2 channels (TIG21 to TIG24, TOG21 to TOG24)

e Timer TMPO to TMP3 channels (TOP01 to TOP31) (uPD70F3424,

pPD70F3425, uPD70F3426, yPD70F3427 only)

Port group 3 includes the following pins:

Table 2-28 Port group 3: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode
Port type

Output mode (PMnm = 0) Input mode after reset

PFCnm=0 | PFCnm=1 | (PMnm=1)

ALT1-OUT ALT2-OUT
P30 (I/0) TXDAO SDA1P SDAA1 - P30 (1) M
P31 (1/O) SCL1P RXDAO/SCL1 |- P31 (1) M
P32 (I/0) TXDAT1 - SEG312 P32 (1) M
P33 (I/0) - RXDA1 SEG292 P33 (1) M
P34 (1/0) TOPO1 TOG21 - SEG8? P34 (1) M
P35 (I/0) TOP21 TOG22 TIG22 SEG92 P35 (I) M
P36 (1/0) TOP31 TOG23 TIG23 SEG102 P36 (1) M
P37 (1/0) TOP11 TOG24 TIG24 SEG112 P37 (1) M

8 PD70(F)3420, uPD70(F)3421, uPD70(F)3422, uPD70F3423 only
b) In 12C function mode open drain emulation has to be enabled (PODC3.PODC30 = 1 and
PODC3.PODC31 = 1). Thus output function is enabled automatically, although PMnm = 1.

Note 1. For pins that support only one alternative output mode, the PFCnm bit is

not available.

2. Alternative input functions of 1°C1 (SDA1, SCL1) are provided on two pins
each. Thus you can select on which pin the alternative function should
appear. If alternative functions SDA1/SCL1 are used at P30/31 make sure
to set also PFSR0.PFSRO05 = 1.

Refer to “Alternative input selection” on page 50.
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Table 2-29 Port group 3: configuration registers
Register | Address Initial Used bits
value
PM3 FFFF F426y | FFy PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30
PMC3 FFFF F446y | 00y PMC37 PMC36 PMC35 PMC34 PMC33 PMC32 PMC31 PMC30
PFC3 FFFF F466y | 004 PFC37 PFC36 PFC35 PFC34 X X X PFC30
PLCDC3% | FFFF F346y | 00y PLCDC37 | PLCDC36 | PLCDC35 | PLCDC34 | PLCDC33 | PLCDC32 | X X
P3 FFFF F406, | 00y P37 P36 P35 P34 P33 P32 P31 P30
PPR3 FFFF F3C6y | 004 PPR37 PPR36 PPR35 PPR34 PPR33 PPR32 PPR31 PPR30
PDSC3 FFFF F306y | 00y PDSC37 |PDSC36 |PDSC35 |PDSC34 |PDSC33 |PDSC32 |PDSC31 |PDSC30
PODC3 FFFF F366y | 00y PODC37 |PODC36 |PODC35 | PODC34 |PODC33 |PODC32 |PODC31 |PODC30
a)  pPD70(F)3420, pPD70(F)3421, uPD70(F)3422, uPD70F3423 only
Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.8 Port group 4
Port group 4 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
* Clocked Serial Interface CSIBO data/clock line (SIBO, SOB0, SCKBO0)
* Clocked Serial Interface CSIB1 data/clock line (SIB1, SOB1, SCKB1)

* LCD controller segment signal output (SEG20 to SEG22) (uPD70(F)3420,
pPD70(F)3421, yPD70(F)3422, uPD70F3423 only)

e CANO transmit/receive data (CTXDO0, CRXDO0)
Port group 4 includes the following pins:

Table 2-30 Port group 4: pin functions and port types

Pin functions in different modes

(Irl\(l::gnn:c—’%) A'I?ﬂ?:ﬁ‘ﬁ = ;))de (PLIECD%r;df 1ya| Pinfunction | o 44 ne
B - B after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)

P40 (1/0) - SIBO - P40 (1) M
P41 (I/O) SOBO - - P41 (1) M
P42 (1/0) SCKBO SCKBO - P42 (1) M
P43 (1/0) - SIB1 SEG222 P43 (1) M
P44 (1/O) SOBH1 - SEG212 P44 (1) M
P45 (1/O) SCKB1 SCKB1 SEG20° P45 (1) M
P46 (I/O) - CRXDO - P46 (1) M
P47 (I/O) CTXDO - - P47 (1) M

3  PD70(F)3420, uPD70(F)3421, uPD70(F)3422, uPD70F3423 only
Note The alternative input function of CSIBO isprovided on two pins. Thus you can
select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 50.

Table 2-31 Port group 4: configuration registers

Register | Address :’nai:lif: Used bits

PM4 FFFF F428y | FFy PM47 PM46 PM45 PM44 PM43 PM42 PM41 PM40
PMC4 FFFF F448y | 004 PMC47 PMC46 PMC45 PMC44 PMC43 PMC42 PMC41 PMC40
PLCDC42 | FFFF F348y |00y X X PLCDC45 | PLCDC44 | PLCDC43 | X X X

P4 FFFF F408y | 004 P47 P46 P45 P44 P43 P42 P41 P40
PPR4 FFFF F3C8y |00y PPR47 PPR46 PPR45 PPR44 PPR43 PPR42 PPR41 PPR40
PDSC4 FFFF F308y | 004 PDSC47 | PDSC46 |PDSC45 |PDSC44 |PDSC43 |PDSC42 |PDSC41 | PDSC40
PICC4 FFFF F388y | 00y PICC47 | PICC46 |PICC45 |PICC44 |PICC43 |PICC42 |PICC41 |PICC40
PODC4 FFFF F368, | 00y PODC47 | PODC46 | PODC45 |PODC44 |PODC43 |PODC42 |PODC41 | PODC40

a)  PD70(F)3420, yPD70(F)3421, uPD70(F)3422, yPD70F3423 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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249 Portgroup5

Port group 5 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

o External interrupt (INTP7) (WPD70F3424, uPD70F3425, uPD70F3426,
pPD70F3427 only)

¢ Sound Generator outputs (SGO, SGOA)

¢ Frequency output (FOUT)

* N-Wire interface signals (DDI, DDO, DCK, DMS)
e CANT1 transmit/receive data (CTXD1, CRXD1)

* UARTA1 transmit/receive data (TXDA1, RXDA1)
Port group 5 includes the following pins:

Table 2-32 Port group 5: pin functions and port types

Pin functions in different modes
Port mode Alternative mode On-chip
(PMCnm = 0) (PMCnm = 1) debug mode Pin function B
= or e

Output mode (PMnm = 0) Input mode (BCHREEY after reset L

PFCnm=0 | PFCnm=1 | (PMnm=1)

ALT1-OUT ALT2-OUT
P50 (I/0) FOUT SGOA INTP72 - P50 (1) M
P51 (1/O) SGO - - P51 (1) M
P52 (1/0) - - DDI (1) P52 or DDI (I)° R
P53 (1/0) - - DDO (O) P53 (1) or R

DDO (0)?
P54 (1/O) - - DCK (1) P54 or DCK (I)° R
P55 (1/0) - - DMS(l) P55 or DMS()° R
P56 (1/0) - CRXD1/ - P56 (1) M
RXDA1

P57 (1/0) TXDAT1 CTXD1 - - P57 (1) M

a)
b)

uPD70F3424, yPD70F3425, yPD70F3426, uPD70F3427 only
The pin function after reset depends on the reset source, that means on bit OCDM.OCDMO. Refer to “OCDM -

On-chip debug mode register” on page 45 and to the “On-Chip Debug Unit“ on page 877.

Note 1.

For pins that support only one alternative output mode, the PFCnm bit is

not available.

The setting of bit OCDM.OCDMO applies only to pins of port type R.

The alternative input function of UARTA1 is provided on two pins. Thus you
can select on which pin the alternative function should appear.
Refer to “Alternative input selection“ on page 50.
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Table 2-33 Port group 5: configuration registers

Register | Address :’r;iltlija; Used bits

PM5 FFFF F42Ay FFy PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
PMC5 FFFF F44Ay 004 PMC57 | PMC56 | X X X X PMC51 | PMC50
PFC5 FFFF F46Ay 00y PFC57 | X X X X X X PFC50
0CDM FFFF FOFCy | 004/014 [0 0 0 0 0 0 0 0CDMO
P5 FFFF F40Ay 00y P57 P56 P55 P54 P53 P52 P51 P50
PPR5 FFFF F3CAy 004 PPR57 PPR56 PPR55 | PPR54 PPR53 PPR52 PPR51 PPR50
PDSC5 FFFF F30Ay 00y PDSC57 | PDSC56 | PDSC55 | PDSC54 | PDSC53 | PDSC52 | PDSC51 | PDSC50
PICC5 FFFF F38Ay 00y PICC57 | PICC56 | PICC55 |PICC54 |PICC53 |PICC52 | PICC51 | PICC50
PODC5 FFFF F36Ay 00y PODC57 | PODC56 | PODC55 | PODC54 | PODC53 | PODC52 | PODC51 | PODC50

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.10 Port group 6

Port group 6 is an 8-bit port group. In alternative mode, it comprises pins for

the following functions:
e Timer TMPO to TMP3 channels (TIPOO to TIP31, TOPOO to TOP31)
e Timer TMG2 channels (TIG20 to TIG25, TOG21 to TOG24)
* LCD controller segment signal output (SEG12 to SEG19) (uPD70(F)3420,

HPD70(F)3421, yPD70(F)3422, uPD70F3423 only)

* 12C0 data/clock line (SDAO, SCLO)

Port group 6 includes the following pins:

Table 2-34 Port group 6: pin functions and port types

Pin functions in different modes
Port mode Alternative mode LCD mode
(PMCnm = 0) (PMCnm = 1) (PLCDCnm =1)? | pin function
Port type

Output mode (PMnm = 0) Input mode after reset

PFCnm=0 | PFChm=1 | (PMnm=1)

ALT1-OUT ALT2-OUT
P60 (1/0) - TIG20 SEG122 P60 (1) M
P61 (1/0) - TIPO1/TIG21 SEG13? P61 (1) M
P62 (1/0) TOP10 TIP10/TIG25 SEG14° P62 (1) M
P63 (I/0) TOP11 TIP11 SEG152 P63 (1) M
P64 (1/0) SCLOP SCLO/TIP20 SEG16°2 P64 (1) M
P65 (1/0) SDAQP TOP30 SDAO/TIP30 SEG172 P65 (1) M
P66 (1/0) - TIP21 SEG18? P66 (1) M
P67 (1/O) TOP31 TIP31 SEG19? P67 (1) M

8 PD70(F)3420, uPD70(F)3421, uPD70(F)3422, uPD70F3423 only
b) In 12C function mode open drain emulation has to be enabled (PODC6.PODC64 = 1 and
PODC6.PODCS65 = 1). Thus output function is enabled automatically, although PMnm = 1.

Note 1.

For pins that support only one alternative output mode, the PFCnm bit is

not available.

Alternative input functions of 2CO (SDAO, SCLO) are provided on two pins

each. Thus you can select on which pin the alternative function should

appear. If alternative functions SDAO/SCLO are used at P64/65 make sure

to set also PFSR0.PFSR04 = 1.
Refer to “Alternative input selection“ on page 50.
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Table 2-35 Port group 6: configuration registers

Register | Address :’nailtlija; Used bits

PM6 FFFF F42Cy | FFy PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60
PMC6 FFFF F44Cy | 00y PMC67 PMC66 PMC65 PMC64 PMC63 PMC62 PMC61 PMC60
PFC6 FFFF F46Cy | 00y 02 02 PFC65 02 08 02 08 X
PLCDC6® | FFFF F34Cy | 00y PLCDC67 | PLCDC66 | PLCDC65 | PLCDC64 | PLCDC63 | PLCDC62 | PLCDC61 | PLCDC60
P6 FFFF F40Cy | 00y P67 P66 P65 P64 P63 P62 P61 P60
PPR6 FFFF F3CCy | 00y PPR67 PPR66 PPR65 PPR64 PPR63 PPR62 PPR61 PPR60
PDSC6 FFFF F30Cy | 004 PDSC67 | PDSC66 |PDSC65 |PDSC64 |PDSC63 |PDSC62 |PDSC61 |PDSC60
PICC6 FFFF F38Cy | 004 PICC67 | PICC66 |PICC65 |PICC64 |PICC63 |PICC62 |PICC61 | PICCEO
PODC6 FFFF F36Cy | 004 PODC67 | PODC66 | PODC65 |PODC64 | PODC63 | PODC62 |PODC61 | PODC60

8 The default value “0” of these bits must not be changed!
b} LPD70(F)3420, pPD70(F)3421, pPD70(F)3422, yPD70F3423 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.11 Portgroup 7

Port group 7 is a 16-bit port group. It includes pins for the A/D Converter input.

The pins of this port group only work in input mode (port type B). They are
used for their alternative input function. At the same time, the pin status can
also be read via the port register Pn, so that the pin also works in port mode.

Port group 7 includes the following pins:

Table 2-36 Port group 7: pin functions and port types

Pin functions in different modes
Port mode Alternative input | Pinfunctionafter | 5. o
(PMCnm = 0) mode reset
(PMCnm =1)
P70 (1) ANIO P70 (1) B
P71 () AN P71 (1) B
P72 (1) ANI2 P72 () B
P73 (1) ANI3 P73 (1) B
P74 (1) ANI4 P74 (1) B
P75 (1) ANI5 P75 (1) B
P76 (1) ANI6 P76 (1) B
P77 (1) ANI7 P77 (1) B
P78 (I) ANI8 P78 (1) B
P79 (1) ANI9 P79 (1) B
P710 (1) ANI10 P710 (1) B
P711 (1) ANI11 P711 (1) B
P712 (1) ANI122 P712 (1) B
P713 (1) ANI132 P713 (1) B
P714 (1) ANI142 P714 (1) B
P715 (1) ANI152 P715 (I) B
3 UPD70F3424, uPD70F3425, pPD70F3426, uPD70F3427 only
Note All pins of port group 7 always function in alternative input mode.
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Table 2-37 Port group 7: configuration registers

Register | Address :":It:‘il Used bits

PMC7L FFFF F44E, |00y PMC77 PMC76 PMC75 PMC74 PMC73 PMC72 PMCT71 PMC70
PMC7H FFFF F44Fy |00y PMC715 |PMC714 |[PMC713 |[PMC712 |[PMC711 |PMC710 |PMC79 PMC78
PMC7 FFFF F44E, | 0000y PMC715 to PMC78 (PMC7H) PMC77 to PMC70 (PMC7L)

(16 bit)

P7L FFFF F40E, (004 P77 P76 P75 P74 P73 P72 P71 P70
P7H FFFF F40Fy |00y P7152 P7142 P7132 p7128 P711 P710 P79 P78
P7 FFFF FO4Ey | 0000y P715 to PMC78 (P7H) P77 to P70 (P7L)

(16 bit)

3 | PD70F3424, uPD70F3425, uPD70F3426, uPD70F3427 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

All 16-bit registers can be accessed in 16-bit units.
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2.4.12 Port group 8

Port group 8 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

Clocked Serial Interface CSIB2 data/clock line (SIB2, SOB2, SCKB2)
(WPD70F3424, yPD70F3425, yPD70F3426, uPD70F3427 only)

LCD controller segment signal output (SEG23 to SEG28, SEG30)
(uPD70(F)3420, yPD70(F)3421, yPD70(F)3422, yPD70F3423 only)

Frequency output (FOUT)
UARTAO transmit/receive data (TXDAO, RXDAO)

Port group 8 includes the following pins:

Table 2-38 Port group 8: pin functions and port types

Pin functions in different modes

(:l\:gnn:c-’%) A'f?ﬂca:ﬂ‘ﬁ o f)de (pLLcCD[:;?;df 1ya| Pinfunction | o 44 ne
B - B after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)

P80 (I/0O) - SIB2P SEG262 P80 (1) M
P81 (I/O) SOB2P - SEG252 P81 (I) M
P82 (1/0) SCKB2P SCKB2P SEG242 P82 (1) M
P83 (I/0) - - SEG23? P83 (1) M
P84 (I/0) - - - P84 (1) M
P85 (1/0) FOUT - SEG272 P85 (1) M
P86 (I/0) TXDAO - SEG30? P86 (1) M
P87 (1/0) - RXDAO SEG28?2 P87 (I) M

a)
b)

pPD70(F)3420, uPD70(F)3421, yPD70(F)3422, uPD70F3423 only
pPD70F3424, uPD70F3425, pPD70F3426, uPD70F3427 only

Note

1.
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For pins that support only one alternative output mode, the PFCnm bit is
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The alternative input function of UARTO is provided on two pins. Thus you
can select on which pin the alternative function should appear.
Refer to “Alternative input selection“ on page 50.
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Table 2-39 Port group 8: configuration registers

Register | Address :’nailtlija; Used bits

PM8 FFFF F430y | FFy PM87 PM87 PM86 PM85 PM84 PM83 PM82 PM81
PMC8 FFFF F4504 | 004 PMC87 PMC86 PMC85 PMC84 PMC83 PMC82 PMC81 PMC80
PLCDC8? | FFFF F3504 |00y PLCDC87 | PLCDC86 | PLCDC85 | X PLCDC83 | PLCDC82 | PLCDC81 | PLCDC80
P8 FFFF F4104 | 004 P87 P86 P85 P84 P83 P82 P81 P80
PPR8 FFFF F3DO0y | 004 PPR87 PPR86 PPR85 PPR84 PPR83 PPR82 PPR81 PPR80
PDSC8 FFFF F3104 | 004 PDSC87 |PDSC86 |PDSC85 |PDSC84 |PDSC83 |PDSC82 |PDSC81 | PDSC80
PICC8 FFFF F390y | 004 PICC87 |PICC86 |PICC85 |PICC84 |PICC83 |PICC82 | PICC8T | PICC8O
PILC8 FFFF F3BOy | 004 PILC87 |PILC86 |PILC85 |PILC84 |PILC83 |PILC82 |PILC81 |PILC80
PODC8 FFFF F3704 | 00y PODC87 |PODC86 |PODC85 |PODC84 | PODC83 | PODC82 | PODC81 | PODC80

3 | PD70(F)3420, yPD70(F)3421, uPD70(F)3422, pPD70F3423 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.13 Port group 9
Port group 9 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
e LCD Bus Interface data lines (DBDO to DBD7)

* LCD controller segment signal output (SEG36 to SEG39) (uPD70(F)3420,
uPD70(F)3421, uPD70(F)3422, uyPD70F3423 only)

e LCD controller common signal output (COMO to COM4) (uPD70(F)3420,
uPD70(F)3421, yPD70(F)3422, uPD70F3423 only)

Port group 9 includes the following pins:

Table 2-40 Port group 9: pin functions and port types

Pin functions in different modes
(:n(/)lgnn:c—’%) A'Iﬁﬂ?;ﬂ‘ﬁ = f)de (PLIZ:CDI:z:?:n(:d—e 1)a| Pinfunction | o\
B - B after reset ype
Output mode Input mode
(PMnm = 0) (PMnm = 1)
P90 (I/O) DBDO - SEG36? P90 (1) M
P91 (I/0) DBD1 - SEG372 P91 (I) M
P92 (I/O) DBD2 - SEG38? P92 (1) M
P93 (I/0O) DBD3 - SEG39? P93 (1) M
P94 (1/0) DBD4 - COM0Q? P94 (1) M
P95 (I/O) DBD5 - CcoM12 P95 (1) M
P96 (I/0O) DBD6 - com22 P96 (1) M
P97 (1/0) DBD7 - CcCom3?2 P97 (1) M

3 uPD70(F)3420, uPD70(F)3421, uPD70(F)3422, uPD70F3423 only
Note Though DBDO-7 is a bidirectional bus PMnm must be set to "0", i.e. to output

mode, when the port is used as LCD bus I/F bus DBDO-7. The change of the
direction is performed automatically, when data is read from the external bus.

Table 2-41 Port group 9: configuration registers

Register | Address ::::L?; Used bits

PM9 FFFF F432y | FFy PM97 PM96 PM95 PM94 PM93 PM92 PM91 PM90
PMC9 FFFF F452y | 00y PMC97 PMC96 PMC95 PMC94 PMC93 PMC92 PMC91 PMC90
PLCDC9® | FFFF F352y |00y PLCDC97 | PLCDC96 | PLCDC95 | PLCDC94 | PLCDC93 | PLCDC92 | PLCDCI1 | PLCDCY0
P9 FFFF F4124 |00y P97 P96 P95 P94 P93 P92 P91 P90
PPR9 FFFF F3D2y | 004 PPR97 PPR96 PPR95 PPR94 PPR93 PPR92 PPR91 PPR90
PDSCY FFFF F3124 | 004 PDSC97 | PDSC96 |PDSC95 |PDSC94 |PDSC93 |PDSC92 |PDSC91 | PDSC90
PICCY FFFF F392y | 004 PICC97 | PICC96 |PICC95 |PICC94 |PICC93 |PICC92 |PICC91 |PICCI0
PODCY FFFF F372y4 | 00y PODC97 | PODC96 | PODC95 |PODC94 | PODC93 |PODC92 |PODC91 | PODCI0

a)  PD70(F)3420, pPD70(F)3421, pPD70(F)3422, yPD70F3423 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.14 Port group 10
Port group 10 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
e Timer TMPO and TMP2 (TOP00/01, TOP20/21, TIP0OO)
e LCD Bus Interface read/write strobe (DBRD, DBWR)

* LCD controller segment signal output (SEG32 to SEG35) (uPD70(F)3420,
uPD70(F)3421, yPD70(F)3422, uPD70F3423 only)

* Clocked Serial Interface CSIBO0 data/clock line (SIBO, SOB0, SCKBO0)
Port group 10 includes the following pins:

Table 2-42 Port group 9: pin functions and port types

Pin functions in different modes

(:l\:gnn:c—’%) A'I:ﬂgﬂ‘ﬁ o f)de (PLIE:CD[::r;d—e 1ya| Pinfunction | o 44 ne
B - B after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)

P100 (1/0) TOPOO TIPOO - P100 (1) M
P101 (1/0) TOPO1 - - P101 (1) M
P102 (1/0) TOP20 - - P102 (1) M
P103 (1/0) TOP21 - - P103 (1) M
P104(1/0) DBRD - SEG35?2 P104(1) M
P105 (I/O) DBWR SIBO SEG342 P105 (1) M
P106 (1/0) SOBO - SEG33? P106 (1) M
P107 (1/0) SCKBO SCKBO SEG322 P107 (1) M

3  PD70(F)3420, uPD70(F)3421, uPD70(F)3422, uPD70F3423 only
Note Alternative input functions of CSIBO are provided on two pins each. Thus you

can select on which pin the alternative function should appear.
Refer to “Alternative input selection” on page 50.

Table 2-43 Port group 10: configuration registers

Register | Address :’nailtlif: Used bits

PM10 FFFF F434y | FFy PM107 PM106 PM105 PM104 PM103 PM102 PM101 PM100
PMC10 FFFF F454y | 004 PMC107 | PMC106 | PMC105 |PMC104 |PMC103 |PMC102 |PMC101 | PMC100
PLCDC10? FFFF F3544 |00y PLCDC107 | PLCDC106 | PLCDC105 | PLCDC104 | X X X X

P10 FFFF F414y | 004 P107 P106 P105 P104 P103 P102 P101 P100
PPR10 FFFF F3D4y | 004 PPR107 | PPR106 | PPR105 |PPR104 |PPR103 |PPR102 |PPR101 | PPR100
PDSC10 FFFF F314y | 00y PDSC107 | PDSC106 | PDSC105 | PDSC104 | PDSC103 | PDSC102 | PDSC101 | PDSC100
PICC10 FFFF F394y | 004 PICC107 | PICC106 | PICC105 |PICC104 | PICC103 | PICC102 |PICC101 | PICC100
PODC10 FFFF F374y | 004 PODC107 | PODC106 | PODC105 |PODC104 | PODC103 |PODC102 | PODC101 | PODC100

a)  PD70(F)3420, yPD70(F)3421, uPD70(F)3422, yPD70F3423 only

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.15 Port group 11

Port group 11 is an 8-bit port group. In alternative mode, it comprises pins for

the following functions:

» Stepper Motor Controller/Driver outputs (SM11 to SM14, SM21 to SM24)

Port group 11 includes the following pins:

Table 2-44 Port group 11: pin functions and port types

Pin functions in different modes
(Ifl\(l)lgnn:g%) Alzi’mgtri‘r’: in ‘:))de A Port type
B - after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)
P110 (I/O) SM11 - P110 (1) M
P111 (1/O) SM12 - P111 (1) M
P112 (1/O) SM13 - P112 () M
P113 (1/0) SM14 - P113 (1) M
P114 (1/0) SM21 - P114 (1) M
P115 (1/0) SM22 - P115 (1) M
P116 (1/0) SM23 - P116 (1) M
P117 (1/0) SM24 - P117 (1) M

Downloaded from Elcodis.com electronic components distributor

Note Port group 11 is equipped with high driver buffers for stepper motor control.
Table 2-45 Port group 11: configuration registers

Register | Address Initial Used bits

value
PM11 FFFF F436y | FFy PM117 PM116 PM115 PM114 PM113 PM112 PM111 PM110
PMC11 FFFF F456y | 004 PMC117 | PMC116 | PMC115 |PMC114 |PMC113 |PMC112 |PMC111 | PMC110
P11 FFFF F416y | 004 P117 P116 P115 P114 P113 P112 P111 P110
PPR11 FFFF F3D6y | 00y PPR117 | PPR116 |PPR115 |PPR114 |PPR113 |PPR112 |PPR111 |PPR110
PICC11 FFFF F3964 | 004 PICC117 | PICC116 | PICC115 |PICC114 | PICC113 | PICC112 | PICC111 | PICC110
PODC11 FFFF F376y | 004 PODC117 | PODC116 | PODC115 | PODC114 | PODC113 |PODC112 | PODC111 | PODC110

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.16 Port group 12

Port group 12 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:
» Stepper Motor Controller/Driver outputs (SM51 to SM54, SM61 to SM64)

Port group 12 includes the following pins:

Table 2-46 Port group 12: pin functions and port types

Pin functions in different modes
(Ifl\(l)lgnn:g%) Alzi’mgtri‘r’: in ‘:))de A Port type
B - after reset

Output mode Input mode

(PMnm = 0) (PMnm = 1)
P120 (I/O) SM51 - P120 (1) M
P121 (1/0) SM52 - P121 (1) M
P122 (1/0) SM53 - P122 (1) M
P123 (1/0) SM54 - P123 (1) M
P124 (1/0) SM61 - P124 (1) M
P125 (1/0) SM62 - P125 (1) M
P126 (1/0) SM63 - P126 (1) M
P127 (1/0) SM64 - P127 (1) M

Note Port group 12 is equipped with high driver buffers for stepper motor control.

Table 2-47 Port group 12: configuration registers

Register | Address :lnailtlija; Used bits

PM12 FFFF F438, |FFy |02 02 02 02 0 02 02 0
PMC12 FFFF F458y | 004 PMC127 | PMC126 | PMC125 |PMC124 |PMC123 | PMC122 |PMCi21 | PMC120
P12 FFFF F418y | 004 P127 P126 P125 P124 P123 P122 P121 P120
PPR12 FFFF F3D8y | 00y PPR127 | PPR126 |PPR125 |PPR124 |PPR123 |PPR122 |PPR121 |PPR120
PICC12 FFFF F398y | 004 PICC127 | PICC126 | PICC125 |PICC124 | PICC123 | PICC122 |PICC121 | PICC120
PODC12 FFFF F378y4 | 004 PODC127 | PODC126 | PODC125 |PODC124 | PODC123 |PODC122 | PODC121 | PODC120

) The default value “0” of these pins must not be changed!

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.17 Port group 13

Port group 13 is an 8-bit port group. In alternative mode, it comprises pins for
the following functions:

» Stepper Motor Controller/Driver outputs (SM31 to SM34, SM41 to SM44)

e Timer TMGO to TMG1 channels (TIGO1, TOGO1 to TOG04, TOG11 to
TOG14)

Port group 13 includes the following pins:

Table 2-48 Port group 13: pin functions and port types

Pin functions in different modes
Port mode Alternative mode
(PMCnm =0) (PMCnm =1) Pin function
Port type
output mode (PMnm = 0) Input mode | after reset
PFChm=0 | PFCnm=1 | (PMnm=1)
ALT1-OUT ALT2-OUT
P130 (1/0) SM31 TOGO1 TIGO1 P130 () M
P131 (1/0) SM32 TOGO02 - P131 (1) M
P132 (1/0) SM33 TOGO03 - P132 (1) M
P133 (1/0) SM34 TOG04 - P133 () M
P134 (1/0) SM41 TOG11 - P134 (1) M
P135 (1/0) SM42 TOG12 - P135 (1) M
P136 (1/0) SM43 TOG13 - P136 () M
P137 (1/0) SM44 TOG14 - P137 (1) M
Note 1. Alternative inputfunctions of TMGO...TMG1 are provided on two pins
each. Thus you can select on which pin the alternative function should
appear.

Refer to “Alternative input selection“ on page 50.

2. Port group 13 is equipped with high driver buffers for stepper motor control.

Table 2-49 Port group 13: configuration registers

Register | Address ::Iailtlija; Used bits
PM13 FFFF F43Ay | FFy PM137 | PM136 |PM135 |PM134 |PM133 |PM132 |PM131 PM130
PMC13 FFFF F45A, | 004 PMC137 | PMC136 |PMC135 | PMC134 |PMC133 |PMC132 | PMC131 | PMC130
PFC13 FFFF F47A, | 004 PFC137 |PFC136 |PFC135 |PFC134 |PFC133 |PFC132 |PFC131 |PFC130
P13 FFFF F41A, | 004 P137 P136 P135 P134 P133 P132 P131 P130
PPR13 FFFF F3DAy | 00y PPR137 |PPR136 |PPR135 |PPR134 |PPR133 |PPR132 |PPR131 |PPR130
PICC13 FFFF F39A, | 004 PICC137 | PICC136 | PICC135 | PICC134 | PICC133 | PICC132 | PICC131 | PICC130
PODC13 FFFF F37A4 | 00y PODC137 | PODC136 | PODC135 | PODC134 | PODC133 |PODC132 | PODC131 | PODC130

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.
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2.4.18 Port group 14 (uWPD70F3427 only)
Port group 14 is a 3-bit port group. In alternative mode, it comprises pins for
the following functions:
e External memory interface bus clock BCLK
 External memory interface byte enable signals BE2, BE3
Port group 14 includes the following pins:

Table 2-50 Port group 14: pin functions and port types

Pin functions in different modes
(:I\ollrctn%o:eo) Alzlirl\rlll?:tril‘:: :1 ;))de PUTEE Port type
after reset
Output mode Input mode
(PMnm = 0) (PMnm = 1)
P140 (1/0) BCLK - P140 (1) M
P141 (1/0) BE2 - P141 (1) M
P142 (1/0) BE3 - P142 (1) M
Table 2-51 Port group 14: configuration registers
Register | Address ::T:i:: Used bits
PM14 FFFF F43Cy | FFy X X X X X PM142 PM141 PM140
PMC14 FFFF F45Cy | 00y X X X X PMC143% | PMC142 | PMC141 | PMC140
P14 FFFF F41Cy | 004 X X X X X P142 P141 P140
PPR14 FFFF F3DCy | 00y X X X X X PPR142 | PPR141 | PPR140

a8)  PMC143 specifies the data bus width of the external memory interface:

- PMC143 = 0: 16-bit data bus D[15:0], D[31:16] pins of port groups 3, 8, 9, 10 operate in port/alternative mode
- PMC143 = 1: 32-bit data bus D[31:0], D[31:16] pins of port groups 3, 8, 9, 10 operate as data bus pins

Access All 8-bit registers can be accessed in 8-bit or 1-bit units.

92 Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Pin Functions

Chapter 2

2.5

2.5.1

2.5.2

Table 2-52

Note

Noise Elimination

The input signals at some pins are passed through a filter to remove noise and
glitches. The microcontroller supports both analog and digital filters. The
analog filters are always applied to the input signals, whereas the digital filters
can be enabled/disabled by control registers.

Analog filtered inputs

The external interrupts INTPO...INTP7, NMI and the external RESET input are
passed through an analog filter to remove noise and glitches. The analog filter
suppresses input pulses that are shorter than a specified puls width (refer to
the Electrical Target Specification). This assures the hold time for the external
interrupt signals.

The analog filter operates in all modes (normal mode and standby modes). It is
only effective if the corresponding pin works in alternative input mode and not
as a general purpose I/O port.

Digitally filtered inputs

The inputs of the peripherals listed below are passed through a digital filter to
remove noise and glitches.

The digital filter operates in all modes, which have the PLL enabled. Thus, it
does not operate in Watch, Sub-watch and Idle mode. The digital filter is only
effective if the corresponding pin works in alternative input mode and not as a
general purpose /O port.

The digital input filter is available for the following external signals:

Digitally filtered external signals

Module Signal Comment

CSIBO SIB0, SCKBO For high clock rates of the Clocked Serial
CSiB2 SIB2, SCKB2 removed by the digital filter.

TMPO TIPOO, TIPO1

TMPA1 TIP10, TIP11

TMP2 TIP20, TIP21

TMP3 TIP30, TIP31

TMGO TIGO1 to TIGO4

TMGH1 TIG11 to TIG14

TMG2 TIG20 to TIG25

The Timers G provide additional digital noise filters at their capture inputs
TIGn1 to TIGn4. Refer also to the Electrical Target Specification for the
minimum capture inputs pulse widths.
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Filter operation The input terminal signal is sampled with the sampling frequency fs. Spikes
shorter than 2 sampling cycles are suppressed and no internal signal is
generated. Pulses longer than 3 sampling cycles are recognized as valid
pulses and an internal signal is generated. For pulses between 2 and 3
sampling cycles, the behaviour is not defined. The filter operation is illustrated
in Figure 2-6.

- - - - -
- - - - -
- - - - -

Y AL

SAASRALLARARRERRA RN
Inputterminal"" vy "" ""Y I

Filter output

?

Figure 2-6 Digital noise removal example

The minimum input terminal pulse width to be validated is defined by the
sampling frequency fs. The sampling frequency fg is PCLKO.

Table 2-53 Digital noise removal features

Sampling frequency Minimum pulse width to

fs = PCLKO generate an internal signal
16 MHz (PLL enabled) 0.125 - 0.1875 psec

4 MHz (PLL disabled) 0.5-0.75 psec

The digital filter function can be individually enabled for each of the
aforementioned external input signals. The filter is enabled/disabled by the
16-bit registers DFENO and DFENT.

(1) DFENO - Digital filter enable register

The 16-bit DFENO register enables/disables the digital filter for TMPO to TMP3
and TMGO input channels and for CSIB0 to CSIB2 input channels.

Access This register can be read/written in 16-bit, 8-bit and 1-bit units.
Address FFFF F710y4

Initial Value 00004. This register is cleared by any reset.

15 14 13 12 11 10 9 8

DFENC15|DFENC14|DFENC13 DFENC12|DFENC11|DFENC10{ DFENC9 | DFENC8

R/W R/W R/W R/W R/W R/W R/W R/W

7 6 5 4 3 2 1 0

| DFENC7 | DFENC6 | DFENC5 | DFENC4 | DFENC3 | DFENC2 | DFENC1 | DFENCO

R/W R/W R/W R/W R/W R/W R/W R/W
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Table 2-54 DFENO register contents

Bit position | Bit name Function
Enables/disables the digital noise elimination filter for
the corresponding input signal:

t5100 | oFencrisoy| & Dl ore deaes.

For an assignment of bit positions to input signals see
table Table 2-55.
Table 2-55 Assignment of input signals to bit positions for register DFENO
L3 L Bit name | Input signal Description
position

0 DFENCO | SIBO CSIBO0 data input?

1 DFENC1 | SIB1 CSIB1 data input?

2 DFENC2 | SIB2 CSIB2 data input?

3 DFENC3 | SCKIBO CSIBO clock input?

4 DFENC4 | SCKIB1 CSIB1 clock input?

5 DFENC5 | SCKIB2 CSIB2 clock input?

6 DFENC6 | TIPOO Timer TMPO channel 0 capture input
7 DFENC7 | TIPO1 Timer TMPO channel 1 capture input
8 DFENC8 | TIP10 Timer TMP1 channel 0 capture input
9 DFENC9 | TIP11 Timer TMP1 channel 1 capture input
10 DFENC10 | TIP20 Timer TMP2 channel 0 capture input
11 DFENC11 | TIP21 Timer TMP2 channel 1 capture input
12 DFENC12 | TIP30 Timer TMP3 channel 0 capture input
13 DFENC13 | TIP31 Timer TMP3 channel 1 capture input
14 DFENC14 | TIGO1 Timer TMGO channel 1 capture input
15 DFENC15 | TIG02 Timer TMGO channel 2 capture input

a) Note that for high clock rates of the Clocked Serial Interface, the digital filter should
be disabled. Otherwise, desired input pulses may be removed by the digital filter.
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(2) DFENT - Digital filter enable register
The 16-bit DFEN1 register enables/disables the digital filter for TMGO to TMG2
and TMPO to TMP1 input channels.
Access This register can be read/written in 16-bit, 8-bit and 1-bit units.
Address FFFF F712y
Initial Value 0000y. This register is cleared by any reset.
15 14 13 12 11 10 9 8
x | x | x X  |DFENC27|DFENC26|DFENC25|DFENC24
R/W R/W R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1 0
DFEN023|DFEN022|DFENC21 DFENC20|DFENC19|DFENC18|DFENC17|DFENC16
R/W R/W R/W R/W R/W R/W R/W R/W
Table 2-56 DFENT1 register contents
Bit position | Bit name Function
Enables/disables the digital noise elimination filter for
the corresponding input signal:
. 0: Digital filter is disabled.
11100 | DFENCI27:16] | . pigital filter is enabled.
For an assignment of bit positions to input signals
see table Table 2-57.
Table 2-57 Assignment of input signals to bit positions for register DFEN1
2 Bit name | Input signal Description
position P 9 P
0 DFENC16 | TIGO3 Timer TMGO channel 3 capture input
1 DFENC17 | TIGO4 Timer TMGO channel 4 capture input
2 DFENC18 | TIG11 Timer TMG1 channel 1 capture input
3 DFENC19 | TIG12 Timer TMG1 channel 2 capture input
4 DFENC20 | TIG13 Timer TMG1 channel 3 capture input
5 DFENC21 | TIG14 Timer TMG1 channel 4 capture input
6 DFENC22 | TIPOO/TIG20 shared input:
Timer TMPO channel 0 capture input /
Timer TMG2 channel 0 capture input
DFENC23 | TIG21 Timer TMG2 channel 1 capture input
DFENC24 | TIG22 Timer TMG2 channel 2 capture input
DFENC25 | TIG23 Timer TMG2 channel 3 capture input
10 DFENC26 | TIG24 Timer TMG2 channel 4 capture input
11 DFENC27 | TIP10/TTIG25 | shared input:
Timer TMP1 channel 0 capture input/
Timer TMG2 channel 5 capture input
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2.6 Pin Functions in Reset and Power Save Modes

The following table summarizes the status of the pins during reset and power
save modes and after release of these operating states in normal operation
mode, i.e. FLMDO = 0.

The reset source makes a difference concerning the N-Wire debugger
interface pins DRST, DDI, DDO, DCK and DMS after reset release. An external
RESET or an internal Power-on-clear switches all pins to input port mode,
while all other internal reset sources make the pins available for the debugger.

In contrast to all other power save modes the HALT mode suspends only the
CPU operation and has no effect on any pin status.

Table 2-58 Pin functions and reset / power save modes

Operating status Pin status
Power-On- during |e PO5/DRST: P05 port input with internal pull-down
Clear resistor

¢ all other pins: Hi-Z (3-state)

after input port mode
external during |e PO5/DRST: P05 port input with internal pull-down
RESET resistor

¢ all other pins: Hi-Z (3-state)

after e PO5/DRST: DRST input with internal pull-down resistor
e P52/DDI, P54/DCK, P55/DMS: DDI, DCK, DMS inputs
e P53/DDO: DDO output

e all other pins: input port mode

all other reset during |e PO5/DRST: P05 port input with internal pull-down
sources resistor

¢ all other pins: Hi-Z (3-state)

after e PO5/DRST, P52/DDI, P54/DCK, P55/DMS, P53/DDO:
no change. same function as before reset

¢ all other pins: input port mode

HALT mode during | same as before HALT mode

after
IDLE, WATCH, | during | same as before power save mode:
Sub-WATCH,  Qutput signals are valid and output levels are
STOP mode remained.

* Input signals with wake-up capability? are valid.
¢ Input signals without wake-up capability are ignored.

after same as before power save mode

a) Inputs with wake-up capability: external interrupts (INTPn, NMI) and CAN receive
data (CRXDn)

If flash programming mode is enabled by FLMDO = 1 P07 is used as FLMD1
pin in input port mode during and after reset.
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2.7 Recommended connection of unused pins

If a pin is not used, it is recommended to connect it as follows:
e output pins: leave open
* input pins: connect to Vpps or Vggs

Sub oscillator If no sub oscillator crystal is connected, connect XT1 to Vg and leave XT2
connection open.

Note If the overall maximum output current of a concerned pin group exceeds its
maximum value the output buffer can be damaged. We recommend the
placement of a series resistor to prevent damage in case of accidentally
enabled outputs. Refer to the absolute maximum rating parameter in the
Electrical Target Specification.
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2.8 Package Pins Assignment

The following sections show the location of pins in top view. Every pin is

labelled with its pin number and all possible pin names. Additionally, a
recommendation for the connection of unused pins is given at the end of the

chapter.

2.8.1 pPD70(F)3420, uPD70(F)3421, yPD70(F)3422, yPD70F3423 —

144 pin package

< o
= = [CRCRC]
19} Q o]
u @ 002
< o = n = “:F'_w
& 5 8e527 &EEQ
W oo n TOP80 SO60&
VDN o ® - ® ompoyw EEE2
SEedssaay N80 5252-52932¥%r 0wy
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B0 s8=S-c%0usapl= EQQOQEEEZQEEE =20%09
22 R B 25850338258 _£a885°58388822¢8:
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PO3/DB3/SEG39 | 110
P94/DB4/COMO | 111
P95/DBS/COM1 | 112
PO6/DBECOM2 | 113
PO7/DB7/COM3 | 114
DVDD50 | 115
pVssso | 116
VDD52 | 17
REGC2 | 118
vsss2 | 119
FLMDO | 120
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veMPt | 128
uPD70(F)3422
p714 | 130
PD70F3423
P712 132 u
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Note: FLMD1 for flash memory devices only

Figure 2-7 Pin overview of devices pPD70(F)3420, yPD70(F)3421, uPD70(F)3422,

puPD70F3423
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71
70
69
68
67
66
65

63
62
61
60
59
58
57
56
55

53
52
51
50
49

47
46
45

43
42

40
39
38
37

P23/TIG04/SEG3
P22/TIGO3/SEG2
P21/TIG02/SCL1/SEG1
P20/SDA1/SEGO
P17/SCLO
P16/SDA0

VsS51

REGC1

VDD51
P30/TXDAO/SDA1
P31/RXDA0/SCL1
P47/CTXDO
P46/CRXDO
P57/TXDA1/CTXD1
P56/RXDA1/CRXD1
P42/SCKBO
P41/SOBO
P40/SIBO
P100/TIPO0/TOP0O
P101/TOPO1
P102/TOP20
P103/TOP21
BVSS50

BVDD50

P51/SGO
P50/FOUT/SGOA
P84

VSS50

REGCO

VDD50

P52/DDI

P53/DDO

P54/DCK

P55/DMS
PO5/DRST
POO/INTPO/NMI
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2.8.2 pPD70F3424, yPD70F3425, yPD70F3426 — 144 pin package

P92/DBD2
P93/DBD3
P94/DBD4
P95/DBD5
P96/DBD6
P97/DBD7
DVDD50
DVSS50
VDD52
REGC2
V8852
FLMDO

X1

X2

RESET
XT1

XT2
PO7/INTP6/VCMPOO/FLMD1
VCMPO
VCMP1
P715/AIN15
P714/AIN14
P713/AIN13
P712/AIN12
P711/AIN11
P710/AIN10
P79/AIN9
P78/AIN8
P77IAIN7
P76/AING
P75/AINS
P74/AIN4
P73/AIN3
P72/AIN2
P71/AIN1
P70/AINO
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Figure 2-8 Pin overview of device yPD70F3424, uPD70F3425, pPD70F3426
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208 pin package

2.8.3 pPD70F3427
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Chapter 3 CPU System Functions

This chapter describes the registers of the CPU, the operation modes, the
address space and the memory areas.

3.1 Overview

The CPU is founded on Harvard architecture and it supports a RISC instruction
set. Basic instructions can be executed in one clock period. Optimized five-
stage pipelining is supported. This improves instruction execution speed.

In order to make the microcontroller ideal for use in digital control applications,
a 32-bit hardware multiplier enables this CPU to support multiply instructions,
saturated multiply instructions, bit operation instructions, etc.

Features summary The CPU has the following special features:
¢ Memory space:
— 64 MB linear program space
— 4 GB linear data space
e 32 general purpose registers
¢ |nternal 32-bit architecture
* Five-stage pipeline
¢ Efficient multiplication and division instructions
e Saturation logic (saturated operation instructions)
¢ Barrel shifter (32-bit shift in one clock cycle)
* |nstruction formats: long and short

e Four types of bit manipulation instructions: set, clear, not, test
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3.1.1 Description

The figure below shows a block diagram of the microcontroller, focusing on the
CPU and modules that interact with the CPU directly. Table 3-1 lists the bus
types.

CPU
RCU interface
—
System controller )
Instruction queue
v ) Multiplier  [—
F :> (32x 32— 64)[]
B Program counter
~~—
General-purpose Dj‘> Barrel
registers shifter
O
Bus control unit
System registers ‘
) (BCU) v
S
v K[
D <‘—
B
DMA control unit
—
DMAC
{ )
KA
— —
Interrupt control unit —
< P
(INTC)
Bus bridge
(BBR)
Standby control unit
—
pomm— (STBC)
S NPB

Figure 3-1 CPU system

The shaded busses are used for accessing the configuration registers of the
concerned modules.

Table 3-1 Bus types

Bus type

Function

NPB — NEC Peripheral Bus

Bus interface to the peripherals (internal bus).

VSB — V850 System Bus

Bus interface to the Memory Controller for access to external memory, additional
internal memory and to the NPB bus bridge BBR.

VFB — V850 Fetch Bus

Interface to the internal ROM (mask ROM or flash ROM).

VDB - V850 Data Bus

Interface to the internal RAM.
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3.2 CPU Register Set

There are two categories of registers:

* General purpose registers
e System registers

All registers are 32-bit registers. An overview is given in the figure below. For
details, refer to VB50E1 User’s Manual Architecture.

ro (Zero Register)

r1 (Reserved for Assembler)

r2 (Interrupt Stack Pointer)
r3 (Stack Pointer (SP))

r4 (Global Pointer (GP))

r5 (Text Pointer (TP))

r30 (Element Pointer (EP))
r31 (Link Pointer (LP))

Figure 3-2 CPU register set

31 0
EIPC (Status Saving Register during interrupt)
EIPSW  (Status Saving Register during interrupt)
FEPC (Status Saving Register during NMI)
FEPSW (Status Saving Register during NMI)
| ECR (Interrupt/Execution Source Register) |
| PSW (Program Status Word) |
CTPC  (Status Saving Register during CALLT execution)
CTPSW  (Status Saving Register during CALLT execution)
DBPC  (Status Saving Register during exception/debug trap)
DBPSW  (Status Saving Register during exception/debug trap)
[ctBp (cALLT Base Pointer) |
| PC (Program Counter) |

Some registers are write protected. That means, writing to those registers is
protected by a special sequence of instructions. Refer to “Write Protected
Registers” on page 124 for more details.
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3.2.1 General purpose registers (r0 to r31)
Each of the 32 general purpose registers can be used as a data variable or
address variable.

However, the registers r0, r1, r3 to r5, r30, and r31 may implicitly be used by
the assembler/compiler (see table Table 3-2). For details refer to the
documentation of your assembler/compiler.

Table 3-2 General purpose registers

Register name | Usage Operation

ro Zero register Always holds 0. It is used for
operations using 0 and offset 0
addressing.2

r1 Assembler-reserved register | Used for 32-bit direct addressing.b

r2 User address/data variable register

r3 Stack pointer Used to generate stack frame when
function is called.P

r4 Global pointer Used to access global variable in
data area.?

r5 Text pointer Used to indicate the start of the text
area (where program code is
Iocated).b

r6 to r29 User address/data variable registers

r30 Element pointer Base pointer when memory is

accessed by means of instructions
SLD (short format load) and SST
(short format store).2

r31 Link pointer Used when calling a function.?

a) Registers r0 and r30 are used by dedicated instructions.
b) Registers r1, r3, r4, r5, and r31 may be used by the assembler/compiler.

Caution Before using registers r1, r3 to r5, r30, and r31, their contents must be saved
so that they are not lost. The contents must be restored to the registers after
the registers have been used.
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3.2.2

Example

System register

System register set

System registers control the status of the CPU and hold interrupt information.
Additionally, the program counter holds the instruction address during program
execution.

To read/write the system registers, use instructions LDSR (load to system
register) or STSR (store contents of system register), respectively, with a
specific system register number (regID) indicated below.

The program counter states an exception. It cannot be accessed via LDSR or
STSR instructions. No reglID is allocated to the program counter.

STSR 0, r2
Stores the contents of system register 0 (EIPC) in general purpose register r2.

The table below gives an overview of all system registers and their system

numbers register number (reglD). It shows whether a load/store instruction is allowed (x)
for the register or not (-).
Table 3-3 System register numbers
. Operand specification
reglD System register name Shortcut
LDSR STSR
0 Status saving register during interrupt EIPC y y
(stores contents of PC)
1 Status saving register during interrupt EIPSW y <
(stores contents of PSW)
2 Status saving register during non-maskable interrupts FEPC
X X
(stores contents of PC)
3 Status saving register during non-maskable interrupts FEPSW y y
(stores contents of PSW)
4 Interrupt source register ECR - X
5 Program status word PSW X X
6to 15 Reserved (operations that access these register numbers _ _
cannot be guaranteed).
16 Status saving register during CALLT execution CTPC
X X
(stores contents of PC)
17 Status saving register during CALLT execution CTPSW y y
(stores contents of PSW)
18 Status saving register during exception/debug trap DBPC a
X X
(stores contents of PC)
19 Status saving register during exception/debug trap DBPSW @ y
(stores contents of PSW)
20 CALLT base pointer CTBP X X
21 to 31 Reserved (operations that access these register numbers _ _
cannot be guaranteed).

a)

Reading from this register is only enabled between a DBTRAP exception (exception handler address

0000 0060y) and the exception handler terminating DBRET instruction. DBTRAP exceptions are generated
upon ILGOP and ROM Correction detections (refer to “Interrupt Controller (INTC)“ on page 187 and “ROM
Correction Function (ROMC)“ on page 331).

Preliminary User’'s Manual U17566EE1V2UMO00 107

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Chapter 3 CPU System Functions

(1) PC - Program counter

The program counter holds the instruction address during program execution.
The lower 26 bits are valid, and bits 31 to 26 are fixed to 0. If a carry occurs
from bit 25 to 26, it is ignored. Branching to an odd address cannot be
performed. Bit 0 is fixed to 0.

Access This register can not be accessed by any instruction.

Initial Value 0000 0000y. The program counter is cleared by any reset.

31 26 25 1 0
| fixedto 0 instruction address during execution | 0 |

(2) EIPC, FEPC, DBPC, CTPC - PC saving registers

The PC saving registers save the contents of the program counter for different
occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, except for some
instructions, the address of the instruction following the one being executed is
saved to the saving registers.

For more details refer to Table 3-9 on page 112 and to the “Interrupt Controller
(INTC)“ on page 187.

All PC saving registers are built up as the PC, with the initial value 0xxx XXxXy
(x = undefined).

Table 3-4 PC saving registers

Register Shortcut | Saves contents of PC in case of
Status saving register EIPC * software exception
during interrupt * maskable interrupt
Status saving register FEPC * non-maskable interrupt
during non-maskable
interrupts
Status saving register DBPC? |e exception trap
during exception/debug e debug trap
trap * debug break
* during a single-step operation
Status saving register CTPC e execution of CALLT instruction

during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 0060y) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP and ROM Correction
detections (refer to “Interrupt Controller (INTC)“on page 187 and “ROM Correction
Function (ROMC)“ on page 331).

Note When multiple interrupt servicing is enabled, the contents of EIPC or FEPC
must be saved by program—because only one PC saving register for
maskable interrupts and non-maskable interrupts is provided, respectively.

Caution When setting the value of any of the PC saving registers, use even values
(bit 0 = 0). If bit 0 is set to 1, the setting of this bit is ignored.
This is because bit 0 of the program counter is fixed to 0.
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(3) PSW - Program status word

The 32-bit program status word is a collection of flags that indicates the status
of the program (result of instruction execution) and the status of the CPU.

If the bits in the register are modified by the LDSR instruction, the PSW will
take on the new value immediately after the LDSR instruction has been
executed.

Initial Value 0000 0020y. The program status is initialized by any reset.

31 8 7 6 5 4 3 2 1 0
fixed to O |NP|EP|ID|SAT|CY|OV|S|Z|
R R RW RW RW RW RW RW RW RW

Table 3-5 PSW register contents

Bit position Flag Function

7 NP Indicates that non-maskable interrupt (NMI) servicing is in progress.
This flag is set when NMI request is acknowledged, and multiple interrupt
servicing is disabled.

0: NMI servicing is not in progress.

1: NMI servicing is in progress.

6 EP Indicates that exception processing is in progress.
This flag is set when an exception occurs. Even when this bit is set, interrupt
requests can be acknowledged.

0: Exception processing is not in progress.

1: Exception processing is in progress.

5 ID Indicates whether a maskable interrupt request can be acknowledged.
0: Interrupts enabled.
1: Interrupts disabled.

Note: Setting this flag will disable interrupt requests even while the LDSR
instruction is being executed.

4 SAT? For saturated operation processing instructions only:
Indicates that the operation result is saturated due to overflow.
0: Not saturated.
1: Saturated.

Note: 1. This is a cumulative flag: The bit is not automatically cleared if
subsequent instructions lead to not saturated results.
To clear this bit, use the LDSR instruction to set PSW.SAT = 0.

2. Inageneral arithmetic operation this bit is neglected. It is neither
set nor cleared.

3 cY Carry/borrow flag.

Indicates whether a carry or borrow occurred as a result of the operation.
0: Carry or borrow did not occur
1: Carry or borrow occurred.

2 ova Overflow flag.

Indicates whether an overflow occurred as a result of the operation.
0: Overflow did not occur.
1: Overflow occurred.

1 se Sign flag.

Indicates whether the result of the operation is negative.
0: Result is positive or zero.
1: Result is negative.

0 Z Zero flag.

Indicates whether the result of the operation is zero.
0: Result is not zero.
1: Result is zero.
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a) In the case of saturate instructions, the SAT, S, and OV flags will be set according to the result of the operation
as shown in the table below. Note that the SAT flag is set only when the OV flag has been set during a satu-
rated operation.

Saturated operation The following table shows the setting of flags PWS.SAT, PWS.OV, and PWS.S,
instructions depending on the status of the operation result.

Table 3-6 Saturation-processed operation result

. Flag status | saturation-processed
Status of operation result .
SAT | ov | s | operation result
Maximum positive value exceeded 1 1 0 | 7FFF FFFFy
Maximum negative value exceeded 1 1 1 | 8000 0000y
Positive (maximum not exceeded) a 0 0 | Operation result itself
X
Negative (maximum not exceeded) 1

a) Retains the value before operation.
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(4) EIPSW, FEPSW, DBPSW, CTPSWPSW saving registers

The PSW saving registers save the contents of the program status word for
different occasions, see Table 3-4.

When one of the occasions listed in Table 3-4 occurs, the current value of the
PSW is saved to the saving registers.

All PSW saving registers are built up as the PSW, with the initial value
0000 Oxxxy (x = undefined).

Table 3-7 PSW saving registers

Register Shortcut | Saves contents of PSW in case of
Status saving register EIPSW | e software exception
during interrupt * maskable interrupt
Status saving register FEPSW | e non-maskable interrupt
during non-maskable
interrupts
Status saving register DBPSW? | e exception trap
during exception/debug * debug trap
trap o debug break
* during a single-step operation
Status saving register CTPSW | e execution of CALLT instruction
during CALLT execution

a) Reading from this register is only enabled between a DBTRAP exception (excep-
tion handler address 0000 0060y) and the exception handler terminating DBRET
instruction. DBTRAP exceptions are generated upon ILGOP and ROM Correction
detections (refer to “Interrupt Controller (INTC)“on page 187 and “ROM Correction
Function (ROMC)“ on page 331).

Note When multiple interrupt servicing is enabled, the contents of EIPSW or
FEPSW must be saved by program—because only one PSW saving register
for maskable interrupts and non-maskable interrupts is provided, respectively.

Caution Bits 31 to 26 of EIPC and bits 31 to 12 and 10 to 8 of EIPSW are reserved for
future function expansion (fixed to 0).When setting the value of EIPC, FEPC, or
CTPC, use even values (bit 0 = 0).
If bit 0 is set to 1, the setting of this bit is ignored. This is because bit 0 of the
program counter is fixed to 0.
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(5) ECR - Interrupt/exception source register

The 32-bit ECR register displays the exception codes if an exception or an
interrupt has occurred. With the exception code, the interrupt/exception source
can be identified.

For a list of interrupts/exceptions and corresponding exception codes, see
Table 3-9 on page 112.

Initial Value 0000 0000y. This register is cleared by any reset.

31 26 25 0

FECC EICC

Table 3-8 ECR register contents

B.'t. Bit name Function
position
31to 16 FECC Exception code of non-maskable interrupt (NMI)
15t00 EICC Exception code of exception or maskable interrupts

The following table lists the exception codes.

Table 3-9 Interrupt/execution codes

Interrupt/Exception Source . Value
e Exception | Handler
Classification restored to
Name Trigger Code Address EIPC/FEPC
Non-maskable interrupts NMIO Interrupt 0010y 0000 0010y next PC
(NMI) input (see Note)
NMI1 Interrupt 0020y 0000 0020y next PC
input (see Note)
NMI2 Interrupt 0030y 0000 0030y next PC
input (see Note)
Maskable interrupt refer to Interrupt refer to ¢ higher 16 bits: next PC
“Interrupt “Interrupt 0000y (see Note)
Controller Controller | e lower 16 bits:
(INTC)* (INTC)*on exception code
on page 187
page 187
Software TRAPON TRAP Exception 004ny 0000 0040y next PC
exception (n=0toFy) instruction
TRAP1n TRAP Exception 005ny 0000 00504 next PC
(n=0to Fy) instruction
Exception trap (ILGOP) lllegal Exception 00604 0000 0060 next PC
instruction
code
Debug trap DBTRAP | Exception 00604 0000 0060y next PC
instruction

If an interrupt (maskable or non-maskable) is acknowlegded during instruction
execution, generally, the address of the instruction following the one being
executed is saved to the saving registers, except when an interrupt is
acknowledged during execution of one of the following instructions:

¢ load instructions (SLD.B, SLD.BU, SLD.H, SLD.HU, SLD.W)
e divide instructions (DIV, DIVH, DIVU, DIVHU)
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e PREPARE, DISPOSE instruction (only if an interrupt is generated before the
stack pointer is updated)

In this case, the address of the interrupted instruction is restored to the EIPC
or FEPC, respectively. Execution is stopped, and after the completion of
interrupt servicing the execution is resumed.

(6) CTBP - CALLT base pointer

The 32-bit CALLT base pointer is used with the CALLT instruction. The register
content is used as a base address to generate both a 32-bit table entry
address and a 32-bit target address.

Initial Value Undefined

31 30 29 28 27 26 25 1 0
| 0 | 0 | 0 | 0 | 0 | 0 | base address | 0 |
R? R? Ra Ra R2 Ra R/W R
a) These bits may be written, but write is ignored.
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3.3 Operation Modes

This section describes the operation modes of the CPU and how the modes
are specified.

Flash devices The following operation modes are available for the flash memory devices:
* Normal operation mode
¢ Flash programming mode
After reset release, the microcontroller starts to fetch instructions from an
internal boot ROM which contains the internal firmware. The firmware checks

the FLMDO pin, and optionally also the FLMD1 pin, to set the operation mode
after reset release according to Table 3-10.

Table 3-10 Selection of operation modes for flash memory devices

Pins
FLMD1 | Operation Mode
FLMDO (P07)
0 X Normal operation mode (fetch from flash)
] 0 Flash programming mode
1 Setting prohibited

Note The FLMD1 pin function is shared with the P07 pin.

ROM mask devices Since mask ROM devices do not have any programmable flash memory on-
chip the only operation mode is the normal operation mode.

Caution The FLMDO pin of ROM mask devices must be set to low level during and after
reset.
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3.3.1 Normal operation mode

Flash memory In normal operation mode, the internal flash memory is not re-programmed.

devices After reset release, the firmware acquires the user's reset vector from the flash

memory. The reset vector contains the start address of the user’s program
code. The firmware branches to that address. Program execution is started.

ROM mask devices After reset release the user’s program is always started at address
0000 0000y.

3.3.2 Flash programming mode (flash memory devices only)

In flash programming mode, the internal flash memory is erased and
re-programmed.

After reset release, the firmware initiates loading of the user's program code
from the external flash programmer and programs the flash memory.

After detaching the external flash programmer, the microcontroller can be
started up with the new user's program in normal operation mode.

For more information see section “Flash Memory* on page 229.

3.4 Address Space

In the following sections, the address space of the CPU is explained. Size and
addresses of CPU address space and physical address space are explained.
The address range of data space and program space together with their wrap-
around properties are presented.

3.4.1 CPU address space and physical address space

The CPU supports the following address space:

* 4 GB CPU address space
With the 32-bit general purpose registers, addresses for a 4 GB memory
can be generated. This is the maximum address space supported by the
CPU.

¢ 64 MB physical address space
The CPU provides 64 MB physical address space. That means that a
maximum of 64 MB internal or external memory can be accessed.

Any 32-bit address is translated to its corresponding physical address by
ignoring bits 31 to 26 of the address. Thus, 64 addresses point to the same
physical memory address. In other words, data at the physical address
0000 0000y can additionally be accessed by addresses 0400 0000,

0800 0000y, ..., F800 0000y, or FCO0 0000.

The 64 MB physical address space is seen as 64 images in the 4 GB CPU
address space:
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Physical address space

Peripheral 1/0

VDB RAM

VSB area
(Flash, RAM
external memory)

VFB Flash/ROM

Images in the CPU address space

Chapter 3
CPU address space
FFFF FFFFH
Image
FCO0 0000H
FBFF FFFFH
Image
F800 0000H
F7FF FFFFH
Image
0800 0000H
07FF FFFFH
Image
0400 0000H
03FF FFFFH
Image
0000 0000H
Figure 3-3
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3.4.2 Program and data space

The CPU allows the following assignment of data and instructions to the CPU
address space:

* 4 GB as data space
The entire CPU address space can be used for operand addresses.

* 64 MB as program space
Only the lower 64 MB of the CPU address space can be used for instruction
addresses. When an instruction address for a branch instruction is
calculated and moved to the program counter (PC), then bits 31 to 26 are
set to zero.

Figure 3-4 shows the assignment of the CPU address space to data and
program space.

CPU address space

FFFF FFFFH
L ~L Data area
I~ |~ (4 GB linear)
0400 0000H
03FF FFFFH
Program area
(64 MB linear)
0000 0000H
Figure 3-4 CPU address space
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(1) Wrap-around of data space

If an operand address calculation exceeds 32 bits, only the lower 32 bits of the
result are considered. Therefore, the addresses 0000 0000 and FFFF FFFFy

are contiguous addresses. This results in a wrap-around of the data space:

FFFF FFFEH

FFFF FFFFH

0000 0000H

0000 0001H

Figure 3-5 Wrap-around of data space

Data space

Data space

(2) Wrap-around of program space

+) ©)

direction direction

If an instruction address calculation exceeds 26 bits, only the lower 26 bits of
the result are considered. Therefore, the addresses 0000 0000 and

03FF FFFFy are contiguous addresses. This results in a wrap-around of the

program space:

03FF FFFEH
03FF FFFFH
0000 0000H

0000 0001H

Program space

Program space

Figure 3-6 Wrap-around of program space

) ()

direction direction

Caution No instruction can be fetched from the 4 KB area of 03FF FO00y to
03FF FFFFy because this area is defined as peripheral I/O area. Therefore, do
not execute any branch to this area.
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3.5 Memory

In the following sections, the memory of the CPU is introduced. Specific
memory areas are described and a recommendation for the usage of the
address space is given.

3.5.1 Memory areas

The internal memory of the CPU provides several areas:
¢ Internal VFB flash area for flash memory devices

* Internal VFB ROM area for ROM mask devices

¢ Internal VDB RAM area

* Internal VSB flash area

¢ Internal VSB RAM area

* Internal fixed peripheral I/O area

e Programmable peripheral I/O area

e External memory area

The areas are briefly described below.

(1) Internal VFB flash area

Table 3-11 summarizes the size and addresses of the ROM and flash
memories, which are accessible via the VFB (V850 Fetch Bus).

Table 3-11 VFB ROM and flash memory

Device ROM Flash Address range

uPD703420 128 KB - 0000 0000y to 0001 FFFFy
pPD70F3420 - 128 KB 0000 0000y to 0001 FFFFy
pPD703421 256 KB - 0000 0000y to 0003 FFFFy
pPD70F3421 - 256 KB 0000 0000y to 0003 FFFFy
pPD703422 384 KB - 0000 0000y to 0005 FFFFy
pPD70F3422 - 384 KB 0000 0000y to 0005 FFFFy
pPD70F3423 - 512 KB 0000 0000y to 0007 FFFFy
pPD70F3424 - 512 KB 0000 0000y to 0007 FFFFy
pPD70F3425 - 1 MB 0000 0000y to 000F FFFFy
pPD70F3426 - 1 MB 0000 0000y to 000F FFFFy
uPD70F3427 - 1 MB 0000 0000y to 000F FFFFy
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(2) Internal VDB RAM area

After reset The internal VDB RAM consists of several separated RAM blocks. If a reset
occurs while writing to one RAM block, only the contents of that RAM block
may be corrupted. The contents of the other RAM blocks remain unaffected.

Table 3-12 summarizes the VDB (V850 Data Bus) RAM blocks compilation and
their address assignment.

Table 3-12 Internal VDB RAM areas

Device RAM size Block
Number | Size Address
pPD70(F)3420 | 6 KB 0 4 KB 03FF 0000 — 03FF OFFFy
1 2 KB 03FF 1000, — 03FF 17FFy
uPD703421 12 KB 0 4 KB 03FF 0000y — O3FF OFFF4
1 4 KB 03FF 1000y — O3FF 1FFFy4
2 4 KB 03FF 2000y — 03FF 2FFFy4
uPD70F3421 | 12KB 0 4 KB 03FF 0000y — 03FF OFFF
1 8 KB 03FF 1000y — O3FF 2FFFy
uPD70(F)3422 | 16 KB 0 8 KB 03FF 0000y — O3FF 1FFFy
1 8 KB 03FF 2000y — 03FF 3FFFy
uPD70F3423 |20 KB 0 8 KB 03FF 0000y — O3FF 1FFFy4
1 8 KB 03FF 2000 — 03FF 3FFFy
2 4 KB 03FF 4000 — 03FF 4FFFy
uPD70F3424 | 24 KB 0 8 KB 03FF 0000y — 03FF 1FFFy
1 8 KB 03FF 2000y — 03FF 3FFFy4
2 8 KB 03FF 40004 — O3FF 5FFF4
UPD70F34252 | 32 KB 0 16 KB | 03FF 0000y — 03FF 3FFF,
1 16 KB 03FF 4000y — 03FF 7FFF
uPD70F3426 | 60 KB 0 16 KB 03FF 0000 — 03FF 3FFFy
HPD70F3427 1 16 KB 03FF 4000y — O3FF 7FFFy
2 16 KB 03FF 8000y — 03FF BFFFy
3 12 KB 03FF C000y — 03FF EFFFy

a) The pPD70F3425’s 32 KB RAM area 03FF 0000y to 03FF 7FFF, is mirrored to
the subsequent area 03FF 8000 to 03FF FFFF. Since the upper 4 KB
03FF FO00 to 03FF FFFF is used to access the fixed peripheral I/O area, the
RAM mirror must not be used to access the RAM.

Note that the internal firmware, which is processed after reset, uses some
RAM (refer to “General reset performance” on page 861).
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(3) Internal VSB flash area (WPD70F3426 only)

The yPD70F3426 provides additional flash memory, accessible via the VSB
(V850 System Bus).

Table 3-13 Internal VSB flash memory

Device Flash size | Address range
uPD70F3426 |1 MB 0010 0000y to 001F FFFF

(4) Internal VSB RAM area (WPD70F3426 only)

The yPD70F3426 provides additional RAM, accessible via the VSB (V850
System Bus).

Table 3-14 Internal VSB RAM

Block

Device RAM size
Number | Size Address

uPD70F3426 |24 KB 0 12 KB 0060 0000y — 0060 2FFF
1 12 KB 0060 30004 — 0060 5FFF

(5) Fixed peripheral I/O area

The 4 KB area between addresses 03FF FO00y and O03FF FFFFy is provided

as the fixed peripheral I/O area. Accesses to these addresses are passed over
to the NPB bus (internal bus).

The following registers are memory-mapped to the peripheral I/0 area:

* All registers of peripheral functions

* Registers of timers

» Configuration registers of interrupt, DMA, bus and memory controllers
» Configuration registers of the clock controller

For a list of all peripheral I/O registers, see “Special Function Registers”on
page 891.

Note 1. Because the physical address space covers 64 MB, the address bits
A[31:26] are not considered. Thus, this address space can also be
addressed via the area FFFF 0000y to FFFF FFFFy. This has the
advantage that the area can be indirectly addressed by an offset and the
zero base r0.

Therefore, in this manual, all addresses of peripheral I/O registers in the
4 KB peripheral I/O area are given in the range FFFF FO00 to
FFFF FFFFy instead of 03FF FOOOy to 03FF FFFF.

2. The fixed peripheral I/O area is mirrored to the upper 4 KB of the
programmable peripheral I/0O area PPA - regardless of the base address of
the PPA. If data is written to one area, it appears also in the other area.

Program fetches cannot be executed from any peripheral I/O area.

4. Word registers, that means 32-bit registers, are accessed in two half word
accesses. The lower two address bits are ignored.
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5. For registers in which byte access is possible, if half word access is
executed:
e During read operation: The higher 8 bits become undefined.
* During write operation: The lower 8 bits of data are written to the
register.

Caution 1. Addresses that are not defined as registers are reserved for future
expansion. If these addresses are accessed, the operation is undefined and
not guaranteed.

2. For DMA transfer, the fixed peripheral 1/O area 03FF FO00y to 03FF FFFFy

cannot be specified as the source/destination address. Be sure to use the
RAM area OFFF FO00 to OFFF FFFF for source/destination address of

DMA transfer.

(6) Programmable peripheral I/O area

A 16 KB area is provided as a programmable peripheral I/O area (PPA). The
PPA can be freely located. The base address of the programmable peripheral
I/O area is specified by the initialization of the peripheral area selection control
register (BPC).

See “Bus and Memory Control (BCU, MEMC)“ on page 249 for details.

(7) External memory area (WPD70F3427 only)

All address areas that do not address any internal memory or peripheral I/O
registers can be used as external memory area.

Access to the external memory area uses the chip select (CS) signals
assigned to each memory area.

For access to external memory, see “Bus and Memory Control (BCU, MEMC)*
on page 249.
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3.5.2 Recommended use of data address space

When accessing operand data in the data space, one register has to be used
for address generation. This register is called pointer register. With relative
addressing, an instruction can access operand data at all addresses that lie in
the range of +32 KB relative to the address in the pointer register.

By this offset addressing method load/store instructions can be
accommodated in a single 32-bit instruction word, resulting in faster program
execution and smaller code size.

To enhance the efficiency of using the pointer in consideration of the memory
map, the following is recommended:

For efficient use of the relative addressing feature, the data segments should
be located in the address range FFFF F800y to 0000 00004 and 0000 0000y
to 0000 7FFF. The peripheral I/O registers and the internal RAM is aligned to
the upper bound, thus the registers and a part of the RAM can be addressed
via relative addressing, with base address 0 (r0).

It is recommended to locate flash memory data segments in the area up to
0000 7FFFy, so access to these constant data can utilize also relative

addressing.

Use the r0 register as pointer register for operand addressing. Since the r0
register is fixed to zero by hardware, it can be used as a pointer register and, at
the same time, for any other purposes, where a zero register is required. Thus,
no other general purpose register has to be reserved as pointer register.

0000 7FFFH

Intern(e:l 'f\lllag)h area| 3o kp

(r0=) 0000 0000H

Fixed
peripheral 1/O area
FFFF FOOOH (4 KB)
Internal RAM area
(28 KB)
FFFF 8000H |
FFFF 7FFFH
Internal RAM area
(32 KB
FFFF 0000H

Figure 3-7 Example application of wrap-around
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3.6 Write Protected Registers

Write protected registers are protected from inadvertent write access due to
erroneous program execution, etc. Write access to a write protected register is
only given immediately after writing to a corresponding write enable register.
For a write access to the write protected registers you have to use the following
instructions:

Store instruction (ST/SST instruction)

1.
2. Bit operation instruction (SET1/CLR1/NOT1 instruction)

When reading write protected registers, no special sequence is required.

The following table gives an overview of the write protected registers and their
corresponding write enable registers.

For some registers, incorrect store operations can be checked by a flag of the
corresponding status register. This is also marked in the table below.

Table 3-15 Overview of write protected registers

control register

protection register

Write protected register Shortcut Correspondm_g write Shortcut s‘?t“s For details see
enable register register
Clock control register CKC
Watchdog timer clock WCC
control register
Processor clock control PCC
register : “ «
Peripheral command PHCMD PHS Clock Generator
Watch Timer clock control TCC register on page 129
register
SPCLK control register SCC
FOUTCLK control register FCC
I2C clock control register ICC
Main oscillator clock CLMM Main oscillator clock | PRCMDCMM
monitor mode register monitor command
protection register “Clock Generator”
Sub oscillator clock monitor |  CLMS Sub oscillator clock | PRCMDCMS on page 129
mode register monitor command
protection register
Power save control register PSC Command register PRCMD - “Clock Generator*
on page 129
Self-programming enable SELFEN Sequence protect SELFENP - “Flash Memory*
control register? register on page 229
Watchdog timer frequency WDCS Watchdog Ti
select register i alcndog fimer
i S"Zifr?tdOrget'i’:g WCMD | WPHS (WDT)“on
Watchdog timer mode WDTM y reg page 497
register
N-Wire security disable RSUDISC RSUDISC write RSUDISCP - “On-Chip Debug

Unit“ on page 877

8 Flash memory devices only
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Example Start the Watchdog Timer

The following example shows how to write to the write protected register
WDTM. The example starts the Watchdog Timer.

do {
_WPRERR = 0;

DI();
WCMD
WDTM
EI();

O0x5A;
0x80;

} while (_WPRERR != 0)

Note 1. Make sure that the compiler generates two consecutive assembler “store”
instructions to WCMD and WDTM from the associated C statements.

2. Special care must be taken when writing to registers PCS and PRCMD.
Please refer to “Clock Generator” on page 129 for details.

Since any action between writing to a write enable register and writing to a
protected register destroys this sequence, the effects of interrupts and DMA
transfers have to be considered:

¢ |Interrupts:
In order to prevent any maskable interrupt to be acknowledged between the
two write instructions in question, shield this sequence by DI - El (disable
interrupt - enable interrupt).
However, any non-maskable interrupt can still be acknowledged.

e DMA:
In the above example, DMA transfers can still take place. They may destroy
the sequence.

If appropriate, you may disable DMA transfers in advance. Otherwise you
must check whether writing to the protected register was successful. To do
s0, check the status via the status register, if available, or by reading back
the protected register.

The above examples checks WPHS.WPRERR for that purposes and repeats
the sequence until the write to WDTM was successful.
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3.7 Instructions and Data Access Times

The below Table 3-16 and Table 3-17 list the instruction execution and data
access cycles, required when accessing instructions or data in VFB
flash/ROM, and VDB RAM and VSB flash/RAM.

The access time depends on the

* memory type (flash, ROM, RAM) and access bus (VFB, VDB, VSB)
¢ number of latency cycles for the memory type

* type of data (instructions/data)

* type of access (consecutive/random addresses)

* device, i.e. maximum clock frequency

In general the CPU is able to execute most instructions in one clock cycle
(single-cycle instructions), provided no additional clock cycles are required to
access the memory.

Note that for some instructions the CPU requires more clock cycles to execute
anyway (multi-cycle instructions), regardless of the memory access time.

The memory access time in a real application is deterministic, but can hardly

be predicted, as this heavily depends on the status of the microcontroller and

its components, the program flow and concurrent processes, like DMA

transfers, interrupts, accesses to peripheral registers via the NPB, etc.

Thus the figures in the below tables assume

* all busses (VFB, VDB, VSB, NPB) are not occupied, i.e. collision with other
bus traffic is excluded

* 32-bit instruction/data accesses to word-aligned - that means 32-bit
aligned - addresses

* data is not accessed via the same bus as the instruction is fetched from

Consequently “1 clock cycle” means: the instruction/data access takes one
CPU clock cycle and the CPU is supplied with an instruction/data in each
clock: the memory access time is invisible and has no effect.

Instruction The given numbers of cycles in Table 3-16 describe the time required to
execution execute a single-cycle instruction, fetched from the respective memory:

* Consecutive access
describes the number of cycles required to fetch instructions from the
memory on consecutive addresses.

* Random access
describes the number of cycles required to access the memory in case
instructions are accessed on random, i.e. non-consecutive, addresses. In
case of instruction flow branches a CPU’s pipeline break occurs and an
additional cycle is required to refill the pipeline. The table figures include
this cycle.

In case instructions and data are accessed via the same bus, all accesses -
instruction fetch and data access - are regarded as random accesses.
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Table 3-16 Single-cycle instructions execution times in CPU clock cycles

PD70F3424 MPD70F3421 | uPD703420
Memory Access type | uPD70F3427 uPD70F3 425 HPD70F3426 | uPD70F3422 | uPD703421
H UPD70F3423 | uPD703422
Consecutive 1 1 1 1 -
VFB flash
Random 32 32 32 ja _
Consecutive - - _ _ 1
VFB ROM
Random - — _ _ ja
Consecutive 1 1 1 1 1
VDB RAM
Random 12 1@ 1a 12 12
Consecutive - - 2 - _
VSB flash
Random - - 5a _ _
Consecutive - - 2 - _
VSB RAM
Random - - 3a _ _

@) These values include the additional clock cycle, cause by the CPU'’s pipeline break

Data access

The given numbers of cycles in Table 3-17 describe the time additionally

required when an instruction accesses data in the respective memory.

Note that data accesses are always random accesses.

Table 3-17 Additional time for data accesses in CPU clock cycles
. uPD70F3421 | yPD703420
zaet:;rccess L’Ls;;“f‘:t':: bus | HPD7OF3427 "ﬁg;gigzgg uPD70F3426 | uPD70F3422 | pPD703421
y H uPD70F3423 | pPD703422
VFB flash VFB 4 4 4 1 -
VFB ROM VFB - - — — 1
VDB RAM VFB/VSB 0 0 0 0 0
VSB flash VFB - - 4 - -
e 1 (single
VSB RAM VFB - - access) - -
e 3 (multiple
access)
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Chapter 4 Clock Generator

The clock generator provides the clock signals needed by the CPU and the
on-chip peripherals.

4.1 Overview

The clock generator can generate the required clock signals from the following
sources:

* Main oscillator - a built-in oscillator with external crystal and a nominal
frequency of 4 MHz

e Sub oscillator - a built-in oscillator with external crystal and a nominal
frequency of 32 KHz

* Ring oscillator - an internal oscillator without external components and a
nominal frequency of 240 KHz

Features summary Special features of the clock generator are:
¢ Choice of oscillators to reduce power consumption in stand-by mode
* Frequency multiplication by two PLL synthesizers:
— Fixed frequency PLL for accurate timings
— Spread spectrum PLL (SSCQG) for reduced electromagnetic interference
* |ndividual clock source selection for CPU and groups of peripherals
* Five specific power save modes:
HALT mode
IDLE mode
WATCH mode
Sub-WATCH mode
STOP mode
* Vital system registers are write-protected by a special write sequence

» Direct main oscillator clock feed-through for watch clock correction support

e Separate clock monitors for main and sub oscillator to detect oscillator
malfunction
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4.1.1 Description

The clock generator is built up as illustrated in the following figure.

CKC.SCEN

PCC.CKSI[1:0]
CKC.PLLEN 1:0]

| pcc.CLs
[ PLCK
PCC.MFRC L
IVETTRs MOGLK ! X8 12 VBCLK CPU System
:
sscG | ISscak[ ]
! B Standby PCLKO AFCAN
~200 KHz SCFC0,SCFC1,SCFMC SCPS.VBSPS[2:0] csiB
CKC.PERIC , oo
1 sscik 4-—> PRS0 12y pcik2
S3u2bKO:ZC L?f SBC Standby 12 PoLKs T™P
ek WCT
PCC.FRC PCC.SOSCP /213 sG
’ [——» PCLK15
IoC IcSEL
soe ) o} Standby lICLK Ic
LT Standby SPCLKO |  Stepper C/D
B SPOLKI | o
I'standby prst 2%, spoika | CSB
SCC.SPSELO 2'y spoiks | LCDIF
e LcDCD
H25 spcikis| ADC

| X ’_D—> FOUTCLK| Port
15
FCC.FOEN

FCC.FOSOS FCC.FOCKSJ[1:0]

TCC.WTSOS
TCC\\ESELD » LCDCLK | LCD C/D

n=1,2,4,8,16,32,64,128

w : » WTCLK | Watch Timer

TCC.WTSEL1

TCC.WTPS[2:0]

1 - Watchdog
1n > WDTCLK | 33
) n=12.48,16,32, imer
64,128

WCC.SOsCw | WCC.WDTSELD WCC WPS[2:0]

Watch

» WCTCLK | Calibration
PCLK1 L(O Timer

PSM.CMODE

Figure 4-1 Block diagram of the Clock Generator

The left-hand side of the figure shows how the three oscillators can be
connected to the CPU, the two PLLs, and to certain peripheral modules.
Software-controlled selectors allow you to specify the signal paths.

PLL The integrated PLL synthesizer multiplies the frequency of the main oscillator
by eight. This yields a frequency of 32 MHz. The CPU can use the PLL output
directly. The output frequency of the PLL divided by two can supply the
peripherals of the microcontroller and also the CPU.

SSCG The spread spectrum clock generator (SSCG) can generate a frequency-
modulated clock (modulation frequency and width can be chosen) that helps to
eliminate electromagnetic interference (EMI). The SSCG includes a
programmable frequency multiplier/divider that can multiply the frequency of
the main oscillator by up to 16.

The SSCG can supply the CPU system.
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(1)

Table 4-1

()

PCLK clocks

SPCLK clocks

lICLK clock

©))

CPU clocks

The CPU can be clocked directly by any of the oscillators, or by the output of
one of the PLLs.

The following table gives an overview of the available CPU clocks.

Clock sources and frequencies for the CPU

Clock source | Frequency | Description

Ring osc ~240 KHz | Default clock source after reset release. Selectable as
clock source for Sub-WATCH mode release.

Sub osc 32 KHz Selectable as clock source for Sub-WATCH mode
release.

Main osc 4 MHz Always selected after power save mode release except

on Sub-WATCH mode release or default clock setting.2
On Sub-WATCH mode release or default clock setting,
main or sub oscillator can be selected.

PLL 16 MHz fmain X 4 can be selected for CPU clock supply.
32 MHz fmain x 8 can be selected for CPU clock supply.
SSCG 8 MHz frmain x 12/6P can be selected for CPU clock supply.
16 MHz frain ¥ 16/4° can be selected for CPU clock supply.
24 MHz fmain x 12/2° can be selected for CPU clock supply.

32 MHz frnain % 16/2° can be selected for CPU clock supply.

48 MHz frnain ¥ 12/1° can be selected for CPU clock supply.

a) See also “CPU operation after power save mode release” on page 181
b) Multiplication is performed by the SSCG, the division by the SSCG post scaler.

Peripheral clocks

The right-hand side of Figure 4-1 on page 130 shows how the clocks for the
peripheral modules are generated and distributed.

The PCLK clocks supply following peripherals: the CAN Controllers CAN, the
UARTS, the Timers Z, the Watch Calibration Timer, and the Clocked Serial
Interfaces CSIB.

The clocks PCLKO...1 can be derived from the main oscillator or the PLL
output. The PCLK2...15 clocks are always derived from the main oscillator.

The SPCLK clocks supply following peripherals: Stepper Motor Controller/
Driver, the Timer G, the Sound Generator, the Clocked Serial Interfaces CSIB,
the LCD Bus I/F and Controller/Driver, and A/D Converter ADC.

The clocks SPCLKO...1 can be derived from the main oscillator or the PLL.
The SPCLK2...15 clocks are always derived from the main oscillator.

The clock IICLK for the I°C interface is supplied by the main oscillator or the
PLL.

Special clocks

The figure shows also some special clock signals. These are dedicated clocks
for the LCD Controller/Driver, Watch Timer, Watchdog Timer, and Watch
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Calibration Timer. These clocks are directly derived from the oscillators and
bypass the PLLs.

LCDCLK The LCD Controller/Driver can be clocked by SPCLK7, SPCLK9, or LCDCLK.

WTCLK This is the clock for the Watch Timer. It forms the time base for updating the
internal bookkeeping of daytime and calendar.

Note that LCDCLK and WTCLK have a common source and a fixed frequency
ratio (1/1 or 1/2).

WCTCLK This is the clock for the Watch Calibration Timer WCT. WCT is used in
conjunction with the Watch Timer for calibrating the time base during power
save modes by utilizing the main oscillator as the stable clock source.
WCTCLK can also be derived from PCLK1.

FOUTCLK FOUTCLK is a clock signal that can be used for external devices. It is
connected to the pin FOUT and can provide almost any of the internal clock
frequencies (not phase-synchronized). FOUTCLK must be enabled before it
can be used.

WDTCLK This is the clock for the Watchdog Timer that is used for recovering from a
system deadlock. WDTCLK is available (and hence the Watchdog Timer
running) as long as the chosen clock source is active.

(4) Stand-by control

In the block diagram, you find also boxes labelled “Standby”. These boxes
symbolize the switches that are used to disable circuits when the
microcontroller enters one of the various power save modes.

The following clocks are subject to automatic stand-by control:
CPU system clock, PCLK, SPCLK, IICLK.

The following clocks can be operating during power save modes (stand-by) as
long as their clock oscillator source is available:

FOUTCLK, LCDCLK, WTCLK, WCTCLK.

4.1.2 Clock monitors

The microcontroller contains clock monitors to monitor the operation of the 4
MHz main oscillator and the 32 KHz sub oscillator. In case of malfunction,
these monitors can generate a system reset.

The monitors require that the built-in ring oscillator is active. For details see
“Operation of the Clock Monitors” on page 185.
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4.1.3 Power save modes overview

The microcontroller provides the following stand-by modes: HALT, IDLE,
WATCH, Sub-WATCH, and STOP. Application systems which are designed in a
way that they switch between these modes according to operation purposes,
reduce power consumption efficiently.

The following explanations provide a general overview and refer to the default
settings. Some settings can be changed, for example the activity of the watch
and watchdog clocks and hence the connected timers.

For details, please refer to “Power save modes description” on page 167 and
the register descriptions.

HALT mode In this mode, the clock supply to the CPU is suspended while other on-chip
peripherals continue to operate. Combining this mode with the normal
operating mode results in intermittent operation and reduces the overall
system power consumption.

This mode is entered by executing the HALT instruction.
All other power save modes are entered by setting the registers PSM and PSC.

IDLE mode In this mode, the clock distribution is stopped and hence the whole system.
The oscillators, Clock Generator (PLL, SSCG, frequency multipliers, dividers),
Watch Timer, and Watchdog Timer remain operating.

This mode allows quick return to the normal operating mode in response to a
release signal, because it is not necessary to wait for oscillators or PLLs to
settle.

This mode provides low power consumption. Power is only consumed by the
oscillators (main oscillator, sub oscillator), Clock Generator (PLL and SSCG),
and Watch Timer / Watchdog Timer.

WATCH mode In this mode, the Clock Generator (PLL and SSCQG) stops operation.
Therefore, the entire system except Watch Timer / Watchdog Timer stops.

This mode provides low power consumption. Power is only consumed by the
oscillators (main oscillator, sub oscillator), and the Watch Timer / Watchdog
Timer circuits.

Sub-WATCH mode In this mode, not only the Clock Generator is stopped but also the main
oscillator. Watch Timer / Watchdog Timer are switched to the sub or ring
oscillator. Therefore, the entire system except Watch Timer / Watchdog Timer
stops.

This mode provides very low power consumption. Power is only consumed by
the sub oscillator and Watch Timer / Watchdog Timer circuits.

STOP mode In this mode, the entire system stops.

This mode provides ultra-low power consumption. Power is only consumed by
leakage current and the sub oscillator (if a crystal is connected).
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4.1.4 Start conditions

After any reset release, the ring oscillator is always selected as the clock
source. The oscillation stabilization time for the ring oscillator is ensured by
hardware. The CPU clock VBCLK is derived from the ring oscillator.

Several clocks are operating based on the ring oscillator clock after reset. As
soon as the main oscillator, which is started by the internal firmware, is stable
the source of these clocks is automatically changed to the main oscillator.
Therefore depending on the firmware operation and the main oscillator
stabilization time these clocks may already be operating with the main
oscillator, when the user’s program is started.

Internal firmware starts the main oscillator. PLL and SSCG remain stopped.
When the firmware passes control to the application software, software has to
ensure that the main oscillator has stabilized and to start the PLL and SSCG.

Note Clock supply for most peripherals is not available unless the main oscillator
operates.

CPU access to peripherals that have no clock supply may cause system
deadlock.

Table 4-2 Clock Generator status after reset release

Iltem Status Remarks

Main oscillator stopped started by internal firmware

Sub oscillator operates

Ring oscillator operates

SSCG stopped

PLL stopped

VBCLK (CPU system) operates based on ring oscillator clock

IICLK operates based on ring/main oscillator clock?®
PCLKO, PCLK1 operates based on ring/main oscillator clock?
PCLK2...PCLK15 operates based on ring/main oscillator clock?
SPCLKO, SPCLK1 operates based on ring/main oscillator clock?
SPCLK2...SPCLK15 operates based on ring/main oscillator clock?
FOUTCLK operates based on ring/main oscillator clock?
LCDCLK /WTCLK operatesb based on ring/main oscillator clock?
WDTCLK operates based on ring/main oscillator clock?®
WCTCLK operates based on ring/main oscillator clock®

a) Starts with ring oscillator, automatically changed to main oscillator, when main os-
cillator stable.

b)  |f the reset was caused by Power-On Clear (POC) or external RESET, the
clock source for LCDCLK and WTCLK is set to ring oscillator. If the reset
was caused by a different source, the clock selection for LCDCLK / WT-
CLK remains unchanged.
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4.1.5 Start-up guideline

After reset release, the internal firmware starts the main oscillator, but hands
over control to the user’s software without ensuring that the main oscillator has
stabilized.

After that, the user’s software will typically:

1.

Ensure that the main oscillator has stabilized (check CGSTAT.OSCSTAT).

2. Switch the source of LCDCLK/WTCLK and WDTCLK to main oscillator (if
desired).

3. Startthe PLL (set CKC.PLLEN) and wait until the PLL has stabilized (refer
to the Electrical Target Specification).

4. If the SSCG is going to be used:
Write SSCG registers to set up the SSCG. This is only possible when the
SSCG is switched off.
Start the SSCG (set CKC.SCEN) and wait until the SSCG has stabilized
(refer to the Electrical Target Specification).
Set up the SSCG post clock divider by SCPS.VBSPS[2:0].

5. Write the PCC register to specify the SSCG as the clock source for the
CPU.

6. Set up the clock sources for the peripherals according to application
requirements.

7. The default value of following registers must be changed after reset:
— WCC.bit1 = 1 (refer to “Control registers for peripheral clocks” on

page 150)

— ADAOM1.bit1 = 1 (refer to “ADC Registers” on page 773)
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4.2 Clock Generator Registers

The Clock Generator is controlled and operated by means of the following
registers (the list is sorted according to memory allocation):

Table 4-3 Clock Generator register overview

Register name Shortcut Address \;\!I;'i::;izl;::ected
PSC write protection register PRCMD FFFF F1FCH

Power save control register PSC FFFF F1FEY PRCMD
Stand-by control register STBCTL FFFF FCA2y STBCTLP
Stand-by control protection register STBCTLP FFFF FCAAL

Sub oscillator clock monitor control register CLMCS FFFF F71A4

Command protection register PHCMD FFFF F8004

Peripheral status register PHS FFFF F802y

Power save mode register PSM FFFF F8204

Clock Generator control register CKC FFFF F822y PHCMD
Clock Generator status register CGSTAT FFFF F824y

Watchdog timer clock control register WCC FFFF F826y PHCMD
Processor clock control register PCC FFFF F828y PHCMD
SSCG Frequency modulation control register SCFMC FFFF F82A4

SSCG Frequency control 0 register SCFCO FFFF F82Cy

SSCG Frequency control 1 register SCFC1 FFFF F82Ey

SSCG post scaler control register SCPS FFFF F830y

SPCLK control register SCC FFFF F832y PHCMD
FOUTCLK control register FCC FFFF F834y PHCMD
Watch Timer clock control register TCC FFFF F836y PHCMD

IIC clock control register ICC FFFF F838y PHCMD
Main oscillator clock monitor mode register CLMM FFFF F870y PRCMDCMM
Sub oscillator clock monitor mode register CLMS FFFF F878y PRCMDCMS
CLMM write protection register PRCMDCMM FFFF FCBOy

CLMS write protection register PRCMDCMS FFFF FCB2y

Note Some registers are write-protected to avoid inadvertent changes. Data can be
written to these registers only in a special sequence of instructions, so that the
register contents is not easily rewritten in case of a program hang-up.

Writing to a protected register is only possible immediately after writing to the
associated write protection register.
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The subsequent register descriptions are grouped as follows:

General Clock Generator Registers:

“CKC - Clock Generator control register” on page 138
“CGSTAT - Clock Generator status register” on page 139
“PHCMD - Command protection register” on page 140
“PHS - Peripheral status register” on page 141

“PCC - Processor clock control register” on page 142

SSCG Control Registers:

“SCFCO - SSCG frequency control register 0” on page 145

“SCFC1 - SSCG frequency control register 1” on page 146

“SCFMC - SSCG frequency modulation control register” on page 147
“SCPS - SSCG post scaler control register” on page 149

Control Registers for Peripheral Clocks:

“WCC - Watchdog Timer clock control register” on page 150
“TCC - Watch Timer clock control register” on page 152
“SCC - SPCLK control register” on page 154

“FCC - FOUTCLK control register” on page 155

“ICC - IIC clock control register” on page 156

Control Registers for Power Save Modes:

“PSM - Power save mode register” on page 157

“PSC - Power save control register” on page 159

“PRCMD - PSC write protection register” on page 160
“STBCTL- Stand-by control register” on page 161

“STBCTLP - Stand-by control protection register” on page 162

Clock Monitor Registers:

— “CLMM - Main oscillator clock monitor mode register” on page 163

“‘PRCMDCMM - CLMM write protection register” on page 164
“CLMS - Sub oscillator clock monitor register” on page 165
“PRCMDCMS - CLMS write protection register” on page 165
“CLMCS - Sub oscillator clock monitor control register” on page 166
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4.2.1 General clock generator registers

The general Clock Generator registers control and reflect the operation of the
Clock Generator.

(1) CKC - Clock Generator control register
The 8-bit CKC register controls the clock management.

Access This register can be read/written in 8-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register’ on page 140 for
details.

Address FFFF F822,.

Initial Value 00y. The register is initialized by any reset.

7 6 5 4 3 2
| PLLEN | SCEN | DEN | 0 | PERIC | 0 0
R/W R/W R/W R2 R/W Ra Ra Ra

8 These bits may be written, but write is ignored.

Table 4-4 CKC register contents

Bit position Bit name Function

7 PLLEN® PLL enable:

0: PLL disabled.

1: PLL on.
It is not possible to clear this bit by writing to the register. The bit is automatically
cleared in WATCH, Sub-WATCH, or STOP mode.

6 SCEN? SSCG enable:

0: SSCG disabled.

1: SSCG on.
It is not possible to clear this bit by writing to the register. The bit is automatically
cleared in WATCH, Sub-WATCH, or STOP mode.

5 DEN SSCG dithering mode enable:
0: SSCG uses fixed multiplication factor determined by SCFC0, SCFC1
1: SSCG is in dithering mode. The base frequency, determined by the registers
SCFCO0, SCFCH1, is modulated according to the setup of register SCFMC.
DEN must not be toggled while SCEN is 1.

3 PERIC Clock source selection for PCLKO/1:
0: Main oscillator is clock source for peripheral clocks PCLKO, PCLK1.
1: PLL (x4) is clock source for peripheral clocks PCLKO, PCLK1.

This bit is automatically cleared in WATCH, Sub-WATCH, or STOP mode.

a) Before enabling PLLEN or SCEN, make sure that the main oscillator is running and has settled (see also CG-
STAT register). The CPU must operate on the sub, ring or main oscillator clock when setting PLLEN or SCEN
to 1. Before selecting the SSCG / PLL outputs as clock sources for peripherals, ensure by software that the
SSCG / PLL stabilization time has elapsed.The stabilization times are defined in the Electrical Target Specifi-
cation.
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(2) CGSTAT - Clock Generator status register

The 8-bit CGSTAT register is read-only. It indicates the status of the main
oscillator and the status of the clock generator after wake-up from power save
mode.

Access This register can be read in 8-bit units.
Address FFFF F824,.

Initial Value 0000 1101g. The register is initialized by any reset.

7 6 5 4 3 2 1 0
| CMPLPSM | 0 | 0 | 0 | 1 | 1 0SCSTAT 1
R R R R R R R R

Table 4-5 CGSTAT register contents

Bit position Bit name Function

7 CMPLPSM | Completed power save mode entry:

0: Power save mode configuration not completed.

1: Power save mode configuration completed.
This bit is cleared when the clock generator has accepted a power save mode
request. However if CGSTAT.CMLPSM was already 0 before a power save mode
request it can not be used as an indicator that the clock generator has accepted
this power save mode request.
This bit is set when the clock generator has completely set up it's power save
mode configuration, i.e. all registers are set up, PLL and SSCG are switched off.
However if CGSTAT.CMLPSM was already 1 before a power save mode request it
can not be used as the only indicator that the clock generator has completed
power save mode configuration.
If the clock generator has not accepted a power save mode request this bit
remains unchanged.
Refer also to ““CPU operation after power save mode release” on page 1871”.

1 OSCSTAT | Main oscillator status indicator (determined by counter):

0: Main oscillator has not settled.

1: Main oscillator has stabilized.
The OSCSTAT flag is cleared whenever the main oscillator is switched to stand-by
mode due to entering the Sub-WATCH or STOP mode.
After the main oscillator is restarted, the oscillation stabilization counter will count
up from 0 to 40.960 (approx. 10ms @ 4 MHz) to assure stable oscillator
operation. When the oscillation stabilization counter reaches 40.960, the counter
is stopped, and the OSCSTAT flag is set.
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(3) PHCMD - Command protection register

The 8-bit PHCMD register is write-only. It is used to protect other registers from
unintended writing.

Access This register must be written in 8-bit units.

Address FFFF F800y.

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0
| X | X | X | X | X | X X X
w w w W w w w w

PHCMD protects the registers that may have a significant influence on the
application system from inadvertent write access, so that the system does not
stop in case of a program hang-up.

Any data written to this register is ignored. Only the write action is monitored.

After writing to the PHCMD register, you are permitted to write once to one of
the protected registers. This must be done immediately after writing to the
PHCMD register. After the second write action, or if the second write action
does not follow immediately, all protected registers are write-locked again.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PHCMD and the protected
register into two consecutive assembler “store” instructions.

With this method, the protected registers can only be rewritten in a specific
sequence. lllegal write access to a protected register is inhibited.

The following registers are protected by PHCMD:

— CKC: Clock control register
- FCC: FOUTCLK control register

—-1CC: I2C clock control register

- PCC: Processor clock control register

- SCC: SPCLK control register

- TCC: Watch Timer clock control register

—WCC:  Watchdog timer clock control register

An invalid write attempt to one of the above registers sets the error flag
PHS.PRERR. PHS.PRERR is also set, if a write access to PHCMD is not
immediately followed by an access to one of the protected registers.
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(4) PHS - Peripheral status register
The 8-bit PHS register indicates the status of a write attempt to a register
protected by PHCMD (see also “PHCMD - Command protection register” on
page 140).
Access This register can be read/written in 8-bit units.
Address FFFF F8024.
Initial Value 00y. The register is cleared by any reset.
7 6 5 4 3 2 1 0
[ o [ o [ o | o | o [ o | o | PrreRn |
Ra R2 Ra R? R? R? R2 R/W
a) These bits may be written, but write is ignored.
Table 4-6 PHS register contents
Bit position | Bit name | Function
0 PRERR Write error status:

0: Write access was successful.
1: Write access failed.

not possible.

You can clear this register by writing 0 to it. Setting this register to 1 by software is

Note PHS.PRERR is set, if a write access to register PHCMD is not directly followed

by a write access to one of the write-protected registers.
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(5) PCC - Processor clock control register

The 8-bit PCC register controls the CPU clock. This register can be changed
only once after reset or power save mode release.

Access This register can be read/written in 8-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.

Address FFFF F828y.

Insitial Value 10y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
| FRC | 0 |MFRC| CLS | 0 | SOSCP | CKSt1 CKS0
R/W Ra R/W Ra Ra R/W R/W R/W

a) These bits may be written, but write is ignored.

Table 4-7 PCC register contents (1/2)

Bit position | Bit name | Function

7 FRC Sub oscillator circuit: Control of internal return resistance
0: Resistor connected.
1: Resistor disconnected.

Set FRC only to 1, if the sub oscillator is not used.

5 MFRC Main oscillator circuit: Control of internal return resistance

0: Resistor connected.

1: Resistor disconnected.
Do not change the initial setting. To ensure correct operation of the main oscillator,
the internal feed-back resistor must remain connected.

4 CLS Processor clock source monitor flag:

0: Main oscillator operation—source can be the output of main oscillator, PLL, or
SSCG (selection through CKS[1:0]). The main oscillator is enabled by the
internal firmware.

1: Sub clock operation: 32 KHz sub or 240 KHz ring oscillator (selection through
bit SOSCP). This is the default after reset.

It is not possible to set this bit to 1 by writing to the register.

On Sub-WATCH release, the CLS bit is set to the state of PSM.OSCDIS. This is the
only way to set CLS to 1, which means, the main oscillator remains stopped and the
CPU is supplied with the sub clock chosen by SOSCP.

CLS is automatically cleared when the processor clock source is changed by writing
to PCC.CKS[1:0].

If CLS is 1, the bits CKS[1:0] have no meaning.

2 SOSCP Sub clock selection:
0: ring oscillator is used for sub clock operation.
1: sub oscillator is used for sub clock operation.
This setting takes effect when bit CLS is 1.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.
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Table 4-7 PCC register contents (2/2)
Bit position | Bit name | Function
1t00 CKSJ[1:0] | Processor clock connection:
CKSs1 CKSO0 | Selected clock connection

0 0 Main oscillator
0 1 SSCG
1 0 PLL (main oscillator frequency x4)
1 1 PLL (main oscillator frequency x8)

As long as PCC.CLS = 1 these bits are ignored. For changing the processor clock

source these bits must be written. By this CLS is set to 0 automatically.

Note 1. Switching to an unstable or not available clock is not protected by
hardware. You must monitor the CGSTAT register or count the required
stabilization time by software before switching to make sure not to select
an unstable clock source.

Ensure also that the stabilization times of the PLL and SSCG (refer to the
Electrical Target Specification) have elapsed before using any PLL or
SSCG output clock.

2. Switching to sub clock after Sub-WATCH and WATCH mode release is
monitored in the CLS flag. The CLS flag can not be changed to 1 by
software.

3. FRC, MFRC and SOSCP are not changed when power save modes are
entered or released.

Write protection  Write protection of this register is achieved in two ways:

* The register can be written only once after any reset.

* The register is protected by a special sequence via the PHCMD register.
A fail of a write by the special sequence is reflected by PHS.PRERR = 1.
If a write is correctly performed by the special sequence after the register has

already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset or power save mode
wake-up.
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4.2.2 SSCG control registers
This section describes the registers used for controlling the spread spectrum
Clock Generator SSCG.

For modulating the SSCG output clock it's dithering mode must be enabled by
CKC.DEN = 1.

Reconfiguration of The SSCG control registers SCFC0, SCFC1 and SCFMC can only be rewritten
SSCG registers with new settings if the SSCG is switched off, i.e. if

¢ the SSCG is disabled by CKC.SCEN =0

* the SSCG is safely switched off after a power save mode wake-up. Refer to
“CPU operation after power save mode release” on page 181 for a
procedure to ensure that the SSCG is switched off after wake-up.

During operation of the SSCG the registers may only be rewritten with the
values, they already have.

144 Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Clock Generator

Chapter 4

(1)

SCFCO0 - SSCG frequency control register 0

The 8-bit SCFCO register controls the frequency modulation of the SSCG. It
determines the SSCG output frequency and is used in conjunction with
register SCFC1.

The center SSCG output frequency is fggcge = (4 MHz x N/M) / 2. This

register defines the divisor “m” and thus M =m + 1.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F82Cy.
Initial Value 52. The register is initialized by any reset.
7 6 5 4 3 2 1 0
02 [ scrcos | scrcos | scrco4 | scrcos | scFco2 | sCFCot | SCFCoo |
R/W R/W R/W R/W R/W R/W R/W R/W
) The default value “0” of this bit must not be altered.
Table 4-8 SCFCO register contents
Bit position Bit name Function
6to5 SCFCO0[6:5] Must be set to 01
4103 SCFCO0[4:3] Must be set according to Table 4-9
2t00 SCFCO0[2:0] Determines the divisor m
Note 1. This register can only be rewritten with a new value if the SSCG is
switched off. Refer to the explanation at the beginning of this section.
2. The inital value of this register must be changed after reset.
Frequency If dithering mode is disabled (CKC.DEN = 0) the SSCG outputs it’s center
calculation frequency fggege!
fSSCGC = (4 MHz x N/M) /2
where:
e M= m+1=S8CFC0.SCFCO0[2:0] + 1
e N=n+1=SCFC1.SCFC1[6:0] + 1
The values to be written into SCFCO and SCFC1 are restricted. Possible
combinations are:
Table 4-9 Supported settings of N (n) and M (m)

fsscamax M (m) N (n) SCFCO SCFC1
48 MHz 4 (3) 96 (95) 2By DFy
64 MHz2 3(2) 96 (95) 32 DFy

a) In this mode the 64 MHz SSCG output frequency has to be devided by the SSCG
post scaler. Thus set SCPS = 21 for 32 MHz or SCPS = 23 for 16 MHz opera-
tion.
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(2) SCFC1 - SSCG frequency control register 1

The 8-bit SCFC1 register controls the frequency multiplication of the SSCG. It
determines the SSCG output frequency and is used in conjunction with
register SCFCO.

The center SSCG output frequency is fggcge = (4 MHz x N/M) / 2. This
register defines the factor “n” and thus N =n + 1.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F82E.

Initial Value EBy. The register is initialized by any reset.

7 6 5 4 3 2 1 0

1 | SCFC16 | SCFC15 | SCFC14 | SCFC13 | SCFC12 | SCFC11 | SCFC10

R/W R/W R/W R/W R/W R/W R/W R/W

Table 4-10 SCFC1 register contents

Bit position Bit name Function

6to0 SCFC1[6:0] | Determines the factor n

Note 1. Bits 7 is setto 1 and must not be changed.

2. This register can only be rewritten with a new value if the SSCG is
switched off. Refer to the explanation at the beginning of this section.
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(3) SCFMC - SSCG frequency modulation control register
The 8-bit SCFMC register controls the frequency modulation of the SSCG in

dithering mode (when CKC.DEN = 1).

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F82Ay.
Initial Value 00y. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[ o | o | o [scFmcs [scrmcs [ scrmc2 | Scrmct | SCFMCO
R R R R/W R/W R/W R/W R/W
Table 4-11 SCFMC register contents
Bit position | Bit name | Function
4t02 SCFMC[4:2] | Frequency modulation range control:
SCFMC4 | SCFMC3 | SCFMC2 | FM range
0 0 0 + 0.5 % (typical value)
0 0 1 + 1.0 % (typical value)
0 1 0 + 2.0 % (typical value)
0 1 1 + 3.0 % (typical value)
1 0 0 + 4.0 % (typical value)
1 0 1 + 5.0 % (typical value)
other settings prohibited
1to0 SCFMC[1:0] | Frequency modulation frequency control:
SCFMC1 | SCFMCO | Modulation frequency
0 0 40 kHz (typical value)
0 1 50 kHz (typical value)
1 0 60 kHz (typical value)
1 1 prohibited
Note 1. This register can only be rewritten with a new value if the SSCG is

switched off. Refer to the explanation at the beginning of this section.

2. The given modulation ranges and frequencies are typical values. Refer
also to the Electrical Target Specification.

In dithering mode, the SSCG output frequency fggcg varies according to the
FM range, specified by SCFMC[4:2], around it's center value:

fssca = fsscac = (FM range)

The time of one full cycle is given by the period of the modulation frequency
specified in SCFMCJ[1:0].
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Example If:
* SCFCO0 = 2By, SCFC1 = DFy: center frequency fggcge = 48 MHz

* [SCFMCI4:2]] = 101g: FMrange =5 %
¢ [SCFMCI1:0]] = 01g: modulation frequency = 50 kHz

Then:
¢ The SSCG frequency is swept between about 45.6 MHz and 50.4 MHz.

* One sweep cycle takes typically 20 ps.
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(4) SCPS - SSCG post scaler control register

The 8-bit SCPS register controls the two independent SSCG post scalers
(frequency dividers) for the CPU system clock VBCLK.

Access This register can be read/written in 8-bit or 1-bit units.
Address FFFF F830.
Initial Value 21p. The register is initialized by any reset.
7 6 5 4 3 2 1 0
[ o [ oo [ | o0 | o [vesps2 | vespsi | vBspso |
R/W R/W R/W R/W R/W R/W R/W R/W

a) These bits must not be altered.

Table 4-12 SCPS register contents

2to0

Bit position | Bit name | Function
VBSPS[2:0] | SSCG clock divider selection for generating VBCLK:
VBSPS2 | VBSPS1 | VBSPSO | Clock divider setting

0 0 0 VBCLK = SSCG out frequency / 1
0 0 1 VBCLK = SSCG out frequency / 2
0 1 0 VBCLK = SSCG out frequency / 3
0 1 1 VBCLK = SSCG out frequency / 4
1 0 0 not supported
1 0 1 VBCLK = SSCG out frequency / 6
1 1 0 not supported
1 1 1 VBCLK = SSCG out frequency / 8

Note This register can only be written when the SSCG enable bit CKC.SCEN is
cleared (SSCG switched off).
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4.2.3 Control registers for peripheral clocks

This section describes the registers used for specifying the sources and
operation modes for the clocks provided for the on-chip peripherals.

These clocks are the clocks for the Watchdog and Watch Timers, the SPCLKn
clocks, FOUTCLK, and IICLK.

Note Be aware that the WCC register controls not only the generation of the
Watchdog Timer clock. It defines also the run/stop mode of the sub and ring
oscillators when certain power save modes are entered.

(1) WCC - Watchdog Timer clock control register

The 8-bit WCC register controls the Watchdog Timer clock. This register can
be changed only once after any reset.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.

Access This register can be read/written in 8-bit units.
Address FFFF F826y.

Initial Value 00y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
| SOSTP | WPS2 | WPS1 | WPS0 | ROSTP | S0SCW 1 WDTSELO
R/W R/W R/W R/W R/W R/W R/W R/W

Caution Bit 1 of WCC must be set to “1” after reset and must not be altered afterwards.

150 Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Clock Generator Chapter 4

Table 4-13 WCC register contents

Bit position | Bit name | Function

7 SOSTP Sub oscillator STOP mode control
1: Sub oscillator will stop when STOP mode is entered.
0: Sub oscillator will not stop when STOP mode is entered.

6to4 WPS[2:0] | WDT clock divider selection:
WPS2 WPS1 WPS0 Clock divider setting
0 0 0 1
0 0 1 1/2
0 1 0 1/4
0 1 1 1/8
1 0 0 1/16
1 0 1 1/32
1 1 0 1/64
1 1 1 1/128
3 ROSTP Ring oscillator stop control:

1: Ring oscillator stops if WATCH, Sub-WATCH or STOP mode is entered
0: Ring oscillator always operates

2,0 SOSCW, | Watchdog Timer clock source selection:
WDTSELO SOSCW | WDTSELO | WDT clock source
0 0 Ring oscillator
1 0 Sub oscillator
0 1 Main oscillator
1 1 Setting prohibited

By default, the sub oscillator is disabled in STOP mode (see bit SOSTP). If SOSTP
is 1, choose main or ring oscillator before entering STOP mode.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.

Write protection Write protection of this register is achieved in two ways:

* The register can be written only once after Power-On-Clear reset or external
RESET.

* The register is protected by a special sequence via the PHCMD register.
A fail of a write by the special sequence is reflected by PHS.PRERR = 1.

If a write is correctly performed by the special sequence after the register has
already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset.

Preliminary User’'s Manual U17566EE1V2UMO00 151

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Chapter 4 Clock Generator

(2) TCC - Watch Timer clock control register

The 8-bit TCC register determines the Watch Timer and LCD controller clock
source and the setting of the associated clock dividers. This register can be
changed only once after Power-On-Clear reset or external RESET.

Access This register can be read/written in 8-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.

Address FFFF F836.

Initial Value 00y. The register is initialized at power-on and by external RESET.

7 6 5 4 3 2 1 0
0 | WTPS?2 | WTPS1 | WTPSO | 0 | WTSOS |WTSEL1 |WTSELO |
R@ R/W R/W R/W R2 R/W R/W R/W

a) These bits may be written, but write is ignored.

Table 4-14 TCC register contents (1/2)

Bit position | Bit name | Function
6to4 WTPS[2:0] | LCDCLK clock divider selection:
WTPS2 WTPS1 WTPSO0 | Clock divider setting
0 0 0 1
0 0 1 1/2
0 1 0 1/4
0 1 1 1/8
1 0 0 1/16
1 0 1 1/32
1 1 0 1/64
1 1 1 1/128
1 WTSEL1 | WTCLK (Watch Timer clock) divider setting:
0: WTCLK = LCDCLK.
1: WTCLK = LCDCLK/ 2.
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Table 4-14 TCC register contents (2/2)

Bit position

Bit name

Function

2,0

WTSOS,
WTSELO

Clock source for Watch Timer and LCD controller:
WTSOS | WTSELO | Clock source

0 0 Ring oscillator

1 0 Sub oscillator

0 1 Main oscillator

1 1 Setting prohibited

By default, the sub oscillator is disabled in STOP mode (see bit WCC.SOSTP). If
WCC.SOSTP is 1, choose main or ring oscillator before entering STOP mode.

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or
not connected.

Note

Write protection

Only POC and external RESET can clear the TCC register. Only one write
access to TCC is allowed after reset release. Once the TCC has been written,
it ignores new write accesses until the next POC or external RESET is issued.

Write protection of this register is achieved in two ways:

* The register can be written only once after Power-On-Clear reset or external
RESET.

e The register is protected by a special sequence via the PHCMD register.
A fail of a write by the special sequence is reflected by PHS.PRERR = 1.

If a write is correctly performed by the special sequence after the register has
already once been written successfully PHS.PRERR remains 0, though the
write has been ignored.

PHS.PRERR shows violations of the special sequence only. It does not reflect
attempts to write the register more than once after reset.
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(3) SCC - SPCLK control register
The 8-bit SCC register selects the SPCLK sources.
Access This register can be read/written in 8-bit or 1-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.
Address FFFF F832.
Initial Value 00y. The register is initialized by entering WATCH, Sub-WATCH, or STOP
mode
7 6 5 4 3 2 1 0
o | o [ o | o | o | o [ o | spseo |
R R R R R R R/W R/W
8 This bit must not be altered.
Table 4-15 SCC register contents
Bit position Bit name Function
0 SPSELO Source selection for generating the SPCLK clocks:
Clock sources
SPSELO
SPCLKO SPCLK1 SPCLK2
0 Main osc Main osc Main osc
1 PLL/2 PLL/4 Main osc
Note 1. “Main osc” is the clock provided by the main oscillator.
2. “PLL”is the clock provided by the PLL.
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(4) FCC - FOUTCLK control register

The 8-bit FCC register configures the output clock FOUTCLK that can be used
for external devices.

Access This register can be read/written in 8-bit or 1-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.

Address FFFF F834y.

Initial Value 00y. The register is initialized by any reset.

7 6 5 4 3 2 1 0
FOEN | 02 | 02 | 02 | 0 | FOS0S | FOCKS1 | FOCKS0 |
R/W R/W R/W R/W R R/W R/W R/W

a3 These bits must not be altered.

Table 4-16 FCC register contents

Bit position

Bit name | Function

7

FOEN Output clock FOUTCLK enable:
0: FOUTCLK is disabled.
1: FOUTCLK is enabled.

2to0

FOSOS, Clock source selection for FOUTCLK:

FOCKSIIOl - "Fosos | FOCKST | FOCKSO | Clock source
X 0 0 Main oscillator
X 0 1 SSCG
X 1 0 PLL
0 1 1 Ring oscillator
1 1 1 Sub oscillator

Caution: Do not specify the sub oscillator, if the sub oscillator is not enabled or not
connected.

Note 1. FOUTCLK is not influenced by stand-by modes of the microcontroller. It
runs as long as it is enabled and the selected clock source operates.
Application software must stop FOUTCLK by clearing the FOEN bit to
minimize power consumption in stand-by modes.

2. There is an upper frequency limit for the output buffer of the FOUTCLK
function. Do not select a frequency higher than the maximum output buffer
frequency. Please refer to the Electrical Target Specification for the
frequency limit.
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(5) ICC -IIC clock control register
The 8-bit ICC register determines the 1°C clock source for [ICLK.
Access This register can be read/written in 8-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PHCMD - Command protection register” on page 140 for
details.

Address FFFF F838y.

Initial Value 00y. The register is cleared by any reset.

7 6 5 4 3 2 1 0
02 02 02 0 0 [ICSEL1 02
RP RW R/W R/W RP RP R/W R/W

8 These bits must not be altered.
b)  These bits may be written, but write is ignored.

Table 4-17 ICC register contents

Bit position | Bit name | Function

1 IICSELA1 Clock source for IICLK:

IICSEL1 | Clock source

0 Main oscillator

1 PLL

Note On release of WATCH, Sub-WATCH and STOP mode, IICSEL1 is cleared—the
main oscillator is selected as the 12C clock source.

Pay attention if PSM.OSCDIS = 1 before entering any of the above power save

modes, because the main oscillator will be disabled. Therefore the I°C
interface will have no clock supply after power save mode release.
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4.2.4 Control registers for power save modes

The registers described in this section control the begin and end of the power
save modes IDLE, WATCH, Sub-WATCH, and STOP.

Please refer to “Power save mode activation” on page 179 for instructions and
an example on how to enter a power save mode.

(1) PSM - Power save mode register

The 8-bit PSM register specifies the power save mode and controls the clock
generation after reset and Sub-WATCH mode release. In addition, it specifies
the source of the Watch Calibration Timer clock WCTCLK.

Access This register can be read/written in 8-bit or 1-bit units.

Address FFFF F8204.

Initial Value 08y. The register is initialized by any reset.

Since the main oscillator is started by the internal firmware are reset, PSM
enters the user’s program with the setting 00,.

7 6 5 4 3 2 1 0
[ o Jomoe| o | o [oscois| o PSM1 PSMO

R R/W R R R/W R R/W R/W
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Table 4-18 PSM register contents

Bit position

Bit name

Function

6

CMODE

Watch Calibration Timer clock selection:
0: PCLK1.
1: Main oscillator.

OSCDIS

Main oscillator disable/enable control during and after power save mode:
0: Main oscillator enabled.
1: Main oscillator disabled.

Caution: If OSCDIS is set to 1, the main oscillator clock supply for the Watch
Timer and the LCD Controller/Driver are stopped immediately.
Thus these function stop their operation immediately as well, when the
main oscillator is used as the clock source.

OSCDIS determines also the behaviour of the main oscillator during and after
power save mode. The effect of this bit differs, depending on the power save mode.
* Sub-WATCH mode

During Sub-WATCH mode the main oscillator is always stopped. OSCDIS
determines whether the main oscillator shall be started and chosen as CPU clock
source or should remain stopped after Sub-WATCH mode release.
0: Main oscillator enable.
The main oscillator is started after Sub-WATCH mode release and the CPU is
supplied with the main oscillator clock, after the oscillation stabilization time has
elapsed.
1: Main oscillator disable.
The main oscillator remains stopped after Sub-WATCH release.
The CPU is supplied with the selected sub clock—either sub oscillator or ring
oscillator (see bit PCC.SOSCP).
Since the reset value of OSCDIS is 1 and PCC.SOSCP is 0 the CPU starts
always with the ring oscillator clock after reset release.
In both cases, the application software must start the main oscillator by clearing
the OSCDIS bit. After the oscillator stabilization time has elapsed (see bit
CGSTAT.OSCSTAT), the main oscillator can be used as system clock source by
setting the PCC register accordingly.
e WATCH mode

This bit determines whether the main oscillator shall be stopped or remain in
operation during WATCH mode. In either case after WATCH mode release the CPU
is operating on the main oscillator.
0: Main oscillator enable.
The main oscillator is operating during WATCH mode.
After WATCH mode release the CPU is supplied with the main oscillator clock.
1: Main oscillator disable.
The main oscillator is stopped during WATCH mode.
After WATCH mode release the main oscillator is started and the CPU is
supplied with the main oscillator clock, after the oscillation stabilization time has
elapsed.

1to0

PSM[1:0]

Power save mode selection:

PSM1 PSMO0 | Power save mode

0 0 IDLE

0 1 STOP

1 0 | WATCH

1 1 Sub-WATCH mode (main oscillator shut down)

It is not possible to switch to IDLE or WATCH mode when the CPU is operated by a
sub clock. If IDLE or WATCH mode is selected during sub clock operation, the Sub-
WATCH mode will be entered.
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(2) PSC - Power save control register

The 8-bit PSC register is used to enter or leave the power save mode specified
in register PSM.

Access This register can be read/written in 8-bit or 1-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “PRCMD - PSC write protection register” on page 160 for
details.

Address FFFF F1FEg.
Initial Value 00y. The register is cleared by any reset.

7 6 5 4 3 2 1 0
| 0 |NMIWDT| NMI0 | INTM | 0 | 0 | STP | 0 |
R RW RW RW R R RW R

Table 4-19 PSC register contents

Bit position Bit name Function

6 NMIWDT Mask for non-maskable interrupt request from WDT:
0: Permit NMIWDT request during power save mode.
1: Prohibit NMIWDT request during power save mode.

5 NMIO Mask for non-maskable interrupt request 0:
0: Permit external NMIO request during power save mode
1: Prohibit external NMIO request during power save mode.

4 INTM Mask for maskable interrupt request:
0: Permit maskable interrupt requests during power save mode.?
1: Prohibit maskable interrupt requests during power save mode.

1 STP Enter/release power save mode:
0: Power save mode is released.
1: Power save mode is entered.

a) Only dedicated maskable interrupts have wake-up capability, refer to “Power save modes description” on
page 167.

Note 1. Ifbits 7, 3, 2, and 0 are not set to 0, proper operation of the controller can
not be guaranteed.

2. PSC.STP is automatically cleared when the controller is awakened from
power save mode.

3. Entering a power save mode requires some attention, refer to “Power save
mode activation” on page 179.
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(3) PRCMD - PSC write protection register

The 8-bit PRCMD register protects the register PSC from inadvertent write
access, so that the system does not stop in case of a program hang-up.

After data has been written to the PRCMD register, the first write access to
register PSC is valid. All subsequent write accesses are ignored. Thus, the
value of PSC can only be rewritten in a specified sequence, and illegal write
access is inhibited.

Access This register can only be written in 8-bit units.
Address FFFF F1FCy

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0
X | X | X | X | X | X X X
w W w w w w W w

Caution Before writing to PRCMD, make sure that all DMA channels are disabled.
Otherwise, a direct memory access could occur between the write access to
PRCMD and the write access to PSC. If that happens, the power save mode
may not be entered.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMD and PSC into two
consecutive assembler “store” instructions.
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(4)

Access

Address

Initial Value

Table 4-20

STBCTL- Stand-by control register

The 8-bit STBCTL register is used to control the stand-by function of the
voltage regulators.

This register can be read/written in 8-bit or 1-bit units.

Writing to this register is protected by a special sequence of instructions.
Please refer to “STBCTLP - Stand-by control protection register” on page 162
for details.

FFFF FCA2y.

00y. The register is cleared by any reset.

7 6 5 4 3 2 1 0
| 0 | 0 | 0 | 0 | 0 | STYCD | STBYMD |
R R R R R R R/W R/W

STBCTL register contents

Bit position Bit name Function

1 STBYCD Enable stand-by function of VDD50 and VDD51 voltage regulators:

0: Stand-by function disabled
1: Stand-by function enabled

2 STBYMD Enable stand-by function of VDD52 voltage regulator:

0: Stand-by function disabled
1: Stand-by function enabled

In order to reduce the power consumption during power save modes the stand-
by function of the voltage regulators should be enabled during the initialization.

If a dedicated microcontroller does not include any of the voltage regulators
dedicated to the controls bit STBCTL.STBYCD andSTBCTL.STBYMD, the
status of the control bit has no function. Thus the initialization for enabling the
stand-by functions by STBCTL = 03y can be retained. For further details

concerning voltage regulators refer to “Power Supply Scheme” on page 855.
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(5) STBCTLP - Stand-by control protection register

The 8-bit STBCTLP register protects the register STBCTL from inadvertent
write access.

After data has been written to the STBCTLP register, the first write access to
register STBCTL is valid. All subsequent write accesses are ignored. Thus, the
value of STBCTL can only be rewritten in a specified sequence, and illegal
write access is inhibited.

Access This register can only be written in 8-bit units.
Address FFFF FCAAy

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0

x | x | x [ x | x | x X X

w w w w w w w w
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4.2.5 Clock monitor registers
The following registers are used to control the monitor circuits of the main
oscillator clock and the sub oscillator clock.
Please refer to “Operation of the Clock Monitors” on page 185 for
supplementary information.
(1) CLMM - Main oscillator clock monitor mode register
The 8-bit CLMM register is used to enable the monitor for the main oscillator
clock.
Access This register can be read/written in 8-bit or 1-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “PRCMDCMM - CLMM write protection register” on page 164
for details.
Address FFFF F870y.
Initial Value 00y. This register is cleared by any reset.
4 2 1 0
[ o | | [ o | | o 0 CLMEM
R R R R R R/W
Table 4-21 CLMM register contents
Bit position Bit name Function
0 CLMEM Clock monitor enable:
0: Clock monitor for main oscillator disabled.
1: Clock monitor for main oscillator enabled.
This bit can only be cleared by reset.

Note CLMM.CLMEM can be set at any time. However, the clock monitor is only
activated after the main oscillator has stabilized, indicated by
CGSTAT.OSCSTAT = 1.
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(2) PRCMDCMM - CLMM write protection register

The 8-bit PRCMDCMM register protects the register CLMM from inadvertent
write access, so that the system does not stop in case of a program hang-up.

After data has been written to the PRCMDCMM register, the first write access
to register CLMM is valid. All subsequent write accesses are ignored. Thus,
the value of CLMM can only be rewritten in a specified sequence, and illegal
write access is inhibited.

Access This register can only be written in 8-bit units.
Address FFFF FCBOy

Initial Value The contents of this register is undefined.

7 6 5 4 3 2 1 0
X | X | X | X | X | X X X
w W w w w w W w

After writing to the PRCMDCMM register, you are permitted to write once to
CLMM. The write access to CLMM must happen with the immediately following
instruction.

Caution In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMDCMM and CLMM into
two consecutive assembler “store” instructions.
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(3) CLMS - Sub oscillator clock monitor register
The 8-bit CLMS register is used to enable the monitor for the sub oscillator
clock.
Access This register can be read/written in 8-bit or 1-bit units.
Writing to this register is protected by a special sequence of instructions.
Please refer to “PRCMDCMS - CLMS write protection register” on page 165
for details.
Address FFFF F878y.
Initial Value 00y. The register is initialized by any reset.
5 4 3 0
[ o | o | o | o [ o CLMES
R R R R/W
Table 4-22 CLMS register contents
Bit position Bit name Function
0 CLMES Clock monitor enable:
0: Clock monitor for sub oscillator disabled.
1: Clock monitor for sub oscillator enabled.
This bit can only be cleared by reset.
Note Setting CLMS.CLMES to 1 does not start the sub oscillator clock monitor. To

(4)

Access
Address

Initial Value

Caution

start the clock monitor CLMCS.CMRT has to be set to 1 afterwards.

CLMCS.CMRT must not be set before the sub oscillator has stabilized.

PRCMDCMS - CLMS write protection register

The 8-bit PRCMDCMS register protects the register CLMS from inadvertent
write access, so that the system does not stop in case of a program hang-up.

After data has been written to the PRCMDCMS register, the first write access
to register CLMS is valid. All subsequent write accesses are ignored. Thus, the
value of CLMS can only be rewritten in a specified sequence, and illegal write

access is inhibited.

This register can only be written in 8-bit units.

FFFF FCB2y,

The contents of this register is undefined.

7 6 5 4 3
X | X | X | X | X
w W w w w

After writing to the PRCMDCMS register, you are permitted to write once to
CLMS. The write access to CLMS must happen with the immediately following

instruction.

In case a high level programming language is used, make sure that the
compiler translates the two write instructions to PRCMDCMS and CLMS into

two consecutive assembler “store” instructions.
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(5)

Access
Address

Initial Value

CLMCS - Sub oscillator clock monitor control register

The 8-bit CLMCS register is used to start the monitor of the sub oscillator
clock.

This register can be read/written in 8-bit or 1-bit units.

FFFF F71Ay.

00y. The register is initialized by any reset.

5 4 3 1 0
| 0 | 0 | 0 | 0 | 0 | 0 CMRT
R R R R/W

Table 4-23 CLMCS register contents

Bit position Bit name Function
0 CMRT Sub oscillator clock monitor start:
0: Clock monitor for sub oscillator off.
1: Clock monitor for sub oscillator on.
Setting CLMCS.CMRT to 1 generates a trigger to activate the sub oscillator
clock monitor.
Note 1. The sub oscillator clock monitor can only be started, if it has been enabled
by setting CLMS.CLMES to 1.
2. Make sure that the sub oscillator stabilization time has elapsed before
starting the clock monitor.
Caution Starting the sub oscillator clock monitor requires a special procedure. Refer to
“Operation of the Clock Monitors” on page 185.
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4.3 Power Save Modes

This chapter describes the various power save modes and how they are
operated. For details see:

* “Power save modes description” on page 167
* “Power save mode activation” on page 179

e “CPU operation after power save mode release” on page 181

4.3.1 Power save modes description

This section explains the various power save modes in detail.

During power save During all power save modes, the pins behave as follows:

mode « All output pins retain their function. That means all outputs are active,
provided the required clock source is available.

¢ All input pins remain as input pins.
¢ Allinput pins with stand-by wake-up capability remain active, the function of
all others is disabled.

During all power save modes, the main and sub oscillator clock monitors
remain active, provided that the monitored oscillator is operating. If the
oscillator is switched off during stand-by, the associated clock monitor enters
stand-by as well.

Wake-up signals The following signals can awake the controller from power save modes IDLE,
WATCH, Sub-WATCH, STOP:

* Reset signals
— external RESET
— Power-On-Clear reset RESPOC

— Watchdog Timer reset RESWDT
The Watchdog Timer must be configured to generate the reset WDTRES
in case of overflow (WDTM.WDTMODE = 1) and it’s input clock WDTCLK
must be active during stand-by.

— Clock monitors resets RESCMM, RESCMS
The main oscillator respectively sub oscillator must be active during
stand-by.
¢ Non maskable interrupts

— NMIO
The appropriate port must be configured correctly.

— NMIWDT
The Watchdog Timer must be configured to generate the in case of
overflow (WDTM.WDTMODE = 0) and it’s input clock WDTCLK must be
active during stand-by.

e Maskable interrupts

— external interrupts INTPn
The appropriate port must be configured correctly.

— CAN wake up interrupts INTCnWUP
The appropriate port and the CAN (CnCTRL.PSMODE([1:0] = 01g) must

be configured correctly.
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— Watch Timer interrupts INTWTnUV
The Watch Timer clock WTCLK must be active and the Watch Timer must
be enabled.

— Watch Calibration Timer interrupt INTTMO1
The Watch Calibration Timer clock WCTCLK must be active and the
Watch Calibration Timer must be enabled.

— Voltage Comparators interrupts INTVCn
The Voltage Comparators must be enabled.

— CSIB receive interrupts INTCBnR
The CSIB must be operated in slave reception mode and the appropriate
ports must be configured correctly.

Note that not all these signals are available in all power save modes.

The following signals can awake the controller from the power save mode
HALT, provided the appropriate ports and modules are correctly configured
and the required clocks are active:

¢ all reset signals
¢ the non-maskable interrupts NMIO, NMIWDT
¢ all maskable interrupts

To grant wake-up capability to maskable interrupts these interrupts have to be
unmasked by setting the dedicated mask flags xxMK to 0 (refer to “Interrupt
Controller (INTC)” on page 187).

A general disable of maskable interrupts acknowledgement (“DI”, i.e.
PSW.ID = 1) does not affect their wake-up capability.

After power save After power save mode release, the clock source for CPU operation should be
mode checked. If the user application issues a wake-up request immediately after
power save mode request, the power save mode may not be entered and the
clock sources remain as programmed before the stand-by request.

After power save mode release, the same procedure as for system reset is
required to set up the clock supply for the application.

Note In the following tables the clock status "operates" does not necessarily mean
that the functions that use this clock source are operating as well.
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(1) HALT mode

The HALT mode can be entered from normal run mode. In HALT mode, all
clock settings remain unchanged. Only the CPU clock is suspended and hence
program execution.

Table 4-24 Clock Generator status in HALT mode

ltem Status Remarks

Main oscillator unchanged

Sub oscillator operates

Ring oscillator operates

SSCG unchanged

PLL unchanged

VBCLK (CPU system) | suspended Clock setup is unchanged
IICLK unchanged

PCLKO, PCLK1 unchanged

PCLK2...PCLK15 unchanged

SPCLKO, SPCLK1 unchanged
SPCLK2...SPCLK15 | unchanged

FOUTCLK unchanged
WTCLK / LCDCLK unchanged
WDTCLK unchanged
WCTCLK unchanged

The HALT mode can be released by any unmasked maskable interrupt, NMI or
system reset.

On HALT mode release, all clock settings remain unchanged. The CPU clock
resumes operation.
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(2) IDLE mode

The IDLE mode can be entered from any run mode. The main oscillator must
be operating. IDLE mode can not be entered if the CPU is clocked by the sub
or ring oscillator.

In IDLE mode, the clock distribution is stopped (refer to the “Standby” switches
in Figure 4-1, “Block diagram of the Clock Generator,” on page 130).

The states of all clock sources, that means, sub and ring oscillator as well as
SSCG and PLL, remain unchanged. If a clock source was operating before
entering IDLE mode, it continues operating.

Table 4-25 Clock Generator status in IDLE mode

Iltem Status Remarks
Main oscillator unchanged

Sub oscillator operates

Ring oscillator operates

SSCG unchanged

PLL unchanged

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped

SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged
WTCLK / LCDCLK unchanged
WDTCLK unchanged
WCTCLK unchanged/stopped Depends on clock selector

PSM.CMODE

The IDLE mode can be released by
¢ the unmasked maskable interrupts INTPn, INTCnWUP, INTWTnUV,
INTTMO1, INTVCn, INTCBnR

¢ NMIO, NMIWDT
* RESET, RESPOC, RESWDT, RESCMM, RESCMS

On IDLE mode release, the CPU clock and peripheral clocks are supplied by
the main oscillator.
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(3) WATCH mode

In WATCH mode, the clock supply for the CPU system and the majority of
peripherals is stopped.

The main oscillator continues operation. PLL and SSCG are stopped. By
default, ring oscillator and sub oscillator operation is not affected. For
exceptions see “Ring and sub oscillator operation” on page 184.

Table 4-26 Clock Generator status in WATCH mode

Item Status Remarks

Main oscillator unchanged/stopped | Stopped if PSM.OSCDIS = 1
Sub oscillator operates

Ring oscillator operates/stopped Stopped if WCC.ROSTP = 1
SSCG stopped

PLL stopped

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged/stopped Stopped, if the selected clock
source stops

WTCLK / LCDCLK unchanged/stopped Stopped, if the selected clock
source stops

WDTCLK unchanged/stopped Stopped, if the selected clock
source stops

WCTCLK unchanged/stopped Depends on clock selector
PSM.CMODE

The WATCH mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP, INTWTnUV,
INTTMO1, INTVCn, INTCBnR

e NMIO, NMIWDT

e RESET, RESPOC, RESWDT, RESCMM, RESCMS

On WATCH mode release, the CPU starts operation using the following
clocks:

e if PSM.OSCDIS = 1: sub clock source selected before WATCH mode was
entered, that means, either ring oscillator or sub oscillator (defined by
PCC.SOSCP)

¢ if PSM.OSCDIS = 0: main oscillator

If the ring oscillator was stopped before entering the WATCH mode, the
oscillation stabilization time for the ring oscillator is ensured by hardware after
WATCH mode release.

PLL and SSCG remain stopped after WATCH release.

Peripheral clock supply is switched to main oscillator supply, if
PSM.OSCDIS = 0, otherwise the ring oscillator is used for peripheral clocks.
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(4) Sub-WATCH mode

In Sub-WATCH mode, the clock supply for the CPU and the majority of
peripherals is stopped. Main oscillator, PLL, and SSCG are stopped. By
default, ring oscillator and sub oscillator operation is not influenced. For
exceptions see “Ring and sub oscillator operation” on page 184.

Table 4-27 Clock Generator status in Sub-WATCH mode

Item Status Remarks

Main oscillator unchanged/stopped | Stopped if PSM.OSCDIS = 1
Sub oscillator operates

Ring oscillator operates/stopped Stopped if WCC.ROSTP = 1
SSCG stopped

PLL stopped

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped

SPCLK2...SPCLK15 | stopped

FOUTCLK unchanged Stopped, if the selected clock source
stops

WTCLK / LCDCLK unchanged Stopped, if the selected clock source
stops

WDTCLK unchanged/stopped | Stopped, if the selected clock source
stops

WCTCLK stopped

The Sub-WATCH mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP, INTWTnUV,
INTVCn, INTCBnR

e NMIO, NMIWDT
e RESET, RESPOC, RESWDT, RESCMM, RESCMS

On Sub-WATCH mode release, the CPU starts operation using the following
clocks:

* if PSM.OSCDIS = 1: sub clock source selected before Sub-WATCH mode
was entered, that means, either ring oscillator or sub oscillator (defined by
PCC.SOSCP)

¢ if PSM.OSCDIS = 0: main oscillator

If the ring oscillator was stopped before entering the Sub-WATCH mode, the
oscillation stabilization time for the ring oscillator is ensured by hardware after
Sub-WATCH release.

PLL and SSCG remain stopped after Sub-WATCH release.

Peripheral clock supply is switched to main oscillator supply, if
PSM.OSCDIS = 0, otherwise the ring oscillator is used for peripheral clocks.
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(5) STOP mode

In STOP mode, all clock sources are stopped, except sub and ring oscillator.
These can be configured in register WCC to stop as well. No clock is available,
and no internal self-timed processes operates.

Table 4-28 Clock Generator status in STOP mode

Item Status Remark

Main oscillator stopped

Sub oscillator operates/stopped Stopped if WCC.SOSTP =1
Ring oscillator operates/stopped Stopped if WCC.ROSTP = 1
SSCG stopped

PLL stopped

VBCLK (CPU system) | stopped

IICLK stopped

PCLKO, PCLK1 stopped

PCLK2...PCLK15 stopped

SPCLKO, SPCLK1 stopped
SPCLK2...SPCLK15 | stopped

FOUTCLK stopped

WTCLK / LCDCLK stopped

WDTCLK unchanged/stopped Stopped, if the selected clock
source stops

WCTCLK stopped

The STOP mode can be released by

¢ the unmasked maskable interrupts INTPn, INTCnWUP, INTVCn, INTCBnR
e NMIO, NMIWDT

« RESET, RESPOC, RESWDT, RESCMM, RESCMS

On STOP mode release, the CPU clock and peripheral clocks are supplied by
the main oscillator.
(6) Clock status summary

Table 4-29 on page 174 summarizes the status of all clocks delivered by the
Clock Generator in the different states.

“Normal” describes all status except reset and power save modes.

The HALT mode is not listed in the table. It does not change any of the table
items, but stoppes only the CPU core operation.

Below the table you find the explanation of the terms used in the table.
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4.3.2 Clock Generator state transistions

(1) VBCLK state transitions
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(2) Main oscillator state transitions

MainOSC
started by F/W

MainOSC <7F’SM release from
stabilization - STOP (PSM[1:0] = 01g)

Stabilization counter
expired

~
PSM entry with
MainOSC | -PsM[1:0] = 015 (STOP) ___ ] MainOSC | Pswrelease from
. - PSM[1:0] = 115 (Sub-WATCH - Sub- 0] = =
operating : PSM{1:0} z 102 }WUATCH) and)OSCD\S i stopped Sub-WATCH (PSM[1:0] = 11g) and OSCDIS = 1

PSM release from 0:_4
- Sub-WATCH (PSM[1:0] = 115) and OSCDIS =

- WATCH (PSM[1:0] = 105)

(3) Ring oscillator states

PSM entry with
RingOSC | - PSM[1:0] = 01 (STOP) and ROSTP = 1 RingOSC
ti - PSM[1:0] = 115 (Sub-WATCH) and ROSTP = 1 " d
operating - PSM[1:0] = 10 (WATCH) and ROSTP = 1 Stoppe

ﬁ PSM release

(4) Sub oscillator states

PSM entry with SubOSC

- PSM[1:0] = 01 (STOP) and SCSTP = 1

operating

stopped

PSM release
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4.3.3 Power save mode activation

In the following procedures for securely entering a power save mode are
described.

Stepper-C/D shut In order to minimize power consumption during power save modes the Stepper
down Motor Controller/Driver needs to be shut down in a special sequence. Refer to
“MCNTCnO, MCNTCn1 - Timer mode control registers” on page 799.

(1) HALT mode
For entering the HALT mode proceed as follows:

1. Mask all interrupts which shall not have wake-up capability by
xxIC.xxMK = 0 and discard all possibly pending interrupts by xxIC.xxIF = 0.

2. Unmask all interrupts which shall have wake-up capability by
xxIC.xxMK = 1.

3. Execute the “halt” instruction.

(2) WATCH, Sub-WATCH, STOP and IDLE mode
For entering these power save mode proceed as follows:

1. In case maskable interrupts shall be used for wake-up unmask these
interrupts by IMRm.xxMK = O (refer to “IMRO to IMRS5 - Interrupt mask
registers” on page 214).

2. Mask all other interrupts, i.e.

— none wake-up capable interrupts
— wake-up capable interrupts which shall not be used for wake-up

by IMBRm.xxMK = 1. This prevents the power save mode entry procedure
from being interrupted by these interrupts.

3. ltis recommended to disable interrupt acknowledgement by the “di”
instruction.

4. Specify the desired power save mode in PSM.PSM[1:0].
Enable writing to the write-protected register PSC by writing to PRCMD.

6. Write to PSC for specifying permitted wake-up events and activate the
power save mode by setting PSC.STP to 1.

o

Example The following example shows how to initialize and enter a WATCH, Sub-
WATCH, STOP or IDLE power save mode.

First the desired power save mode is specified (WATCH mode in this example,
that means PSM.PSM[1:0] = 10g).

The PSC register is a write-protected register, and the PRCMD register is the
corresponding write-enable register. PRCMD has to be written immediately
before writing to PSC.

Preliminary User’'s Manual U17566EE1V2UMO00 179

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Chapter 4 Clock Generator

In this example, maskable interrupts are permitted to leave the power save

mode.

1. /I xxIC.xxMK = 0 // mask all none wake-up interrupts

2. /I xxIC.xxMK = 1 // unmask all wake-up interrupts

3. di

4, mov 0x02,r10

5. st.b 10,PSM[r0] // PSM.PSM[1:0] = 10B: WATCH mode
6. mov 0x62,r10

7. st.b r10,PRCMDI[r0] // enable write to PSC

8. st.b r10,PSC[r0] // wake up by maskable interrupts

/[ and enter power save mode

9. nop

10. nop

11.  nop

12.  nop

13.  nop

14. // after wake-up

15. /I xxIC.xxIF =0 // discard all unwanted pending interrupts
16. «ei

Be aware of the following notes when entering power save mode using the
above sequence:

Note 1. Itis recommended to disable maskable interrupt acknowledgement in
general by the “di” instruction (step 3.) to prevent any pending interrupt
from being served during the power save mode set-up procedure. This
makes it also possible to completely control the process after wake-up,
since no pending interrupt will be unintentional acknowledged. Before
enabling interrupt acknowledgement by the “ei” instruction (step 16.) after
wake-up, all unwanted interrupts can be discarded by setting xxIC.xxIF = 0
(step 15.).

Since the wake-up capability of the unmasked wake-up interrupts is not
affected by “di”, such interrupts shall be masked (step 1.) by
IMBRm.xxMK = 1.

2. The store instruction to PRCMD will not allow to acknowledge any interrupt
until processing of the subsequent instruction is complete. That means, an
interrupt will not be acknowledged before the store to PSC. This
presupposes that both store instructions are performed consecutively, as
shown in the above example.

If another instruction is placed between steps 7 and 8, an interrupt request
may be acknowledged in between, and the power save mode may not be
entered.

However if the “di” instruction was executed before (step 3.) none interrupt
will be acknowledged anyway.

3. Atleast 5 “nop” instructions must follow the power down mode setting, that
means after the write to PSC. The microcontroller requires this time to
enter power down mode.

4. The data written to the PRCMD register must be the same data that shall
be written to the write-protected register afterwards.
The above example ensures this method, since the contents of r10 is first
written to PRCMD and then immediately to PSC.
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5. Make sure that all DMA channels are disabled. Otherwise a DMA could
happen between steps 7 and 8, and the power down mode may not be
entered at all.

Further on do not perform write operations to PRCMD and write-protected
registers by DMA transfers.

6. No special sequence is required for reading the PSC register.

Caution If a wake-up event occurs within the 5 “nop” instructions after a power save
mode request (PSC.STP = 1) the microcontroller is immediately returning from
power save mode, but may have not at all or only partly entered the power
save mode. Following three situations can occur:

1. power save mode request not accepted
wake-up configuration not established, PLL/SSCG are operating
2. power save mode request accepted, but not completed
wake-up configuration established, but PLL/SSCG operating
3. power save mode request accepted and completed
wake-up configuration established, PLL/SSCG stopped

4.3.4 CPU operation after power save mode release

Clock Generator re- The clock for the CPU system can be switched only once after reset or power
configuration save mode release.

The clocks for the Watchdog Timer, Watch Timer, and LCD Controller/Driver
can be switched only once after system reset.

Access to peripherals that have no clock supply in Sub-WATCH mode may
cause system deadlock. This can happen if the main oscillator remains
disabled.

Wake-up Wake-up configuration established means that all registers and clock paths are
configuration set to their wake-up state.

The software should check after wake-up whether the expected wake-up

configuration has been completely established. This can be achieved by

observing

» following clock generator registers, which are modified by power save mode
entry and wake-up

— after WATCH, Sub-WATCH, STOP wake-up following bits are cleared:
CKC.PLLEN, CKC.SCEN, CKC.PERIC, SCC.SEL, ICC.SEL

— after IDLE or STOP wake-up following bits are cleared:
PCC.CLS, PCC.CKS

— after Sub-WATCH or WATCH wake-up
PCC.CLS/PCC.CKS = 000g, if PSM.OSCDIS =0

PCC.CLS/PCC.CKS = 100g, if PSM.OSCDIS =1

¢ the “completed power save mode” bit CGSTAT.CMPLPSM

— CGSTAT.CMPLPSM = 0 if a power save mode request has been
accepted but not completed, wake-up configuration established, but PLL/
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SSCG operating (provided that CGSTAT.CMPLPSM = 1 before power
save mode request)

— CGSTAT.CMPLPSM = 1 if a power save mode has been completely
entered, wake-up configuration established, PLL/SSCG stopped
(provided that a power save mode request has been accepted before, i.e.
CGSTAT.CMPLPSM =1 — 0)

Note that CGSTAT.CMPLPSM is set to 0 if a power save mode request is
accepted. If it was 0 before it does not change it’s state.

Table 4-30 summarizes the different configurations.

Table 4-30 Power save mode wake-up configurations

= a | Configuration after wake-up
before PSM-RQ® | after wake-up | clock paths
0 not changed PSM-RQ not accepted
0 PSM-RQ accepted
changed configuration done, but PLL/
SSCG operating
not changed not possible
1 PSM-RQ accepted

changed configuration done, PLL/SSCG
off

1 not changed not possible
0 PSM-RQ accepted
changed configuration done, but PLL/

SSCG operating

not changed PSM-RQ not accepted

1 PSM-RQ accepted
changed configuration done, PLL/SSCG
off

a) A change of a register’s contents can only be taken as an indicator if it is before
power save mode request different to the wake-up configuration.
b) PSM-RQ: power save mode request (PSC.STP = 1)

If the power save mode request was accepted the entire clock generator can
be reconfigured after wake-up. Afterwards set CKC.PLLEN = 1 and
CKC.SCEN = 1 and wait the stabilization times before using the PLL and
SSCG as clock sources.

After IDLE and On return from IDLE or STOP mode, the bits PCC.CLS, PCC.CKS1, and
STOP PCC.CKS2 are cleared. After IDLE mode, the main oscillator is still running; on
return from STOP mode, it is automatically started.

As a result, the main oscillator is chosen and enabled as the source for the
CPU system clock VBCLK.

After WATCH In WATCH mode the main oscillator operation depends on PSM.OSCDIS:

¢ If PSM.OSCDIS was 0 before entering WATCH mode the main oscillator
remains active. After WATCH mode release the main oscillator is chosen as
the CPU system clock.

¢ If PSM.OSCDIS was 1 before entering WATCH mode the main oscillator is
stopped during WATCH mode. After WATCH mode release the main
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oscillator is automatically started, the oscillator stabilization time is waited
and the main oscillator is chosen as the CPU system clock.

After Sub-WATCH In Sub-WATCH mode the main oscillator is stopped. On return from Sub-
WATCH, PCC.CLS is set to the status of PSM.OSCDIS.

* |f PSM.OSCDIS was 0 before entering Sub-WATCH, the main oscillator is
started and chosen as the source for the CPU system clock (PCC.CLS = 0,
PCC.CKS[1:0] = 00g).

e If PSM.OSCDIS was 1 before entering Sub-WATCH, the main oscillator
remains stopped, and the CPU is clocked by a sub clock (PCC.CLS =1,
PCC.CKS[1:0] = xXg).

“Sub clock” means the clocks supplied by either the 32 KHz sub oscillator or
the 200 KHz ring oscillator. The selection must be made in the PCC register
before entering the Sub-WATCH or WATCH mode:

e PCC.SOSCP = 0: Ring oscillator
e PCC.SOSCP = 1: Sub oscillator

Software can switch from sub clock CPU operation to normal run mode (by
enabling the main oscillator by PSM.OSCDIS = 0) or re-enter Sub-WATCH
respectively WATCH mode.

After HALT On return from HALT mode the CPU resumes operation with the same clock
settings as before HALT was entered.
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4.4.2

Note

4.4.3

Note
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Clock Generator Operation

Ring and sub oscillator operation

By default, sub and ring oscillator operate during all power save modes.

However, it can be specified in the WCC register that the sub oscillator stops in
STOP mode (WCC.SOSTP).

It can also be specified that the ring oscillator stops in WATCH, Sub-WATCH,
and STOP mode (WCC.ROSTP).

These bits can be written once after system reset, independent of the reset
source.

Watch Timer and Watch Calibration Timer clocks

The Watch Timer input clock WTCLK can be derived directly from the main,
sub, or ring oscillator. Therefore, the WT can be operating in all power save
modes.

Because PCLK1 is stopped during power save modes, the Watch Calibration
Timer input clock WCTCLK can be directly connected to the main oscillator
output.

WCTCLK is not available in Sub-WATCH and STOP mode where the main
oscillator is stopped. These modes must be released before the WCT can
operate.

Clock output FOUTCLK

The Clock Generator output signal FOUTCLK supplies a clock for external
components. It can be derived from any internal clock source, that means ring
oscillator, sub oscillator, main oscillator, PLL, or SSCG.

FOUTCLK must be enabled by register setting (FCC.FOEN = 1). It is not
influenced by the power save modes. But FOUTCLK stops, if the selected
clock source stops.

After reset release, FOUTCLK is disabled (register FCC is cleared), and the
pin FOUT put in input mode.

1. If you change the configuration of FOUTCLK or enable/disable the
selected clock source while FOUTCLK is active, glitches or irregular clock
periods may appear at the output pin.

2. The clock signal FOUTCLK cannot be used to synchronize external
circuitry to other output signals of the microcontroller—it has no specified
phase relation to other output signals.

3. There is an upper frequency limit for the output buffer of the FOUTCLK
function. Do not select a frequency higher than the maximum output buffer
frequency. Please refer to the Electrical Target Specification for the
frequency limit.
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4.4.4

1

Figure 4-2

)

Main oscillator
monitor start

Main oscillator
monitor start

Operation of the Clock Monitors

The microcontroller provides two separate clock monitors to watch the activity
of the main oscillator and the sub oscillator.

Description

The functional block diagram is shown below.

main osc fu CLKM_MAIN

CGSTAT.OSCSTAT ——————start
output —— RESCMM

R EN
CLMM.CLMEM T
sub osc £, CLKM_SuUB
CLMCS.CMRT start
output —— RESCMS
ring osc
g f, EN
CLMS.CLMES T

Clock Monitors Block Diagram

The clock monitors use the ring oscillator (fg) for monitoring the main and sub
oscillators (fy).

If the main oscillator clock monitor detects a malfunction of the main oscillator
(no pulse), it generates the reset request RESCMM. If the sub oscillator clock
monitor detects a malfunction of the sub oscillator, it generates the reset
request RESCMS.

Start and stop

Before the clock monitors can be started, they have to be enabled by setting
CLMM.CLMEM and CLMS.CLMES to 1.

After enabling CLMM.CLMEM = 1 the main oscillator monitor is automatically
started as soon as the main oscillator is stable, indicated by
CGSTAT.OSCSTAT =1.

After enabling CLMM.CLMES = 1 the sub oscillator monitor must be started by
software by setting CLMCS.CMRT to 1.

After starting the sub oscillator clock monitor by CLMCS.CMRT = 1 clear
CLMCS.CMRT by software.
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Caution

@)

Main oscillator
stopped

Sub oscillator
stopped

Ring oscillator
stopped

186

Since CLMCS.CMRT = 1 is synchronized with the ring oscillator any change of
this bit has to be maintained for at least 65 ring oscillator periods Trogc = 1/

frosc to become effective. Therefore a wait period has to be assured before
this bit is changed again.

Proceed as follows to start the sub oscillator clock monitor:

1. After reset enable sub oscillator clock monitor:
PRCMDCM = FFypermit write to CLMS

CLMS.CLMES = 1enable sub oscillator clock monitor
2. Make sure the sub oscillator is stable.
3. Start sub oscillator clock monitor after reset and after power save mode
wake-up:
CLMCS.CMRT =1
4. Wait for 65 ring oscillator periods Trogc before resetting CMRT:
wait (65 X max(TROSC))
5. Clear CLMCS.CMRT:
CLMCS.CMRT =0
6. Before CMRT should be set to 1 again, wait for 65 ring oscillator periods
Trosc:
wait (65 x max(Trosc))

Note that the minimum ring oscillator frequency min(frosc) (Mmax(Trpsc)) has
to be taken into account for the wait time in steps (3) and (5).

The sub oscillator clock monitor is sometimes already started by setting
CLMS.CLMES = 1, i.e. without CLMCS.CMRT = 1.

In these cases it would not be required to start the sub oscillator by setting
CLMCS.CMRT = 1 additionally.

Since it is unpredictable whether the clock monitor has already started after
CLMS.CLMES = 1 the procedure described above should be followed in any
case.

Operation during and after power save modes

If the main oscillator is stopped, its clock monitor changes to stand-by. When
the main oscillator is restarted after power save mode release, the main
oscillator clock monitor restarts automatically.

If the sub oscillator is stopped, its clock monitor stops.

When the sub oscillator is restarted after power save mode release, the sub
oscillator clock monitor does not start automatically.

Software must ensure that the sub oscillator stabilization time has elapsed and
then start the monitor by setting CLMCS.CMRT to 1.

If the ring oscillator is stopped, both clock monitors’ operation is suspended.
Their operation is automatically resumed as soon as the ring oscillator is
restarted.
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This controller is provided with a dedicated Interrupt Controller (INTC) for
interrupt servicing and can process a large amount of maskable and two non-
maskable interrupt requests.

An interrupt is an event that occurs independently of program execution, and
an exception is an event whose occurrence is dependent on program
execution. Generally, an exception takes precedence over an interrupt.

This controller can process interrupt requests from the on-chip peripheral
hardware and external sources. Moreover, exception processing can be
started by the TRAP instruction (software exception) or by generation of an
exception event (i.e. fetching of an illegal opcode) (exception trap).

Eight levels of software-programmable priorities can be specified for each
interrupt request. Starting of interrupt servicing takes no fewer than 5 system
clocks after the generation of an interrupt request.

5.1 Features

¢ Interrupts
— Non-maskable interrupts: 2 sources

— Maskable interrupts:

Interrupt source pPD70(F)3420, uPD70(F)3421, | uPD70F3424,

HPD70(F)3422, yPDF3420 HPD70F3425
Internal peripherals 75 82
External
Software

— 8 levels of programmable priorities (maskable interrupts)
— Multiple interrupt control according to priority
— Masks can be specified for each maskable interrupt request

— Noise elimination, edge detection and valid edge specification, level
detection for external interrupt request signals

— Wake-up capable
(analogue noise elimination for external interrupt request signals)

— NMI and INTPO share the same pin
e Exceptions
— Software exceptions: 2 channels with each 16 sources

— Exception traps: 2 sources (illegal opcode exception and debug trap)
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Table 5-1 pPD70(F)3420, uPD70(F)3421, yPD70(F)3422, pPD70F3423 interrupt/
exception source list (1/4)

Interrupt/Exception Source

Tvpe Classific - Default | Exception | Handler | Restored
P ation Name Generating Source Ge“J’?tt'“g Priority |  Code Address PC
ni
Reset Interrupt | RESET RESET input Pin - 0000H 00000000H undef.
Non- Interrupt | NMIO NMI Input PORT - 0010H 00000010H | nextPC
maskable NMIWDT | Watchdog Timer woT - 0020H | 00000020H | nextPC
NMI2 Unused - - 0030H 00000030H | nextPC
Softwa‘re Exception | TRAPOn | TRAP instruction _ _ 004nH 00000040H | nextPC
exception (n=0toFy) (n=0toFy)
Exception | TRAP1n | TRAP instruction _ _ 005nH 00000050H | nextPC
(n=0toFy) (n=0toFy)
Exception | Exception | ILGOP/ lllegal opcode/ ~ ~
trap DBTRAP | DBTRAP instruction 000H | 00000060H | nextPC
Maskable | Interrupt | INTVCO Voltage Comparator 0 ACO 0 0080H 00000080H | next PC
Interrupt | INTVC1 Voltage Comparator 1 AC1 1 0090H 00000090H | next PC
Interrupt | INTWTOUV | WTO underflow WTO 2 00AOQH 000000A0H | next PC
Interrupt | INTWTIUV | WT1 underflow WTH1 3 00BOH 000000BOH | next PC

Interrupt | INTTMOO | Watch calibration timer

capture compare WCT 4 00COH | 000000COH | nextPC
Interrupt | Reserved | Reserved - 5 00DOH 000000DOH | next PC
Interrupt | INTPO External interrupt 0 PORT 6 00EOH 000000EOH | next PC
Interrupt | INTP1 External interrupt 1 PORT 7 00FOH 000000FOH | next PC
Interrupt | INTP2 External interrupt 2 PORT 8 0100H 00000100H | nextPC
Interrupt | INTP3 External interrupt 3 PORT 9 0110H 00000110H | next PC
Interrupt | INTP4 External interrupt 4 PORT 10 0120H 00000120H | next PC
Interrupt | INTP5 External interrupt 5 PORT 11 0130H 00000130H | next PC
Interrupt | INTP6 External interrupt 6 PORT 12 0140H 00000140H | next PC
Interrupt | INTTZOUV | TMZO0 underflow TMZ0 13 0150H 00000150H | next PC
Interrupt | INTTZ1UV | TMZ1 underflow TMZ1 14 0160H 00000160H | next PC
Interrupt | INTTZ2UV | TMZ2 underflow T™Z2 15 0170H 00000170H | next PC
Interrupt | INTTZ3UV | TMZ3 underflow TMZ3 16 0180H 00000180H | next PC
Interrupt | INTTZ4UV | TMZ4 underflow T™Z4 17 0190H 00000190H | next PC
Interrupt | INTTZ5UV | TMZ5 underflow TMZ5 18 01A0H 000001A0H | next PC
Interrupt | INTTPOOV | TMPO overflow TMPO 19 01BOH 000001BOH | next PC
Interrupt | INTTPOCCO | TMPO capture compare TMPO 20 01COH 000001COH | next PC
channel 0
Interrupt | INTTPOCC1 | TMPO capture compare TMPO 21 01D0H 000001D0H | next PC
channel 1
Interrupt | INTTP1OV | TMP1 overflow TMP1 22 01EOH 000001EOH | next PC
Interrupt | INTTP1CCO | TMP1 capture compare TMP 23 01FOH 000001FOH | next PC
channel 0
Interrupt | INTTP1CC1 | TMP1 capture compare TMPY 24 0200H 00000200H | next PC
channel 1
Interrupt | INTTP20V | TMP2 overflow TMP2 25 0210H 00000210H | next PC
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Table 5-1 pPD70(F)3420, uPD70(F)3421, yPD70(F)3422, yPD70F3423 interrupt/
exception source list (2/4)
Interrupt/Exception Source
Tvpe Classific - Default | Exception | Handler | Restored
P ation Name Generating Source Ge“l‘:"f’t““g Priority | Code Address PC
n

Maskable | Interrupt | INTTP2CCO | TMP2 capture compare TMP2 2% 0220H 00000220H | next PC
channel 0

Interrupt | INTTP2CC1 | TMP2 capture compare TMP2 97 0230H 00000230H | next PC
channel 1

Interrupt | INTTP3OV | TMP3 overflow TMP3 28 0240H 00000240H | next PC

Interrupt | INTTP3CCO | TMP3 capture compare TMP3 29 0250H 00000250H | next PC
channel 0

Interrupt | INTTP3CC1 | TMP3 capture compare TMP3 30 0260H 00000260H | next PC
channel 1

Interrupt | INTTGOOVO | TMGO overflow interrupt 0 TMGO 31 0270H 00000270H | next PC

Interrupt | INTTGOOV1 | TMGO overflow interrupt 1 TMGO 32 0280H 00000280H | next PC

Interrupt | INTTGOCCO | TMGO capture compare MGO 33 0290H 00000290H | next PC
channel 0

Interrupt | INTTGOCC1 | TMGO capture compare TMGO 34 02A0H 000002A0H | next PC
channel 1

Interrupt | INTTGOCC2 | TMGO capture compare NGO 35 02B0H 000002B0H | next PC
channel 2

Interrupt | INTTGOCC3 | TMGO capture compare TMGO 36 02COH 000002COH | next PC
channel 3

Interrupt | INTTGOCC4 | TMGO capture compare MGO 37 02D0H 000002D0H | next PC
channel 4

Interrupt | INTTGOCC5 | TMGO capture compare MGO 38 02EQH 000002E0H | next PC
channel 5

Interrupt | INTTG10VO | TMG1 overflow interrupt 0 TMGH1 39 02F0H 000002FOH | next PC

Interrupt | INTTGIOV1 | TMG1 overflow interrupt 1 TMG1 40 0300H 00000300H | nextPC

Interrupt | INTTGICCO | TMG1 capture compare MG 41 0310H 00000310H | next PC
channel 0

Interrupt | INTTGICC1 | TMG1 capture compare MG 4 0320H 00000320H | next PC
channel 1

Interrupt | INTTG1CC2 | TMG1 capture compare MG 43 0330H 00000330H | next PC
channel 2

Interrupt | INTTG1CC3 | TMG1 capture compare MG m 0340H 00000340H | next PC
channel 3

Interrupt | INTTG1CC4 | TMG1 capture compare MG 45 0350H 00000350H | next PC
channel 4

Interrupt | INTTGICC5 | TMG1 capture compare MG 16 0360H 00000360H | next PC
channel 5

Interrupt | Reserved | Reserved — 47 0370H 00000370H | next PC

Interrupt | Reserved | Reserved - 48 0380H 00000380H | next PC

Interrupt | INTAD ADC end of conversion ADC 49 0390H 00000390H | next PC

Interrupt | INTCOERR | CANO error interrupt CANO 50 03A0H 000003A0H | next PC

Interrupt | INTCOWUP | CANO wake up interrupt CANO 51 03BOH 000003BOH | next PC

Interrupt | INTCOREC | CANO receive interrupt CANO 52 03COH 000003COH | nextPC

Interrupt | INTCOTRX | CANO transmit interrupt CANO 53 03DOH 000003DOH | nextPC
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Table 5-1 pPD70(F)3420, uPD70(F)3421, uPD70(F)3422, yPD70F3423 interrupt/
exception source list (3/4)

Interrupt/Exception Source
Type Claslsific . Generating De:fatlxlt Exception Handler Restored
ation Name Generating Source . Priority Code Address PC
Maskable | Interrupt | INTCBORE QSIBO receive error CSIBO 54 03E0H 000003E0H | next PC
interrupt
Interrupt | INTCBOR QSIBO receive complete CSIBO 55 03FOH 000003F0H | next PC
interrupt
Interrupt | INTCBOT | CSIBO transmit interrupt CSIBO 56 0400H 00000400H | next PC
Interrupt | INTUAORE IUARTAO receive error UARTAO 57 0410H 00000410H | next PC
interrupt
Interrupt | INTUAOR UARTAO receive complete UARTAO 58 0420H 00000420H | next PC
interrupt
Interrupt | INTUAOT | UARTAO transmit interrupt UARTAQ 59 0430H 00000430H | next PC
Interrupt | INTUATRE QARTA1 receive error UARTA 60 0440H 00000440H | next PC
interrupt
Interrupt | INTUA1R pARTA1 receive complete UARTA 61 0450H 00000450H | next PC
interrupt
Interrupt | INTUAIT | UARTAT transmit interrupt UARTA1 62 0460H 00000460H | next PC
Interrupt | INTIICO [1CO interrupt 11C0 63 0470H 00000470H | next PC
Interrupt | INTIIC1 [IC1 interrupt [1C1 64 0480H 00000480H | next PC
Interrupt | Reserved | Reserved - 65 0490H 00000490H | next PC
Interrupt | INTDMAQ | DMAO transmission end DMAO 66 04A0H 000004A0H | next PC
Interrupt | INTDMA1 | DMA1 transmission end DMA1 67 04BOH 000004B0OH | next PC
Interrupt | INTDMA2 | DMA2 transmission end DMA2 68 04COH 000004COH | next PC
Interrupt | INTDMA3 | DMAS transmission end DMA3 69 04DOH 000004DOH | next PC
Interrupt | INT70 not generated by hardware? — 70 04EOQH 000004EQH | next PC
Interrupt | INT71 not generated by hardware? — 71 04FOH 000004F0H | next PC
Interrupt | Reserved | Reserved - 72 0500H 00000500H | next PC
Interrupt | INTCIERR | CAN1 error interrupt CAN1 73 0510H 00000510H | next PC
Interrupt | INTCIWUP | CAN1 wake up interrupt CAN1 74 0520H 00000520H | next PC
Interrupt | INTCIREC | CAN1 receive interrupt CAN1 75 0530H 00000530H | next PC
Interrupt | INTCITTRX | CANT transmit interrupt CAN1 76 0540H 00000540H | next PC
Interrupt | Reserved | Reserved - 77... 80 0xx0H 00000xx0H | next PC
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Table 5-1 pPD70(F)3420, uPD70(F)3421, uPD70(F)3422, yPD70F3423 interrupt/
exception source list (4/4)

Interrupt/Exception Source
Tvpe Classific P P - Default | Exception | Handler | Restored
P ation Name Generating Source Ge“J;?tt'“g Priority | Code Address PC
Maskable | Interrupt | INTTG20V0 | TMG2 overflow interrupt 0 TMG2 81 0590H 00000590H | next PC
Interrupt | INTTG20V1 | TMG2 overflow interrupt 1 TMG2 82 05A0H 000005A0H | next PC
Interrupt | INTTG2CCO | TMG2 capture compare HMG2 83 05B0H 00000580H | next PC
channel 0
Interrupt | INTTG2CC1 | TMG2 capture compare ™G2 84 05C0H 000005C0H | next PC
channel 1
Interrupt | INTTG2CC2 | TMG2 capture compare ™G2 85 05D0H 000005D0H | next PC
channel 2
Interrupt | INTTG2GC3 | TMG2 capture compare ™G2 86 05E0H 000005E0H | next PC
channel 3
Interrupt | INTTG2CC4 | TMG2 capture compare
channel 4 T™MG2 87 05F0H 000005FO0H | next PC
Interrupt | INTTG2CC5 | TMG2 capture compare MG2 88 0600H 00000600H | next PC
channel 5
Interrupt | INTCB1RE QSIB1 receive error CSIB 89 0610H 00000610H | next PC
interrupt
Interrupt | INTCB1R QSIB1 receive complete CSIBA 90 0620H 00000620H | next PC
interrupt
Interrupt | INTCB1T | CSIB1 transmit interrupt CSIB1 91 0630H 00000630H | next PC
Interrupt | Reserved | Reserved — 92...94 0xx0H 00000xx0H | next PC
Interrupt | INTLCD LCDBUSIF transmit interrupt | LCDBUSIF 95 0670H 00000670H | next PC

a3 These interrupts can be used as software triggered interrupts.
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Table 5-2 pPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427 interrupt/
exception source list (1/4)

Interrupt/Exception Source

Tvpe Classific - Default | Exception | Handler | Restored
P ation Name Generating Source Ge“J’?tt'“g Priority |  Code Address PC
ni
Reset Interrupt | RESET RESET input Pin - 0000H 00000000H undef.
Non- Interrupt | NMIO NMI Input PORT - 0010H 00000010H | nextPC
maskable NMIWDT | Watchdog Timer woT - 0020H | 00000020H | nextPC
NMI2 Unused - - 0030H 00000030H | nextPC
Softwa‘re Exception | TRAPOn | TRAP instruction _ _ 004nH 00000040H | nextPC
exception (n=0toFy) (n=0toFy)
Exception | TRAP1n | TRAP instruction _ _ 005nH 00000050H | nextPC
(n=0toFy) (n=0toFy)
Exception | Exception | ILGOP/ lllegal opcode/ ~ ~
trap DBTRAP | DBTRAP instruction 000H | 00000060H | nextPC
Maskable | Interrupt | INTVCO Voltage Comparator 0 ACO 0 0080H 00000080H | next PC
Interrupt | INTVC1 Voltage Comparator 1 AC1 1 0090H 00000090H | next PC
Interrupt | INTWTOUV | WTO underflow WTO 2 00AOQH 000000A0H | next PC
Interrupt | INTWTIUV | WT1 underflow WTH1 3 00BOH 000000BOH | next PC

Interrupt | INTTMOO | Watch calibration timer

capture compare WCT 4 00COH | 000000COH | nextPC
Interrupt | Reserved | Reserved - 5 00DOH 000000DOH | next PC
Interrupt | INTPO External interrupt 0 PORT 6 00EOH 000000EOH | next PC
Interrupt | INTP1 External interrupt 1 PORT 7 00FOH 000000FOH | next PC
Interrupt | INTP2 External interrupt 2 PORT 8 0100H 00000100H | nextPC
Interrupt | INTP3 External interrupt 3 PORT 9 0110H 00000110H | next PC
Interrupt | INTP4 External interrupt 4 PORT 10 0120H 00000120H | next PC
Interrupt | INTP5 External interrupt 5 PORT 11 0130H 00000130H | next PC
Interrupt | INTP6 External interrupt 6 PORT 12 0140H 00000140H | next PC
Interrupt | INTTZOUV | TMZO0 underflow TMZ0 13 0150H 00000150H | next PC
Interrupt | INTTZ1UV | TMZ1 underflow TMZ1 14 0160H 00000160H | next PC
Interrupt | INTTZ2UV | TMZ2 underflow T™Z2 15 0170H 00000170H | next PC
Interrupt | INTTZ3UV | TMZ3 underflow TMZ3 16 0180H 00000180H | next PC
Interrupt | INTTZ4UV | TMZ4 underflow T™Z4 17 0190H 00000190H | next PC
Interrupt | INTTZ5UV | TMZ5 underflow TMZ5 18 01A0H 000001A0H | next PC
Interrupt | INTTPOOV | TMPO overflow TMPO 19 01BOH 000001BOH | next PC
Interrupt | INTTPOCCO | TMPO capture compare TMPO 20 01COH 000001COH | next PC
channel 0
Interrupt | INTTPOCC1 | TMPO capture compare TMPO 21 01D0H 000001D0H | next PC
channel 1
Interrupt | INTTP1OV | TMP1 overflow TMP1 22 01EOH 000001EOH | next PC
Interrupt | INTTP1CCO | TMP1 capture compare TMP 23 01FOH 000001FOH | next PC
channel 0
Interrupt | INTTP1CC1 | TMP1 capture compare TMPY 24 0200H 00000200H | next PC
channel 1
Interrupt | INTTP20V | TMP2 overflow TMP2 25 0210H 00000210H | next PC
192 Preliminary User’'s Manual U17566EE1V2UMO00

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094870/upd70f3422gj-gae-qs-ax.html

Interrupt Controller (INTC)

Chapter 5

Table 5-2 pPD70F3424, uPD70F3425, yPD70F3426, uPD70F3427 interrupt/
exception source list (2/4)

Interrupt/Exception Source

Downloaded from Elcodis.com electronic components distributor

Tvpe Classific - Default | Exception | Handler | Restored
P ation Name Generating Source Ge“l‘:"f’t““g Priority | Code Address PC
n

Maskable | Interrupt | INTTP2CCO | TMP2 capture compare TMP2 2% 0220H 00000220H | next PC
channel 0

Interrupt | INTTP2CC1 | TMP2 capture compare TMP2 97 0230H 00000230H | next PC
channel 1

Interrupt | INTTP3OV | TMP3 overflow TMP3 28 0240H 00000240H | next PC

Interrupt | INTTP3CCO | TMP3 capture compare TMP3 29 0250H 00000250H | next PC
channel 0

Interrupt | INTTP3CC1 | TMP3 capture compare TMP3 30 0260H 00000260H | next PC
channel 1

Interrupt | INTTGOOVO | TMGO overflow interrupt 0 TMGO 31 0270H 00000270H | next PC

Interrupt | INTTGOOV1 | TMGO overflow interrupt 1 TMGO 32 0280H 00000280H | next PC

Interrupt | INTTGOCCO | TMGO capture compare MGO 33 0290H 00000290H | next PC
channel 0

Interrupt | INTTGOCC1 | TMGO capture compare TMGO 34 02A0H 000002A0H | next PC
channel 1

Interrupt | INTTGOCC2 | TMGO capture compare NGO 35 02B0H 000002B0H | next PC
channel 2

Interrupt | INTTGOCC3 | TMGO capture compare TMGO 36 02COH 000002COH | next PC
channel 3

Interrupt | INTTGOCC4 | TMGO capture compare MGO 37 02D0H 000002D0H | next PC
channel 4

Interrupt | INTTGOCC5 | TMGO capture compare MGO 38 02EQH 000002E0H | next PC
channel 5

Interrupt | INTTG10VO | TMG1 overflow interrupt 0 TMGH1 39 02F0H 000002FOH | next PC

Interrupt | INTTGIOV1 | TMG1 overflow interrupt 1 TMG1 40 0300H 00000300H | nextPC

Interrupt | INTTGICCO | TMG1 capture compare MG 41 0310H 00000310H | next PC
channel 0

Interrupt | INTTGICC1 | TMG1 capture compare MG 4 0320H 00000320H | next PC
channel 1

Interrupt | INTTG1CC2 | TMG1 capture compare MG 43 0330H 00000330H | next PC
channel 2

Interrupt | INTTG1CC3 | TMG1 capture compare MG m 0340H 00000340H | next PC
channel 3

Interrupt | INTTG1CC4 | TMG1 capture compare MG 45 0350H 00000350H | next PC
channel 4

Interrupt | INTTGICC5 | TMG1 capture compare MG 16 0360H 00000360H | next PC
channel 5

Interrupt | Reserved | Reserved — 47 0370H 00000370H | next PC

Interrupt | Reserved | Reserved - 48 0380H 00000380H | next PC

Interrupt | INTAD ADC end of conversion ADC 49 0390H 00000390H | next PC

Interrupt | INTCOERR | CANO error interrupt CANO 50 03A0H 000003A0H | next PC

Interrupt | INTCOWUP | CANO wake up interrupt CANO 51 03BOH 000003BOH | next PC

Interrupt | INTCOREC | CANO receive interrupt CANO 52 03COH 000003COH | nextPC

Interrupt | INTCOTRX | CANO transmit interrupt CANO 53 03DOH 000003DOH | nextPC
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Table 5-2 pPD70F3424, uPD70F3425, yPD70F3426, uPD70F3427 interrupt/
exception source list (3/4)

Interrupt/Exception Source
Type Claslsific . Generating De:fatlxlt Exception Handler Restored
ation Name Generating Source . Priority Code Address PC
Maskable | Interrupt | INTCBORE QSIBO receive error CSIBO 54 03E0H 000003E0H | next PC
interrupt
Interrupt | INTCBOR QSIBO receive complete CSIBO 55 03FOH 000003FOH | next PC
interrupt
Interrupt | INTCBOT | CSIBO transmit interrupt CSIBO 56 0400H 00000400H | next PC
Interrupt | INTUAORE IUARTAO receive error UARTAO 57 0410H 00000410H | next PC
interrupt
Interrupt | INTUAOR UARTAO receive complete UARTAO 58 0420H 00000420H | next PC
interrupt
Interrupt | INTUAOT | UARTAO transmit interrupt UARTAQ 59 0430H 00000430H | next PC
Interrupt | INTUATRE QARTA1 receive error UARTA1 60 0440H 00000440H | next PC
interrupt
Interrupt | INTUA1R pARTA1 receive complete UARTA1 61 0450H 00000450H | next PC
interrupt
Interrupt | INTUAIT | UARTAT transmit interrupt UARTA1 62 0460H 00000460H | next PC
Interrupt | INTIICO [1CO interrupt 11C0 63 0470H 00000470H | next PC
Interrupt | INTIIC1 [IC1 interrupt [1C1 64 0480H 00000480H | next PC
Interrupt | Reserved | Reserved - 65 0490H 00000490H | next PC
Interrupt | INTDMAQ | DMAO transmission end DMAO 66 04A0H 000004A0H | next PC
Interrupt | INTDMA1 | DMA1 transmission end DMA1 67 04BOH 000004B0OH | next PC
Interrupt | INTDMA2 | DMA2 transmission end DMA2 68 04COH 000004COH | next PC
Interrupt | INTDMA3 | DMAS transmission end DMA3 69 04DOH 000004DOH | next PC
Interrupt | INT70 not generated by hardware? — 70 04EOQH 000004EQH | next PC
Interrupt | INT71 not generated by hardware? — 71 04FOH 000004F0H | next PC
Interrupt | INTP7 External interrupt 7 PORT 72 0500H 00000500H | next PC
Interrupt | INTCIERR | CAN1 error interrupt CAN1 73 0510H 00000510H | next PC
Interrupt | INTCIWUP | CAN1 wake up interrupt CAN1 74 0520H 00000520H | next PC
Interrupt | INTCIREC | CAN1 receive interrupt CAN1 75 0530H 00000530H | next PC
Interrupt | INTCITTRX | CANT transmit interrupt CAN1 76 0540H 00000540H | next PC
Interrupt | INTTZ6UV | TMZ6 underflow TMZ6 77 0550H 00000550H | next PC
Interrupt | INTTZ7CUV | TMZ7 underflow T™Z7 78 0560H 00000560H | next PC
Interrupt | INTTZBUV | TMZ8 underflow TMZ8 79 0570H 00000570H | next PC
Interrupt | INTTZQUV | TMZ9 underflow TMZ9 80 0580H 00000580H | next PC
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Table 5-2 pPD70F3424, uPD70F3425, yPD70F3426, uPD70F3427 interrupt/
exception source list (4/4)

Interrupt/Exception Source

Tvpe Classific - Default | Exception Handler Restored
P ation Name Generating Source Ge“l‘:r"?t““g Priority | Code Address PC

Maskable | Interrupt | INTTG20V0 | TMG2 overflow interrupt 0 TMG2 81 0590H 00000590H | next PC

Interrupt | INTTG20V1 | TMG2 overflow interrupt 1 TMG2 82 05A0H 000005A0H | next PC

Interrupt | INTTG2CCO | TMG2 capture compare HMG2 83 05B0H 00000580H | next PC
channel 0

Interrupt | INTTG2CC1 | TMG2 capture compare ™G2 84 05C0H 000005C0H | next PC
channel 1

Interrupt | INTTG2CC2 | TMG2 capture compare ™G2 85 05D0H 000005D0H | next PC
channel 2

Interrupt | INTTG2GC3 | TMG2 capture compare ™G2 86 05E0H 000005E0H | next PC
channel 3

Interrupt | INTTG2CC4 | TMG2 capture compare G2 87 05FOH 000005F0H | next PC
channel 4

Interrupt | INTTG2CC5 | TMG2 capture compare MG2 88 0600H 00000600H | next PC
channel 5

Interrupt | INTCB1RE QSIB1 receive error CSIB 89 0610H 00000610H | next PC
interrupt

Interrupt | INTCB1R QSIB1 receive complete CSIBA 90 0620H 00000620H | next PC
interrupt

Interrupt | INTCB1T | CSIB1 transmit interrupt CSIB1 91 0630H 00000630H | next PC

Interrupt | INTCB2RE QSIBQ receive error CSIB2 92 0640H 00000640H | next PC
interrupt

Interrupt | INTCB2R QSIB2 receive complete CSIB? 93 0650H 00000650H | next PC
interrupt

Interrupt | INTCB2T | CSIB2 transmit interrupt CSIB2 94 0660H 00000660H | next PC

Interrupt | INTLCD LCDBUSIF transmit interrupt | LCDBUSIF 95 0670H 00000670H | next PC

8 These interrupts can be used as software triggered interrupts.
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Note 1.

Default priority: The priority order when two or more maskable
interrupt requests are generated at the same time.
The highest priority is 0.

Restored PC: The value of the PC saved to EIPC or FEPC when
interrupt/exception processing is started. However, the
value of the PC saved when an interrupt is
acknowledged during division (DIV, DIVH, DIVU,
DIVHU) instruction execution is the value of the PC of
the current instruction (DIV, DIVH, DIVU, DIVHU).

nextPC: The PC value that starts the processing following
interrupt/exception processing.

The execution address of the illegal instruction when an illegal opcode
exception occurs is calculated by (Restored PC — 4).
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5.2 Non-Maskable Interrupts

A non-maskable interrupt request is acknowledged unconditionally, even when
interrupts are in the interrupt disabled (DI) status.

Non-maskable interrupts of this microcontroller are available for the following
two requests:

e NMIO: NMI pin input

¢ NMIWDT: Non-maskable Watchdog Timer interrupt request

When the valid edge specified by the ESELO, ESEL00 and ESELO1 bits of the
Interrupt mode register O(INTMO) is detected on the NMI pin, the interrupt
occurs.

The Watchdog Timer interrupt request is only effective as non-maskable
interrupt if the WDTMODE bit of the Watchdog Timer mode register (WDTM) is
set 0.

If multiple non-maskable interrupts are generated at the same time, the highest
priority servicing is executed according to the following priority order (the lower
priority interrupt is ignored):

NMIWDT > NMIO

Note that if a NMI from port pin or NMIWDT request is generated while NMI
from port pin is being serviced, the service is executed as follows.

(1) If a NMIO is generated while NMIO is being serviced
The new NMIO request is held pending regardless of the value of the PSW.NP

bit. The pending NMIVC request is acknowledged after servicing of the current
NMIO request has finished (after execution of the RETI instruction).

(2) If a NMIWDT request is generated while NMIO is being serviced
If the PSW.NP bit remains set (1) while NMIO is being serviced, the new
NMIWDT request is held pending. The pending NMIWDT request is
acknowledge after servicing of the current NMIO request has finished (after
execution of the RETI instruction).

If the PSW.NP bit is cleared (0) while NMIO is being serviced, the newly
generated NMIWDT request is executed (NMIO servicing is halted).

Caution 1. Although the values of the PC and PSW are saved to an NMI status save
register (FEPC, FEPSW) when a non-maskable interrupt request is
generated, only the NMIO can be restored by the RET]I instruction at this
time. Because NMIWDT cannot be restored by the RETI instruction, the
system must be reset after servicing this interrupt.

2. If PSW.NP is cleared to 0 by the LDSR instruction during non-maskable
interrupt servicing, a NMIO interrupt afterwards cannot be acknowledged
correctly.
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NMIO and NMIWDT requests generated
simultaneously

Main routine

NMIWDT servicing

NMIO and NMIWDT —

requests
(generated System reset

simultaneously)

Figure 5-1 Example of non-maskable interrupt request acknowledgement operation:
multiple NMI requests generated at the same time
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NMI being

NMI request generated during NMI servicing

serviced

NMIO

NMIWDT

NMIO

NMIO request‘

NMIO request generated during
NMIO servicing

Main routine

NMIO servicing

NMIO request |  (Held pending)

e

Servicing of
pending NMIO

NMIWDT request generated
during NMIO servicing

(NP = 1 retained before NMI1
request)

Main routine

NMIO servicing

NMIWDT request | (Held pending)

; NMIWDT servicing

NMIO request

.

System reset

NMIWDT request generated
during NMIO servicing (NP=0
set before NMIWDT request)

Main routine

NMIO
request

NMIWDT

NMIO servicing senvicing

NP =0
NMIWDT
request

—Syslem reset

NMIWDT request generated
during NMIO servicing (NP=0
set after NMIWDT request)

NMIWDT
servicing

Main routine

NMIO servicing

request
NP =0

NMIO
request

System reset

NMIWDT

NMIO request generated during
NMIWDT servicing

Main routine

NMIWDT!
servicing

NMIO request

(Invalid)

System reset

NMIWDT
request

NMI1 request generated
during NMIWDT servicing

Main routine

NMIWDT
servicing

NMIWDT request| (Invalid)

System reset

NMIWDT!
request

Figure 5-2 Example of non-maskable interrupt request acknowledgement operation:
NMI request generated during NMI servicing
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5.2.1 Operation

If a non-maskable interrupt is generated, the CPU performs the following
processing, and transfers control to the handler routine:

(1)
2
3

()
@)
(4)
(5)

5

Saves the restored PC to FEPC.

Saves the current PSW to FEPSW.

Writes exception code 0010H to the higher halfword (FECC) of ECR.
Sets the NP and ID bits of the PSW and clears the EP bit.

Sets the handler address corresponding to the non-maskable interrupt to
the PC, and transfers control.

The processing configuration of a non-maskable interrupt is shown in
Figure 5-3.

( NMI input )

INTC
acknowledgement
Non-maskable interrupt
request
CPU processing
w |
0
FEPC < Restored PC

FEPSW «— PSW
ECR.FECC <« Exception

code
PSW.NP 1
PSW.EP «0
PSW.ID «—1
PC <« NMI-Handler
address

( Interrupt service ) (Interrupt request pending)

Figure 5-3 Processing configuration of non-maskable interrupt
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5.2.2
0]

Restore

NMIO

Execution is restored from the non-maskable interrupt (NMIO) processing by
the RETI instruction.

When the RETI instruction is executed, the CPU performs the following
processing, and transfers control to the address of the restored PC.

<1> Restores the values of the PC and the PSW from FEPC and FEPSW,
respectively, because the EP bit of the PSW is 0 and the NP bit of the
PSWis 1.

<2> Transfers control back to the address of the restored PC and PSW.

Figure 5-4 illustrates how the RETI instruction is processed.

RETI instruction

)

0
]
PSW.NP
,,,,,,,,,,,,, -0
PC ~—EIPC PC <~ FEPC
PSW -—EIPSW PSW ~— FEPSW

C

Original processing restored )

Figure 5-4

Caution

Note

)

RETI instruction processing

When the PSW.EP bit and PSW.NP bit are changed by the LDSR instruction
during non-maskable interrupt processing, in order to restore the PC and PSW
correctly during recovery by the RETI instruction, it is necessary to set
PSW.EP back to 0 and PSW.NP back to 1 using the LDSR instruction
immediately before the RETI instruction.

The solid line indicates the CPU processing flow.

NMIWDT

Restoring by RETI instruction is not possible. Perform a system reset after
interrupt servicing.
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31

5.2.3 Non-maskable interrupt status flag (NP)

The NP flag is a status flag that indicates that non-maskable interrupt (NMI)
processing is under execution.

This flag is set when an NMI interrupt has been acknowledged, and masks all

nterrupt requests and exceptions to prohibit multiple interrupts from being

acknowledged.

8 7 6 5 4 3 2 1 0 |Initalvalue

rrrrrrrrrrrrr-rrrroTrr T
PSW ({0 000000000000000000O0C0O0O0O|NP|EP|ID|SAT|CY |OV| S | Z | 00000020H

Bit position

Bit name

Function

7

NP

Indicates whether NMI interrupt processing is in progress.
0: No NMI interrupt processing
1: NMl interrupt currently being processed

202

5.24

NMIO control
The NMIO can be configured to generate an NMI upon a rising, falling or both

edges at the NMI pin. To enable respectively disable the NMIO and to configure
the edge refer to “Edge and Level Detection Configuration® on page 218.
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5.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers.

If two or more maskable interrupt requests are generated at the same time,
they are acknowledged according to the default priority. In addition to the
default priority, eight levels of priorities can be specified by using the interrupt
control registers (programmable priority control).

When an interrupt request has been acknowledged, the acknowledgement of
other maskable interrupt requests is disabled and the interrupt disabled (DI)
status is set.

When the El instruction is executed in an interrupt processing routine, the
interrupt enabled (El) status is set, which enables servicing of interrupts having
a higher priority than the interrupt request in progress (specified by the
interrupt control register). Note that only interrupts with a higher priority will
have this capability; interrupts with the same priority level cannot be nested.

However, if multiple interrupts are executed, the following processing is
necessary.

(1) Save EIPC and EIPSW in memory or a general-purpose register before
executing the El instruction.

(2) Execute the Dl instruction before executing the RETI instruction, then
reset EIPC and EIPSW with the values saved in (1).

5.3.1 Operation

If a maskable interrupt occurs by INT input, the CPU performs the following
processing, and transfers control to a handler routine:

(1) Saves the restored PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower halfword of ECR (EICC).
(4) Sets the ID bit of the PSW and clears the EP bit.

(5) Sets the handler address corresponding to each interrupt to the PC, and
transfers control.

The processing configuration of a maskable interrupt is shown in Figure 5-5.
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T ( INT input )

INTC accepted

No

Is the interrupt
mask released?

Priority higher than
that of interrupt currently
processed?

No

Priority higher
than that of other interrupt
request?

No

ighest default
priority of interrupt requests
with the same priority?

T (Maskable interrupt request) ( Interrupt request pending )

No

CPU processing

EIPC ~— restored PC ( Interrupt request pending )
EIPSW -— PSW

ECR.EICC -— exception code
PSW.EP =—0

PSW.ID -1

PC «— handler address

( Interrupt processing )

Figure 5-5 Maskable interrupt processing

Note For the ISPR register, see “ISPR - In-service priority register” on page 216.

An INT input masked by the Interrupt Controllers and an INT input that occurs
while another interrupt is being processed (when PSW.NP =1 or PSW.ID = 1)
are held pending internally by the Interrupt Controller. In such case, if the
interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 as set by the
RETI and LDSR instructions, input of the pending INT starts the new maskable
interrupt processing.
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5.3.2 Restore
Recovery from maskable interrupt processing is carried out by the RETI
instruction.

When the RETI instruction is executed, the CPU performs the following steps,
and transfers control to the address of the restored PC.

(1) Restores the values of the PC and the PSW from EIPC and EIPSW
because the EP bit of the PSW is 0 and the NP bit of the PSW is 0.

(2) Transfers control to the address of the restored PC and PSW.

Figure 5-6 illustrates the processing of the RETI instruction.

( RET]I instruction )

)
]
PSWNP oo
0
PC «— EIPC PC = FEPC
PSW < EIPSW PSW < FEPSW

Corresponding =— 0
bit of ISPRNete

C Restores original processing )

Figure 5-6 RETI instruction processing

Note 1. Forthe ISPR register, see “ISPR - In-service priority register” on page 216.

2. The solid lines show the CPU processing flow.

Caution When the PSW.EP bit and the PSW.NP bit are changed by the LDSR
instruction during maskable interrupt processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 0 and PSW.NP back to 0 using the LDSR instruction
immediately before the RETI instruction.
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5.3.3 Priorities of maskable interrupts

This microcontroller provides multiple interrupt servicing in which an interrupt
is acknowledged while another interrupt is being serviced. Multiple interrupts
can be controlled by priority levels.

There are two types of priority level control: control based on the default
priority levels, and control based on the programmable priority levels that are
specified by the interrupt priority level specification bit (xxPRn) of the interrupt
control register (xxICn). When two or more interrupts having the same priority
level specified by the xxPRn bit are generated at the same time, interrupts are
serviced in order depending on the priority level allocated to each interrupt
request type (default priority level) beforehand. For more information, refer to
the interrupt/exception source list table. The programmable priority control
customizes interrupt requests into eight levels by setting the priority level
specification flag.

Note that when an interrupt request is acknowledged, the ID flag of PSW is
automatically set to 1. Therefore, when multiple interrupts are to be used, clear
the ID flag to 0 beforehand (for example, by placing the El instruction in the
interrupt service program) to set the interrupt enable mode.
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Main routine

i

Processing of a Processing of b

Interrupt request a — Interrupt
(level 3) request b Interrupt request b is acknowledged because the
(level2) — priority of b is higher than that of a and interrupts are
enabled.
/ Processing of ¢
Interrupt request ¢ — “Interrupt request d o ) o
(level 3) (level 2)—= Although the priority of interrupt request d is higher
than that of c, d is held pending because interrupts
are disabled.

Processing of d

Processing of e

V!

Interrupt request & — Yterrupt request f

(level 2) (level 3) = Interrupt request f is held pending even if interrupts are

enabled because its priority is lower than that of e.

Processing of f

/!

Processing of g

Interrupt request g — Interrupt request h
(level 1) (level 1) — Interrupt request h is held pending even if interrupts are

enabled because its priority is the same as that of g.

Processing of h

|

Figure 5-7 Example of processing in which another interrupt request is issued
while an interrupt is being processed (1/2)

Caution The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

Note 1. <a>to <u> in the figure are the temporary names of interrupt requests
shown for the sake of explanation.
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Interrupt Controller (INTC)

2. The default priority in the figure indicates the relative priority between two
interrupt requests.

El

Interrupt request i —
(level 2)

Processing of i

Processing of k

El

Interrupt

requestj _

(level 3) Interrupt request j is held pending because its

Interrupt request k o .

(level 1) ™ priority is lower than that of i.
k that occurs after j is acknowledged because it
has the higher priority.

Processing of j

Processing of |

Interrupt requests m and n are held pending
because processing of | is performed in the
interrupt disabled status.

Interrupt
request m
(level 3) =

Interrupt request | —
(level 2)

Interrupt request n
(level 1)

Pending interrupt requests are acknowledged after
processing of interrupt request I.

At this time, interrupt requests n is acknowledged
first even though m has occurred first because the
priority of n is higher than that of m.

Processing of n

Processing of m

N\

Processing of o
Processing of p

El
Intel |'|-Jpt Inter Upt

requestp =

Processing of q

Interrupt request 0 —
El

(level 3)

Processing of r

request q Interrupt
(level 2)
(level 1) request r -
(level 0)

If levels 3 to 0 are acknowledged

Pending interrupt requests t and u are
acknowledged after processing of s.

Because the priorities of t and u are the same, u is
acknowledged first because it has the higher
default priority, regardless of the order in which the
interrupt requests have been generated.

Processing of s

Interrupt
request t
(level 2) =
Interrupt request u
level 2)—»

Note 1

Interrupt request s —

(level 1) Note 2

Processing of u

Processing of t

Figure 5-8 Example of processing in which another interrupt request is issued
while an interrupt is being processed (2/2)
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Caution The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

Note 1. Lower default priority
2. Higher default priority

C Main routine )

El

T

Interrupt request a (level 2)
Interrupt request b (level 1) -

i i = Interrupt t b an
Interrupt request  (level 1) NMI request - Processing of interrupt request b errupt request b and ¢ are

acknowledged first according to
their priorities.

* Because the priorities of b and c are
the same, b is acknowledged first

Default priority Processing of interrupt request ¢ according to the default priority.

a>b>c

Processing of interrupt request a

W

Figure 5-9 Example of processing interrupt requests simultaneously generated

Caution The values of the EIPC and EIPSW registers must be saved before executing
multiple interrupts. When returning from multiple interrupt servicing, restore the
values of EIPC and EIPSW after executing the DI instruction.

Remark <a> to <c> in the figure are the temporary names of interrupt requests shown
for the sake of explanation.
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5.3.4 xxIC - Maskable interrupts control register

An interrupt control register is assigned to each interrupt request (maskable
interrupt) and sets the control conditions for each maskable interrupt request.

This register can be read/written in 8-bit or 1-bit units.

7 6 5 4 3 2 1 0 Address M@
XIC | xF | xMK [ 0 | 0 | 0 |xxPR2|xxPR1|xxPRO | FFFFF110Hto 47H
FFFF F18EH

Bit position | Bit name | Function

7 xxIF This is an interrupt request flag.

0: Interrupt request not issued

1: Interrupt request issued
The flag xxIFn is reset automatically by the hardware if an interrupt request is
acknowledged.

6 xxMK This is an interrupt mask flag.
0: Enables interrupt processing
1: Disables interrupt processing (pending)

2t00 xxPR2to | 8 levels of priority order are specified for each interrupt.
XXPRO xxPR2 | xxPR1 xxPRO | Interrupt priority specification bit

0 0 0 Specifies level 0 (highest)

0 0 1 Specifies level 1

0 1 0 Specifies level 2

0 1 1 Specifies level 3

1 0 0 Specifies level 4

1 0 1 Specifies level 5

1 1 0 Specifies level 6

1 1 1 Specifies level 7 (lowest)

Note xx: identification name of each peripheral unit (VC0-VC1, WTOUV-WT1UYV,
TMO1, PO-P7, TZOUV-TZ9UV, TPOOV-TP30V, TPOCCO-TP3CCO, TPOCC1-
TP3CC1, TGOOVO-TG20V0, TGOOV1-TG20V1, TGOCCO-TG2CCO,
TGOCC1-TG2CC1, TGOCC2-TG2CC2, TGOCC3-TG2CC3, TGOCC4-
TG2CC4, TGOCC5-TG2CC5, AD, COERR, C1ERR, COWUP, C1WUP, COREC,
C1REC, COTRX, C1TRX, CBORE-CB2RE, CBOR-CB2R, CBOT-CB2T, UAORE-
UA1RE, UAOR-UA1R, UAOT-UA1T, IIC0O-1IC1, DMAO-DMAGS, INT70, INT71,
LCD)

The address and bit of each interrupt control register are shown in the
following table.
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Table 5-3 Addresses and bits of interrupt control registers (1/3)
Address | Register Bit
7 6 5 4 3 2 1 0
FFFFF110H VCoIC VCOIF VCOMK 0 0 0 VCOPR2 VCOPRT1 VCOPRO
FFFFF112H VC1IC VC1IF VC1MK 0 0 0 VC1PR2 VC1PR1 VC1PRO
FFFFF114H | WTOUVIC WTOUVIF WTOUVMK 0 0 0 WTOUVPR2 | WTOUVPR1 | WTOUVPRO
FFFFF116H | WT1UVIC WT1UVIF WT1UVMK 0 0 0 WT1UVPR2 | WT1UVPR1 | WT1UVPRO
FFFFF118H TMO0IC TMOOIF TMOOMK 0 0 0 TMOOPR2 TMOOPRT TMOOPRO
FFFFF11CH POIC POIF POMK 0 0 0 POPR2 POPR1 POPRO
FFFFF11EH P1IC P1IF P1MK 0 0 0 P1PR2 P1PR1 P1PRO
FFFFF120H P2IC P2IF P2MK 0 0 0 P2PR2 P2PR1 P2PR0
FFFFF122H P3IC P3IF P3MK 0 0 0 P3PR2 P3PR1 P3PRO
FFFFF124H P4IC P4IF P4MK 0 0 0 P4PR2 P4PR1 P4PRO
FFFFF126H P5IC P5IF P5MK 0 0 0 P5PR2 P5PR1 P5PRO
FFFFF128H P6IC P6IF P6MK 0 0 0 P6PR2 P6PR1 P6PRO
FFFFF12AH | TZOUVIC TZOUVIF TZOUVMK 0 0 0 TZOUVPR2 | TZOUVPR1 | TZOUVPRO
FFFFF12CH | TZ1UVIC TZ1UVIF TZ1UVMK 0 0 0 TZ1UVPR2 | TZ1UVPR1 TZ1UVPRO
FFFFF12EH | TZ2UVIC TZ2UVIF TZ2UVMK 0 0 0 TZ2UVPR2 | TZ2UVPR1 | TZ2UVPRO
FFFFF130H | TZ3UVIC TZ3UVIF TZ3UVMK 0 0 0 TZ3UVPR2 | TZ3UVPR1 | TZ3UVPRO
FFFFF132H | TZ4UVIC TZ4UVIF TZ4AUVMK 0 0 0 TZ4UVPR2 | TZ4UVPR1 TZ4UVPRO
FFFFF134H | TZ5UVIC TZ5UVIF TZ5UVMK 0 0 0 TZ5UVPR2 | TZ5UVPR1 | TZ5UVPRO
FFFFF136H | TPOOVIC TPOOVIF TPOOVMK 0 0 0 TPOOVPR2 | TPOOVPR1 | TPOOVPRO
FFFFF138H | TPOCCOIC | TPOCCOIF | TPOCCOMK 0 0 0 TPOCCOPR2 | TPOCCOPR1 | TPOCCOPRO
FFFFF13AH | TPOCCIIC | TPOCC1IF | TPOCCIMK 0 0 0 TPOCC1PR2 | TPOCC1PR1 | TPOCC1PRO
FFFFF13CH | TP10VIC TP10VIF TP1OVMK 0 0 0 TP1OVPR2 | TP1OVPR1 | TP1OVPRO
FFFFF13EH | TP1CCOIC | TP1CCOIF | TP1CCOMK 0 0 0 TP1CCOPR2 | TP1CCOPR1 | TP1CCOPRO
FFFFF140H | TP1CC1IC | TP1CC1IF | TP1CCIMK 0 0 0 TP1CC1PR2 | TP1CC1PR1 | TP1CC1PRO
FFFFF142H | TP20VIC TP20VIF TP20VMK 0 0 0 TP20VPR2 | TP20VPR1 TP20VPRO
FFFFF144H | TP2CCOIC | TP2CCOIF | TP2CCOMK 0 0 0 TP2CCOPR2 | TP2CCOPR1 | TP2CCOPRO
FFFFF146H | TP2CC1IC | TP2CC1IF | TP2CCIMK 0 0 0 TP2CC1PR2 | TP2CC1PR1 | TP2CC1PRO
FFFFF148H | TP30VIC TP3OVIF TP30OVMK 0 0 0 TP3OVPR2 | TP30OVPR1 TP30OVPRO
FFFFF14AH | TP3CCOIC | TP3CCOIF | TP3CCOMK 0 0 0 TP3CCOPR2 | TP3CCOPR1 | TP3CCOPRO
FFFFF14CH | TP3CC1IC | TP3CCIIF | TP3CCIMK 0 0 0 TP3CC1PR2 | TP3CC1PR1 | TP3CC1PRO
FFFFF14EH | TGOOVOIC | TGOOVOIF | TGOOVOMK 0 0 0 TGOOVOPR2 | TGOOVOPR1 | TGOOVOPRO
FFFFF150H | TGOOV1IC | TGOOV1IF | TGOOViIMK 0 0 0 TGOOV1PR2 | TGOOV1PR1 | TGOOVIPRO
FFFFF152H | TGOCCOIC | TGOCCOIF | TGOCCOMK 0 0 0 TGOCCOPR2 | TGOCCOPR1 | TGOCCOPRO
FFFFF154H | TGOCCIIC | TGOCC1IF | TGOCCIMK 0 0 0 TGOCC1PR2 | TGOCC1PR1 | TGOCC1PRO
FFFFF156H | TGOCC2IC | TGOCC2IF | TGOCC2MK 0 0 0 TGOCC2PR2 | TGOCC2PR1 | TGOCC2PRO
FFFFF158H | TGOCC3IC | TGOCC3IF | TGOCC3MK 0 0 0 TGOCC3PR2 | TGOCC3PR1 | TGOCC3PRO
FFFFF15AH | TGOCC4IC | TGOCC4IF | TGOCC4MK 0 0 0 TGOCC4PR2 | TGOCC4PR1 | TGOCC4PRO
FFFFF15CH | TGOCC5IC | TGOCC5IF | TGOCC5MK 0 0 0 TGOCC5PR2 | TGOCC5PR1 | TGOCC5PRO
FFFFF15EH | TG10VOIC | TG1OVOIF | TG10OVOMK 0 0 0 TG10VOPR2 | TG1OVOPR1 | TG1OVOPRO
FFFFF160H | TG1OV1IC | TG1OV1IF | TG1OVIMK 0 0 0 TG10V1PR2 | TGIOV1PR1 | TG1OVIPRO
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Table 5-3 Addresses and bits of interrupt control registers (2/3)

Bit
Address | Register

7 6 2 1 (1]

FFFFF162H | TG1CCOC | TG1CCOIF | TG1CCOMK TG1CCOPR2 | TG1CCOPR1 | TG1CCOPRO

FFFFF164H | TG1CCIIC | TGICC1IF | TG1CCIMK TG1CC1PR2 | TG1CC1PR1 | TG1CC1PRO

FFFFF166H | TG1CC2IC | TG1CC2IF | TG1CC2MK TG1CC2PR2 | TG1CC2PR1 | TG1CC2PRO

FFFFF168H | TG1CC3IC | TG1CC3IF | TG1CC3MK TG1CC3PR2 | TG1CC3PR1 | TG1CC3PRO

FFFFF16AH | TG1CC4IC | TG1CC4IF | TG1CC4AMK TG1CC4PR2 | TG1CC4PR1 | TG1CC4PRO

FFFFF16CH | TG1CC5IC | TG1CC5IF | TG1CC5MK TG1CC5PR2 | TG1CC5PR1 | TG1CC5PRO

FFFFF172H ADIC ADIF ADMK ADPR2 ADPR1 ADPRO

FFFFF174H | COERRIC | COERRIF COERRMK COERRPR2 | COERRPR1 | COERRPRO

FFFFF176H | COWUPIC | COWUPIF | COWUPMK COWUPPR2 | COWUPPR1 | COWUPPRO

FFFFF178H | CORECIC | CORECIF CORECMK CORECPR2 | CORECPR1 | CORECPRO

FFFFF17AH | COTRXIC | COTRXIF COTRXMK COTRXPR2 | COTRXPR1 | COTRXPRO

FFFFF17CH | CBOREIC CBOREIF CBOREMK CBOREPR2 | CBOREPR1 | CBOREPRO

FFFFF17EH CBORIC CBORIF CBORMK CBORPR2 CBORPR1 CBORPRO

FFFFF180H CBOTIC CBOTIF CBOTMK CBOTPR2 CBOTPR1 CBOTPRO

FFFFF182H | UAOREIC | UAOREIF UAOREMK UAOREPR2 | UAOREPR1 | UAOREPRO

FFFFF184H UAORIC UAORIF UAORMK UAORPR2 UAORPR1 UAORPRO

FFFFF186H UAOTIC UAQTIF UAOTMK UAOTPR2 UAOTPR1 UAOTPRO

FFFFF188H | UA1REIC | UA1REIF UATREMK UATREPR2 | UATREPR1 | UA1REPRO

FFFFF18AH UA1RIC UATRIF UATRMK UA1RPR2 UA1RPR1 UA1RPRO

FFFFF18CH UA1TTIC UATTIF UAITMK UA1TPR2 UA1TPR1 UA1TPRO

FFFFF18EH 11C0IC [ICOIF [1COMK [ICOPR2 [ICOPR1 [ICOPRO

FFFFF190H [IC11C [C1IF [ICIMK [IC1PR2 [IC1PR1 [IC1PRO

FFFFF194H DMAOIC DMAOQIF DMAOMK DMAOPR2 DMAOPR1 DMAOPRO

FFFFF196H DMA1IC DMA1IF DMATMK DMA1PR2 DMA1PR1 DMA1PRO

FFFFF198H DMA2IC DMA2IF DMA2MK DMA2PR2 DMA2PR1 DMA2PR0

FFFFF19AH DMA3IC DMA3IF DMA3MK DMA3PR2 DMA3PR1 DMA3PRO

FFFFF19CH INT70IC INT70IF INT70MK INT70PR2 INT70PR1 INT70PRO

FFFFF19EH INT711C INT71IF INT71MK INT71PR2 INT71PR1 INT71PRO

FFFFF1AOH p7IC2 P7IF P7MK P7PR2 P7PR1 P7PRO

FFFFF1A2H | C1ERRIC | C1ERRIF C1ERRMK C1ERRPR2 | C1ERRPR1 | C1ERRPRO

FFFFF1A4H | C1WUPIC | CIWUPIF | C1WUPMK CIWUPPR2 | CIWUPPR1 | C1WUPPRO

FFFFF1A6H | C1RECIC | C1RECIF C1RECMK C1RECPR2 | C1RECPR1 | C1RECPRO

FFFFF1A8H | C1TRXIC C1TRXIF C1TRXMK CITRXPR2 | C1TRXPR1 | C1TRXPRO

FFFFF1AAH | TZ6UVIC® | TZ6UVIF TZ6UVMK TZ6UVPR2 | TZ6UVPR1 | TZ6UVPRO

FFFFF1ACH | TZ7UVIC? | TZ7UVIF TZ7UVMK TZ7UVPR2 | TZ7UVPR1 | TZ7UVPRO

FFFFF1AEH | TZ8UVIC? | TZBUVIF TZ8UVMK TZ8UVPR2 | TZ8UVPR1 | TZ8UVPRO

FFFFF1BOH | TZOUVIC? | TZOUVIF TZ9UVMK TZ9UVPR2 | TZ9UVPR1 | TZ9UVPRO

FFFFF1B2H | TG20V0IC | TG20OVOIF | TG20VOMK TG20VOPR2 | TG20VOPR1 | TG20VOPRO

FFFFF1B4H | TG20V1IC | TG20V1IF | TG20VIMK TG20V1PR2 | TG20V1PR1 | TG20V1PRO

o|lo|lo|lo|lo|lo|loo|lo|loo|lo|lo|lo|lo|lo|lo|lololo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lolo|lolo|lolo|lo|l ol o]l O
o|lo|lo|lo|lo| |||l oo|99|loo|loo|lo|lo|loololo|lo|lo|loo|lo|loo|loo|loo|lo|loo|lo|loo|loo|lo|lolo|lolo|lolo|lo|lo|l o] A&
o|lo|lo|lo|lo|lo|loo|lo|loo|lo|lo|loo|lo|lo|lo|lolo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lo|lolo|lo|lo|l o]l W

FFFFF1B6H | TG2CCOIC | TG2CCOIF | TG2CCOMK TG2CCOPR2 | TG2CCOPR1 | TG2CCOPRO
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Chapter 5

Table 5-3 Addresses and bits of interrupt control registers (3/3)
Address | Register Bit
7 6 5 4 3 2 1 0

FFFFF1B8H | TG2CC1IC | TG2CCIIF | TG2CCIMK 0 0 0 TG2CC1PR2 | TG2CC1PR1 | TG2CC1PRO
FFFFF1BAH | TG2CC2IC | TG2CC2IF | TG2CC2MK 0 0 0 TG2CC2PR2 | TG2CC2PR1 | TG2CC2PR0
FFFFF1BCH | TG2CC3IC | TG2CC3IF | TG2CC3MK 0 0 0 TG2CC3PR2 | TG2CC3PR1 | TG2CC3PRO
FFFFF1BEH | TG2CC4IC | TG2CC4IF | TG2CC4MK 0 0 0 TG2CC4PR2 | TG2CC4PR1 | TG2CC4PR0
FFFFF1COH | TG2CC5IC | TG2CC5IF | TG2CC5MK 0 0 0 TG2CC5PR2 | TG2CC5PR1 | TG2CC5PR0
FFFFF1C2H | CB1REIC CB1REIF CB1REMK 0 0 0 CB1REPR2 | CB1REPR1 | CB1REPRO
FFFFF1C4H CB1RIC CB1RIF CB1RMK 0 0 0 CB1RPR2 CB1RPR1 CB1RPRO
FFFFF1C6H CB1TIC CB1TIF CB1TMK 0 0 0 CB1TPR2 CB1TPR1 CB1TPRO
FFFFF1C8H | CB2REIC® | CB2REIF CB2REMK 0 0 0 CB2REPR2 | CB2REPR1 | CB2REPRO
FFFFF1CAH | CB2RIC? CB2RIF CB2RMK 0 0 0 CB2RPR2 CB2RPR1 CB2RPR0
FFFFF1CCH | CB2TIC® CB2TIF CB2TMK 0 0 0 CB2TPR2 CB2TPR1 CB2TPRO
FFFFF1CEH LCDIC LCDIF LCDMK 0 0 0 LCDPR2 LCDPRT1 LCDPRO

a)

pPD70F3424, uPD70F3425, pPD70F3426, uPD70F3427 only
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Chapter 5 Interrupt Controller (INTC)

5.3.5 IMRO to IMRS5 - Interrupt mask registers

These registers set the interrupt mask state for the maskable interrupts.

The xxMK bit of the IMRm (m = 0 to 5) registers is equivalent to the xxMK bit of
the xxIC register.

IMRm registers can be read/written in 16- and 8-bit units.

The address of the lower 8-bit register IMRmL is equal to that of the 16-bit
IMRm register, and the higher 8-bit register IMRmH can be accessed on the
following address (address (IMRm) + 1).

Caution Mask bits without function, indicated with “1”, must not be altered. Make sure
to set them “1” when writing to the register.

15 14 13 12 1 10 9 8 Address Initial value
IMRO |T22UVMK|TZ1UVMK|TZOUVMK| PEMK | P5MK | PANK | P3MK | POMK |FFFFF100H FFFFH

7 6 5 4 3 2 1 0
| P1MK | POMK | 1 |TMO0MK IWT1UVMK|WTOUVMK| VCIMK | VCOMK |
15 14 13 12 i 10 9 8 Address Initial value

IMR1 |TGOOVOMK|TPBCC1MK|TPSCCOMK|TPSOVMK |TPZCC1MK|TPQCCOMK|TPQOVMK|TP1CC1MK| FFFFF102H  FFFFH

7 6 5 4 3 2 1 0
|TP1CCOMK| TP10VMK |TPOCC1MK|TPOCCOMK| TPOOVMK | TZ5UVMK |TZ4UVMK | TZ3UVMK |

15 14 13 12 11 10 9 8 Address Initial value
IMR2 |TYOUVOMK|TG1CCSMK|TG1CC4MK|TG1CCSMKlTG1CCZMK|TG1CC1MK|TG1CCOMK|TG1OV1MK| FFFFF104H  FFFFH

7 6 5 4 3 2 1 0
|TG1OVOMKlTGOCCSMK|TGOCC4MK|TGOCCSMK|TGOCCQMK|TGOCC1MK|TGOCCOMK|TGOOV1MK|

15 14 13 12 11 10 9 8 Address Initial value
IMR3 | [ICOMK | UATTMK | UATRMK |UA1REMK| UAOTMK | UAORMK |UAOREMK| CBOTMK | FFFFF106H  FFFFH

7 6 5 4 3 2 1 0
|CBORMK |CBOREMK|COTRXMK|COHECMK|COWUPMK|COERRMK| ADMK |TYOUV1MK|
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For uPD70(F)3420, pPD70(F)3421, yPD70(F)3422, yPD70F3423 only:

15 14 13 12 i 10 9 8 Address Initial value
IMR4 | 1 | 1 | 1 |C1TRXMK |C1RECMK |C1WUPMK|C1ERRMK‘ 1 | FFFFF108H  FFFFH
7 6 5 4 3 2 1 0

[ INT71MK | INT70MK | DMA3MK | DMA2MK | DMA1MK | DMAOMK | SGOMK \ ICIMK |

15 14 13 12 1 10 9 8 Address Initial value
IMR5 | LCDMK | 1 | 1 | 1 | CB1TMK | CB1RMK |CB1REMK‘TG2CCSMK| FFFFF10AH  FFFFH
7 6 5 4 3 2 1 0

|TGQCC4MK|TGQCCSMK|TGZCCZMK|TGZCC1MK|TGZCCOMK|TGQOV1MKITGZOVOMK‘ 1 |

For yPD70F3424, yPD70F3425, yPD70F3426, yPD70F3427 only:

15 14 13 12 i 10 9 8 Address Initial value
IMR4 |TZBUVMK|TZ7UVMK|T26UVMK|C1TRXMK|C1RECMK|C1WUPMK|C1ERRMK‘ P7MK |FFFFF108H FFFFH

7 6 5 4 3 2 1 0
| INT71MK | INT70MK | DMA3MK | DMA2MK | DMATMK | DMAOMK | SGOMK \ ICTMK |

15 14 13 12 1 10 9 8 Address Initial value
IMR5 | LCDMK | CB2TMK | CB2RMK |CBQREMK| CB1TMK | CB1RMK |CB1REMK‘TG2CC5MK| FFFFF10AH  FFFFH

7 6 5 4 3 2 1 0
|TGQCC4MK|TGZCCSMK|TGZCCZMK|TGZCC1MK|TGZCCOMK|TGZOV1MK|TG20VOMK‘ TZ9UVMK |

Bit position | Bit name | Function

15t0 0 xxMK Interrupt mask flag.
0: Interrupt servicing enabled
1: Interrupt servicing disabled (pending)

Note xx: identification name of each peripheral unit (VC0-VC1, WTOUV-WT1UYV,
TMO0O, P0-P7, TZOUV-TZ9UV, TPOOV-TP30V, TPOCCO-TP3CCO, TPOCC1-
TP3CC1, TGOOV0-TG20V0, TGOOV1-TG20V1, TGOCCO-TG2CCO,
TGOCC1-TG2CC1, TGOCC2-TG2CC2, TGOCC3-TG2CC3, TGOCC4-
TG2CC4, TGOCC5-TG2CC5, AD, COERR, C1ERR, COWUP, C1WUP, COREC,
C1REC, COTRX, C1TRX, CBORE-CB2RE, CBOR-CB2R, CBOT-CB2T, UAORE-
UA1RE, UAOR-UA1R, UAOT-UA1T, IICO-1IC1, DMAO-DMAS, INT70, INT71,
LCD)
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5.3.6

ISPR - In-service priority register

This register holds the priority level of the maskable interrupt currently
acknowledged. When an interrupt request is acknowledged, the bit of this
register corresponding to the priority level of that interrupt request is set to 1
and remains set while the interrupt is serviced.

When the RETI instruction is executed, the bit corresponding to the interrupt
request having the highest priority is automatically reset to O by hardware.
However, it is not reset to 0 when execution is returned from non-maskable
interrupt servicing or exception processing.

This register is read-only in 8-bit or 1-bit units.

Initial

5 4 3 2 1 0 Address
value

ISPR | ISPR7 \ ISPR6 \ ISPR5 \ ISPR4 \ ISPR3 \ ISPR2 \ ISPR1 \ ISPRO | FFFFF19AH  OOH

Bit position

Bit name | Function

7t00

ISPR7 to Indicates priority of interrupt currently acknowledged

31

ISPRO 0: Interrupt request with priority n not acknowledged
1: Interrupt request with priority n acknowledged
Note n=0to 7 (priority level)

5.3.7 Maskable interrupt status flag (ID)

The ID flag is bit 5 of the PSW and this controls the maskable interrupt’s
operating state, and stores control information regarding enabling or disabling
of interrupt requests.

8 7 6 5 4 3 2 1 0 Initial value

PSW 10 00000000000000000000000 N EP ID SAT CY OV S Z [ 00000020H

Bit position

Bit name | Function

5

ID

Indicates whether maskable interrupt processing is enabled or disabled.

0: Maskable interrupt request acknowledgement enabled

1: Maskable interrupt request acknowledgement disabled (pending)
This bit is set to 1 by the DI instruction and reset to 0 by the El instruction. Its value
is also modified by the RETI instruction or LDSR instruction when referencing to
PSW.
Non-maskable interrupt requests and exceptions are acknowledged regardless of
this flag. when a maskable interrupt is acknowledged, the ID flag is automatically
set to 1 by hardware.
The interrupt request generated during the acknowledgement disabled period
(ID = 1) is acknowledged when the PIFn bit of PICn register is set to 1, and the ID
flag is reset to 0.
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5.3.8 External maskable interrupts

This microcontroller provides maskable external interrupts INTPn with the
following features:
* Analog input filter (refer to “Analog filtered inputs” on page 102)
¢ Interrupt detection selectable for each interrupt input:
— Rising edge
Falling edge
Both edges: rising and falling edge
High level
Low level
¢ Wakeup capability from stand-by mode of INTPn upon
Rising edge
Falling edge
Both edges: rising and falling edge

For configuration of the external interrupt events refer to “Edge and Level
Detection Configuration® on page 218.

5.3.9 Software interrupts

This microcontroller provides maskable software interrupts to for processing of
an interrupt service routine by the application software.

For initiating a software interrupt the interrupt request flag xxIC.xxIF of the
concerned software interrupt “xx” must be set to 1. The following processing is
identical to that of all other maskable interrupts.
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5.4 Edge and Level Detection Configuration

The microcontroller provides the maskable external interrupts INTPn and one
non-maskable interrupt (NMI).

INTPn can be configured to generate interrupts upon edges or levels, the NMI
can be set up to react on edges.

(1) INTMO to INTM3 - External interrupt configuration register

External interrupt function is configured by the registers INTMO...INTM3.

7 6 5 4 3 2 1 0 Address Initial value
INTMO \ 0 \ ELSELT \ ESEL11 \ ESEL10 \ NMIEN \ ELSELO \ ESELO1 \ ESEL00 ‘FFFF F700H  OOH
RIW R R/W RIW RIW RI(W) R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address Initial value
INTM1 \ 0 \ ELSEL3 \ ESEL31 \ ESEL30 \ 0 \ ELSEL? \ ESEL21 \ ESEL20 ‘FFFF F702H  OOH
RIW R R/IW R/W RIW R R/W RIW RIW
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address Initial value
INTM2 ] 0 \ ELSEL5 \ ESEL51 \ ESEL50 \ 0 ] ELSEL4 \ ESEL41 \ ESEL40 ‘FFFF F7044  OOH
RIW R RIW RIW RIW R RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0 Address Initial value
INTM3 \ 0 \ ELSEL7 \ ESEL71 \ ESEL70 \ 0 \ ELSELG \ ESEL61 \ ESEL60 ‘FFFF F706H  OOH
RIW R RIW RIW RIW R RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
The register bits ELSELn, ESELn1 and ESELNO configure the INTPn interrupt
function:
ELSELn ESELnN1 ESELNnO | Function
0 0 0 falling edge
0 0 1 rising edge
0 1 0 prohibited to use
0 1 1 falling and rising edge
1 0 0 low level detection
1 0 1 high level detection
1 1 0 low level detection
1 1 1 high level detection
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The NMI and INTPO share the same pin. The register bits NMIEN, ESELDO,
ESELO1 and ESELOO configure the NMI and INTPO interrupt function:

NMIEN ESELO ESELO1 ESEL00 Function
NMI INTPO
0 0 falling edge
0 1 rising edge
0 1 0 prohibited
0 0 1 1 masked both edges
1 0 0 low level
1 0 1 high level
1 1 0 low level
1 1 1 high level
0 0 0 falling edge falling edge
0 0 1 rising edge rising edge
0 1 0 prohibited prohibited
] 0 1 1 both edges both edges
1 0 0 falling edge low level
1 0 1 rising edge high level
1 1 0 prohibited low level
1 1 1 both edges high level

Caution The NMI configuration bits INTMO.NMIEN and INTMO.ESELO[1:0] can only be
changed if INTMO.NMIEN = 0.
Due to INTMO.NMIEN = 0 after reset the NMI function is disabled and must be
enabled by the application software. Once enabled, the NMI function cannot be
disabled by software.
Specify INTMO.ESELO[1:0] before or at the same time with setting
INTMO.NMIEN = 1.

Note that INTMO.ESELO can be written independently of INTMO.NMIEN.
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5.5 Software Exception

A software exception is generated when the CPU executes the TRAP
instruction, and can be always acknowledged.

5.5.1 Operation

If a software exception occurs, the CPU performs the following processing, and
transfers control to the handler routine:

(1) Saves the restored PC to EIPC.
(2) Saves the current PSW to EIPSW.

(8) Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt
source).

(4) Sets the EP and ID bits of the PSW.

(5) Sets the handler address (00000040H or 00000050H) corresponding to
the software exception to the PC, and transfers control.

Figure 5-10llustrates the processing of a software exception.

- ( TRAP instructionNote )

EIPC -— restored PC
EIPSW -— PSW
ECR.EICC -+— exception code
PSW.EP =1

PSW.ID =—1

PC -— handler address

( Exception processing )

Figure 5-10 Software exception processing

CPU processing

Note TRAP Instruction Format: TRAP vector (the vector is a value from 0 to 1FH.)

The handler address is determined by the TRAP instruction’s operand (vector).
If the vector is 0 to OFH, it becomes 00000040H, and if the vector is 10H to
1FH, it becomes 00000050H.
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5.5.2

Restore

Recovery from software exception processing is carried out by the RETI
instruction.

By executing the RETI instruction, the CPU carries out the following
processing and shifts control to the restored PC’s address.

(1) Loads the restored PC and PSW from EIPC and EIPSW because the EP
bit of the PSW is 1.

(2) Transfers control to the address of the restored PC and PSW.

Figure 5-11 illustrates the processing of the RETI instruction.

RETI instruction )

‘ 0
PC -—EIPC PC -—FEPC
PSW -—EIPSW PSW -— FEPSW

S |

C

Original processing restored )

Figure 5-11

Caution

Note

RETI instruction processing

When the PSW.EP bit and the PSW.NP bit are changed by the LDSR
instruction during the software exception processing, in order to restore the PC
and PSW correctly during recovery by the RETI instruction, it is necessary to
set PSW.EP back to 1 using the LDSR instruction immediately before the RETI
instruction.

The solid lines show the CPU processing flow.
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5.5.3 Exception status flag (EP)

The EP flag is bit 6 of PSW, and is a status flag used to indicate that exception
processing is in progress. It is set when an exception occurs.

31

8

7

6

5

1

0

PSW ] 0

00000000000000000000000

NP

EP

D

SAT

cY

v

Initial value

00000020H

Bit position

Bit name

Function

6

EP

Shows that exception processing is in progress.

0: Exception processing not in progress.
1: Exception processing in progress.

5.6 Exception Trap

An exception trap is an interrupt that is requested when an illegal execution of
an instruction takes place. For this microcontroller, an illegal opcode exception
(ILGOP: lllegal Opcode Trap) is considered as an exception trap.

5.6.1 lllegal opcode definition

The illegal instruction has an opcode (bits 10 to 5) of 111111B, a sub-opcode
(bits 23 to 26) of 0111B to 1111B, and a sub-opcode (bit 16) of OB. An
exception trap is generated when an instruction applicable to this illegal
instruction is executed.

x: Arbitrary

(1) Operation
If an exception trap occurs, the CPU performs the following processing, and
transfers control to the handler routine:

(1) Saves the restored PC to DBPC.
(2) Saves the current PSW to DBPSW.
(8) Sets the NP, EP, and ID bits of the PSW.

(4) Sets the handler address (00000060H) corresponding to the exception
trap to the PC, and transfers control.

Figure 5-12llustrates the processing of the exception trap.
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