_ USER'S MANUAL NEC

P\

_ V851™
32/16-BIT SINGLE-CHIP MICROCOMPUTER

HARDWARE

g / 1PD703000
1PD703001
4PD70P3000
¢
C

Document No. U10935EJ2VOUMOO (2nd edition)
Date Published September 1996 P
© NEC Corporation 1995 Printed in Japan



NOTES FOR CMOS DEVICES

(® PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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. Itis 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.

HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

No connection for CMOS device inputs can be cause of malfunction. If no connection is provided
totheinput pins, itis 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 Voo 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.

STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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, /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.

V851 and V850 families are trademarks of NEC Corporation.




The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a

country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

The customer must judge the need for license: pPD703000GC-xx-xxx-7EA
uPD70P3000GC-xx-7EA
License not needed : uPD703001GC-xx-7EA

The information in this document is subject to change without notice.

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

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual property
rights of third parties by or arising from use of a device described herein or any other liability arising from use
of such device. Nolicense, either express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on a
customer designated “quality assurance program* for a specific application. The recommended applications of
adevice depend on its quality grade, as indicated below. Customers must check the quality grade of each device
before using it in 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)
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The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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Regional Information

Some information contained in this document may vary from country to country. Before using any NEC
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Availability of related technical literature
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Major Revisions in This Edition

Page Description
Throughout Addition of description of 33-MHz operation
p-3 Addition of parts numbers to 1.4 Ordering Information
p.8 Addition of description to 1.6.2 (2) Bus control unit (BCU)
p.15 Partial change of 2.2 Pin Status
p.20 Addition of description to 2.3.1 (8) (b) (vi) STO0, ST1
p.23 Partial change of 2.4 Processing of Unused Pins
p.26 Addition of text pointer to 3.2 CPU Register Set
p-28 Addition of description to Table 3-2 System Register Numbers
p.46 Change of Figure 3-10 Recommended Memory Map
p.50 Change of 4.3 Number of Access Clocks
p.70, 75 Addition of Note to Figures 5-3 and 5-6 RETI Instruction Processing
p.83, 86 Modification of Note in Figures 5-10 and 5-12 RETI Instruction Processing
p.88 Modification of 5.6.2 (2) To generate exception in service program
p.96 Addition of description to 6.5.2 (1) Power save control register (PSC)
p.104 Addition of Note to 6.5.5 (2) Releasing software STOP mode
p.112 Addition of description and note to 7.2.1 Timer 1
p.114 Addition of Note to 7.2.2 Timer 4
p.134 Change of Figure 7-17 PWM Output Timing (TM1)
p.200 Modification of description of 9.4 Input Noise Filters
p.212 Addition of 11.6 Notes on Releasing STOP Mode When External Clock is Used

The mark * shows major revised points.
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INTRODUCTION

This manual is intended for the users who wish to understand the functions of the
V851 (uPD703000, 703001 and 70P3000) to design application systems using the
V851.

This manual presents information on the hardware functions of the V851.
Two volumes of the V851 User’s Manual are available: hardware (this manual) and

architecture (V850 Family™ User’s Manual - Architecture) manuals. The organi-
zation of each manual is as follows:

Hardware J [ Architecture J
+ Pin function » Data type
» CPU function - Register set
« Internal peripheral function - Instruction format and instruction set
+ PROM mode « Interrupt and exception

- Pipeline operation

It is assumed that the readers of this manual have general knowledge on electric
engineering, logic circuits, and microcontrollers.

« To find the details of a register where the name is known
— Refer to APPENDIX A REGISTER INDEX.
+ To understand the details of an instruction function
— Refer to the V850 Family User’s Manual - Architecture.
+ To find out about the electrical characteristics of the V851
— Refer to the Data Sheet separately available.
+ To understand the overall functions of the V851
— Read this manual according to the Table of Contents.

In this manual, the one-time PROM model is referred to as a PROM.

Data significance
Active low

: Left: higher digit, right: lower digit

: XXX (top bar over pin or signal name)
Memory map address : Top: highest, bottom: lowest

Note : Foot note

Caution

Remark

Numeric representation

: Important information

: Supplement

: Binary ... xxxx or xxxxB
Decimal ... xxxx
Hexadecimal ... xxxxH
K (kilo): 219 = 1024

M (mega): 220 = 10242

Prefix indicating power of 2 :



Related documents The related documents indicated in this publication may include preliminary
versions. However, preliminary versions are not marked as such.

Product Name
uPD703000, 703001 uPD70P3000

Document Name
Data sheet U10987E U10988E
User's manual Hardware This manual

Architecture U10243E
Instruction list U10229E
Register list _
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CHAPTER 1 INTRODUCTION

The V851 is the first product of the NEC’s V850 family single-chip microcontrollers for real-time control applications.
This chapter briefly outlines the V851.

1.1 General

The V851 is a 32-/16-bit single-chip microcontroller that employs the CPU core of the V850 family of high-
performance 32-bit single-chip microcontrollers for real-time control applications, and integrates peripheral functions
such as ROM/RAM, real-time pulse unit, and serial interface.

The V851 is provided with multiplication instructions that are executed with a hardware multiplier, saturated
operation instructions, and bit manipulation instructions that are ideal for digital servo control applications, in addition
to the basic instructions that have a high real-time response speed and can be executed in 1 clock cycle. This
microcontrolier can be employed for many applications including real-time control systems such as engine control
and ABS (Anti-lock Braking System); various automobile electronic systems; office machines including PPCs (Plain
Paper Copiers), printers, and facsimiles; and factory automation systems such as NC (Numerical Control) machine
tools and various controllers. In any of these applications, the V851 demonstrates an extremely high cost
effectiveness.
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1.2 Features

O Number of instructions

O Minimum instruction execution time :

O General register

O Instruction set

O Memory space

O External bus interface

QO Internal memory

O Interrupt/exception

O /0 line

O Real-time pulse unit

O Serial interface

O Clock generator

O Power save function

O CMOS technology

74

30 ns (at 33 MHz)

: 32 bits x 32

: Signed multiply (16 bits x 16 bits — 32 bits): 1 to 2 clocks

Saturated operation instructions (with overflow/underflow detection
function)

32-bit shift instructions: 1 clock

Bit manipulation instructions

Load/store instructions with long/short format

16 MB linear (common to program/data)

Memory is divided in 1 MB unit blocks and wait states can be inserted
into a bus cycle for every two blocks.

Programmable wait function

Idle state insertion function

16-bit data bus (address/data multiplexed)
Bus hold function
External wait function

: ROM/PROM: 32 KB

RAM : 1 KB

: Non-maskable: 1 source

Maskable: 14 sources (Eight levels of priorities can be set.)
lllegal instruction code exception

Input port: 1
/O port : 67

16-bit timer/event counter: 1 ch
16-bit timer: 1
16-bit capture/compare register: 4
16-bit interval timer: 1 ch

. Asynchronous serial interface (UART): 1 ch

Clocked serial interface (CSI): 1 ch
Dedicated baud rate generator

. x5 function by PLL clock synthesizer

: HALT/IDLE/STOP mode

Clock output stop function
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1.3 Application Fields

O For controlling systems using servo motor (such as PPCs, printers, and NC machine tools)
O For other control applications where high-speed response is required (such as engine control)

1.4 Ordering Information

Maximum
Part Number Package Operating Internal ROM
Frequency (MHz)

uPD703000GC-25-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) 25 Mask ROM
uPD703000GC-33-xxx-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) 33 Mask ROM
uPD703001GC-25-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) 25 None
pPD703001GC-33-7EA 100-pin plastic QFP (fine pitch) (14 x 14 mm) 33 None
uPD70P3000GC-25-7EANote  100-pin plastic QFP (fine pitch) (14 x 14 mm) 25 One-time PROM
uPD70P3000GC-33-7EANote  100-pin plastic QFP (fine pitch) (14 x 14 mm) 33 One-time PROM

Note: Under development

Remark: xxx indicates a ROM code suffix.
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* 1.5 Pin Configuration (Top View)
1.5.1 Normal operation mode

- 100-pin plastic QFP (fine pitch)(14 x 14 mm)
pPD703000GC-xx-xxx-7EA
uPD703001GC-xx-7EA
pPD70P3000GC-xx-7EA

oM
oL
—Qqo ag SEEEE
98 gupes 2zz22
B35 2 89533328 8 NN REN 8.8
naa>>aoaoconoooo>>0a0000000>>
/8385883585588 83BIE0RTNE
P64/A20 Q== 1 O 75l==0OP07/INTP13
P63/A19 O={2 74}==0OP06/INTP12
P62/A18 O=={3 73|==OPO0O5/INTP11
P61/A17 Q=4 72}==OP04/INTP10
P60/A16 Q=5 71 l==OP03/TI1
Vss O— 6 70 }==OP02/TCLR1
Voo O—7 69 ==OP01/TO11
P57/AD15 O=—+{8 68 }==OP00/TO10
P56/AD14 O=—={9 67 —O Voo
P55/AD13 O=—={10 66 H—OVss
54/AD12 Q== 11 65==0OP17
P53/AD11 O=—={12 64==OP16
52/AD10 O=+={13 63==0OP15
P51/AD9 O=+={14 62f==—0OP14
P50/AD8 O=+={15 61f==0OP13
Voo O— 16 60==OP12
Vss O—]17 59|==OP11
P47/AD7 O=={18 58==0OP10
P46/AD6 O=—{19 57H—0OVss
P45/AD5 Q=20 56 —OVop
P44/AD4 O=—21 55+—OMODEOQ
P43/AD3 O=+{22 54 =—OMODE1
P42/AD2 O=+23 53—0ICO (G
P41/AD1 O=+{24 52H—0I V
P40/AD0 O=+{25 51~—ORESE
NORSHARIBEHBBI Y

2 oMo 2 2= 12 g X
4 Luo
> 5555ﬂ<>>x 0333 =
HoNOLHO x00OL afS
SSORILR S 3 T
[o)] [e2]e)] =
ag o 58
oo

Cautions: The contentin parentheses indicates the processing of the pin notused in the normal operation
mode.
G: Connect this pin to Vss.
V: Connect this pin to Voo

Remark: xx indicates a maximum operating frequency.
xxx indicates a ROM code suffix.
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P00-PO7
P10-P17
P20-P27
P30-P37
P40-P47
P50-P57
P60-P67
P90-P97
P100-P103
TO10, TO11
TCLR1

T :
INTPOO-INTPOS,
INTP10-INTP13:
NMI

SO

Si

SCK

TXD

RXD
ADO-AD15

: Port0

: Portt

: Port2

: Port3

: Port4

: Ports

: Port6

: Port9

: Port10

: Timer Output
: Timer Clear
: Timer Input

Interrupt Request From Peripherals

: Non-maskable Interrupt Request
: Serial Output

. Serial Input

: Serial Clock

: Transmit Data

. Receive Data

. Address/Data Bus

A16-A23
LBEN
UBEN
R/W
DSTB
ASTB
STO, STH
HLDAK
HLDRQ
CLKOUT
CKSEL
WAIT

RESET
X1, X2
CVop
CVss
Vop

Vss
1CO, IC1

: Address Bus

: Lower Byte Enable
. Upper Byte Enable
: Read/Write Status
: Data Strobe

: Address Strobe

: Status

: Hold Acknowledge
: Hold Request

: Clock Output

: Clock Select

: Wait

MODEO, MODE?1:

Mode

: Reset
: Crystal
: Clock Generator Power Supply
: Clock Generator Ground

: Power Supply

: Ground

: Internally Connected
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1.5.2 PROM programming mode

- 100-pin plastic QFP (fine pitch){(14 x 14 mm)
1PD70P3000GC-xx-7EA

— — =
=5 8% <= 38‘0 88

T

©
<

A5

/ oo NOWUTOAN—ODONO©
St G0 00 G0 006 00 00 6O R I I
o0 -y
O——
A2 O—={3 73—O
Al O—={4 72O Ll
A0 O—{5 7i—orm
Vss O—6 70O
Voo O—7 69+H—O
A16 O—={8 68+—0O)
A15 O—9 67H—OVop
A14 O—{10 66—OVss
A13 O—= 11 65H—O
A12O0—={12 64H—0
A11 O—={13 63—0O
A10 O—{ 14 82—O |
A8 O—={15 61—o (L
Voo O—1 16 60H—O
Vss O—{17 50—0O
D7 O=+=18 58——C0.)
D6 O=+{19 57—C0Vss
D5 O=+=20 56—O Voo
D4 O=+21 55—OMODEO
O={2 54 +—OMODE1
D2 O=—{23 53F—OVep
D1 O=~24 52 ——Ofv;
D0 O=+]25 51—O(G
~ 0
o o)

Caution: The content in parentheses indicates the processing of the pin not used in the PROM
programming mode.

L : Individually connect this pin to Vss via a resistor.
G : Directly connect this pin to Vss.
Vv : Directly connect this pin to Voo.

Open : Connect nothing to this pin.

AO0-A16 . Address Bus MODEOQ, MODE1 : Programming Mode Set

D0-D7 : Data Bus Vop : Power Supply

CE : Chip Enable Vss : Ground

OE : Output Enable Vep : Programming Power Supply
PGM : Programming Mode



A,

CHAPTER 1 INTRODUCTION

1.6 Function Block Configuration

1.6.1 Internal block diagram

ROM CPU

NMI ——] M) | |

Instruction

AN

ROM/ l queue

INTPOO-INTPO3 )
INTC ¢> PROMK

it >
32KB i
INTP10-INTP13 barrel shifter Muliplier

:\V16X 16 — 32

System BCU

register

To10,7011 <]  RPU (| BAM

TCLR1 —
TH —— 1KB

sio T T VA EN

General
32 bits x 32 )

At
(92

> A16-A23
K —> AD0-AD15
—> STO, ST1
<— HLDRQ
— HLDAK
K—> D0-D7
- AQ0-A16
l«— CE
«— OE
. PG
e— Vpp

Note

TXD |

5

BRG k'——

RXD UART K——> @ @
¢

SO
Si csl K=—> L Port | ce

= g,

<— CKSEL
— CLKOUT

-— X1
— X2
MODEO, MODE1

~— RESET

Note: The pins used in the PROM programming mode.
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1.6.2 Internal units

b))

()

@)

(4)

()

(6)

)

®

CPU

Executes almost all the instruction processing such as address calculation, arithmetic/logic operation, and data
transfer in 1 clock by using a 5-stage pipeline.

Dedicated hardware devices such as a multiplier (16 bits x 16 bits — 32 bits) and a barrel shifter (32 bits)
are provided to increase the speed of processing complicated instructions.

Bus control unit (BCU)

Initiates the necessary number of bus cycles based on the physical address obtained by the CPU. When the
instruction of external memory is executed, if the CPU does notissue a request to start a bus cycle, generates
a prefetch address to prefetch an instruction code. The prefetched instruction code is loaded to the internal
instruction queue.

ROM/PROM

ROM or PROM of 32-KB mapped starting from address 00000000H. Access is enabled/disabled by the
MODEO and MODE?1 pins. With the PROM device, the programming mode is specified by these two pins.
This ROM/PROM is accessed in 1 clock by the CPU when an instruction is fetched.

RAM
1-KB RAM mapped starting from address FFFFEOOOH. This RAM can be accessed in 1 clock by the CPU
when data is accessed.

Interrupt controller (INTC)

Processes interrupt requests (NMI, INTPOO-INTP03, INTP10-INTP13) from the internal peripheral hardware
and external sources. Eight levels of priorities can be specified for these interrupt requests, and multiplexed
processing control can be performed on an interrupt source.

Clock generator (CG)

Supplies the CPU clock whose frequency is five times (when the internal PLL is used) or 1/2 times (when the
PLL is not used) the frequency of the oscillator connected across the X1 and X2 pins. Input from an external
clock source can also be referenced instead of using the oscillator.

Real-time pulse unit (RPU)
Provides a 16-bit timer/event counter, a 16-bit interval timer, and capabilities for measuring pulse width and
generation of programmable pulse outputs.

Serial interface (SI10)

The serial interface consists of an asynchronous serial interface (UART) and a synchronous or clocked serial
interface (CSl).

UART transfers data by using the TXD and RXD pins and the CSI transfers data by using the SO, S, and
SCK pins.

The output of the baud rate generator and system clock can be selected as the serial interface clock source.
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( (9) Ports
The V851 is provided with a total of 68 1/O port pins (of which one is an input port pin) that constitute ports

( 0 to 10. These port pins also function as various control pins.

Port 110 Function

PO 8-bit 1/0 General port Timer 1/O, external interrupt

P1 -

P2 External interrupt

P3 Serial interface

P4 External address/data bus

P5

P6 External address bus

P9 External bus interface control signal 1/O

P10 4-bit 1/0

b
]
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CHAPTER 2 PIN FUNCTIONS

The following table shows the names and functions of the V851’s pins. These pins can be divided by function

into port pins and other pins.

2.1 Pin Function List

2.1.1 Normal operation mode

(1) Port pins
(1/2)
Pin Name 110 Function Alternate Function
P00 110 Port 0. TO10
POA 8-bit 1/O port. TO11
Can be specified in input/output mode in 1-bit units.
P02 TCLR1
P03 TH
P04 INTP10
P05 INTP11
P06 INTP12
PO7 INTP13
P10-P17 110 Port 1.
8-bit 1/O port. -
Can be specified in input/output mode in 1-bit units.
P20 Input Port 2. NMI
P21 yo | 8dit VO port. INTPOO
Can be specified in input/output mode in 1-bit units.
pa2 P20 is fixed to input mode, however. INTPO1
P23 INTPO2
P24 INTPO3
P25-P27 -
P30 110 Port 3. SO
P31 8-bit /O port. sl
Can be specified in input/output mode in 1-bit units.
P32 SCK
P33 TXD
P34 RXD
P35-P37 -
P40-47 110 Port 4. ADO-AD7
8-bit /O port.
Can be specified in input/output mode in 1-bit units.
P50-P57 110 Port 5. AD8-AD15
8-bit 1/O port.
Can be specified in input/output mode in 1-bit units.

11
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(2/2)
Pin Name 110 Function Alternate Function
P60-P67 1/0 Port 6. A16-A23
8-bit 1/O port.
Can be specified in input/output mode in 1-bit units.
P90 110 Port 9. LBEN
P91 8-bit I/0 port. UBEN
Can be specified in input/output mode in 1-bit units. —
P92 R/wW
P93 DSTB
P94 ASTB
P95 ST0
P96 s
P97 -
P100 110 Port 10. HLDAK
Can be specified in input/output mode in 1-bit units.
P102 -
P103 -

12
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(2) Pins other than port pins

(1/2)

Pin Name /10 Function Alternate Function
TO10 Output | Pulse signal output from timer 1. P00
TO11 PO1
TCLR1 Input | External clear signal input to timer 1. P02
™ External count clock input to timer 1. P03
INTP10 Input External capture trigger input to timer 1. Also used to input external P04
INTP11 maskable interrupt request. PO5
INTP12 P06
INTP13 Po7
NMI Input | Non-maskable interrupt request input. P20
INTPOO Input | External maskable interrupt request input. P21
INTPO1 P22
INTP02 P23
INTPO3 P24
SO Output | Serial transmit data output from CSI. P30
Sl Input | Serial receive data input to CSI. P31
SCK 110 Serial clock 1/0 from/to CSI. P32
TXD Output | Serial transmit data output from UART. P33
RXD Input | Serial receive data input to UART. P34
ADO-AD7 110 16-bit multiplexed address/data bus when external memory is used. P40-P47
AD8-AD15 P50-P57
A16-A23 Output Hru;hnr address bus when external memory is used. P60-P67
LBEN ()utputﬂ Lowerb?téenablo S|gnal output of external data bus. P90
UBEN Higher byte enable signal output of external data bus. P91
R/W External read/write status output. P92
DSTB External data strobe signal output. P93
ASTB External address strobe signal output. P94
STO External bus cycle status output. P95
STH1 P96
HLDAK Output | Bus hold acknowledge output. P100
HLDRQ Input Bus hold request input. P101
CLKOUT Output | System clock output. -
CKSEL Input Input specifying operation mode of clock generator. -
WAIT Input | Control signal input inserting wait state to bus cycle. -
MODEQ, MODE1 | Input Specifies operation mode.
RESET Input | System reset input. ‘
X1 Input | System clock oscillator connecting pins. Supply extern;;l ;;I()bk to X1. -
X2 - -

13
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(2/2)

Pin Name 110 Function Alternate Function
CVoo - Positive power supply for internal clock generator. -
CVss - Ground for internal clock generator. -
Voo - Positive power supply -
Vss - Ground -
1CO, IC1 - Internally connected -

2.1.2 PROM programming mode (uPD70P3000 only)
Control and timing of the V851 in the PROM mode are compatible with those of the uPD27C1001A. The functions
of the pins of the V851 in the PROM mode are as follows:

Pin Name Function in PROM Mode Corresponding Pin of uPD27C1001A
P60-P67 Address input, low (A0-A7) AO-A7
P50, P20, P51-P57 Address input, high (A8-A16) A8, A9, A10-A16
P40-P47 Data input/output D0-D7
P25 CE (chip enable) input CE
P26 OE (output enable) input OE
P27 PGM (program) input PGM
Vep Power supply for program write Vee
MODEO, MODE1 Operation mode specification

14
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2.2 Pin Status

The operating status of each pin in each operation mode is as follows:

Operating Status| STOP IDLE Bus Idle HALT

Pin Mode Mode Hold State Mode
ADO-AD15 Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z Hi-Z
A16-A23 Hi-Z Hi-z Hi-Z Hi-Z Retained Retained
LBEN, UBEN Hi-Z Hi-Z Hi-Z Hi-Z Retained H
RIW Hi-Z Hi-Z Hi-Z Hi-Z H H
DSTB Hi-Z Hi-Z Hi-Z Hi-Z H H
ASTB Hi-Z Hi-Z Hi-Z Hi-Z H H
STO, ST1 Hi-Z Hi-Z Hi-Z Hi-Z Idle status Idle status
HLDRQ - - - Operates Operates Operates
HLDAK Hi-Z Hi-Z Hi-Z L Operates Operates
WAIT - _ - - - -

Hi-Z : high-impedance

Retained : Retains status in external bus cycle immediately before

L : low-level output

H : high-level output

- : input not sampled

15
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2.3 Pin Function

2.3.1 Normal operation mode

(1) P00-P07 (Port0) ... 3-state /O

(2

3

16

These pins constitute an 8-bit I/O port, port 0. They also serves as control signal pins.

PO0-P07 function not only as I/O port pins, but also as the I/O pins of the real-time pulse unit (RPU) and external
interrupt request input pins. Each bit of port 0 can be specified in the port or control mode, by using port mode
control register 0 (PMCO).

(a) Port mode
P00-PQ7 can be set in the input or output mode in 1-bit units by using port mode register 0 (PMO).

(b) Control mode
P00-P07 can be set in the port or control mode in 1-bit units by the PMCO register.

() TO10, TO11 (Timer Output) ... output
These pins output pulse signals from timer 1.

(ii) TCLR1 (Timer Clear) ... input
This pin inputs an external clear signal to timer 1.

(iii) TI1 (Timer Input) ... input
This pin inputs an external count clock to timer 1.

(iv) INTP10-INTP13 (Interrupt Request From Peripherals) ... input
These pins are the external interrupt request input pins of timer 1.

P10-P17 (Port 1) ... 3-state I/O

These pins constitute an 8-bit I/0 port, port 1, which can be set in the input or output mode in 1-bit units by
using port mode register 1 (PM1).

The pins of port 1 function only as I/O pins and are not multiplexed with control pins.

P20-P27 (Port 2) ... 3-state I/O

These pins constitute an /O port, port 2, which can be set in the input or output mode in 1-bit units except
P20 which is fixed to the input mode. These pins function not only as port pins but also as external interrupt
input pins.

Each bit of this port can be specified in the port or control mode by using port mode control register 2 (PMC2).
P25-P27 function only as I/O pins and are not multiplexed with control pins.

(a) Port mode
P21-P27 can be set in the input or output mode in 1-bit units by port mode register 2 (PM2).
PM20 is dedicated to the NMI input mode.

(b) Control mode
P20-P24 can be set in the port or control mode in 1-bit units by port mode control register 2 (PMC2).
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PN

(i) NMI (Non-Maskable Interrupt Request) ... input
This pin inputs a non-maskable interrupt request.

(ii) INTPOO-INTPO3 (interrupt Request From Peripherals) ... input
These pins input external maskable interrupt requests.

(4) P30-P37 (Port 3) ... 3-state input
These pins constitute an 8-bit I/0 port, port 3. They also function as control signal pins. P30-P37 function
not only as I/O port pins but also as serial interface (UART, CSI) I/O pins in the control mode.
P35-P37 function only as I/O pins and are not multiplexed with control pins.

(a) Port mode
P30-P37 can be set in the input or output mode in 1-bit units by port mode register 3 (PM3).

(b) Control mode
P30-P37 can be set in the port or control mode in 1-bit units by the PMC3 register.

(i) SO (Serial Output) ... output
This pin outputs the serial transmit data of CSI.

(ii) Sl (Serial Input) ... input
This pin inputs the serial receive data of CSI.

(iii) SCK (Serial Clock) ... 3-state I/O
This pin inputs/outputs the serial clock of CSI.

(iv) TXD (Transmit Data) ... output
This pin outputs the serial transmit data of UART.

(v) RXD (Receive Data) ... input
This pin inputs the serial receive data of UART.

(5) P40-P47 (Port 4) ... 3-state /O
These pins constitute an 8-bit I/O port, port 4. They also form a portion of the address/data bus connected
to external memory.
P40-P47 function not only as /O port pins but also as multiplexed address/data bus pins (ADO-AD7) in the
control mode (external expansion mode) when an external memory is connected.
Each bit of this port can be set in the port or control mode, in 1-bit units, by using mode specification pins
MODEO and MODE1, and memory expansion mode register (MM).

(@) Port mode
P40-P47 can be set in the input or output port mode in 1-bit units by using port mode register 4 (PM4).

(b) Control mode (external expansion mode)
P40-P47 can be specified as AD0O-AD7 by using the MODEQ and MODE1 pins and MM register.

17



CHAPTER 2 PIN FUNCTIONS

(6)

0]
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(i) ADO-AD7 (Address/Data0-7) ... 3-state I/O
These pins constitute a multiplexed address/data bus when the external memory is accessed. They
function as the A0-A7 output pins of a 24-bit address in the address timing (T1 state), and as the
lower 8-bit data I/O bus pins of 16-bit data in the data timing (T2, TW, T3).
The output status of these pins changes in synchronization with the rising edge of the clock in each
state of the bus cycle. ADO-AD7 go into a high-impedance state in the idle state (TI).

P50-P57 (Port 5) ... 3-state I/O

These pins constitute an 8-bit I/0 port, port 5. They also form a portion of the address/data bus connected
to external memory.

P50-P57 function not only as I/O port pins but also as multiplexed address/data bus pins (AD8-AD15) in the
control mode (external expansion mode) when an external memory is connected.

Each bit of this port can be set in the port or control mode in 1-bit units by using mode specification pins MODEO
and MODE1, and memory expansion mode register (MM).

(a) Port mode
P50-P57 can be set in the input or output port mode in 1-bit units by using port mode register 5 (PM5).

(b) Control mode (external expansion mode)
P50-P57 can be specified as AD8-AD15 by using the MODEO and MODE1 pins and MM register.

(i) AD8-AD15 (Address/Data8-15) ... 3-state I/O
These pins constitute a multiplexed address/data bus when the external memory is accessed. They
function as the A8-A15 output pins of a 24-bit address in the address timing (T1 state), and as the
higher 8-bit data 1/0 bus pins of 16-bit data in the data timing (T2, TW, T3).
The output status of these pins changes in synchronization with the rising of the clock in each state
of the bus cycle. AD8-AD15 go into a high-impedance state in the idle state (Tl).

P60-P67 (Port 6) ... 3-state I/O

These pins constitute an 8-bit I/O port, port 6. They also form a portion of the address/data bus connected
to external memory.

P60-P67 function not only as I/O port pins but also as address bus pins (A16-A23) in the control mode (external
expansion mode) when an external memory is connected. This port can be set in the port or control mode
in 2-bit units by using mode specification pins MODEO and MODE1, and memory expansion mode register
(MM).

(a) Port mode
P60-P67 can be set in the input or output port mode in 1-bit units by using port mode register 6 (PM6).

(b) Control mode (external expansion mode)
P60-P67 can be specified as A16-A23 by using the MODEQ and MODE1 pins and MM register.

(i) A16-A23 (Address/Data16-23) ... output
These pins constitute the higher 8 bits of a 24-bit address bus when the external memory is accessed.
The output status of these pins changes in synchronization with the rising edge of the clock in the
T1 state. During the idle state (T1), the address of the bus cycle immediately before entering the idle
state is retained.
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(8) P90-P97 (Port 9) ... 3-state I/0
These pins constitute an 8-bit I/0O port, port 9, and are also used to output control signals.
P90-P96 function not only as I/O port pins but also as control signal output pins in the control mode (external
expansion mode) when an external memory is used.
This port can be set in the port or control mode in 5-, 2-, or 1-bit units by using mode specification pins MODEO
and MODE1, and memory expansion mode register (MM).
P97, however, is not multiplexed and can be used only as a port pin.

(a) Port mode
P90-P97 can be set in the input or output port mode in 1-bit units by using port mode register 9 (PM9).

(b) Control mode (external expansion mode)
P90-P96 can be used to output control signals when so specified by the MODEO and MODET1 pins and
MM register when an external memory is used.

0

(ii)

LBEN (Lower Byte Enable) ... output

This is the lower byte enable signal of the 16-bit external data bus.

This signal changes in synchronization with the rising edge of the clock in the T1 state of the bus
cycle. The status of the bus signal remains unchanged in the idle state (TI).

UBEN (Upper Byte Enable) ... output

This is the upper byte enable signal of the 16-bit external data bus. It becomes inactive (high) in the
byte access mode. _

This signal changes in synchronization with the rising of the clock in the T1 state of the bus cycle.
The status of the bus signal remains unchanged in the idle state (Tl).

Access UBEN LBEN AO

Word Access 0 0 0
Half-word Access 0 0 0
Byte Access Even address 1 0 0
Odd address 0 1 1

(iii) R/W (Read/Write Status) ... output

This is a status signal that indicates whether the bus cycle for external access is a read or write cycle.
It goes high in the read cycle and low in the write cycle.

This signal changes in synchronization with the rising edge of the clock in the T1 state of the bus
cycle. It goes high in the idle state (TI).

(iv) DSTB (Data Strobe) ... output

(v)

This is the access strobe signal of the external data bus.
It becomes active (low) in the T2 or TW state of the bus cycle, and becomes inactive (high) in the
idle state (TI).

ASTB (Address Strobe) ... output

This is the latch strobe signal of the external address bus.

It becomes active (low) in synchronization with the falling edge of the clock in the T1 state of the bus
cycle, and becomes inactive (high) in synchronization with the falling edge of the clock in the T3 state.
It goes high in the idle state (TI).

19
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(vi) STO, ST1 (StatusO0, 1) ... output

These are status signals which indicate the access type of the current bus cycle when external
memory is referenced. The status changes in synchronization with the rising edge of the clock in
the T1 and Tl states of the bus cycle. In the table below, "Instruction fetch (branch)" cycle is the cycle
that occurs only right after the execution is branched, and "Instruction fetch (continuous)" cycle is
for the other cases of branch process.

ST1 STO Bus Cycle Status
0 0 Idle cycle
0 1 Instruction fetch (branch)
1 0 Operand data access
1 1 Instruction fetch (continuous)

The status “instruction fetch (branch)” is also indicated by the branch cycle immediately after system
reset or on starting interrupt processing.

Immediately after system reset, the pins are set in the port mode and output no status, regardless
of the setting in the ROM-less mode.

(9) P100-P103 (Port 10) ... 3-state I/O

Port 10 is a 4-bit I/O port that can be set in the input or output mode in 1-bit units. In addition to the function
as a port, the pins constituting port 10 are used to input/output control signals, in the control mode, when an
external bus master or ASIC is connected.

If port 10 is accessed in 8-bit units, the higher 4 bits are ignored if the access is write, and undefined if the
access is read.

20

P102, P103, however, are not multiplexed and can be used only as port pins.

(a) Port mode
P100-P103 can be set in the input or output mode, in 1-bit units, by port mode register (PM10).

(b) Control mode

P100, P101 function as input and output pins for bus hold control signals when the function is enabled
by mode control register 10 (PMC10).

()

(ii)

HLDAK (Hold Acknowledge) ... output

This is an acknowledge signal that indicates that the V851 has set the address bus, data bus, and
control bus in the high-impedance state in response to a bus hold request.

As long as this signal is active, the address/data bus, and control signals remain in a high-impedance
state.

HLDRAQ (Hold Request) ... input

This input signal is used by an external device to request that the V851 relinquish control of the
address, data bus, and control signals. This signal can be activated asynchronously with CLKOUT.
When this signal becomes active, the V851 sets the address/data bus and control signals in the high-
impedance state, after the current bus cycle completes. Ifthere is no current bus activity, the address/
data bus and control signals are immediately set to high-impedance. HLDAK is then made active
and the bus and control lines are released.
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(10) CLKOUT (Clock Output) ... output
This pin outputs the system clock, even during reset. The output of this pin can be fixed to a logic “0” when
the clock output inhibit mode is set by PSC register.

(11) CKSEL (Clock Select) ... input
This pin specifies the operation mode of the clock generation circuit. Once set, the input value of this pin cannot

be changed during operation.

CKSEL | Operation Mode
0 PLL mode

1 Direct mode

~(12) WAIT (Wait) ... input
. This control signal input pin inserts a data wait state to the bus cycle, and can be activated asynchronously
to CLKOUT. This pin is sampled at the falling edge of the clock in the T2 and TW states of the bus cycle.
If the set/hold time for the sampling timing is not satisfied, the wait state may not be inserted.

(13) MODEO, MODE1 (Mode0, 1) ... input
These pins specify the operation mode of the V851. Three operation modes can be selectable: single-chip
mode, ROM-less mode, and PROM programming mode. The input value of these pins cannot be changed
during normal operation.

MODE1 | MODEO Operation Mode
0 0 ROM-less mode
0 1 RFU (reserved)
1 0 Single-chip mode
1 1 PROM mode | Vep =5V : read mode
Vep = 12.5 V: programming mode

(14) RESET (Reset) ... input
The @:signal isan asynchronous input signal. A valid low-level signalonthe RESET pininitiates a system
reset, regardless of the clock operation. In addition to normal system initialization/start functions, the RESET
signal is also used for exiting processor standby modes (HALT, IDLE, or STOP).

(15) X1, X2 (Crystal) ... input (X1 only)
An oscillator for system clock generation is connected across these pins.
An external clock source can also be referenced by connecting the external clock input to the X1 pin and leaving
the X2 pin open.

(16) CVoo (Clock Generator Power Supply)
This pin supplies positive power to the internal clock generator.

(17) CVss (Clock Generator Ground)
This is the ground pin of the internal clock generator.

(18) Voo (Power Supply)
This pin supplies positive power. Connect all the Voo pins to a positive power supply.

21
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(19) Vss (Ground)

This is a ground pin. Connect all the Vss pins to ground.

(20) ICO (Internally Connected)

This pin is internally connected and must be connected to Vss.

(21) IC1 (Internally Connected)

This pin is internally connected and must be connected to Voo.

2.3.2 PROM programming mode (uPD70P3000 only)

(1)

)

3

(4)

®)

(6)

(N

@
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A0-A16 ... input
These pins constitute an address bus that selects an address of the internal PROM (0000H-7FFFH).

D0-D7 ... 1/IO
These pins constitute a data bus through which the internal PROM is written/read.

PGM ... input
This pin inputs a program pulse and is activated when Vep = 12.5 V, CE =0, and OE = 1. Upon activation,
the program on DO-D7 is written to an internal PROM cell selected by A0-A16.

CE ... input
This is a chip enable input pin. When this signal is active, the program in PROM can be written/read.

OE ... input

This is an output enable signal input pin and inputs a read strobe signal to the internal PROM. When the signal
is activated while CE-=0, the contents of the PROM location selected by AO-A16, will appear at the outputs,
DO-D7.

Vep ... input
This pininputs a program pulse. When this pin is activated while Ver=12.5V, CE=0,and OE =1 , the program
byte on DO-D7 can be written to the internal PROM cell selected by A0-A16.

Voo
Positive power supply pin

Vss
GND pin
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2.4 Processing of Unused Pins

Pin

1/O Circuit Type

Recommended Connection

P00/TO10, PO1/TO11

5

P02/TCLR1, PO3/TI1, PO4/INTP10-PO7/INTP13

P10-P17

Input status : Individually connect to Voo or Vss via
resistor
Output status : Open

P20/NMI

Directly connect to Vss via resistor

P21/INTP00-P24/INTP03

P25

P26, P27

P30/SO

P31/SI, P32/SCK

P33/TXD, P34/RXD, P35

P36, P37

P40/AD0-P47/AD7

P50/AD8-P57/AD15

P60/A16-P67/A23

P90/LBEN

P91/UBEN

P92/R/W

P93/DSTB

P94/ASTB

P95/STO, P96/ST1

P97

P100/HLDAK

P101/HLDRQ

P102

P103

o |||l |0 o NGO} ®

Input status  : Individually connect to Voo or Vss via
resistor
Output status : Open

CLKOUT

Open

CKSEL

Individually connect to Voo or Vss via resistor.

WAIT

Directly connect to Voo via resistor.

MODEO, MODEH1

RESET

Individually connect to Voo or Vss via resistor.

ICo

Directly connect to Vss via resistor.

IC1

Directly connect to Voo via resistor.

23
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2.5 1/0 Circuit of Pin

Type 1 Type 5
Voo
Voo data :D,_I
P-ch
INJOUT
P-ch O
lg qutput N-ch
disable
N-ch
input I
enable
Type 2 Type 8
Voo
data '__‘___l ),___.‘ P-ch
INJOUT
——O
output N-ch
IN disable

Schmitt trigger input with hysteresis charactéristics

Type 3

Voo

P-ch
ouT

o
é’JrN-ch

L1

24
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The CPU of the V851 is based on a RISC architecture and executes most instructions in one clock cycle by using
a 5-stage pipeline.

3.1 Features

O Minimum instruction cycle: 30 ns (at 33 MHz)
O Address space: 16 MB linear
O Thirty-two 32-bit general registers
O Internal 32-bit architecture
O Five-stage pipeline control
O Multiplication/division instructions
O Saturated operation instructions
O Single-cycle 32-bit shift instruction
O Long/short instruction format
O Internal memory
-+ ROM/PROM: 32 KB
- RAM: 1 KB
O Four types of bit manipulation instructions
- Set
» Clear
+ Not
» Test

25
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3.2 CPU Register Set

The registers of the V851 can be classified into two categories: a general-purpose program register set and a
dedicated system register set. All the registers are 32 bits wide. In this section, only summarized information is
contained. For more details, refer to “V850 Family User’s Manual —Architecture-."

Program register set System register set

31 0 31 0
0 Zero Register EIPC Exception/Interrupt PC

1 Reserved for Address Generation EIPSW Exception/Interrupt PSW
r2 Interrupt Stack Pointer
r3 Stack Pointer (SP) 31 0
r4 Global Pointer (GP) FEPC Fatal Error PC
5 Text Pointer (TP) FEPSW Fatal Error PSW
r6
7 31

r8 I ECR Exception Cause Register
r9
r10 31

ri1 I PSW Program Status Word
ri2

r3

ri4

r15

r6

7

ri8

r19

r20

r21

re2

r23

r24

r25

r26

r27

r28

r29

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

| __Jo

s

31 0
[ PC Program Counter I

26
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3.2.1 Program register set

The program register set includes general registers and a program counter.

(1) General registers
Thirty-two general registers, r0-r31, are available. Any of these registers can be used as a data variable or
address variable.

However, r0 and r30 are implicitly used by instructions, and care must be exercised when using these registers.
Also, r1-r5 and r31 are implicitly used by the assembler and C compiler. Therefore, before using these
registers, 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.

Table 3-1. Program Registers

Name

Usage

Operation

Zero register

Always holds 0

r1

Assembler-reserved register

Working register for address generation

Interrupt stack pointer

Stack pointer for interrupt handler

r3

Stack pointer

Used to generate stack frame when function is called

r4

Global pointer

Used to access global variable in data area

5

Text pointer

Used as register indicating beginning of text areaNote

r6-r29

Address/data variable registers

r30

Element pointer

Base pointer register when memory is accessed

r31

Link pointer

Used by compiler when calling functions

PC

Program counter

Holds instruction address during program execution

Note:

Area in which program codes

(2) Program counter
This register holds the address of the instruction under execution. The lower 24 bits of this register are valid,
and bits 31-24 are fixed 0. If a carry occurs from bit 23 to 24, it is ignored.
Bit O is fixed to 0, and branching to an odd address cannot be performed.

31

are located.

Figure 3-1. Program Counter (PC)

PC

T

T T

Fixedto 0

Instruction address under execution

o

At reset
00000000H
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3.2.2 System register set
System registers control the status of the CPU and hold interrupt information. For values of all registers after reset,
refer to section “10.3 Initialize”.

Table 3-2. System Register Numbers

No. | System Register Name Usage Operation

0 EIPC Status saving registers during | These registers save the PC and PSW when a trap
interrupt or interrupt occurs. Because only one set of these
registers are available, their contents must be saved
1 EIPSW when multiple interrupts are enabled. The higher 8
bits of EIPC, and the higher 24 bits of EIPSW are
fixed to 0.

2 FEPC Status saving registers for NMI | These registers save PC and PSW when NMI occurs.
The higher 8 bits of FEPC, and the higher 24 bits of
FEPSW are fixed to 0.

3 FEPSW

4 ECR Interrupt source register If trap, maskable interrupt, or NMI occurs, this
register will contain information referencing the
interrupt source. The higher 16 bits of this register
are called FECC, to which exception code of NMl is
set. The lower 16 bits are called EICC to which
exception code of trap/interrupt is set (refer to Figure
3-2).

5 PSW Program status word Program status word is collection flags that indicate
program status (instruction execution result) and CPU
status (refer to Figure 3-3).

6-31 Reserved

To read/write these system registers, specify a system register number indicated by the system register load/store
instruction (LDSR or STSR instruction).

Figure 3-2. Interrupt Source Register (ECR)

31 1615 0
1 1 1 1 1 1 I 1 1 I 1 I‘ T T I 1 i I I I I I I 1 i ] ¥ 1 I I At reset
ECR FECC EICC 0|  00000000H
Bit Position Bit Name Function
31-16 FECC Fatal Error Cause Code

Exception code of NMI (Refer to Table 5-1. Interrupt List)

15-0 EICC Exception/Interrupt Cause Code
Exception code of trap/interrupt (Refer to Table 5-1. Interrupt List)

28
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Figure 3-3. Program Status Word (PSW)

31 876543210
T T ! I T T i 1 I LA L I I I T 1 i 1
At reset
PSW RFU NP|EP|ID SATICY|OV| S | Z 00000020H
Bit Position Bit Name Function
31-8 RFU Reserved field (fixed to 0)
7 NP NMI Pending

Indicates that NMI processing is in progress. This flag is set when NMI is
accepted, and disables multiple interrupts by masking NMI request.

6 EP Exception Pending
Indicates that trap processing is in progress. This flag is set when trap is
generated.

5 ID Interrupt Disable
Indicates that accepting external interrupt request is disabled.

4 SAT Saturated Math

This flag is set if result of executing saturated operation instruction overflows (if
overflow does not occur, value of previous operation is held).

3 CY Carry
This flag is set if carry or borrow occurs as result of operation (if carry or
borrow does not occur, it is reset).

2 oV Overflow
This flag is set if overflow occurs during operation (if overflow does not occur, it
is reset).

1 S Sign

This flag is set if result of operation is negative. It is reset if result is positive.

0 Z Zero
This flag is set if result of operation is zero (if result is not zero, it is reset).
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3.3 Operation Modes

3.3.1 Operation modes
The V851 has the following operations modes. These modes are selected by the MODEQ and MODE1 pins.

(1

(2

)

(4)

30

Single-chip mode

In single-chip mode, there is no external bus interface. After the system has been released from the reset
status, the pins related to the bus interface are set for 1/O port mode, execution branches to the reset entry
address of the internal ROM/PROM, and instruction processing is started. However, access to external
memory and peripheral devices can be enabled by setting the appropriate bits in the external memory
expansion mode register (MM: refer to 3.4.6 (1)).

ROM:-less mode

In ROM-less mode, all control signal relating to external bus operation are made available at the appropriate
pins. After the system has been released from the reset status, the bus control signal pins are enabled,
execution branches to the reset address of external memory, and instruction processing is started. Instruction
fetch and data access from internal ROM/PROM are disabled.

PROM programming mode

In PROM programming mode, the appropriate pins function to provide a uPD27C1001A compatible interface.
By using a PROM programmer that supports the uPD27C1001A, the internal PROM of the V851 can be
programmed.

PROM read mode
In PROM read mode, the appropriate pins function to provide a uPD27C1001A compatible interface. By using
a PROM programmer that supports the uPD27C1001A, the internal PROM of the V851 can be read.
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3.3.2 Specifying operation mode

The operation mode of the V851 is specified by using the MODEO and MODE1 pins. Setthese pinsin the application
system. The MODE pins will also determin the V851 memory map configuration (refer to section “3.4.4”. Do not
change the setting of these pins during operation.

If the setting is changed during operation, the functionality is not guaranteed.

(1) In normal mode

MODEH1 MODEO Operation Mode
0 0 ROM-less mode
0 1 RFU (reserved)
1 0 Single-chip mode
1 1 RFU (reserved)
(2) In PROM mode
Pin Status Operation Mode
Vep MODE1 MODEO
5V 0 0 RFU (reserved)
0 1
1 0
1 1 PROM mode (read mode)
125V 1 1 PROM mode (programming mode)
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3.4 Address Space

3.4.1 CPU address space

The CPU of the V851 is of 32-bit architecture and supports up to 4 GB of linear address space (data space) during
operand addressing (data access). When referencing instruction addresses, a linear address space (program space)
of up to 16 MB is supported.

Figure 3-4 shows the CPU address space.

Figure 3-4. CPU Address Space

CPU address space

FFFFFFFFH

Data area
(4 GB linear)

(
) )
(

]

01000000H .
OOFFFFFFH
Program area
(16 MB linear)
00000000H Y
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3.4.2 Image (Virtual Address Space)

The core CPU supports 4 GB of "virtual" addressing space, or 256 memory blocks, each containing 16-MB memory
locations. In actuality, the same 16-MB block is accessed regardless of the values of bits 31-24 of the CPU address,
since these bits are not seen on the external address bus. Figure 3-5 shows the image of the virtual addressing space.

Because the higher 8 bits of a 32-bit CPU address are ignored and the CPU addressis only seen as a 24-bit external
physical address, the physical location XX000000H is equally referenced by multiple address values 00000000H,
010000000H, 02000000H... through FFOO0000H. This mapping of CPU address to physical address applies to each
of the 16-MB locations of the V851.

Figure 3-5. Image on Address Space

CPU address space

FFFFFFFFH |
Image
FFO00000H |
FEFFFFFFH ‘t;\:\
Image )

Physical address space

FE000000H , XXFFFFFEH
FDFEFFFEH . N Peripheral I/O
. R Internal RAM
Image
=~ A NV External memory
02000000H | v ____[/
O1FFFFFFH NS Internal ROM/PROM
; i XX000000H
Image K
01000000H
OOFFFFFFH
Image
00000000H
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3.4.3 Wrap-around of CPU address space

(1) Program space
Of the 32 bits of the PC (program counter), the higher 8 bits are set to “0”, and only the lower 24 bits are valid.
Even if a carry or borrow occurs from bit 23 to 24 as a result of branch address calculation, the higher 8 bits
ignore the carry or borrow and remain at “0”.
Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit address
OOFFFFFFH are contiguous addresses, and the program space is wrapped around at the boundary of these

addresses.

Caution: No instruction can be fetched from the 4-KB area of 00FFFO00H-00FFFFFFH because this
area is defined as peripheral I/O area. Therefore, do not execute any branch operation
instructions in which the destination address will reside in any part of this area.

00FFFFFEH
00FFFFFFH
00000000H
00000001H

(2) Data space
The result of operand address calculation that exceeds 32 bits is ignored.

Therefore, the lower-limit address of the program space, address 00000000H, and the upper-limit address
FFFFFFFFH are contiguous addresses, and the data space is wrapped around at the boundary of these
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addresses.

FFFFFFFEH
FFFFFFFFH
00000000H

00000001H

Program space

Program space

Data space

Data space

(+) direction

(+) direction

(-) direction

(~) direction
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3.4.4 Memory map

The V851 reserves areas as shown below. Each mode is specified by using the MODEO and MODET1 pins (refer
to 3.3 Operation Mode).

Single-chip mode Single-chip mode ROM-less mode
(external expansion mode)
XXFFFFFFH [
Peripheral I/O area Peripheral I/O area Peripheral 1/O area 4 KB
XXFFFOOOH N
XXFFEFFFH
Internal RAM area Internal RAM area Internal RAM area 4 KB
XXFFEOOQOH
XXFFDFFFH
(access prohibited) External memory External memory 16 MB
area area
XX100000H L
XXOFFFFFH o
Internal Internal
ROM/PROM area ROM/PROM area 1MB
XX000000H J
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3.4.5 Area

(1) Internal ROM/PROM area and interrupt/exception table
A 1-MB area corresponding to addresses 000000H-OFFFFFH is reserved for the internal ROM/PROM area.
The V851 is provided with a 32-KB area of addresses 000000H-007FFFH as a physical internal ROM/PROM.
The image of 000000H-007FFFH is seen in the rest of the area (008000H-OFFFFFH)

XXOFFFFFH "
AY
\\\
Image \
\\
\\
XXOF8000H AN
XXOF7FFFH N ‘. Physical internal ROM/PROM
N
AN L7 7FFFH
:: :: N -7 o/
- > )/ Internal ROM/PROM
XX010000H e N
XX00FFFFH Moo b
Image /l N Interrupt/exception table
N\
(for future ROM expansion) ) . 7\ 0000H
/, Ve ’ ,/
’ Pl /
XX008000H ‘-
XX007FFFH )
Image ’
XX000000H ‘
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Interrupt/exception table
The V851 increases the interrupt response speed by assigning destination addresses corresponding to
interrupts/exceptions.
The collection of these destination addresses is called an interrupt/exception table, which is located in the
internal ROM/PROM area. When an interrupt/exception request is granted, execution jumps to the
corresponding destination address, and the program written at that memory address is executed. Figure
3-6 shows the names of interrupts/exceptions, and the corresponding addresses.

Figure 3-6. Interrupt/Exception Table

/\/

Internal ROM/PROM area
00000150H INTPO3
00000140H INTPO2
00000130H INTPO1 o
00000120H INTPOO
00000110H INTSTO
00000100H INTSRO
000000F0H INTSERO
000000EOH INTCSIO
000000D0OH INTCM4
000000COH INTP13/CC13
000000BOH INTP12/CC12
000000AQH INTP11/CC11
00000090H INTP10/CC10
00000080H INTOV1

ILGOP
00000060H
00000050H TRAP1n (n=(§—F|J)
00000040H TRAPOR (n=0-FH)
NMI
00000010H
00000000H RESET

F—; 16 bytes —————‘

In the ROM-less mode, the internal ROM/PROM area is referenced as external memory area. To assure
correct operation after reset, connecting an external memory to the reset routine is required.
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(2) Internal RAM area

38

A 4-KB area corresponding to addresses FFEOOOH through FFEFFFH is reserved as an internal RAM area.
The V851 is provided with 1 KB of addresses FFEOOOH-FFE3FFH as a physical internal RAM area, and the
image of FFEOOOH-FFE3FFH can be seen on the rest of the area (FFE400H-FFEFFFH).

XXFFEFFFH .
AY
Image \
\
\\
XXFFECOOH X
XXFFEBFFH \:\\ N
\ \\\ A}
\ RN Physical internal RAM
\ \\\
Image 3FFH
\ ’,’ //
XXFFEB0OH TN
XXFFE7FFH o ,/(\ Internal RAM
SO
/, b ~ v
Image K S 000H
// ’///,/
/ // /
,/ ’/ I/
XXFFE400H y
XXFFE3FFH K
7
,/
/
Image /!
//
7
XXFFEOOOH 4
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(3) Peripheral I/O area

A 4-KB area of addresses FFFOOOH-FFFFFFH is reserved as a peripheral 1/O area. The V851 is provided
with a 1-KB area of addresses FFFOOOH-FFF3FFH as a physical peripheral /O area, and the image of
FFFOOOH-FFF3FFH can be seen on the rest of the area (FFF400H-FFFFFFH).

XXFFFFFFH

XXFFFCOOH
XXFFEBFFH

XXFFF800H
XXFFF7FFH

XXFFF400H
XXFFF3FFH

XXFFFOOOH

Image

Image

Physical peripheral 1/O

Image

Peripheral /O

Image

3FFH

000H

Peripheral I/O registers associated with the on-chip peripherals and the CPU are all memory-mapped to
peripheral 1/O area. Instruction fetches are not allowed in this area.

Cautions: 1. The least significant bit of an address is not decoded, since all registers reside on an
even address. If an odd address (2n+1) in the peripheral I/O area is referenced, the
register at the next lowest even address (2n) will be accessed.

2. The V851 does not have a peripheral I/O register than can be accessed in word units. If
a register is accessed with a word operation, the effects will be limited to the halfword

referenced by the instruction.

3. If aregister that can be accessed in byte units is accessed in half-word units, the higher
24 bits become undefined, if the access is a read operation. If a write access is made,
only the data in the lower 8 bits is written to the register.

4. Addresses that are not defined as registers are reserved for future expansion. If these
addresses are accessed, the operation is undefined and not guaranteed.
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(4) External memory area
The V851 can use an area of up to xx100000H-xxFFDFFFH in the single-chip mode and an area of up to

xx000000H-xxFFDFFFH in the ROM-less mode, for external memory accesses.

In the external memory area, 64 KB, 256 KB, 1 MB, 4 MB, or 16 MB of physical external memory can be
allocated when the external expansion mode is specified. The same image as that of the physical external
memory can be seen continuously on the external memory area, as shown in Figures 3-7 through 3-9, when
the memory is not fully expanded (to 16 MB).

The internal RAM area, peripheral I/O area, and internal ROM/PROM area in the single-chip mode are not
subject to external memory access.

Figure 3-7. External Memory Area (when expanded to 64 KB, 256 KB, or 1 MB)

XXFFFFFFH Peripheral 1/0
Internal RAM
XXFFDFFFH
Image
. Physical external memory
v ~ - XFFFFH
Image External memory
L X0000H
Image
XX100000H
Internal ROM/PROM
XX000000H
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( Figure 3-8. External Memory Area (when expanded to 4 MB)
{ XXFFFFFFH Peripheral 1/O
Internal RAM
XXFFDFFFH
Image
~ f\, . Physical external memory
- e 3FFFFFH
. ( External memory
{ ‘ Image ~ 1
000000H
Image
‘ XX100000H
Internal ROM/PROM
XX000000H
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Figure 3-9. External Memory Area (when fully expanded)

XXFFFFFFH Peripheral /O
Internal RAM
XXFFDFFFH
External memory
XX100000H
Internal ROM/PROM
XX000000H
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3.4.6 External expansion mode

The V851 allows external devices to be connected to the external memory space by using the pins of ports 4 through
10. To connect an external device, the port pins must be set in the external expansion mode by using the MODEO
and MODE1 pins and memory expansion mode register (MM). The MODEO and MODE1 pins specify an operation
mode of the V851. When MODEOQ = 0 and MODE1 = 0, the V851 is set in the ROM-less mode; when MODEO = 0
and MODE1 = 1, the single-chip mode is used.

In ROM-less mode, the pins of ports 4 through 6, and P90 to P94 are set to external expansion mode during reset,
thereby enabling the external bus signals and allowing communication with external memory devices.

In single-chip mode, the I/O port pins are set to port mode during reset, thus disabling the external bus signals
and preventing any communications with external devices. The condition can be overridden by programming the MM
register and setting the port pins to external expansion mode.

The memory area is also set by the MM register. However, the port 10 is set in the external expansion mode by
using the PMC10 register (refer to 9.3.9 Port 10).
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(1) Memory expansion mode register (MM)
This register sets the mode of each pin of ports 4 through 9. In the external expansion mode, an external
device can be connected to the external memory area of up to 16 MB. However, the external device cannot
be connected to the internal RAM area, peripheral I/O area, and internal ROM/PROM area in the single-chip
mode (access is restricted to external locations 100000H through FFEQOH).

The MM register can be read/written in 8- or 1-bit units. Bit 4 of this register is set to 1.

7 6 5 4 3 2 1 0
Address At reset
1 MM
MM 0 0 0 MM3 MM2 MM 0 FFFFFO4CH 17H (in ROM-less mode)
10H (in single-chip mode)
Bit Position Bit Name Function
3 MM3 Memory Expansion Mode
Specifies operation mode of P95 and P96 of port 9.
MM3 Operation mode P95 I P96
0 Port mode Port
1 External expansion mode | STO I ST1
2-0 MM2-MMO Memory Expansion Mode

Specifies operation mode of ports 4, 5, 6, and 9 (P90-P94).

Address Port 9
MM2 | MM1 | MMO Port 4 Port 5 Port 6
space (P90-P94)
0 0 0 - Port mode
0 1 1 64-KB ADO-AD7 | AD8-AD15 LBEN,
expansion DEEIG
1 0 0 256-KB A16 RW
expansion A17 I
— DSTB,
1 0 1 1-MB A18)
expansion A19 ASTB
1 1 0 4-MB A2
expansion A21
1 1 1 16-MB A22
expansion A23
Others RFU (reserved)

Remark: For the details of the operation of each port pin, refer to 2.3 Pin Function.

44



CHAPTER 3 CPU FUNCTIONS

( 3.4.7 Recommended use of address space
The architecture of the V851 requires that a register that serves as a pointer be secured for address generation

in addressing the memory. By optimizing the location of this pointer register, the maximum number of the general-
purpose registers for variables can be reserved and the program size can be reduced (because the instruction that

generates the pointer address is not necessary).
To enhance the efficiency of using the pointer in connection with the memory map of the V851, the following points
are recommended:

(1)

()

Program space

Of the 32 bits of the PC (program counter), the higher 8 bits are fixed to “0”, and only the lower 24 bits are
valid. Therefore, a contiguous 16-MB space, starting from address 00000000H, unconditionally corresponds
to the memory map of the program space.

Data space

Efficient use of resources can be utilized through the wrap-around feature of the data space. The 16-MB of
external address space can be mapped to the low 8-MB CPU address space (00000000F-007FFFFFH) and
the high 8-MB CPU address space (FF800000H-FFFFFFFFH). Reference to address locations 00800000H-
OOFFFFFFH essentially remain the same, since the upper byte is ignored.

This mapping configuration, along with the use of the zero register (R0) in based addressing operations, allow
for efficient access to internal resources.

For example, when R = r0 (zero register) is specified for the LD/ST disp16[R] instruction, an addressing range
of 00000000H+/-32KB can be referenced with the sign-extended, 16-bit displacement value. Using the wrap-
around mapping scheme described above, all resources including the internal ROM, RAM, and peripheral
1/0 can be accessed with one base register, which eliminates the need for additional base registers pointing
to high memory locations.

00007FFFH [~~~ ~~~°°°°
Internal
ROM/PROM area 32 KB
(R=)00000000H
Peripheral I/O area 4 KB
FFFFFOOOH
Internal RAM area 4 KB
FFFFEOOOH
External memory
area 24 KB
FFFF8000H | ___________
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16 MB <

8 MB

FFFFFFFFH

FFFFF354H
FFFFF353H
FFFFFOOO0H
FFFFEFFFH

FFFFE400H
FFFFE3FFH
FFFFEOOOH
FFFFDFFFH

FF800000H
FF7FFFFFH

—~

01000000H

Figure 3-10. Recommended Memory Map

Program space

Data space

Peripheral 1/O

External
memory

(0OFFFFFFH

OOFFFOOOH

Peripheral l/QMte

0OFFEFFFH

OOFFE400H
OOFFE3FFH
OOFFEOOOH

Internal RAM

00FFDFFFH

00800000H

00100000H

007FFFFFH [

External

((

memory

External
memory |

000FFFFFH
00008000H

00007FFFH

Internal ROM/PROM

L00000000H

Internal ROM/PROM

Peripheral I/O

External
memory

Internal ROM/PROM

Note: This area cannot be used as a program area.

XXFFFFFFH

XXFFF354H
XXFFF353H
XXFFFOOOH
XXFFEFFFH

XXFFE400H
XXFFE3FFH
XXFFEOOOH
XXFFDFFFH

XX800000H
XX7FFFFFH

XX100000H
XXOFFFFFH
XX008000H
XX007FFFH
XX000000H

Remark: The recommended area is indicated by the double-headed arrow (7).
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3.4.8 Peripheral I/O registers

Bit Units for
Address Function Register Name Symbol | R/W Manipulation After reset
1 bit | 8 bits | 16 bits
FFFFFOOOH Port 0 PO O O
FFFFFO02H | Port 1 P1 o | o
FFFFFO04H Port 2 P2 ©)] O
FFFFFOO6H Port 3 P3 O O
FFFFFO08H | Port 4 P4 O O Undefined
FFFFFOOAH | Port 5 P5 O O
FFFFFOOCH Port 6 P6 O o]
FFFFFO12H Port 9 P9 O ]
FFFFFO14H Port 10 P10 O O
FFFFFO20H Port 0 mode register PMO O O
FFFFFO22H Port 1 mode register PM1 O O
FFFFF024H | Port 2 mode register PM2 O O
FFFFFO26H | Port 3 mode register PM3 O o]
FFFFFO28H Port 4 mode register PM4 O ©) FFH
FFFFFO2AH Port 5 mode register PM5 O (@]
FFFFFOZCH Port 6 mode register PM6 O O
FFFFFO32H Port 9 mode register PM9 R/W O (@)
FFFFFO34H | Port 10 mode register PM10 O o
FFFFFO40H Port 0 mode control register PMCO O o 00H
FFFFF044H Port 2 mode control register PMC2 O O 01H
FFFFFO46H Port 3 mode control register PMC3 O o 00H
FFFFFO4CH | Memory expansion mode register MM (@) O 10H/17H
FFFFF054H Port 10 mode control register PMC10 O O O0H
FFFFFO60H Data wait control register DWC O FFFFH
FFFFFO62H Bus cycle control register BCC @] AAAAH
FFFFFO70H Power save control register PSC ) e} O00H
FFFFFO78H | System status register SYs O] o 0000000XB
FFFFF084H Baud rate generator register 0 BRGO O O Undefined
FFFFFO86H Baud rate generator prescaler mode register 0 BPRMO O ] O0H
FFFFFO88H Clocked serial interface mode register 0 CSIMO @) @]
FFFFFO8AH | Serial I/O shift register 0 SI00 @] (@] Undefined
FFFFFOCOH | Asynchronous serial interface mode register 00 ASIMO0 O O 80H
FFFFFOC2H | Asynchronous serial interface mode register 01 ASIMO1 @] O 00H
FFFFFOC4H | Asynchronous serial interface status register 0 ASISO O ]
FFFFFOC8H | Receive buffer O (9 bits) RXBO R O
Undefined

FFFFFOCAH | Receive buffer OL (lower 8 bits) RXBOL O (@)
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Bit Units for
Address Function Register Name Symbol | R/W Manipulation After reset
1 bit | 8 bits |16 bits

FFFFFOCCH | Transmit shift register O (9 bits) TXS0 W O Undefined
FFFFFOCEH | Transmit shift register OL (lower 8 bits) TXSOL O
FFFFF100H Interrupt control register OVIC1 (@) O
FFFFF102H | Interrupt control register P1ICO o o
FFFFF104H Interrupt control register P1iC1 o] o]
FFFFF106H | Interrupt control register P1IC2 O (e}
FFFFF108H Interrupt control register P1IC3 (@] O
FFFFF10AH | Interrupt control register CMIC4 ©) O
FFFFF10CH | Interrupt control register CSICO RIW (©) O 47H
FFFFF10EH | Interrupt control register SEICO (@] O
FFFFF110H Interrupt control register SRICO O O
FFFFF112H | Interrupt control register STICO o] O
FFFFF114H | Interrupt control register POICO O | O
FFFFF116H Interrupt control register POICH (@) O
FFFFF118H Interrupt control register POIC2 O O
FFFFF11AH Interrupt control register POIC3 o] O
FFFFF166H In-service priority register ISPR R O (@) OO0H
FFFFF170H Command register PRCMD O (@) Undefined
FFFFF180H External interrupt mode register 0 INTMO O O
FFFFF182H External interrupt mode register 1 INTM1 @] o 00H
FFFFF184H External interrupt mode register 2 INTM2 O O
FFFFF230H | Timer overflow status register TOVS R/W (e} @]
FFFFF240H Timer unit mode register 1 TUM1 (@] 0000H
FFFFF242H | Timer control register 1 TMCA1 O O 0OH
FFFFF244H Timer output control register 1 TOC1 O
FFFFF250H Timer 1 ™1 R (@] 0000H
FFFFF252H Capture/compare register 10 CC10 O
FFFFF254H Capture/compare register 11 CC11 O Undefined
FFFFF256H | Capture/compare register 12 CCi12 R/W O
FFFFF258H Capture/compare register 13 CC13 O
FFFFF342H | Timer control register 4 TMC4 O o] 00H
FFFFF350H Timer 4 T™4 R 0000H
FFFFF352H Compare register 4 CM4 R/W Undefined
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The V851 is provided with an external bus interface function by which external memories such as ROM and RAM,
and /O can be connected.

4.1 Features

O 16-bit data bus

O External devices connected through multiplexed 1/O port pins

O Wait function
» Programmable wait function, capable of inserting up to 3 wait states per 2 blocks
« External wait control through WAIT input pin

O Idle state insertion function

O Bus mastership arbitration function

O Bus hold function

4.2 Bus Control Pins

The following pins are used for interfacing to external devices:

External Bus Interface Function Corresponding Port (pins)
Address/data bus (AD0-AD7) : Port 4 (P40-P47)
Address/data bus (AD8-AD15) Port 5 (P50-P57)
Address bus (A16-A23) Port 6 (P60-P67)
Read/write control (LBEN, UBEN, R/W, DSTB) Port 9 (P90-P93)
Address strobe (ASTB) Port 9 (P94)

External wait control (m—I_T—) WAIT
Bus cycle status (STO, ST1) Port 9 (P95-P96)
Bus hold control (HLDRQ, HLDAK) Port 10 (P100-P101)

The bus interface function of each pin is enabled by the memory expansion mode register (MM). In ROM-less
mode, the bus interface function of each pin is unconditionally enabled by the MODEO and MODET1 inputs. For the
details of specifying an operation mode of the external bus interface, refer to 3.4.6 (1) Memory expansion mode
register (MM).
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* 4.3 Number of Access Clocks

The number of basic clocks necessary for accessing each resource is as follows:

Bus Cycle Type

Resource (bus width)

Internal ROM/PROM | Internal RAM | Peripheral /O | External Memory
(32 bits) (32 bits) (16 bits) (16 bits)
Instruction fetch (continuous/normal mode) 1 3 Disable 3+n
Instruction fetch (branch) 1 3 Disable 3+n
Operand data access 3 1 3+n 3+n

Remarks: 1. Unit: clock/access
2. n: Number of wait states inserted

4.4 Memory Block Function

The 16-MB memory space is divided into memory blocks of 1-MB units. The programmable wait function and bus
cycle operation mode can be independently controlled for every two memory blocks.

FFFFFFH I

Block 15 -
FO00O00H }
EFFFFFH

Block 14
FOO000H
DFFFFFH

Block 13
DO00O0OH
CFFFFFH

Block 12
C00000H
BFFFFFH

Block 11
BOOOOOH
AFFFFFH

Block 10
AO000O0O0OH
9FFFFFH

Block 9
900000H
8FFFFFH

Block 8
800000H
7FFFFFH

Block 7
700000H |
6FFFFFH

Block 6
600000H
S5FFFFFH

Block 5
500000H
AFFFFFH

Block 4
400000H
3FFFFFH

Block 3
300000H
2FFFFFH

Block 2
200000H
1FFFFFH

Block 1
100000H Ra
OFFFFFH

Block 0
000000H .
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4.5 Wait Function

4.5.1 Programmable wait function

To facilitate interfacing with low-speed memories and 1/O devices, up to 3 data wait states can be inserted in a
bus cycle for two memory blocks. The number of wait states can be programmed by using data wait control register
(DWC). Immediately after the system has been reset, three data wait states are automatically programmed for all
memory blocks.

(1) Data wait control register (DWC)
This register can be read/written in 16-bit units.

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

DWGC  (DWr1| DW70|DWet | DWEO|DWS | DWSO  DWe1| DWA0 | DW31 | DWa0) DWa1 | DIW20  DW 1| DW10| DWo' | owoo 'deg;SZ%H éﬁ:ﬁt
Bit Position Bit Name ‘ Function
15-0 DWn1 Data Wait
DWnO Specifies number of wait states to be inserted
(n=0-7)
DWn1 DWno0 Number of wait states to be inserted
0 0 0
0 1 1
1 0 2
1 1 3
n Blocks into which wait states are inserted
0 Blocks 0/1
1 Blocks 2/3
2 Blocks 4/5
3 Blocks 6/7
4 Blocks 8/9
5 Blocks 10/11
6 Blocks 12/13
7 Blocks 14/15

Cautions: 1. Block 0 is reserved for the internal ROM/PROM area in the single-chip mode. It is not
subject to programmable wait control, regardless of the setting of DWC, and is always
accessed without wait states.

2. The internal RAM area of block 15 is not subject to programmable wait control and is
always accessed without wait states. The peripheral I/O area of this block is not subject
to programmable wait control, either. The only wait control is dependent upon the
execution of each peripheral function.
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4.5.2 External wait function

When an extremely slow device, 1/O, or asynchronous system is connected, any number of wait states can be
inserted in a bus cycle by sampling the external wait pin (WAIT) to synchronize with the external device.

The external WAIT signal does not affect the access times of the internal ROM/PROM, internal RAM, and peripheral
I/O areas. Input of the external WAIT signal can be done asynchronously to CLKOUT and is sampled at the falling
edge of the clock in the T2 and TW states of a bus cycle. If the set-up and hold time of the WAIT input is not satisfied,
the wait state may or may not be inserted in the next state.

4.5.3 Relations between programmable wait and external wait

A wait cycle is inserted as a result of an OR operation between the wait cycle specified by the set value of
programmable wait and the wait cycle controlled by the WAIT pin. In other words, the number of wait cycles is
determined by the programmable wait value or the length of evaluation at the WAIT input pin.

Programmable wait
) Wait control

Wait by WAIT pin

For example, if the number of programmable wait states is 2 and the timing of the WAIT pin input signal is as
illustrated below, three wait states will be inserted in the bus cycle.

Figure 4-1. Example of Inserting Wait States

T1 T2 T™W TW TW T3
ckour _[ I L I LTI L I Lo LI
WAIT pin 7o\ ol T TN
Wait by WAIT pin / \
Programmable wait / \

Wait control /

Remark: O : sampling timing
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( 4.6 Idle State Insertion Function

{( To facilitate interfacing with low-speed memory devices and meeting the data output float delay time (tor) on
i memory read accesses, one idle state (TI) can be inserted into the current bus cycle after the T3 state. The bus cycle
following continuous bus cycles starts after one idle state.

Specifying insertion of the idle state is programmable by using bus cycle control register (BCC).

Immediately after the system has been reset, idle state insertion is automatically programmed for all memory

blocks.

(1) Bus cycle control register (BCC)
This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 A
Bcc |scr1| o [sosi| o |Bcst| o [Boat| o |Bcat| o |scat| o |Bot| o |BCOt| O F;\f;’;gzsw ﬁ;’:}s\ﬁ
I\ Bit Position Bit Name Function
15, 13, 11, BCn1 Bus Cycle
9,7,5,3,1 (n=0-7) Specifies insertion of idle state.
0: Not inserted
1: Inserted
n Blocks into Which Idle State Is Inserted
0 Blocks 0/1
l 1 Blocks 2/3
“ 2 Blocks 4/5
3 Blocks 6/7
4 Blocks 8/9
5 Blocks 10/11
6 Blocks 12/13
7 Blocks 14/15

Cautions: 1.

Block 0 is reserved for the internal ROM/PROM area in the single-chip mode and therefore,
no idle state can be inserted into this block.
The internal RAM area and peripheral I/O area of block 15 are not subject to insertion of the

idle state.

Be sure to set bits 0, 2, 4, 6, 8, 10, 12, and 14 to 0. If 1 is set, the operation is not guaranteed.
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4.7 Bus Hold Function

4.7.1 Outline of function

When P100 and P101 of port 10 are programmed to be in the control mode, the functions of the HLDRQ and HLDAK
pins become valid.

When the HLDRQ pin becomes active (low) indicating that other bus master is requesting for acquisition of the
bus, the external address/data bus and strobe pins go into a high-impedance state, and the bus is released (bus hold
status). When the HLDRQ pin becomes inactive (high) indicating that the request for the bus is cleared, these pins
are driven again.

In the bus hold status, the HLDAK pin becomes active (low).

This feature can be used to design a system where two or more bus masters exist, such as when multi-processor
configuration is used and when a DMA controller is connected.

4.7.2 Bus hold procedure
The procedure of bus hold function is illustrated below.

<1> HLDRQ = 0 accepted
<2> All bus cycle start request pending Normal status
<3> End of current bus cycle
<4> Bus idle status R AN
<5> HLDAK = 0

<6> HLDRQ = 1 accepted :
<7> HLDAK = 1 Y S
<8> Clears bus cycle start request pending Normal status

<9> Start of bus cycle

1 '
' ' ' '
' ' 1 '

'

'

1

HLDRQ L /__—

'
' '

HLDAK \ /

'
'

'

1

' '

<1><2>  <B><4><5> <Bo<T><B><0>

4.7.3 Operation in power save mode

In the STOP or IDLE mode, the system clock is stopped. Consequently, the bus hold status is not set even if the
HLDRQ pin becomes active.

In the HALT mode, the HLDAK pin immediately becomes active when the HLDRQ pin becomes active, and the
bus hold status is set. When the HLDRQ pin becomes inactive, the HLDAK pin becomes inactive. As a result, the
bus hold status is cleared, and the HALT mode is set again.
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4.8 Bus Timing

(1) Memory read (0 wait)

CLKOUT

A16-A23

ADO-AD15

ASTB

DSTB

UBEN
LBEN

WAIT

ST0, ST1

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.

T T2 T3
Address

Address

A

7\

2. The dotted line indicates the high-impedance state.
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(2) Memory read (1 wait)

™ T2 T™W T3
wor NN\ Y
A16-A23 Address

ADO-AD15 == Address |} === -=-====jm-==--- Data }------F c----
ASTB \ /

A _/

DSTB

UBEN
LBEN

WAIT /

STO, ST1

()

()

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The dotted line indicates the high-impedance state.
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CLKOUT

A16-A23

ADO-AD15

ASTB

DSTB

UBEN
LBEN

WAIT

STO, ST1

(3) Memory read (0 wait, idle state)

T

T2

AN A

T3

/ A\

Tl

Address

- - e

Address

A

7\

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The dotted line indicates the high-impedance state.
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(4) Memory read (1 wait, idle state)

T T2 ™ T3 T
Ml \_/——\_/—\_/—\_/—\_/_\_/
A16-A23 Address

ADC-AD15  ---=- v Address | p----=--=c|m---- Data  )-----ft---------- -<
ASTB / \ /

DSTB

‘— (WWAVAR

STO, ST1

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The dotted line indicates the high-impedance state.
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(5) Memory write (0 wait)

T1 T2 T3
s \ A\ Y
A16-A23 Address
ADO-AD15 ===--- Address DataNote

S /T

DSTB /

UBEN
LBEN

o 7

§TO, ST1

Note: ADO-AD?7 output invalid data when odd address byte data is accessed.
ADB8-AD15 output invalid data when even address byte data is accessed.

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.
2. The dotted line indicates the high-impedance state.
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(6) Memory write (1 wait)

CLKOUT

A16-A23

ADO-AD15

ASTB

DSTB

WAIT

STO, ST1

T T2 T™W T3
Address

r Address

DatgNote

—

—

7\

N/

Note: ADO-AD7 output invalid data when odd address byte data is accessed.
AD8-AD15 output invalid data when even address byte data is accessed.

Remarks: 1. O indicates the sampling timing when the number of programmable waits is set to 0.
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CHAPTER 4 BUS CONTROL FUNCTION

(7) Bus hold timing

( : T2 T3 TH TH TH TH TI T1

eworr [\ L L W L

—— LD
o A
HLDRQ _\
Fan\ Fan\ L Jan\ Van\
S N4 N N A\
HLDAK
A16-A23 X Address| = |fm--mmqmscomsmsommssmmsmmmome- '(Undefined Address

{ ADO-AD15 XAddress Data |p=====q-===---=--=-msme-e-copreme——~ < Address
ASTB \ / \- --------------------------- = \

AR N I PUPSRRPSN PR PR S L/
[ .
DSTB \ / \ %/
TL}S% """"""""""""""" '(Undefined
‘ STo, STt | | peemcedececmeae s m e e e e -\

]|

Remarks: 1. O indicates the sampling timing.
2. The dotted line indicates the high-impedance state.
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4.9 Bus Priority

There are four external bus cycles: bus hold, operand data access, instruction fetch (branch), and instruction fetch
(continuous). The bus hold cycle is given the highest priority, followed by operand data access, instruction fetch

(branch), and instruction fetch (continuous) in that order.
The instruction fetch cycle may be inserted in between the read access and write access of read-modify-write

access.
No instruction fetch cycle is inserted between the lower half-word access and higher half-word access of word

operations.

Table 4-1. Bus Priority

External Bus Cycle Priority

Bus hold 1

Operand data access

2
Instruction fetch (branch) 3
4

Instruction fetch (continuous)

4.10 Memory Boundary Operation Condition

4.10.1 Program space

(1) Do not execute branch to the peripheral I/O area or continuous fetch from the internal RAM area. Of course,
it is impossible to fetch from external memory. If it is executed nevertheless, the NOP instruction code is
continuously fetched.

(2) A prefetch operation straddling over the peripheral 1/0 area (invalid fetch) does not take place if a branch
instruction exists at the upper-limit address of the internal RAM area.

4.10.2 Data space
Only the address aligned at the half-word (whenthe least significant bit of the address is “0”)/word (when the lowest

2 bits of the address are “0”) boundary is accessed for data half-word (16 bits)/word (32 bits) long.
Therefore, access that straddles over the memory or memory block boundary does not take place. For more details,
refer to section 3.3 “Data Alignment” of V850 User’s Manual —Architecture—.
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4.11 Internal Peripheral I/O Interface

Access to the internal peripheral /O area is not output to the external bus. Therefore, the internal peripheral
I/0 area can be accessed in parallel with instruction fetch access.

Accesses to the internal peripheral 1/0 area takes, in most cases, three clock cycles. However accesses to the
following timer/counter registers may take from 3 to 4 cycles.

Peripheral 1/0O Register Access
TM1 Read

TM4

CC10 Read/write
CC11

CC12

CC13

CM4 Write
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( CHAPTER 5 INTERRUPT/EXCEPTION PROCESSING FUNCTION

The V851 is provided with a dedicated interrupt controller (INTC) for interrupt processing and can process a total
of 15 interrupt requests.

An interrupt is an event that occurs independently of program execution, and an exception is an event that occurs
dependently on program execution. Generally, an exception takes precedence over an interrupt.

The V851 can process interrupt requests from the internal peripheral hardware and external sources. Moreover,
exception processing can be started by an TRAP instruction (software exception) or by generation of an exception
event (fetching of an illegal op code).

5.1 Features

O Interrupt
« Non-maskable interrupt: 1 source
‘ { « Maskable interrupt : 14 sources

+ 8 levels programmable priorities

 Multiple interrupt control according to priority

+ Each maskable interrupt can be individually disabled.

+ Rising and/or falling edge of external interrupt request signal can be specified.

O Exception
+ Software exception: 32 sources
+ Exception trap : 1 source (illegal op code exception)

These interrupt/exception sources are listed in Table 5-1.
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

Table 5-1. Interrupt List

Interrupt/Exception Source
Type Classifi- Default | Exception Vector Restored
cation Name ConTrol Generating Source Generating Priority | Code Address PC
Register Unit
Reset Interrupt | RESET - Reset input - - 0000H 00000000H | Undefined
Non-maskable| Interrupt | NMI - NMI input - - 0010H 00000010H | nextPC
Software Exception | TRAPOnNote - TRAP instruction - - 004nNote | 00000040H | nextPC
exception Exception | TRAP1nNote - TRAP instruction - - 005nNoteH | 00000050H | nextPC
Exception trap| Exception | ILGOP - lllegal op code - - 0060H 00000060H | nextPC
Maskable Interrupt | INTOV1 OVIC1 | Timer 1 overflow RPU 0 0080H 00000080H | nextPC
Interrupt | INTP10/INTCC10| P1iCO | INTP10 pin/CC10 Pin/RPU 1 0090H 00000090H | nextPC
coincidence
Interrupt | INTP11/INTCC11| P1IC1 | INTP11 pin/CC11 Pin/RPU 2 00AOH 000000AQH | nextPC
coincidence
Interrupt | INTP12/INTCC12| P11C2 | INTP12 pin/CC12 Pin/RPU 3 00BOH 000000BOH | nextPC
coincidence
Interrupt [ INTP13/INTCC13| P11C3 |INTP13 pin/CC13 Pin/RPU 4 00COH 000000COH | nextPC
coincidence
Interrupt | INTCM4 CMIC4 | CM4 coincidence RPU 5 00DOH 000000DOH | nextPC
Interrupt | INTCSIO CSICO | CSIO0 transmission/ SIO 6 00EOH 000000EQOH | nextPC
reception completion
Interrupt | INTSERO SEICO | UARTO reception error|  SIO 7 00FOH 000000FOH | nextPC
Interrupt | INTSRO SRICO | UARTO reception SIO 8 0100H 00000100H | nextPC
completion
Interrupt | INTSTO STICO | UARTO transmission Si(e] 9 0110H 00000110H | nextpc
completion
Interrupt INTPOO POICO | INTPOO pin Pin 10 0120H 00000120H | nextPC
Interrupt INTPO1 POIC1 | INTPO! pin Pin 1" 0130H 00000130H | nextPC
Interrupt INTPO2 POIC2 | INTPO2 pin Pin 12 0140H 00000140H | nextPC
Interrupt | INTPO3 POIC3 | INTPO3 pin Pin 13 0150H 00000150H | nextPC

Note: n: value of O-FH

Remarks: 1. Default Priority: Priority that takes precedence when two or more maskable interrupt requests with
the same priority level occur 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 the DIVH (division) instruction execution is the value of the PC of the current
instruction (DIVH).
2. The execution address of the illegal instruction when an illegal op code exception occurs is
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CHAPTER 5 INTERRUPT/EXCEPTION PROCESSING FUNCTION

( 5.2 Non-Maskable Interrupt

( The non-maskable interrupt is accepted unconditionally, even when interrupts are disabled (DI states) in the
interrupt disabled (DI) status. The NMI is not subject to priority control and takes precedence over all the other
interrupts.

The non-maskable interrupt request is input from the NMI pin. When the valid edge specified by the bit 0 (ESNO)
of the external interrupt mode register 0 (INTMO) is detected on the NMI pin, the interrupt occurs.

While the service routine of the non-maskable interrupt is being executed, (PSW.NP = 1), the acceptance of another
non-maskable interrupt request is kept pending. The pending NMI is accepted after the original service routine of
the non-maskable interrupt under execution has been terminated (by the RETl instruction), or when PSW.NP is cleared
to 0 by the LDSR instruction. Note that if two or more NMI requests are input during the execution of the service
routine for an NMI, the number of NMIs that will be acknowledged after PSW.NP goes to “0”, is only one.
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5.2.1 Accepting operation
If the non-maskable interrupt is generated by NMl input, the CPU performs the following processing, and transfers
control to the handler routine:

(1) Saves the contents of PC to FEPC.
(2) Saves the current PSW to FEPSW.
) Writes exception code 0010H to the higher half-word (FECC) of ECR.
(4) Sets the NP and ID bits of PSW and clears the EP bit.
) Loads the vector address (00000010H) of the non-maskable interrupt routine to the PC, and transfers control.

Figure 5-1 illustrates how the non-maskable interrupt is processed.

Figure 5-1. Non-Maskable Interrupt Processing

- C NMIi input )
J\L (Non—maskable interrupt request)

»l

INTC accepted

CPU processing

PSW. NP

0
FEPC restored PC ( Interrupt request pending )
FEPSW «—PSW
ECR. FECC «0010H
PSW.NP  «1
PSW.EP 0
PSW.ID &1
PC «00000010H

( Interrupt processing )
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( Figure 5-2. Accepting Non-Maskable Interrupt Request

(a) If a new NMI request is generated while an NMI service routine is executing:

( Main routine )

s,

(PSW. NP=1)

:

NMI request— NMI request—| NMI request pending because PSW. NP=1

Pending NMI request processed

A

(b) If a new NMI request is generated twice while an NMI service routine is executing:

g C Main routine )

NMI request—| Kept pending because NMI service program is being processed

NMI request—

NMI request—| Kept pending because NMI service program is being processed

Only one NMI request is accepted even though
two or more NMI requests are generated

AN
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5.2.2 Restore operation .
Execution is restored from the non-maskable interrupt processing by the RETI instruction.

Operation of 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 PC and PSW from FEPC and FEPSW, respectively, because the EP bit of PSW
is 0 and the NP bit of PSW is 1. )
(2) Transfers control back to the address of the restored PC and PSW.

Figure 5-3 illustrates how the RETI instruction is processed.

Figure 5-3. RETI Instruction Processing

< RET! instruction )

— PSW. EP
0
|
——» 0
PC —EIPC PC «—FEPC
PSW «-EIPSW PSW «FEPSW

|

C Original processing restered ) .

Caution: If the PSW.EP and PSW.NP bits are changed using the LDSR instruction during non-maskable
interrupt service, it is necessary to reset PSW.EP to 0 and set PSW.NP to 1 using the LDSR
instruction immediately before the RETI instruction to make sure that the PC and PSW are
normally restored by the RETI instruction.
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( 5.2.3 External interrupt mode register 0 (INTMO)
INTMO is a register that specifies the valid edge of the non-maskable interrupt (NMI). The valid edge of NMI can
( be specified as the rising or falling edge by the ESNO bit of this register.
) This register can be read or written in 8- or 1- bit units.
7 6 5 4 3 2 1 0
Address At reset
INTMO 0 0 0 0 0 0 0 ESNO FFFEF180H 00H
Bit Position Bit Name Function
0 ESNO Edge Select NMI
Specifies valid edge of NMI pin
0: Falling edge
1: Rising edge
7 5.2.4 NP flag
{ The NP flag is a status flag that indicates that non-maskable interrupt (NMI) processing is under execution. This

flag is set when the NMlI interrupt has been accepted, and masks all interrupt requests to prohibit multiple interrupts
from being acknowledged.

31

87654321

0

L

!
PSW 0000000000000000000O0 OO O O|NPEP|IDSATCY|OV|S

1L L L L L L L

z

At reset

00000020H

Bit Name

Function

I Bit Position
7

NP

NMI Pending
Indicates that NMI interrupt processing is under execution
0: No NMI interrupt processing

1: NMIl interrupt currently processing
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5.3 Maskable Interrupts

Maskable interrupt requests can be masked by interrupt control registers. The V851 has 14 maskable interrupt
sources.

If two or more maskable interrupt requests are generated at the same time, they are accepted according to the
default priority. In addition to the default priority, eight levels of priorities can be specified by using the interrupt control
registers, allowing programmable priority control.

When an interrupt request has been acknowledged, the acceptance of other maskable interrupts is disabled and
the interrupt disabled (Dl) status is set.

When the El instruction is executed in an interrupt processing routine, the interrupt enabled (El) status is set which
enables interrupts having a higher priority to immediately interrupt the current service routine in progress. Note that
only interrupts with a higher priority will have this capability; interrupts with the same priority level cannot be nested.

To use multiple interrupts, it is necessary to save EIPC and EIPSW to memory or a register before executing the
El instruction, and restore EIPC and EIPSW to the original values by executing the DI instruction before the RETI
instruction.
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5.3.1 Block diagram

Figure 5-4. Maskable Interrupt Block Diagram

e Internal bus e

ISPR
RPU [ xxMKn (interrupt mask flag) —l
INTOV1 |
OVIF1 1 Vector
e o imreioreeio 511D e adress
INTM2 L= 5 | IINTP11/NTCC 11 BT O < noraton
INTP10 o o § ) 8 HINTPI2INTCC12, ™57y, O & NI
INTP11 o &% — @ _|[INTP13INTCC13 D 5 circuit
INTP12 o3 & Nk INTGMA P1IF3 o
NTP13 o1 3l inTosio 2 CMIF4 3‘3_3 Koy
INTSERO CSIFO S £ | mtemuptrequest cPU
SIO INTSRO SEIFO ] §
INTSTO SRIFO i 2 | Interrupt request
NTM - STIFQ = acknowledge
INTPOO o POIFO D1 s PSW
INTPO1 o 08 POIF1 =D+ & |HaTmose | LD ]
INTPO2 o |3 POIF2 O release signal
INTPO3 o- w _‘g POIF3 —{

Remark: xx: identification name of each peripheral unit
n : peripheral unit number

5.3.2 Operation
If a maskable interrupt occurs, the CPU performs the following processing, and transfers control to a vector routine:

(1) Saves the value of PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower half-word of ECR (EICC).

(4) Sets the ID bit of PSW and clears the EP bit.

(5) Loads the corresponding vector address to the PC, and transfers control.

Figure 5-5 illustrates how the maskable interrupts are processed.
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Figure 5-5. Maskable Interrupt Processing

A ( INT i‘iput )

INTC accepted

Priority higher than
that of interrupt currently - — ™
processed?

Priority highor
than that of other interrupt
request?

No

B —— |

Highest default
priority of interrupt requests
with same priotity?

No

CPU processing

EIPC «restored PC ( Interrupt process pending )
EIPSW «—PSW

ECR. EICC <exception code

PSW.EP «0
PSW.ID  «1
PC «—vector address

C Interrupt processing )

The INT input masked by the interrupt control registers and the automatic interrupt mask that occurs while a
previous interrupt is being processed (when PSW.NP = 1 or PSW.ID = 1) are internally monitored by the interrupt
controller. When the interrupts are unmasked, or when PSW.NP = 0 and PSW.ID = 0 by using the RETI and LDSR
instructions, the pending maskable interrupts can then be acknowledge, by priority, and processed.
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5.3.3 Restore
To restore or return execution from the maskable interrupt service routine, the RETI instruction is used.

Operation of 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 PC and PSW from EIPC and EIPSW because the EP bit of PSW is 0 and the
NP bit of 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.

Figure 5-6. RETI Instruction Processing

{ C RET!I instruction )

0
1
| i
PC «EIPC PC «FEPC
PSW —EIPSW PSW «FEPSW
C Restores original processing )
l Caution: If the PSW.EP and PSW.NP bits are changed using the LDSR instruction during non-maskable

interrupt service, it is necessary to reset PSW.EP to 0 and set PSW.NP to 1 using the LDSR
instruction immediately before the RETI instruction to make sure that the PC and PSW are
normally restored by the RETI instruction.

5.3.4 Priorities of maskable interrupts

There are two priority control criteria in the V851: control based on the default priority levels, and control based
on programmable priority levels. The default priority levels are specified by default for each interrupt request type.
The programmable priority is customized into eight levels by setting the priority specification flags (xPRn2 to PRn0,
refer to the table in section 5.3.5). The programmable priority levels override the default priority levels. Therefore,
the order in which interrupts are serviced normally depends on each programmable priority levels. When two or more
interrupts with the same programmable priority level occurred at the same time, the interrupt with the higher or highest
default priority level will be serviced first. For more information, refer to Table 5-1.

[ / ‘ Note thatwhen an interruptis 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 into the interrupt
(’ service program) to set the interrupt enable mode.
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Figure 5-7. Example of Interrupt Nesting Process (1/2)

( Main routine )

Processing of a Processing of b

\

Interrupt request a —

(level 3) Interrupt request b Interruput request b is accepted because the priority of

(level 2) —= b is higher than that of a and interrupts are enabled.

Processing of ¢

\ /A

Interrupt request ¢ —— " Interrupt request d
(level 3) (level 2) —=

Although the priority of interrupt request d is higher
Processing of d then that of ¢, d is kept pending because interrupts
are disabled.

Processing of e

\ /)

Interrupt request e — " Interrupt request f Interrupt request f is kept pending even if interrupts are
(level 2) (level 3) —= enabled because its priority is lower than that of e.

Processing of f

Processing of g
|

\ /!

Intérrupt request h
Interrupt request g — Pt req

(level 1) Interrupt request h is kept pending even if interrupts are

Processing of h enabled because its priority is the same as that of g.

\
/Hl

Remarks: 1. a-u in the figure are the names of interrupt requests shown for the sake of explanation.
2. The default priority in the figure indicates the relative priority between two interrupt requests.

Caution: The values of EIPC and EIPSW must be saved before executing multiple interrupt.
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C Main routine
El

L

m\u

. Interrupt request j

Interrupt request i — (level 3) —
(level 2) Interrupt request k

(level 1) —

A

nterrupt
request m
(level 3)——
Interrupt request n
(level 1)

o

Interrupt request | —
(level 2)

)

Figure 5-7. Example of Interrupt Nesting Process (2/2)

Processing of i

! Processing of k

Interrupt request j is kept pending because its priority is
lower than that of i. k that occurs after j is accepted
because it has the higher priority.

Processing of j

Processing of |

Interrupt requests m and n are kept pending because processing
of | is performed in the interrupt disabled status.

Pending interrupt requests are accepted after processing
of interrupt request I.

At this time, interrupt requests n is accepted first even
though m has occurred first because the priority of n is
higher than that of m.

Processing of n

Processing of m

Processing of o

Processing of
nterrupt El El 9ok Processing of q )
Interrupt request o — V" mteRuet |7 \/’é | Processing of r
(level 3) (level 2) request G =" |nterrupt El
(level 1) request r —

Interrupt
ievel 2)
evel 2)~
Interrupt request s — Interrupt request u
(level 1) (level 2)_o

(level 0)

If levels 3 to 0 are accepted

Processing of s

Pending interrupt requests t and u are accepted after
processing of s.

Because the priorities of t and u are the same, u is
accepted first according to the default priority, regardless
of the order in which the interrupt requests have been
generated.

Note 1

Note 2

Processing of u

Processing of t

Notes: 1. Lower default priority
2. Higher default priority
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Figure 5-8. Example of Processing Interrupt Requests Simultaneously Generated

C Main routine )

Interrupt request a (level 2)
Interrupt request b (level 1)
Interrupt request ¢ (level 1)

Default priority a>b>c

78

El

il

Processing of interrupt request b « Interrupt requests b and c are accepted
first according to their priorities.

» Because the priorities of b and ¢ are the

same, b is accepted first because it has

the higher default priority.
Processing of interrupt request ¢ 9 P Y

Processing of interrupt request a
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5.3.5 Interrupt control register (xxICn)

An interrupt control register is assigned to each maskable interrupt and holds the control conditions for each
maskable interrupt request.

The interrupt control register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
X XXIF XXMK 0 0 0 XXPRn2 | XXPRn1 | XXPR
XiCn " " " " "1 EFFFF100H- 47H
FFFFF11AH
Bit Position Bit Name Function
7 xxIFn Interrupt Request Flag

Interrupt request flag
0: Interrupt request not issued

1: Interrupt request issued
xxIFn flag is automatically reset by hardware when interrupt request is accepted.

6 xxMKn Mask Flag

Interrupt mask flag

0: Enables interrupt processing

1: Disables interrupt processing (pending)

2-0 xxPRn2-xxPRNQ | Priority
Specifies eight levels of priorities for each interrupt

xxPRn2 | xxPRn1 | xxPRn0 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)

Remark: xx: identification name of each peripheral unit
n: peripheral unit number (0, 1, 2, ...)
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5.3.6 External interrupt mode registers 1 and 2 (INTM1 and INTM2)

These registers specify the valid edges of external interrupt requests INTPOO-INTPO3 and INTP10-INTP13 that
are input from external pins. INTM1 controls INTPOO-INTPO3, and INTP2 controls INTP10-INTP13.

The valid edge of each pin can be specified to be the rising, falling, and both rising and falling edges.

Both the registers can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
INTM1 | ES031 | ES030 | ES021 | ES020 | ESO11 | ES010 | ES001 | ES000 F:‘;’;’;?Z;H A‘O’gse‘
Bit Position Bit Name Function
7,5, 3,1 ESOn1 Edge Select
6,4,2,0 ESOn0 Specifies valid edge of INTPOn pin
(n=3-0)
ESOn1 | ESONO Operation
0 0 Falling edge
0 1 Rising edge
1 0 RFU (reserved)
1 1 Both rising and falling edges
7 6 5 4 3 2 1 0
INTM2 | ES131 | ES130 | ES121 | ES120 | ES111 | ES110 | ES101 | ES100 Address ~ Atreset
FFFFF184H 00H
Bit Position | Bit Name v Function
7,531 ES1n1 Edge Select
6,4,2,0 ES1n0 Specifies valid edge of INTP1n pin
(n=3-0)
ES1n1 | ES1n0 Operation

0 0 Falling edge
0 1 Rising edge
1 0 RFU (reserved)
1 1 Both rising and falling edges
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CHAPTER 5 INTERRUPT/EXCEPTION PROCESSING FUNCTION

5.3.7 In-service priority register (ISPR)
This register holds the priority level of the maskable interrupt currently accepted. When an interrupt request is
accepted, the bit of this register corresponding to the priority level of that interrupt 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 0 by hardware. However, it is not reset when execution is returned from non-maskable
processing or exception processing.
This register can be only read in 8- or 1- bit units.

7 6 5 4 3 2 1 0
ISPR | ISPR7 | ISPR6 | ISPR5 | ISPR4 | ISPR3 | ISPR2 | ISPR1 | ISPRO Address At reset
FFFFF166H 00H
Bit Position Bit Name Function
7-0 ISPR7-ISPRO | In-Service Priority Flag

Indicates priority of interrupt currently accepted
0: Interrupt request with priority n not accepted
1: Interrupt request with priority n accepted

Remark: n: 0-7 (priority level)

5.3.8 Maskable interrupt status flag

The interrupt disable status flag (ID) of the PSW controls the enabling and disabling of maskable interrupt requests.
As a status flag, it also displays the current maskable interrupt acceptance condition.

31 876543210
T T 1 11 LA A U L L O L L At reset
PSW 000000000000000OOOOOOOOONPEPLDSATCYOVSZ 00000020H
Bit Position Bit Name Function
5 1D Interrupt Disable

Enables or disables maskable interrupt processing.

0: Maskable interrupt accepting enabled

1: Maskable interrupt accepting disabled
It is set to 1 by the DI instruction and reset to O by the El instruction. Its value is
also modified by the RETI instruction or LDSR instruction when referencing the
PSW.
Non-maskable interrupt and exceptions are acknowledged regardless of this flag.
When a maskable interrupt is accepted, ID flag is automatically set to 1 by hard-
ware.
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CHAPTER 5 INTERRUPT/EXCEPTION PROCESSING FUNCTION

5.4 Software Exception
The software exception is generated when the CPU executes the TRAP instruction, and can be always accepted.
TRAP instruction format: TRAP vector (where vector is 0-1FH)

5.4.1 Operation
If the software exception occurs, the CPU performs the following processing, and transfers control to the handler
routine:

(1) Saves the value of PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code to the lower 16 bits (EICC) of ECR (interrupt source).

(4) Sets the EP and ID bits of PSW.

(5) Loads the vector address (00000040H or 00000050H) of the software exception routine in the PC, and
transfers control.

Figure 5-9 illustrates how the software exception is processed.

Figure 5-9. Software Exception Processing

- ( TRAP instruction )

EIPC «restored PC
EIPSW  «PSW
ECR.EICC «exception code

CPU processing

PSW.EP &1
PSW.ID 1
PC «vector address

( Exception processing )

The vector address is determined by the operand of the TRAP instruction. If the operand is 0-OFH, the vector
address is 00000040H; if the operand is 10H-1FH, it is 00000050H.
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INTERRUPT/EXCEPTION PROCESSING FUNCTION

( 5.4.2 Restore

To restore or return execution from the software exception service routine, the RETI instruction is used.

( Operation of 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 PC and PSW from EIPC and EIPSW because the EP bit of PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

Figure 5-10 illustrates the processing of the RETI instruction.

Figure 5-10. RETI Instruction Processing

RET! instruction ’

s

e

PC
PSW

«EIPC
«EIPSW

PC
PSW

«FEPC
—FEPSW

( Original processing restored )

Caution: If the PSW.EP and PSW.NP bits are changed using the LDSR instruction during software
exception processing, it is necessary to reset PSW.EP to 0 and set PSW.NP to 1 using the LDSR
instruction immediately before the RETI instruction to make sure that the PC and PSW are

normally restored by the RETI instruction.
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5.4.3 EP flag
The EP flag in the PSW is a status flag used to indicate that trap processing is in progress. It is set when a trap

occurs.

31 876543210
L L L L L L B A L L L L

PSW 000000000O00O00O0OO0O0OOOOO OO OO O O ONPEP|ID|SATICYOV|S|Z

At reset
00000020H

Bit Position Bit Name Function

6 EP Exception Pending

Indicates that trap processing is in progress
0: Trap processing is not in progress
1: Trap processing is in progress

5.5 Exception Trap

The exception trap is an interrupt that is requested when illegal execution of an instruction takes place. In the
V851, an illegal op code exception (ILGOP: ILeGal OPcode trap) is considered as an exception trap.

lllegal op code exception: occurs if the subop code field of an instruction to be executed next is not a valid op code.

5.5.1 lllegal op code definition
An illegal op code is defined to be a 32-bit word with bits 5-10 being 111111B and bits 23-26 being 0011B-1111B.

15 13121110 5 4 0 31 2726 23222120 16

T 1 T LI N B 1 T 1 LI B 0|°|1|1|| T 1 1

XX XX X/[1T1T111 1 XXXXX|XXXXX t X X{X X X X|X
1111

x : don’t care
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5.5.2 Operation
If an exception trap occurs, the CPU performs the following processing, and transfers control to the handler routine:

(1) Saves the value of PC to EIPC.

(2) Saves the current PSW to EIPSW.

(3) Writes an exception code (0060H) to the lower 16 bits (EICC) of ECR.

(4) Sets the EP and ID bits of PSW.

(5) Loads the vector address (00000060H) for the exception trap routine to the PC, and transfers control.

Figure 5-11 illustrates how the exception trap is processed.

Figure 5-11. Exception Trap Processing

— ( Exception trap (ILGOP) occurs >

EIPC «restored PC
EIPSW  «PSW
ECR.EICC «exception code

CPU processing

PSW.EP 1
PSW.ID 1
PC «00000060H

( Exception processing )
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5.5.3 Restore
To restore or return execution from the exception trap, the RETI instruction is used.

Operation of 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 PC and PSW from EIPC and EIPSW because the EP bit of PSW is 1.
(2) Transfers control to the address of the restored PC and PSW.

Figure 5-12 illustrates the processing of the RETI instruction.

Figure 5-12. RETI Instruction Processing

C RET! instruction )

0
PC «EIPC PC «FEPC
PSW «—EIPSW PSW «—FEPSW

( Original processing restored )

Caution: If the PSW.EP and PSW.NP bits are changed using the LDSR instruction during software
exception processing, itis necessary to reset PSW.EP to 0 and set PSW.NP to 1 using the LDSR
instruction immediately before the RETI instruction to make sure that the PC and PSW are
normally restored by the RETI instruction.
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5.6 Priority Control

5.6.1 Priorities of interrupts and exceptions

RESET NMI INT TRAP ILGOP
RESET . . . .
NMI x - - -
INT x 0 <_ -
TRAP x 0 7 -
ILGOP x 0 0 0

RESET : reset

NMI . non-maskable interrupt

INT : maskable interrupt

TRAP : software exception

ILGOP illegal code exception

: Item on the left ignores the item above.

X : Item on the left is ignored by the item above.
T Item above is higher than the item on the left in priority.
— : Item on the left is higher than the item above in priority.

5.6.2 Multiple interrupt processing

Multiple interrupt processing is a function which allows the nesting of interrupts. If a higher priority interrupt is
generated and accepted, it will be allowed to stop a current interrupt service routine in progress. Execution of the
original routine will resume once the higher priority interrupt routine is completed.

If an interrupt with a lower or equal priority is generated and a service routine is currently in progress, the later
interrupt will be kept pending.

Multiple interrupt processing control is performed while an interrupt service routine is currently in progress and
the interrupts are kept enabled (ID=0). If a maskable interrupt or exception is generated and accepted while a prior
interrupt routine is under progress, the higher priority interrupting routine must save the current contents of EIPC and
EIPSW to allow proper restoration when the routine ends.

Programming examples used for interrupt nesting are shown in the following code fragments:
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(1) To accept maskable interrupts in service routine

Service routine of maskable interrupt or exception

-+ Saves EIPC to memory or register
+ Saves EIPSW to memory or register
« El instruction (enables interrupt acceptance)

« Accepts interrupt such as INTP input

+ Dl instruction (disables interrupt acceptance)
- Restores saved value to EIPSW

- Restores saved value to EIPC

« RETI instruction

(2) To generate exception in service program

Service program of maskable interrupt or exception

- Saves EIPC to memory or register
- Saves EIPSW to memory or register

« Accepts exception such as TRAP instruction
« Accepts exception such as undefined instruction

» Restores saved value to EIPSW
- Restores saved value to EIPC
- RETI instruction

Priorities 0-7 (0 is the highest) can be programmed for each maskable interrupt request for multiple interrupt
processing control. To set a priorityflevel, write values to the xxPRn0-xxPRn2 bits of the interrupt request
control register (xxICn) corresponding to each maskable interrupt request. At reset, the interrupt request is
masked by the xxMKn bit, and the priority level is set to 7 by the xxPRn0-xxPRn2 bits.

Priorities of maskable interrupts

(High) Level 0> Level 1 > Level 2> Level 3> Level 4 > Level 5> Level 6 > Level 7  (Low)

Interrupt processing that has been suspended as a result of multiple interrupt processing is resumed after the
interrupt processing of the higher priority has been completed and the RETI instruction has been executed.

A pending interrupt request is accepted after the current interrupt processing has been completed and the RETI
instruction has been executed.

Caution: The maskable interrupt is not accepted but kept pending in the non-maskable interrupt routine
(until the RETI instruction is executed).
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5.7 Interrupt Latency Time

The interrupt latency is defined as the time measured between the generation of the interrupt request and the
execution of the first instruction in the corresponding interrupt processing routine. The following table describes the
V851 interrupt latency time.

Figure 5-13. Pipeline Operation When Interrupt Request Is Accepted (outline)

F——— 7 to 14 system clocks —}- 4 system clocks ————{
clock __| I l I‘W_l | | | l l I I [ l I 1 | I__

Interrupt request l

Instruction 1 [ F | 0 | Ex [MEM| wB]
Instruction 2 IFx | IDx
Instruction 3 IFx
Interruput acceptance operation INT1 rINT2 INT3}INT4
Instruction (first instruction of IF | 10 | Ex [Mem| wa]

interrupt processing routine)

INT1-INT4 : interrupt acceptance processing
IFx : invalid instruction fetch
IDx : invalid instruction decode

Interrupt Latency Time Condition

Minimum 11 system clocks | Time to eliminate noise (2 system clocks) is also necessary for external interrupts,
except when:

Maximum | 18 system clocks |+ In IDLE/STOP mode

+ External bus is accessed

+ Two or more interrupt request non-sample instructions are executed in succession
* Interrupt request control register is accessed

5.8 Periods Where Interrupt Is Not Acknowledged

Interrupts are accepted during instruction execution. However, the interrupt is not accepted between the interrupt
request non-sample instruction and the next instruction.

Interrupt request non-sample instruction
 El instruction

« Dl instruction

» LDSR reg2, 0x5 instruction (vs. PSW)
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CHAPTER 6 CLOCK GENERATION FUNCTION

The clock generator produces and controls the internal system clock ¢ which is supplied to all the internal hardware
units including the CPU.

6.1 Features

O Multiplication function by PLL (Phase Locked Loop) synthesizer (x5)
O Clock source
« Oscillation through oscillator connection: fxx = %x ¢ (PLL mode)
- External clock: fxx = 1? x ¢ (PLL mode)
« External clock: fxx = 2 x ¢ (direct mode)
O Power save mode
+ HALT mode
» IDLE mode
+ Software STOP mode

O Clock output inhibit function

6.2 Configuration

CKSEL ©

P In direct
: mode(fxx)

X1 ©r . 11

(fxx) 0sc > PFC SCF VCO o) 2

X2 ©O— VCO

In PLL mode
1/20 divider

P PLL synthesizer

fuco : VCO oscillation frequency (= 10 - fxx)

) : internal system clock frequency (= 1/2 - fvco: in PLL mode)
internal system clock frequency (= 1/2 - fxx: in direct mode)

OSC : oscillator (PLL mode only)

PFC : phase frequency comparator

SCF : switched capacitor filter

VCO : voltage-controlled oscillator
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6.3 Selecting Input Clock

The clock generator consists of a clock oscillator and a PLL synthesizer. It can generate, for example, a 25-MHz
system clock when a 5-MHz crystal resonator or ceramic resonator is connected across the X1 and X2 pins.

An external clock can be directly connected to the oscillator circuit. In this case, input the clock signal to the X1
pin, and leave the X2 pin open.

The clock generator has two operation modes: PLL and direct modes, and are selected by the CKSEL pin, as shown
in the table below.

CKSEL | Operation Mode
0 PLL mode

1 Direct mode

Caution: The CKSEL pin level should never be changed dur-
ing operation. The V851 may not operate correctly.

6.3.1 Direct mode

In the direct mode, an external clock with a frequency two times higher than that of the system clock is input.
Because OSC and PLL synthesizer do not operate, the power dissipation can be significantly reduced. This mode
is used mainly in applications where the V851 must operate on a relatively low frequency. To minimize the influence
by noise, it is recommended that the frequency of the external clock, fxx, be kept to within 32 MHz (system clock ¢
= 16 MHz).

6.3.2 PLL mode

In the PLL mode, an external clock is input by connecting an external oscillator, which is multiplied by the PLL
synthesizer to generate system clock (¢).

Because a frequency of up to 33 MHz can be generated based on an external oscillator of 3 to 5 MHz, a low-noise,
power-saving system can be designed. The system clock (¢) with a frequency 5 times higher than the frequency fxx
of the external oscillator or external clock (5 x fxx) can be generated.

The clock generator also provides a backup mode when operating in the PLL mode, thus improving system
reliability. If the external oscillator or external clock source fails, the clock generator continues to provide the internal
system clock ¢ based on the free-running frequency of the VCO. In this mode, the internal system clock ¢ operating
at about 1 MHz.

Example of clock in PLL mode

System Clock Frequency ¢ | External Oscillator/External Clock Frequency (fxx)
32.768 MHz 6.5536 MHz
25.000 MHz 5.0000 MHz
20.000 MHz 4.0000 MHz
16.384 MHz 3.2768 MHz
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6.4 PLL Stabilization

Following a power-on reset or when exiting the STOP mode, an amount of time will be required for the PLL to
stabilize before using any of the V851 hardware functions which rely on execution speed. This required time is called
PLL lock-up time, and is different (longer) than the oscillation stabilization time. Clock signals after the oscillation
stabilization time have the required wave shape but the frequency might fluctuate. However clock signals after the
PLL lock-up time are supplied at a specified frequency without fluctuation, satisfying the required wave shape. In
addition, the status in which the frequency is not stable is called unlock status and the status in which it has been
stabilized is called lock status.

Two system status flags are available to check with the stabilization of the PLL frequency: UNLOCK flag that
indicates the stabilization status of the PLL frequency, and PRERR flag that indicates occurrence of a protection error
(for the details of the PRERR flag, refer to 6.5.2 (2) Command register (PRCMD)).

The SYS register, which contains these UNLOCK and PREERR flags, can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
: Address At reset
SYS 0 0 0 PRERR 0 0 0 UNLOCK FFFFFO78H 0000000xB
Bit Position | Bit Name Function
0 UNLOCK Unlock Status Flag

This is read-only flag and indicates unlock status of PLL.
It holds “0” asAIong as lock up status is maintained, and is not changed even if system is
reset.

0 : Indicates lock status

1: Indicates unlock status

Remark: For the description of the PRERR flag, refer to 6.5.2 (2) Command register (PRCMD).

If the unlock status condition should arise, due a power or clock source failure, the UNLOCK flag should be checked
to verify that the PLL has stabilized before performing any execution speed dependent operations, such as real-time
processing.

The static processing such as setting of the on-chip hardware units and initialization of the register data and memory
data, however, can be executed before the UNLOCK flag is reset.
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6.5 Power Save Control

6.5.1 General
The V851 is provided with the following power save or standby modes to reduce power consumption when CPU
operation is not required.

(1)

()

()

HALT mode

In this mode, the clock generator (oscillator and PLL synthesizer) continues operation but the operating clock
of the CPU stops. The internal peripherals continue to function in reference to the internal system clock.
Through intermittent operations between normal operation and HALT modes, total power consumption of the
system can be reduced.

The HALT mode is entered by a dedicated instruction (HALT instruction).

IDLE mode

In this mode, both the CPU clock and the internal system clock are stopped to further reduce power con-
sumption. However, since the clock generator continues to run, normal operation can resume without having
to wait for the oscillator and PLL circuits to stabilize.

The IDLE mode is entered by programming the PSC register.

The IDLE mode is categorized between the STOP and HALT modes in terms of clock stabilization time and
power consumption, and is used in applications where the clock oscillation time should be eliminated but low
power consumption is need.

Software STOP mode
In this mode, the CPU clock, the internal system clock, and the clock generator are stopped, reducing power
consumption to only leakage current. In this state, power consumption is minimized.

(@) In PLL mode
The software STOP mode is entered by programming the PSC register. As soon as the oscillator circuit
stops, the clock output of the PLL synthesizer is stopped. After the software STOP mode has been
released, it is necessary to allow for stabilization time of the oscillator and system clock. Moreover, the
lock up or stabilization time of the PLL may also be necessary, depending on the application. However,
whenthe processor operates on an external clock, the need for oscillation stabilization time of the oscillator
will not be necessary. '

(b) In direct mode
To stop the clock, fix the X1 pin to the low level.
The PLL lock up or stabilization time is not needed in the direct mode.

(4) Clock output inhibit
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The operations of the clock generator in the normal, HALT, IDLE, and software STOP modes are shown in Table
6-1.

By combining and selecting the mode ideal for a specific application, the power consumption of the system can
be effectively reduced.

Table 6-1. Operation of Clock Generator by Power Save Control

Oscillator .
Clock Source Standby Mode Circuit Syn:;l;izer f:OFSZri:Z’:z Clo:;k 5:39!)’
(0SC) 110

PLL mode Oscillation by Normal O O O (@]
crystal oscillator HALT o o o N

IDLE O O X X

STOP X X X X

External clock | Normal X O ©) @)

HALT x (@) O X

IDLE X O X X

STOP X X X X

Direct mode Normal x x O O
HALT X X O X

IDLE X X X X

STOP X X X X

O : operates
x : stops

Status Transition Diagram

Released by RESET, NMI, or
maskable interrupt input

HALT mode_is entered
Released by RESET or NMI input

Released by RESET or

STOP mode is entered NMI input

IDLE mode is entered

Software STOP
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6.5.2 Control registers

(1) Power save control register (PSC)
This is an 8-bit register that controls the power save mode. It can be written only by a specific combination
of instruction sequences so that its contents are not written by mistake due to erroneous program execution.
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
PSC DCLK1 | DCLKO | TBCS | CESEL IDLE T
0 STP 0 FFFFFO70H 00H
Bit Position Bit Name Function
7,6 DCLKn Disable CLKOUT
(n=1, 0) Specifies operation mode of CLKOUT pin
DCLK1 | DCLKO Mode
0 0 Normal output mode
0 1 RFU (reserved)
1 0 RFU (reserved)
1 1 Clock output inhibit mode
5 TBCS Time Base Count Select
Selects clock of time base counter
0: fxx/28
1: fxx/29

For details, refer to explanation of “Time base counter (TBC)” in section 6.6 "Specifying
Oscillation Stabilization Time”.

4 CESEL Crystal/External Select
Specifies functions of X1 and X2 pins
0: Oscillator connected to X1 and X2 pins
1: External clock connected to X1 pin
When CESEL = 1, cuts off feedback loop of oscillation circuit and does not make sure
that oscillation. stabilization time elapses after STOP mode has been released.

2 IDLE IDLE Mode

Specifies IDLE mode.

When “1” is written to this bit, IDLE mode is entered.

When IDLE mode is released, this bit is automatically reset to “0”.

1 STP STOP Mode

Specifies software STOP mode.

When “1” is written to this bit, STOP mode is entered.

When STOP mode is released, this bit is automatically reset to “0”.
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( Set data to the PSC register in the following sequence.

<1> Disable interrupts (by setting the NP bit of PSW to 1).

<2> Write any 8-bit data to the command register (PRCMD).

<3> Write set data to the PSC register (using the following instructions).
- Store instruction (ST/SST instruction)
- Bit manipulation instruction (SET1/CLR1/NOT1 instruction)

<4> Enable interrupts (by resetting the NP bit of PSW to 0).

<5> Insert NOP instructions (two or five instructions).

The PSC register can be read in any sequence.

Cautions: 1. If an interrupt is accepted between issuance of PRCMD (<2>) and writing to the PSC
register immediately after that (<3>), nothing is written to the PSC register, and a
protection error (in which case the PRERR bit of the SYS registeris set to “1”) may occur.
Therefore, set the NP bit of PSW to 1 (<1>) and disable INT/NMI acceptance.

The same applies to use of a bit manipulation instruction to set the PSC register.
Insert NOP instructions (<5>) as dummy instructions so that the routine is executed
correctly after the STOP/IDLE mode has been released. If the value of the ID bit of PSW
does not change even if the instruction (<4>) thatresets the NP bit to 0 is executed, insert
two NOP instructions. Insert five NOP instructions if the value of the ID bit changes.
Here is an example:

[Example]

LDSR rX,5 ; NP bit = 1

ST.B r0,PRCMD [r0] ; Writing to PRCMD
ST.B rD,PSC[r0] ; Setting of PSC register

LDSR rY,5 ; NP bit=0

NOP ; Dummy instruction (2 or 5 instructions)

NOP

(next instruction) ; Execution routine after release of STOP/IDLE mode

rX: Value to be written to PSW
rY: Value to be written back to PSW
rD: Value to be set to PSC

To save the value of PSW, the value of PSW before the NP bit is set must be transferred
to the rY register.

2. The instructions after the store instruction (<4> Enabling interrupt, <5> NOP instruc-
tions) that are executed on the PSC register to set the software STOP mode or IDLE mode,
are executed before each power save mode is set.
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(2) Command register (PRCMD)
The command register protects the PSC register from being illegally written so that the application system
does not stop due to program hang-up.
Only data written first to the PSC register after the PRCMD register has been written becomes valid.
Because the register value can be rewritten only in a fixed sequence, illegal write operations are prevented.
The command register can be only written in 8-bit units (when this register is read, undefined data is read).

7 6 5 4 3 2 1 0
Address At reset
E REG4 RE R
PRCMD REG7 | REG6 | REG5 EG REG3 G2 EG1 REGO FFFFF170H  undefined
Bit Position Bit Name Function
7-0 REG7-REGO | Registration Code
Registration code (any 8-bit data)

Occurrence of anillegal store operation can be checked by the PRERR flag of the system status register (SYS).

7 6 5 4 3 2 1 0
Address At reset
SYS 0 0 0 PRERR 0 0 0 UNLOCK FFFFFO78H 0000000xB
Bit Position Bit Name Function
4 PRERR Protection Error Flag

Indicates that PSC register is not written in the correct sequence and that a protection
error has occurred.

0: Protection error does not occur

1: Protection error occurs

Remark: For the description of the UNLOCK flag, refer to 6.4 PLL Stabilization.

Operation conditions of PRERR flag
» Set condition (PRERR = “1") : <1> Ifthe storeinstruction most recently executed to the peripheral I/O does
not write data to the PRCMD register, but to PSC register
<2> If the first store instruction executed after the write operation to the
PRCMD register is to the peripheral I/O register except PSC registers.
» Reset condition (PRERR = “0”) : <1> When “0” is written to the PRERR flag of the SYS register.
<2> At system reset
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6.5.3 HALT mode

(1) Entering and operation status
In the HALT mode, the clock generator (oscillator circuit and PLL synthesizer) operates, while the operating
clock of the CPU stops. The internal peripherals continue to function in reference to the internal system clock.
By entering the HALT mode during the idle time of the CPU, the total power consumption of the system can
be reduced.
This mode is entered by the HALT instruction.
In the HALT mode, program execution is stopped, but the contents of the registers and internal RAM
immediately before entering the HALT mode are retained. The on-chip peripheral functions that are not
dependent on the instruction processing of the CPU continue to operate.
Table 6-2 shows the status of each hardware unit in the HALT mode.

Table 6-2. Operating Status in HALT Mode

Function Operating Status
Clock Generator Operates
Internal System Clock Operates
CPU Stops
I/O Line Retained
Peripheral Function Operates
Internal Data Status of internal data before setting of HALT mode,

such as CPU registers, status, data, and internal RAM
contents, are retained.

External ADO-AD15 High impedanceNote
Expansion | A16-A23 RetainedNote | High-impedance when HLDAK = 0
Mode TBEN ’ OBEN | 1Note
RIW
DSTB
ASTB
ST0, ST1 oQNote
HLDAK Operates
CLKOUT Clock output (when clock output is not inhibited)

Note: The instruction fetch operation continues even after the HALT instruction
has been executed, until the internal instruction prefetch queue becomes
full. After the queue has become full, the operation is stopped in the status
indicated in the above table.
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(2

100

Releasing HALT mode
The HALT mode can be released by the non-maskable interrupt request, an unmasked maskable interrupt
request, or a RESET signal input.

(a) Releasing by interrupt request
The HALT mode is unconditionally released by the NMI request or an unmasked maskable interrupt
request, regardless of the priority. However, if the HALT mode is set in an interrupt processing routine,
the operation will differ as follows:

(i) - If an interrupt request with a priority lower than that of the interrupt request under execution is
generated, the HALT mode is released, but the newly generated interrupt request is not accepted.

The new interrupt request will be kept pending.

(i) If an interrupt request with a priority higher (including NMI request) than the interrupt request under
execution is generated, the HALT mode is released, and the interrupt request is also accepted.

Operation after HALT mode has been released by interrupt request

Releasing Source El Status J DI Status

NMI request Branches to vector address

Maskable interrupt request | Branches to vector address Executes next instruction
or executes next instruction

(b) Releasing by RESET signal input
The operation same as the normal reset operation is performed.
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6.5.4 IDLE mode

(1) Entering and operation status
In this mode, both the CPU clock and the internal system clock are stopped to further reduce power
consumption. However, since the clock generator continues to run, normal operation can resume without
having to wait for the oscillator and PLL circuit to stabilize.
The IDLE mode is entered when the PSC register is programmed by the store (ST/SST) instruction or bit
manipulation (SET1/CLR1/NOT1) instruction.
Execution of the program is stopped in the IDLE mode, but the contents of the registers and internal RAM
immediately before entering the IDLE mode are retained. The on-chip peripheral function are stopped in this
mode. The external bus hold request (ﬁﬁ'ﬁ) is not accepted.
Table 6-3 shows the hardware status in the IDLE mode.

Table 6-3. Operating Status in IDLE Mode

Function Operating Status
Clock Generator Operates
Internal System Clock Stops
CPU Stops
1/0 Line Retained
Peripheral Function Stops
Internal Data Status of all internal data immediately before IDLE

mode is entered, such as CPU registers, status, data,
and internal RAM contents, are retained.

External ADO-AD15 High-impedance
Expansion [ A416.a03
Mode p—————
LBEN, UBEN
R/W
DSTB
ASTB
STO, STH
HLDAK
CLKOUT 0
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(2) Releasing IDLE mode
The IDLE mode is released by the NMI signal input or RESET signal input.
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(a)

(b)

Releasing by NMI signal input

The NMI request is accepted and serviced as soon as the IDLE mode has been released.

If the IDLE mode is entered in the NMI processing routine, however, only the IDLE mode is released, and
the interrupt will not be accepted. The interrupt request will be retained and kept pending.

The interrupt processing that is started by the NMI signal input when the IDLE mode is released is treated
in the same manner as a normal NMl interrupt that is processed (because there is only one vector address
of the NMI interrupt). Therefore, if it is necessary to distinguish between the two types of NMl interrupts,
a software flag should be defined in advance, and the flag must be set before setting the IDLE flag by
the store/bit manipulation instruction. By checking this flag during the NMI interrupt processing, the NMI
used to released the IDLE mode can be distinguished from the normal NMI.

Releasing by RESET signal input
The operation same as the normal reset operation is performed.
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6.5.5 Software STOP mode

(1) Entering and operaton status
In this mode, the CPU clock, the internal system clock, and the clock generator are stopped, reducing power
consumption to only leakage current. In this state, power consumption is minimized.
The software STOP mode is entered by programming the PSC register using the store (ST/SST) or bit
manipulation (SET1/CLR1/NOT1) instruction.
Itis necessary to ensure the oscillation stabilization time of the oscillator circuit after the software STOP mode
has been released, when the PLL mode (CKSEL pin = “0”) and the oscillator connection mode (CESEL bit
= “0") are set.
In the software STOP mode, program execution is stopped, but all the contents of the registers and internal
RAM immediately before entering the STOP mode are retained. The on-chip peripheral function also stops
operation.
Table 6-4 shows the hardware status in the software STOP mode.

Table 6-4. Operating Status in Software STOP Mode

Function Operating Status
Clock Generator Stops
Internal System Clock Stops
CPU Stops
I/O LineNote Retained
Peripheral FunctionNote Stops
Internal Data Status of all internal data immediately before software

STOP mode is set, such as CPU registers, status,
data, and internal RAM contents, are retained.

External ADO-AD15 High-impedance
Expansion A16-A23
Mode P ——
LBEN, UBEN
RIW
DSTB
ASTB
STO, ST1
HLDAK
CLKOUT 0

Note: When the value of Voo is within the operating range.
Even if Voo drops below the minimum operating voltage, the contents of the
internal RAM can be retained if the data retention voltage Vooor is main-
tained.
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(2) Releasing software STOP mode

The STOP mode is released by the NMI signal input or RESET signal input.

Itis necessary to ensure the oscillation stabilization time when releasing from the STOP mode. This willdepend
on the operating status of the oscillator circuit (PLL mode (CKSEL pin = “0”) and in the oscillator connection
mode (CESEL bit = “07)).
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(a)

Releasing by NMI signal input

When the STOP mode is released by the NMI signal, the NMI request is also accepted.

If the STOP mode is set in an NMI processing routine, however, only the STOP mode is released, and
the interrupt is not accepted. The interrupt request is retained and kept pending. '

Caution: When inputting an external clock to the X1 pin, supply the external clock at least 100 us
before releasing the STOP mode by using NMI input.

NMI interrupt processing on releasing STOP mode

(b)

The interrupt processing that is started by the NMl signal input when the STOP mode is released is treated
in the same manner as a normal NMl interrupt that is processed (because there is only one vector address
of the NMI interrupt). Therefore, if it is necessary to distinguish between the two types of NMl interrupts,
a software flag should be defined in advance, and the flag must be set before setting the STOP flag by
the store/bit manipulation instruction. By checking this flag during the NMI interrupt processing, the NMI
used to released the STOP mode can be distinguished from the normal NMI.

Releasing by RESET signal input
The operation same as the normal reset operation is performed.

Caution: When input an external clock to the X1 pin, make sure that the low-level width of the
RESET pin is 100 us or more when supplying the clock.
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6.6 Specifying Oscillation Stabilization Time

The time required for the oscillator circuit to become stabilized after the STOP mode has been released can be
specified in the following two ways:

(1) By using internal time base counter (NMI signal input)
When the valid edge is input to the NMI pin, the STOP mode is released. When the inactive edge is input
to the pin, the time base counter (TBC) starts counting, and the time required for the clock output from the
oscillator circuit to become stabilized is specified by that count time.

Oscillation stabilization time = (Active level width after valid edge of NMI input has been detected) + (Count
time of TBC)

After a specific time has elapsed, the system clock output is started, and execution branches to the vector
address of the NMI interrupt.

STOP mode set

(( .
) '
Oscillator I”IIII“ LJ—\_I_\_]—I_I_LHH“HHHHII
: {C I
T UuUUuUL

L {0
System clock l I i I l I | | | v

STOP status

'

NMI input ; ) | 5 | ‘ ;

(
: 2] H

Oscillator circuit stops Count time of time
base counter

During inactivity, the NMI pin should be kept at the inactive level (e.g. at a logic “1” when the valid edge is
specified to be the falling edge).

If an operation to enter the STOP mode is performed while a valid edge has been input to the NMI pin before
the CPU accepts the interrupt, the STOP mode will immediately be released. Program execution is
immediately started if the clock generator is in the direct mode (CKSEL = “1”) and is driven by external clock
(CESEL = 1). If the clock generator is in the PLL mode (CKSEL = “0) or is driven by an oscillator (CESEL
= 0), program execution is started after the oscillation stabilization time specified in the time base counter has
elapsed, following the valid edge input to the NMI pin.
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(2) To specify time by signal level width (RESET signal input)
The STOP mode is released when the falling edge is input to the RESET pin.
The time required for the clock output from the oscillator circuit to become stabilized is specified by the low-
level width of the signal input to the RESET pin.
After the rising edge has been input to the RESET pin, operation of the internal system clock begins, and
execution branches to the vector address that is used when the system is reset.

STOP mode set

Oscillator circuit

L ULUUUULL

'
'
1
'
'
'
'
'
'
'
'
]
|

1

'

L ((
)

System clock | I | I | | | | I

STOP status

RESET signal

Internal system
reset signal

I
)T

1

'

—

Oscillation stabilization time
secured by RESET

Oscillator circuit stops

Time base counter (TBC)
The time base counter is used to secure the oscillation stabilization time of the oscillator circuit when the
software STOP mode is released.
The count clock of TBC is selected by the TBCS bit of the PSC register, and the following count time can

be set:
Table 6-5. Example of Count Time
Count Time
TBCS Count Clock fxx = 3.2768 MHz fxx = 4.0000 MHz fxx = 5.0000 MHz fxx = 6.5536 MHz
¢=16.384 MHz ¢ =20.000 MHz ¢ = 25.000 MHz ¢ =32.768 MHz
0 fxx/28 20.0 ms 16.3 ms 13.1 ms 10.0 ms
1 fxx/29 40.0 ms 32.7 ms 26.2 ms 20.0 ms

fxx : external oscillator frequency
¢ : internal system clock frequency

Figure 6-1. Block Configuration

fxx/28
TBC (8 bits) | Overflow  _ cillation stabilization time

fxx/2° control circuit
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l 6.7 Clock Output Control

[ The operation mode of the CLKOUT pin can be selected by the DCLKO and DCLK1 bits of the PSC register.
; By using this operation mode in combination with the HALT, IDLE, or STOP mode, the power dissipation can be
effectively reduced (for how to write these bits, refer to 6.5.2 Control registers).

Clock output inhibit mode
The clock output from the CLKOUT pin is inhibited.
This mode is ideal for single-chip mode systems or systems that fetch instructions to external expansion devices
or asynchronously accesses data.
Because the operation of CLKOUT is completely stopped in this mode, the power dissipation can be minimized
and radiation noise from the CLKOUT pin can be suppressed.

CLKOUT
(normal mode)

CLKOUT L (Fixed to low level)
(clock output inhibit mode)
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I CHAPTER 7 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

7.1 Features

O Measures pulse intervals and frequency, and outputs programmable pulse
» 16-bit measurement possible
- Generates pulses of various shapes (interval pulse, one-shot pulse)
O Timer 1
« 16-bit timer/event counter
« Count clock source: 2 types (divided system clock and external pulse input)
- Capture/compare register: 4
+ Count clear pin: TCLR1
« Interrupt source: 5 types
« External pulse output: 2
O Timer 4
+ 16-bit interval timer
+ Count clock selected from divided system clock
+ Compare register: 1
* Interrupt source: 1
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7.2 Basic Configuration
The basic configuration of the real-time pulse unit (RPU) is shown in the table below.

Table 7-1. Configuration of RPU

Generated Cant )
Timer | Count Clock Register | Read/Write Interrupt a.1p ure | Timer Other Function
. Trigger |Output SR
Signal
Timer1 | ¢/2 T™M1 Read INTOV1 - - External clear
g; g CC10 Read/write INTCC10 INTP10 | TO10 (S) -
¢/ 16 CC11 Read/Write | INTCC11 INTP11 | TO10 (R) -
¢/32
164 CC12 | Read/Write | INTCC12 | INTP12 | TO11(S) -

TH pininput | CC13 | Read/Write | INTCC13 | INTP13 | TO11 (R) -

Timer4 | ¢/32

9/64 T™M4 Read - - - -
$/128

¢/ 256
CM4 Read/write INTCM4 - - -

Remark: ¢ : system clock
SR : set/reset
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(1) Timer 1 (16-bit timer/event counter)

Edge -
TCLR1 @—» detegtion Clear & start
sm Clear & start
/2 1om | pm/4  |voet
p/4 pm/8 - TM1 (16 bits) > INTOV1
om/16
Note 2
Edge
™mQ© detegtion —— = INTCC10
— s INTCC11
INTP10 (O Edge detection > CC10 S ql—»
R ——(:) TO10
e
INTP11 @—— Edge detection CCi1 - R Q™
INTP12 @—{ Edge detection |——> cci2 - »—=S |l
—(O) To11
Note 3 6 -
INTP13 (O Edge detection - CC13 -~ —R

Notes: 1. Internal count clock frequency
2. External count clock frequency
3. Reset priority

Remark: ¢ indicates the system clock.

(2) Timer 4 (16-bit interval timer)

¢/2 ¢m; ¢m/1 6 | Note

ol4
o8 Ppm/32

TM4 (16 bits)

iy

CM4

|
[——> INTCC12
————— INTCC13

Clear & start

Note: Internal count clock

Remark: ¢ indicates the system clock.

= INTCM4
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7.2.1 Timer 1

(1) Timer 1 (TM1)
TMH1 functions as a 16-bit free-running timer or event counter. Timer 1 is used to measure cycles and frequency,
and also for programmable pulse generation.
TM1 can be only read in 16-bit units.

15 0

Address At reset
™1 FFFFF250H 0000H

TM1 counts up the internal count clock or external count clock. The timer is started or stopped by the CE1
bit of timer control register 1 (TMC1).
Whether the internal or external count clock is used is specified by the TMC1 register.

(@) When external count clock is selected
TM1 operates as an event counter. The valid edge is specified by timer unit mode register 1 (TUM1),
and TM1 counts up the signal input from the TI1 pin

(b) When internal count clock is selected .
TM1 operates as afree running timer. The frequency of the count clock can be selected from the frequency
divided by the prescaler, ¢/2, ¢/4, ¢/8, ¢/16, ¢/32, or ¢/64, by using the TMC1 register.

When the timer overflows, an overflow interrupt can be generated. The timer can be stopped after an overflow
has occurred, if so specified by the TUM1 register.

The timer can be cleared and started by external TCLR1 input. At this time, the prescaler is cleared at the
same time. As a result, the time from the TCLR1 input to the first count up by the timer is held constant,
according to the division ratio of the prescaler. The operation is set by the TUM1 register.

When the RESET signal is input, all the bits of TM1 are cleared to 0.

Caution: Do not change the count clock frequency while the timer operates.

112



CHAPTER 7 TIMER/COUNTER FUNCTION (REAL-TIME PULSE UNIT)

(2) Capture/compare registers 10-13 (CC10-CC13)
Capture/compare registers are 16-bit registers and are connected to the TM1. These registers can be used
as capture or compare registers depending on the specification of the timer unit mode register 1 (TUM1). They

can

CC10

ccn

CC12

CC13

(a)

(b)

be read/written in 16-bit units.

15 s
Address At reset
FFFFF252H  Undefined
15 :
Address At reset
FFFFF254H  Undefined
15 °
Address At reset
FFFFF256H  Undefined
15 :
Address At reset
FFFFF258H  Undefined

When used as capture register

When a capture/compare register is used as a capture register, it detects the valid edge of the
corresponding external interrupt (INTP10-INTP13) as a capture trigger. Timer 1 latches the count value
in synchronization with the capture trigger (capture operation).  The capture operation is performed
asynchronously with the count clock. The latched value is held by the capture register, until the next
capture operation is performed.

If the capture (latch) timing of the capture register contends with a register write operation by an instruction,
the latter takes precedence, and the capture operation is ignored.

The valid edge of the external interrupt (rising, falling, or both edges) can be selected by external interrupt
mode register (INTM2).

When a capture/compare register is used as a capture register, and when the valid edge of INTP10-
INTP13 is detected, an interrupt is generated. During this time, no interrupt cannot be generated by the
compare function of the register.

When used as compare register

When a capture/compare register is used as a compare register, it compares its contents with the value
of the timer at each clock tick. When the two values match, a coincidence signal INTCCn is generated.
This coincidence signal can be used either to generate a maskable interrupt, to set/reset the timer output
pins, or do both functions.

The interrupt source depends on the register mode, whether it is used as a capture or compare register.
When used as a compare register, coincidence signal INTCCn or the valid edge of INTPn can be selected
as an interrupt signal, depending on the specification of the TUM1 register.

When INTPn is selected, accepting an external interrupt (INTPn) and timer output by the set/reset output
function of the compare register can be performed at the same time.
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7.2.2 Timer 4

(1)

(2)

114

Timer 4 (TM4)
TM4 is a 16-bit timer and is mainly used as an interval timer for software.
This timer can be only read in 16-bit units.

15 0

Address At reset
™4 FFFFF350H 0000H

TM4 is started or stopped by the CE4 bit of the timer control register 4 (TMC4).
The count clock is selected by the TMC4 register from ¢/32, ¢/64, ¢/128, or ¢/256.
All the bits of TM4 are cleared to 0 by the RESET signal.

Cautions: 1. When the value of the timer coincides with the value of the compare register (CM4), the
timer is cleared by the next clock tick. If the division ratio is large and resuits in a slow
clock period, the timer value may not be cleared to zero yet, if the timer is read
immediately after the occurrence of the coincidence signal interrupt.

2. Do not change the count clock frequency while the timer operates.

Compare register 4 (CM4)
CM4 is a 16-bit register and is connected to TM4. This register can be read/written in 16-bit units.

15 0

Address At reset
Cm4 FFFFF352H  Undefined

CM4 compares its value with the value of TM4 at each clock tick of TM4, and generates an interrupt (INTCM4)
when the two values match or coincide with each other. TM4 is cleared in synchronization with this
coincidence.
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[ 7.3 Control Registers

I (1) Timer unit mode register 1 (TUM1)
TUMT1 is a register that controls the operation of timer 1, and specifies the operation mode of the capture/
compare registers.
This register can be read/written in 16-bit units.

15 14 13 12 11 10 9 8 7 6 65 4 3 2 1 0

Address At reset

IMS13 FFFFF240H 0000H

IMS12|IMS11]IMS10

TUM1 0 0 |OSTECLRITEST1{TESI0CEST1ICES10CMS13(CMS12CMS111CMS 10

Bit Position Bit Name Function

13 OST Overflow Stop

Specifies operation of timer after occurrence of overflow. This flag is valid only for TM1.
0: Timer continues counting after overflow has occurred.
1: Timer holds 0000H and stops after overflow has occurred.

At this time, CEI bit of TMC1 register remains “1”.

Timer resumes counting when following operation is performed:

When ECLR1 = “0": Writing “1” to CE1 bit

When ECLR1 = “1”: Trigger input to timer clear pin (TCLR1)

12 ECLR1 External Input Timer Clear
Enables clearing TM1 by external clear input (TCLR1)
0: TM1 is not cleared by external input
1: TM1 is cleared by external input
After TM1 has been cleared, it starts counting.

11,10 TES11, TES10| TI1 Edge Select
Specifies valid edge of external clock input (T11)

TES11| TES10 Valid Edge
0 0 Falling edge
0 1 Rising edge
1 0 RFU (reserved)
1 1 Both rising and falling edges

9,8 CES11, CES10| TCLR1 Edge Select
Specifies valid edge of external clear input (TCLR1)

CES11| CES10 Valid Edge
0 0 Falling edge
0 1 Rising edge
1 0 RFU (reserved)
1 1 Both rising and falling edge

o »:ngl
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Bit Position Bit Name Function

7-4 CMS10-CMS13 | Capture/Compare Mode Select
Selects operation mode of capture/compare registers (CC10-CC13)

0: Capture register. However, capture operation is performed only when CE1 of
TMCH1 register = “1”.
1: Compare register

3-0 IMS10-IMS13 Interrupt Mode Select

Selects INTPn or INTCCh as interrupt source (n = 10-13)
0: Uses coincidence signal of INTCCn of compare register as interrupt signal
1: Uses external input signal INTPn as interrupt signal
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I (2) Timer control register 1 (TMC1)
TMC1 controls operation of TM1.
[ This register can be read/written in 8- or 1-bit units.
7 6 5 4 3 2 1 0
™C1 CE1 0 0 ETI | PRS11 [ PRST0 | PRMI1| 0 | phderess =~ Atreset
Bit Position Bit Name Function
7 CE1 Count Enable

Controls timer operation.
0: Timer stops at “0000H” and does not operate.
1: Timer performs count operation. However, it does not start counting when
TUM1.ECLR1 = “1”, until TCLR1 signal is input.
When TUM1.ECLR1 = “0”, starting counting of timer by CE1 = “1” is triggered by writing
“1” to CE1 bit. Therefore, timer is not started even when TUM1.ECLR1 = “0” after CE1
has been set with TUM1.ECLR1 = “1".

4 ETI External TI1 Input

Specifies external or internal count clock.
0: ¢ (internal)
1: T (external)

3,2 PRS11, PRS10 | Prescaler Clock Select
Selects internal count clock (¢m is intermediate clock)

PRS11 | PRS10 Count Clock
0 0 ¢m
0 1 ¢m/4
1 0 ¢m/8
1 1 om/16

1 PRM11 Prescaler Clock Mode
Selects intermediate clock ¢m of count clock (¢ is system clock).
0: ¢/2
1: ¢/4

Caution: Do not change the count clock frequency while the timer operates.

iy,
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(3) Timer control register 4 (TMC4)
TMC4 controls the operation of TM4.
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
TMC4- CE4 0 0 0 0 PRS40 | PRM41 | PRM40 FFFFF342H 00H
Bit Position Bit Name Function
7 CE4 Count Enable
Controls operation of timer.
0: Timer stops at “0000H” and does not operate.
1: Timer performs count operation.
2 PRS40 Prescaler Clock Select
Selects internal count clock (¢m is intermediate clock).
0: ¢m/16
1: ¢m/32
1,0 PRM41, PRM40| Prescaler Clock Mode

Selects intermediate clock ¢m of count clock (¢ is system clock).

PRM41| PRM40 om
0 0 o2
0 1 ¥4
1 0 #8

1

1

RFU (reserved)

Caution: Do not change the count clock frequency while the timer operates.
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(4) Timer output control register 1 (TOC1)
TOCH1 controls the timer output from the TO10 and TO11 pins.
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
Toci  |ENTO11| ALV11 |ENTO10| ALV10 0 0 0 0 FFFFRo4AH oon
Bit Position Bit Name Function

7,5 ENTO11, ENTO10 | Enable TOxx pin
Enables corresponding timer output (TO10, TO11).

0: Timer output is disabled. The inactive levels are output from TO10 and TO11
pins based on the ALV10 and ALV 11 pins, respectively. For example, ALV11 is
set to 0, TO11 outputs high. Even if coincidence signal is generated from
corresponding compare register, levels of TO10 and TO11 pins do not change.

1: Timer output function is enabled. Timer output changes when coincidence signal
is generated from corresponding compare register. After the timer output has
been enabled before the first coincidence signal is generated, the inactive levels
are output from TO10 and TO11 pins based on the ALV10 and ALV11 pins,
respectively (For example, ALV11 is set to 0, TO11 outputs high during that
period).

6, 4 ALV11, ALV10 Active Level TOxx pin

Specifies active level of timer output.
0: Active-low
1: Active-high

Remark: F/F of TO10 and TO11 outputs give priority to reset.

Caution: The TO10 and TO11 outputs are not changed by the external interrupt signal (INTP1n). When
using TO10 and TO11, specify a capture/compare register as a compare register (CMS1n = 1).

(5) External interrupt mode register 2 (INTM2)
The valid edge of external interrupt INTPn is detected as a capture trigger when CCn (n = 10 to 13) of TM1
is used as a capture register. This valid edge is specified by the INTM2 register (for details, refer to 5.3.6
External interrupt mode registers 1 and 2 (INTM1 and INTM2)).
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(6) Timer overflow status register (TOVS)
This register stores flags that indicate occurrence of an overflow from TM1 and TM4.
This register can be read/written in 8- or 1-bit units.
By testing and resetting the TOVS register via software, occurrence of an overflow can be polled.

7 5 4 3 2 1 0
Address At reset
TOVS 0 0 OVF4 0 0 OVF1 0 FFEFF230H 00H
Bit Position Bit Name Function
4,1 OVFn Overflow Flag

TMn (n = 1, 4) overflow flag.
0: No overflow from TMn
1: Overflow from TMn

The INTOV1 maskable interrupt request is also generated and TM1 continues counting. The
OVF1 flagis cleared by software. Eventhough the OVF 1 flagandthe INTOV1 interrupt request
flag are set by the same condition, these two flags are independent of each other. Setting
the OVF1 flag in software does not generate an INTOV1 interrupt request. Likewise, setting
the INTOV1 interrupt request flag by software does not setthe OVF1 flag. Clearing the OVF1
flag by software does not clear the INTOV1 interrupt request and, likewise, when the INTOV1
request flag is cleared by hardware after the interrupt has been serviced, the OVF1 will not
be cleared.

If an overflow occurs when the TOVS register is being read, the overflow flags will not be
updated and the condition will not be seen. However, this overflow condition will be reflected
the next time the TOVS register is read.
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7.4 Timer 1 Operation

7.4.1 Count operation
Timer 1 functions as a 16-bit free-running timer or event counter, as specified by timer control register 1 (TMC1).
When it is used as a free-running timer, and when the count value of TM1 coincides with the value of any of the

CC10-CC13registers, an interrupt signal is generated, and timer output TOxx can be set/reset. In addition, a capture

operation that holds the current count value of TM1 and loads it into one of the four registers CC10-CC13, is performed

in synchronization with the valid edge detected from the corresponding external interrupt request pin as an external
trigger. The captured value is retained until the next capture trigger is generated.

Count clock

Figure 7-1. Basic Operation of Timer 1

| P [ |

™1 0000H X 0001H X 0002H OOOSH* xFBFEHXFBFFHX:X 0000H XOOO1 HXOOO2HX 0003H
A A

Count starts

7.4.2 Selecting count clock frequency

CE1¢1

Ja
Count disabled Count starts
CE1<0 CE1e1

An internal or external count clock frequency can be input to timer 1. Which count clock frequency is used is
specified by the ETI bit of the TMC1 register.

Caution: Do not change the count clock frequency while the timer operates.

(1) Internal count clock (ETI bit = 0)
An internal count clock frequency is selected by the PRM11, PRS11, and PRS10 bits of the TMC1 register,

from ¢/2, ¢/4, ¥8, ¥/16, 32, and ¢/64.

PRS11 | PRS10 | PRM11 Count Clock
0 0 0 o2
0 0 1 04
0 1 0 ¢8
0 1 1 916
1 0 0 /16
1 0 1 /32
1 1 0 932
1 1 1 /64
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(2) External count clock (ETI bit = 1)
The signal input to the TI1 pin is counted. At this time, timer 1 can operate as an event counter.
The valid edge of TI1 is specified by the TES11 and TES10 bits of the TUM1 register.

TES11 | TES10 Valid Edge
0 0 Falling edge
0 1 Rising edge
1 0 RFU (reserved)
1 1 Both rising and falling edges
7.4.3 Overflow

If TM1 overflows as a result of counting the external events or internal count clock frequency, the OVF1 bit of the
TOVS register is set to 1, and an overflow interrupt (INTOV) is generated.

After the overflow has occurred, the timer can be stopped by setting the OST bit of the TUM1 register to “1”. If
the timer is stopped due to overflow, the counting operation is not resumed until CE is set to “1” by software.

The operation is not affected even if CE1 is set to 1 during count operation.

Figure 7-2. Operation after Occurrence of Overflow (when ECLR1 = 0, OST = 1)

Qverflow Overflow
FFFFH : FFFFH

Count starts

! T !

OST=—1 CE1=—o1 CE1=—1

™1 0

INTOV1
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[ 7.4.4 Clearing/starting timer by TCLR1 input
Timer 1 usually starts the count operation when the CE1 bit of the TMC1 register is set to 1. It is also possible
[ to clear TM1 and start the count operation by using external input TCLR1.

When the valid edge is input to TCLR1 after ECLR1 = 1, OST = 0, and CE1 is setto 1, the count operation is started.
If the valid edge is input to TCLR1 during operation, TM1 clears its value and then resumes the count operation (refer
to Figure 7-3).
When the valid edge is input to TCLR1 after ECLR1 =1, OST = 1, and CE1 is set from 0 to 1, the count operation
is started. When TM1 overflows, the count operation is stopped once and is not resumed until the valid edge is input
to TCLR1. If the valid edge of TCLR1 is detected during count operation, TM1 is cleared and continues counting
(refer to Figure 7-4). The count operation is not resumed even if CE1 is set to 1 after overflow. *

Figure 7-3. Clearing/Starting Timer by TCLR1 Input (when ECLR1 = 1, OST = 0)

Overflow
FFFFH

Clear & start

Count starts

! ! T |

ECLR1 =—1 CE1=—1 TCLR1 TCLR1 m

™1 0

INTOV1

Figure 7-4. Relations between Clear/Start by TCLR1 Input and Overflow (when ECLR1 = 1, OST = 1) *

Overflow
FFFFH

Count starts

P P

CEt=—1 TCLR1=—1 TCLRt<+—1 TCLR1=—1

INTOV1 n

T™M1 0
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7.4.5 Capture operation

A capture operation that captures and holds the count value of TM1 and loads it to a capture register in
asynchronization with an external trigger can be performed. The valid edge from the external interrupt request input
pin INTPn (n = 10-13) is used as the capture trigger. In synchronization with this capture trigger signal, the count
value of TM1 during counting, is captured and loaded to the capture register. The value of the capture register is
retained until the next capture trigger is generated.

Interrupt signal INTCCn is generated from INTPn input signal.

Table 7-2. Capture Trigger Signal to 16-Bit Capture Register (TM1)

Capture Register Capture Trigger Signal
CC10 INTP10
CC11 INTP11
CC12 INTP12
CC13 INTP13

Remark: CC10-CC13 are capture/compare registers. Whether these registers
are used as capture or compare registers is specified by timer unit
mode register 1 (TUM1).

The valid edge of the capture trigger is set by external interrupt mode register (INTM1).

When both the rising and falling edges are specified as the capture trigger, the width of an externally input pulse
can be measured. If either the rising or falling edge is specified as the capture trigger, the frequency of the input pulse
can be measured.

Figure 7-5. Example of TM1 Capture Operation (when both edges are specified)

FFFFH

TM1
count value

A
Count start

(overflow)
CE1 1

Interrupt request

(INTP10) ______’\ \ )\

Capture register X
" (cc10) )( DO )( D1 D2

Remark: Dn (n =0, 1, 2, ...): count value of TM1

The capture operation is not performed even if the interrupt signal is input when CE1 is cleared to 0.
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Figure 7-6. Example of TM1 Capture Operation

™ 0

CE1

Capture trigger

CC1X

PR EP R P -

INTP1X

]

Remark: x: 0-3
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7.4.6 Compare operation “
A comparison between the value in a compare register with the count value of TM1 can be performed. k'
When the count value of TM1 coincides with the value of the compare register programmed in advance, a

coincidence signal is sent to the output control circuit (refer to Figure 7-7). The levels of the timer output pins (TO10

and TO11) can be changed by the coincidence signal, and an interrupt request signal can be generated at the same

time.
Table 7-3. Interrupt Request Signal from 16-Bit Compare Register (TM1)
Compare Register Interrupt Request Signal
CC10 INTCC10
CC11 INTCC11
CC12 INTCC12
CC13 INTCC13
Remark: CC10-CC13 are capture/compare registers. Whether these registers are
used as capture or compare registers is specified by timer unit mode
register 1 (TUM1). ‘
Figure 7-7. Example of Compare Operation
Timer1
Count clock I I I | | I
- b
T™1 X n-1 X* n )( n+1

CC1x n T

A

N

“I

Coincidence detection I -

Remark: Note that the coincidence signal is generated immediately after TM1 is incremented as shown
above.
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TM1 has two timer output pins: TO10 and TO11.

The count value of TM1 is compared with the value of CC10. When the two values coincide, the output level of
the TO10 pinis set. The count value of TM1 is also compared with the value of CC11. When the two values coincide,
the output level of the TO10 pin is reset.

Similarly, the count value of TM1 is compared with the value of CC12. When the two values coincide, the output
level of the TO11 pin is set. The count value of TM1 is also compared with the value of CC13. When the two values
coincide, the output level of TO11 pin is reset.

The output levels of the TO10 and TO11 pins can be specified by the TOC1 register.

Figure 7-8. Example of TM1 Compare Operation (set/reset output mode)

TM1
count value

0

Count starts
CE1 1

Interrupt request
(INTCC10) : ' 7

(overflow) . (overflow)

Interrupt request
(INTCC11) : :

TO10 pin
ENTO10 ¢ 1
ALV10 ¢ 1
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7.5 Timer 4 Operation

7.5.1 Count operation

Timer 4 functions as a 16-bit interval timer. The operation is specified by the timer control register 4 (TMC4).

The operation of timer 4 counts the internal count clocks (¢/32-¢/256) specified by the PRS40, PRM41, and PRM40
bits of the TMC4 register.

If the count value of TM4 coincides with the value of CM4, the value TM4 is cleared while simultaneously a
coincidence interrupt (INTCM4) is generated.

Figure 7-9. Basic Operation of Timer 4

Count clock <f>: J; ﬂ__”J_L ﬂ |_| ﬂ I—L ﬂ

}

/
TM4  0000H X 0001HX0002H OOOSHx XFBFEHXFBFFI-X:X 000CH X0001HX0002HX0003H
A A

A
Count starts Count disabled Count starts
CE4 1 CE4 <0 CE4 1

7.5.2 Selecting the count clock frequency
An internal count clock frequency is selected by the PRS40, PRM40, and PRM41 bits of the TMC4 register, from
#/32, ¢/64, ¢/128, and ¢/256.

Caution: Do not change the count clock frequency while the timer operates.

PRS40 | PRM40 PRM41 Count Clock

0 0 0 /32

0 0 1 964

0 1 0 /128

0 1 1 RFU (reserved)
1 0 0 ¢/64

1 0 1 #128

1 1 0 #/256

1 1 1 RFU (reserved)

7.5.3 Overflow
If TM4 overflows, the OVF4 bit of the TOVS register is set to 1.
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7.5.4 Compare operation

A comparison can be performed with the counter value of TM4 and the compare register (CM4).

When the count value of TM4 coincides with the value of the compare register, a coincidence interrupt (INTCM4)
is generated. As a result, TM4 is cleared to 0 at the next count timing (refer to Figure 7-10). This function allows
timer 4 to be used as an interval timer. ,

CM4 can be also set to 0. In this case, a coincidence is detected when TM4 overflows and is cleared to 0, and
INTCM4 is generated. The value of TM4 is cleared to 0 at the next count timing, but INTCM4 is not generated when
a coincidence occurs at this time (refer to Figure 7-11).

Figure 7-10. Operation with CM4 at 1-FFFFH

Count clock I_I I_—| |__l
Gountup I M
TM4 clear f: |
i //I Clear
T™4 X—e L X 0 X 1
g
5
CM4 1 n
—®

Coincidence detection
(INTCM4)

~
N
N
~
N
~
~
~
N
~
N

Remark: Interval time = (n+1) x count clock cycle
n = 1-65535 (FFFFH)
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Count clock

Count up

TM4 clear

T™4

CM4

Coincidence detection
(INTCM4)

Overflow

Figure 7-11. When CM4 Is Set to 0

=

1]

]

. Clear

FFFFH

N

]

-

Remark: Interval time = (FFFFH + 2) x count clock cycle
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7.6 Application Examples

(1) Operation as interval timer (timer 4)

Timer 4 is used as an interval timer that repeatedly generates an interrupt request at time intervals specified
by the count value set in advance to compare register CM4. Figure 7-12 shows the timing. Figure 7-13
illustrates the setting procedure.

Figure 7-12. Timing of Interval Timer Operation (timer 4)

T™M4
count value
0
Count starts
Compare register
(CM4) X

Interrupt request
(INTCM4)

Remark: n: value of CM4 register
t: interval time = (n+1) x count clock cycle

Figure 7-13. Setting Procedure of Interval Timer Operation (timer 4)

C Interval timer >

I Setting of TMC4 register I ; Specifies count clock

Sets count value to CM4 register
CM4 «n

Count starts

TMC4. CE4 <. 1 ; Sets CE4 bit to 1

A/( INTCM4 interrupt
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(2) Pulse width measurement (timer 1)
Timer 1 is used to measure pulse width.
In this example, the width of the high or low level of an external pulse input to the INTP12 pin is measured.
The value of timer 1 (TM1) is captured to a capture/compare register (CC12) in synchronization with the valid
edge of the INTP12 pin (both the rising and falling edges), as shown in Figure 7-14.
To calculate the pulse width, the difference between the count value of TM1 captured to the CC12 register
on detection of valid edge n (Dn), and the count value on detection of valid edge (n - 1) (Dn - 1) is calculated.
This difference is multiplied by the count clock.
Figure 7-15 shows the setting procedure.

Figure 7-14. Pulse Width Measurement Timing (timer 1)

FFFFH

T™M1
count value

0 ----------

External pulse input
(INTP12)

Capture/compare
register (CC12)

t1= (D1-DO0) x count clock cycle
t2= {(FFFFH-D1) +D2} x count clock cycle
3= (D3-D2) x count clock cycle

Remark: Dn: count value of TM1 (n =0, 1,2, ..))
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Figure 7-15. Setting Procedure for Pulse Width Measurement (timer 1)

( Pulse width measurenent )

Setting of TMC1 register ; Specifies count clock

Setting of INTM2 register . - .
INTM2. ES121 < 1 ; Specifies both edges as valid

INTM2. ES120 < 1 edge of INTP12 input signal

T

Se_}_t{?& ﬁfgkjﬂg;zreﬁigter : Sets capture register

Initialization of buffer memory
for capture data storage
X0« 0

|

Tr\%é);‘nésé?ri 1 ; Sets CE1 bitto 1

|

Enables interrupt

)/[/ INTP12 interrupt

Figure 7-16. Interrupt Request Processing Routine Calculating Pulse Width (timer 1)

(INTPn (both rising and falling edges))

|

Calculation of pulse width
Yn=CC12—Xn-1
tn=Yn x count clock cycle

|

Stores nth capture data to
buffer memory
Xn « CC12

|
C RETI )

Caution: If an overflow occurs two times or more between (n-1)th capture and nth capture, the pulse
width cannot be measured.

; Xn, Yn : variable
; tn @ pulse width
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(3) PWM output (timer 1)
Any square wave can be output to timer output pins (TO10 and TO11) by combining the use of timer 1 and
the timer output function.

(a) Using timer 1
Two capture/compare registers, CC10 and CC11, are used in this example of PWM output. The output
mode of the P21/TO10 pin has been programmed to the set/reset output mode.
A PWM signal with an accuracy of 16 bits can be output from the TO10 pin. Figure 7-17 shows the timing.
When timer 1 is used as a 16-bit timer, the rising timing of the PWM output is determined by the value
set to capture/compare register CC10, and the falling timing is determined by the value set to capture/
compare register CC11.
Figure 7-18 shows the programming procedure at this time.

Figure 7-17. PWM Output Timing (TM1)

FFFFH FFFFH FFFFH

/ cci

| I —

|
I
I
1
I
1
1
1
1

I 1
™1 l |
count value . X
0 PR S 7S S Y~ .
Coincidence Coincigence ' !
! Coincidence 1 Coincidence Coincildence
1 ] 1
Capture/compare register (CC10) D00 X X DO1 X4 D02
1 1 i 1 I
[ | | ' |
Interrupt request ! / ! \
(INTCC10) | :l ‘ I—l ' I :L
: \. ! : ! l : \L
Capture/compare register (CC11) X D10 X D11 X D12

1 1

Interrupt request : [7"
(INTCC11) . i
1 |

—1 T

| t1

Remark: Dxx: set value of compare register
t1 = {(FFFFH — D00) + DO1} x count clock cycle
t2 = {(FFFFH — D10) + D11} x count clock cycle
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Figure 7-18. Programming Procedure of PWM Output (timer 1)

( PWM output )

Setting of TOC1 register
TOC1. ENTO10 & 1
TOC1. ALV10 1

; Specifies active level (high level)
Enables timer ouput

l

Setting of TUM1 register
TUM1. CMS10 « 1
TUM1. CMS11 1

; Specifies operation of CC10 and CC11 registers
(specifies compare operation)

|

Specifies P00 pin as timer
output pin TO10 by PMCO register
PMCO. PMCO00 « 1

|

Setting of TMC1 register

J ; Specifies count clock of TM1

Sets count value to CC10 register
CC10 « D00

|

Sets count value to CC11 register
CC11 « D10

|

Count starts
TMC1. CE 1

; Sets CE1 bitto 1

l

Enables interrupt

/V, INTCC10 interrupt
4/( INTCC11 interrupt
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Figure 7-19. Interrupt Request Processing Routine, Modifying Compare Value (timer 1)

< INTCC10 ’

Sets time (number of counts) to set TO10
output to 1 next, to compare register CC10

( RETI )

C INTCC11 )

Sets time (number of counts) to reset TO10
output to 0 next, to compare register CC11

C RETI )
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(4) Frequency measurement (timer 1)
Timer 1 can be used to measure the cycle or frequency of an external pulse input to the INTPn pin (n = 10-
13).
In this example, the frequency of the external pulse input to the INTP10 pin is measured with an accuracy
of 16 bits, by combining the use of timer 1 and the capture/compare register CC10.
The valid edge of the INTP10 input signal is specified by the INTM2 register to be the rising edge.
To calculate the frequency, the difference between the count value of TM1 captured to the CC10 register at
the nth rising edge (Dn), and the count value captured at the (n—1)th rising edge (Dn-1), is calculated, and
the value multiplied by the count clock frequency.
Figure 7-21 shows the setting procedure at this time.

Figure 7-20. Frequency Measurement Timing(TM1)

FFFFH FFFFH FFFFH

T™M1
count value

3 JESEPRSRORI "R AP NP AN R, N

Interrupt request
(INTP10)

Capture/compare register
(CC10)

t1= {(FFFFH-DO0) +D1} x count clock cycle frequency
t2= {(FFFFH-D1) +D2} x count clock cycle frequency

Remark: Dn: count value of TM1 (n =0, 1, 2, ...)
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Figure 7-21. Set-up Procedure for Frequency Measurement (timer 1)

C Cycle measurement )

Setting of TMC1 register

Setting of TUM1 register
TUM1.CMS10 « 1

Setting of INTM2 register
INTM2. ES101 « 0
INTM2. ES100 « 1

Initialization of buffer memory
for capture data storage
X0« 0

Count starts
TMC1. CE1 1

Enables interrupt

; Specifies count clock

; Specifies CC10 register
as compare register

; Specifies rising edge as valid
edge of INTP10 signal

; Sets CE1 bitto 1

’/V INTP10 interrupt

Figure 7-22. Interrupt Request Processing Routine Calculating Cycle (timer 1)

C INTP10 interrupt

)

Calculation of cycle
Yn=CC10-Xn-1
tn=Yn x count clock cycle

;tn:cycle

Stores nth capture data to
buffer memory
Xn « CC10

Q RETI
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7.7 Note

Coincidence is detected by the compare register immediately after the timer value matches the compare register
value, and does not take place in the following cases:

(1) When compare register is rewritten (TM1, TM4)

[

Count clock

Value of timer

Compare register value

Coincidence detection

s

n—1x\

n+1

AN ZEEN 4
>

I

b

X

WV

a2\

i

!

Writing to register

AY

Wa \Na Y

}

Coincidence does not occur

(2) When timer is cleared by external input (TM1)

Count clock

Value of timer

External clear input

Compare register value

Coincidence detection

i

Coincidence does not occur

0000H

Ve N4 o
9

(3) When timer is cleared (TM4)

Count clock

Value of timer

Internal coincidence clear

Coincidence detection

i

Coincidence does not occur

L[]

65534 X

65535 X 0

[ 1
X

—
X

[

—

Coincidence does not occur
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When timer 1 is used as a free-running timer, the timer value is cleared to 0 when the timer overflows.

Count clock _J I | I ¢\| | | I | I 1

Valueoftimer X 65534 X 66535 X

Overflow interrupt
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8.1 Features

The V851 provides two types serial interfaces which operate as two independent peripheral units, each of which
has one channel.

(1) Asynchronous serial interface (UART)
(2) Clocked serial interface (CSl)

The UART transmits/receives 1-byte serial data following a start bit and can perform full-duplex communication.

The CSI uses three signal lines to high-speed synchronous data transfers data (3-wire serial I/0): serial clock
(SCK), serial input (SI), and serial output (SO) lines.
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8.2 Asynchronous Serial Interface (UART)
8.2.1 Features

O Transfer rate: 150 bps to 76800 bps (at ¢ = 33 MHz)
O Full-duplex communication
O Two-pin configuration: TXD: transmit data output pin
RXD: receive data input pin

O Receive error detection function

« Parity error

» Framing error

+ Overrun error ' ‘
O Three interrupt sources

+ Receive error interrupt (INTSEROQ)

+ Reception completion interrupt (INTSRO)

 Transmission completion interrupt (INTSTO)
O Character length of transmit/receive data is specified by ASIM0O and ASIMO1 registers.
O Character length: 7, 8 bits

9 bits (when extended)

O Parity function: odd, even, 0, none
O Transmit stop bit: 1, 2 bits
O Internal baud rate generator
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8.2.2 Configuration of asynchronous serial interface

The asynchronous serial interface is controlled by asynchronous serial interface mode register (ASIM) and
asynchronous serial interface status register (ASIS). The receive data is stored in receive buffer (RXB), and the
transmit data is written to transmit shift register (TXS).

Figure 8-1 shows the configuratidn of the asynchronous serial interface.

(1

()

(3

(4)

(5)

(6)

@

Asynchronous serial interface mode registers (ASIM00, ASIMO01)
ASIMO00 and ASIMO1 are 8-bit registers that specify the operation of the asynchronous serial interface.

Asynchronous serial interface status register (ASIS0)

ASIS0 s aregister containing flags that indicate receive errors, if any, and a transmit status flag. Each receive
error flag is set to 1 when a receive error occurs, and is reset to 0 when data is read from the receive buffer
(RXBO, RXBOL), or when new data is received (if the next data contains an error, the corresponding error flag
is set).

The transmit status flag is set to 1 when transmission is started, and reset to 0 when transmission ends.

Reception control parity check

The reception operation is controlled according to the contents programmed in the ASIMOO and ASIMO1
registers. During the receive operation, errors such as parity error are also checked. If an error is found, the
appropriate value is set to the ASISO register.

Receive shift register

This shift register converts the serial data received on the RXD pin into parallel data. When it receives 1 byte
of data, it transfers the receive data to the receive buffer.

The receive shift register cannot be accessed by the CPU.

Receive buffer (RXB0, RXBOL)

RXBO is a 9-bit buffer register that holds receive data. If data of 7 or 8 bits/character is received, 0 is stored
to the most significant bit position of this register.

If this register is accessed in 16-bit units, RXBO is specified. To access in lower 8-bit units, RXBOL is specified.
While reception is enabled, the receive data is transferred from the receive shift register to the receive buffer
in synchronization with shift-in processing of 1 frame.

When the data is transferred to the receive buffer, a reception completion interrupt request (INTSRO0) occurs.

Transmit shift register (TXS0, TXSOL)

TXS0 is a 9-bit shift register used for transmit operation. When data is written to this register, the transmission
operation is started.

A transmission complete interrupt request (INTSTO) is generated after each complete data frame is trasmitted.
When this register is accessed in 16-bit units, TXSO is specified. To access in lower 8-bit units, TXSOL is
specified.

For related information, refer to section 8.2.5“Operation”.

Transmission parity control

A startbit, parity bit, and stop bit are appended to the data written to the TXSO0 register, according to the contents
programmed in the ASIMOO and ASIMO1 registers, to control the transmission operation.
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(8) Selector
Selects the source of the serial clock.

Figure 8-1. Block Diagram of Asynchronous Serial Interface

S Internal bus S
N o R
16/8 @ASIMOO @ASIMM
Receive |RXBO | 8 16/8
buffer  |RXBOL RXEQIPS01{PS00| CLO | SLO Fot EBSO
| ASISO NS
Receive Transmit |TXSO
shift register PEO | FEQ OVED SOT‘J l—‘ shift register [ TXSOL
Receive Transmission
control parity ] D~INTSERO| parity control [ INTSTO
check
-=INTSRO
1 L
16 16 5 f—9¢
1]
ko]
1 &
2
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8.2.3 Mode registers and control registers

(1) Asynchronous serial interface mode registers (ASIM00 and ASIMO01)
The 8-bit asynchronous serial interface mode register, ASIM00 and ASIMO1, specify the serial clock source,
the number of stop bits, the character length of one frame of data, and the type of parity bit control for the

send and receive operations.
These registers specify the transfer mode of the UART.
They can be read/written in 8- or 1-bit units.

7 5 4 3 2 1 0
ASIMOO 1 RXEO | PS01 | PS00 | cCLO SLo 0 SCLSO | Address  Atreset
FFFFFOCOH  80H
Bit Position | Bit Name Funciton
6 RXEO Receive Enable

Enables/disables reception.
0: Disables reception
1: Enables reception

When reception is disabled, the receive shift register does not detect the start bit. Data is not
shifted into the receive shift register and neither is any transfer to the receive buffer performed.
Therefore, the previous contents of receive buffer are retained. When reception is enabled, the
data is shifted into the receive shift register and transferred to the receive buffer when one
complete frame has been received. A reception completion interrupt (INTSRO) is generated in
synchronization with the transfer to the receive buffer.
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Bit Position Bit Name Function
5,4 PS01, PSO0 | Parity Select
Specifies parity bit.
PSO01 PS00 Operation
0 0 No parity. Extended bit operation
0 1 0 parity
Transmission side — Transmits with parity bit O
Reception side — Does not generate parity error on reception
1 0 QOdd parity
1 1 Even parity
- Even parity
Parity bit is set to “1” when number of bits equal to one in received data is odd. If number
of bits that are one is even, parity bit is cleared to 0. In this way, number of bits that are “1”
in transmit data and parity bit is controlled to become even. During reception, number of bits
that are “1” in receive data and parity bit are counted. If it is odd, parity error occurs.
- Odd parity
In contrast to even parity, number of bits included in transmit data and parity bit that are “1”
is controlled to become odd.
During reception, parity error occurs if the number of “1”’s in the receive data and parity bit
are added up to become even.
« 0 parity
Parity bit is cleared to “0” during transmission, regardless of transmit data.
During reception, the parity bit is not checked. Therefore, parity error does not occur
regardless of whether parity bit is “0” or “1”.
- No parity
No parity bit is appended to the transmit data. .
Reception is performed on assumption that there is no parity bit. Because no parity bitis used,
parity error does not occur.
Extended bit operation can be specified by EBSO bit of ASIMO1 register.
3 CLO Character Length
Specifies character length of one frame.
0: 7 bits
1: 8 bits
2 SLO Stop Bit Length

Specifies stop bit.
0: 1 bit
1: 2 bits
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Bit Position

Bit Name

Function

0

SCLSO

Serial Clock Source
Specifies serial clock.
0: Specified by baud rate generator and BPRMO (baud rate generator prescaler mode
register)
1: ¢/2

» When SCLSO = 1
¢/2 (system clock) is selected as serial clock source. In asynchronous mode, baud rate is
expressed as follows because sampling rate of x16 is used:

Baud rate = ‘11)/_5 bps

Value of baud rate when typical clock is used based on above expression is as follows:

¢ 33 MHz | 25 MHz | 20 MHz | 16 MHz |12.5 MHz| 10 MHz | 8 MHz | 5 MHz

Baudrate | 1081 K | 781 K | 625K | 500K | 390K | 312K | 250K | 156 K

» When SCLSO0 =0
Baud rate generator output is selected as serial clock source. For details of baud rate
generator, refer to 8.4 “Baud Rate Generator (BRG)".

Caution: The operation of UART is not guaranteed if the bits 0-6 of this register are changed while UART
is transmitting/receiving data.

7 6 5 4 3 2 1 0
ASIMO1 0 0 0 0 0 0 0 EBSO | Address  Atreset
FFFFFOC2H OOH
Bit Position Bit Name Function
0 EBSO Extended Bit Select

Specifies extended bit operation of transmit/receive data when no parity is specified (PS01, PS00
= 00).

0: Disables extended bit operation

1: Enables extended bit operation
When extended bit operation is enabled, 1 data bit is appended as most significant bit to 8-bit
transmit/receive data, and therefore 9-bit data is communicated.
Extended bit operation is valid only when no parity is specified by ASIMOO register. If zero, even,
or odd parity is specified, specification by EBSO0 bit is invalid, and extended bit is not appended.
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(2) Asynchronous serial interface status register 0 (ASIS0)

This register contains three error flags that indicate the receive error status for each character received and
the status of the transmit shift register.

The error flags always indicate the status of an error that has occurred most recently. If two or more errors
occur before the current received data, only the status of the error that has occurred last is retained.

If a receive error occurs, read the receive buffer RXBO or RXBOL after reading the ASISO register, and then
clear the error flag.

This register can only be read in 8- or 1-bit units.

7 6 5 4 3 2 1 0
ASISO | SOTO 0 0 0 0 PEO FEO | OVEQ [ Address  Atreset
FFFFFOC4H  OOH
Bit Position Bit Name Function
7 SOTO Status Of Transmission

Status flag that indicates transmission operation status.

Set (1) : Beginning of transmission of a data frame (writing to TXS register)

Clear (0): End of transmission of a data frame (occurrence of INTST0)
When serial data transfer begins, this flag will indicate if the transmit shift register is ready to be
written or not.

2 PEO Parity Error
Status flag that indicates parity error.
Set (1) : Transmit parity and receive parity do not match
Clear (0): No error; this flag is automatically cleared to 0 when the data is read from the
receive buffer.

1 FEO Framing Error
Status flag that indicates framing error.
Set (1) : Stop bit is not detected
Clear (0): No error; this flag is automatically cleared to 0 when the data is read from the
receive buffer.

0 OVEO Overrun Error
Status flag that indicates overrun error.

Set (1) : Overrun error; Contents of the receive shift register are transferred to the receive
buffer before the previous data has been read by the CPU. This will cause an over
writing of data and the previous informaiton will be lost.

Clear (0): No error; this flag is automatically cleared to 0 when the data is read from the

receive buffer.
Because contents of receive shift register are transferred to receive buffer each time one frame
of data has been received, if overrun error occurs, next receive data is written over contents of
receive buffer, and previous receive data is discarded.
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(3) Receive buffers (RXB0 and RXBOL)
RXBO is a 9-bit buffer register that holds the receive data. When 7- or 8-bit/character is received, the higher
bit of this register is 0.
When this register is accessed in 16-bit units, RXBO is specified. To access in lower 8-bit units, RXBOL is
specified.
When reception is enabled, the receive data is transferred from the receive shift register to the receive buffer
when one complete frame of data (or character) has been received.
When the receive data is transferred to the receive buffer, a reception completion interrupt request (INTSRO)
oceurs.
When reception is disabled, the data is not shifted into the receive shift register and the reception completion
interrupt is not generated. The previous contents of the receive buffer are retained.
RXBO enables 16-bit read access only, and RXBOL enables 8-/1-bit read access only.

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RXBO| o | o | o | o] o o] o |Rx8o|Rxgo7|RxBo6|RXB05|{RXB04|R¥B03|R¥BO2RXBO1jRXB)|  Address At reset
FFFFFOC8H Undefined

7 6 5 4 3 2 1 0

RXBOL |RXB07|RXB06|RXB05|R¥B04|RXB03|RXB02|RXB01/RXB00]  Address At reset
FFFFFOCAH  Undefined

Bit Position Bit Name Function

8 RXEBO Receive Extended Buffer
Extended bit when 9-bit/character is received.
This bit is cleared to zero when 7- or 8-bit/character is received.

7-0 RXBOn Receive Buffer
(n=7-0) These bits store receive data.
The RXBO07 bit is cleared to zero when 7-bit/character is received.
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(4) Transmit shift registers (TXS0, TXSOL)
TXSO0 is a 9-bit shift register for data transmission. The transmit operation is started when data is written to

this register.
Transmission complete interrupt request (INTSTO) is generated after each complete data frame is transmitted.
When this register is accessed in 16-bit units, TXSO0 is specified. To access in lower 8-bit units, TXSOL is

specified.
TXS0 enables 16-bit write access only, and TXSOL enables 8-bit write access only.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXS0 | o 0 0|0 0 0 | O [TXEDO{TXS07|TXS0(TXS05(TXS04{TXS03|TXS02{TXS01{TXS00

Address At reset
FFFFFOCCH Undefined

TXSOL [TXS07|TxS06| X505 | XS04 | TXS03 | TXS02( TXS01[TXS00|  Address Atreset
FFFFFOCEH  Undefined

Bit Position Bit Name Function

8 TXEDO Transmit Extended Data
Extended bit on transmission of 9-bit/character

7-0 TXSO0n Transmit Shifter
(n=7-0) Writes transmit data.

Caution: Note thatthe UART of the V851 does not have a transmit buffer. This means thatan interrupt
request is generated in synchronization with the end of transmission of one frame of data.
This operation is different from that of some other NEC microcontrollers which have transmit
buffers. They generate interrupt requests on the completion of transmission (completion
of transfer to buffer).
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8.2.4 Interrupt request
UART generates the following three types of interrupt requests:

+ Receive error interrupt
+ Reception completion interrupt
- Transmission completion interrupt

Of these three, the receive error interrupt has the highest default priority, followed by the reception completion
interrupt and transmission completion interrupt.

(1

()

3

Table 8-1. Default Priority of Interrupts

Interrupt Priority
Receive error 1
Reception completion 2
Transhission completion 3

Receive error interrupt (INTSERO)

A receive error interrupt occurs as a result of ORing the three types of receive errors described in description
of the ASISO register when reception is enabled.

This interrupt does not occur when reception is disabled.

Reception completion interrupt (INTSRO)

The reception completion interrupt occurs if data is received in the receive shift register and then transferred
to the receive buffer when reception is enabled. ‘

This interrupt also occurs when a receive error occurs, but the receive error interrupt has the higher priority.
The reception completion interrupt does not occur when reception is disabled.

Transmission completion interrupt (INTSTO)

Because the UART of the V851 does not have a transmit buffer, a transmission completion interrupt occurs
when one frame of transmit data containing a 7-/8-/9-bit character is shifted out from the transmit shift register.
The transmission completion interrupt is output when the last bit of data has been transmitted.
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8.2.5 Operation

(1) Data format
Full-duplex serial data is transmitted/received.
One data frame of the transmit/receive data consists of a start bit, character bits, parity bit, and stop bit, as
shown in Figure 8-2.
The length of the character bit, parity, and the length of the stop bit in one data frame are specified by the
asynchronous serial interface mode registers (ASIM0O and ASIMO1).

Figure 8-2. Format of Transmit/Receive Data of Asynchronous Serial Interface

= 1 data frame -

Stat| no | p1 | D2 | D3 | D4 | D5 | D6 | D7 [Parity| Stop

bit bit bit
N J
Y
Character bit
o Start bit..ooeeieeee 1 bit
» Character bit .........cccecvnenee 7/8/9 bits (with extended bit)
- Parity/extended bit............... Even/odd/0/none/extended bit
o Stop bit o 1/2 bits

(2) Transmission
Transmission is started when data is written to the transmit shift register (TXS0 or TXSOL). The next data
is written to the TXS0 or TXSOL register by the service routine of the transmission completion interrupt
(INTSTO).

(a) Transmission enabled status
The UART of the V851 is always enabled to transmit data. Because the V851 does not have a pin that
inputs a transmit enable signal, such as a CTS pin, a general input port is used when it is necessary to
check whether the other party is ready to receive data.

(b) Starting transmission
Transmission is started by writing data to the transmit shift register (TXS0, TXSOL). The transmit data
is transferred starting from the start bit with the LSB first. The start bit, parity bit, and stop bit are
automatically appended.
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(c) Transmission interrupt request
When one frame of data or character has been completely transferred, a transmission completion interrupt
request (INTSTO) occurs.
Unlessthe datato be transmitted next is written to the TXS0 or TXSOL register, the transmissionis aborted.
The communication rate drops unless the next transmit data is written to the TXS0 or TXSOL register
immediately after transmission has been completed.

Cautions: 1. The transmission completion interrupt request (INTSTO) is generated after each
complete data frame is transmitted out of the transmit shift register. It is not
generated by the empty state of TXS0 or TXSOL. Because of this, the INTSTO interrupt
will not be generated immediately after reset.

2. During the transmitoperation, writing datainto the TXS0 or TXSOL registerisignored
(the data is discarded) until INTSTO is generated.

Figure 8-3. Asynchronous Serial Interface Transmission Completion Interrupt Timing

(a) Stop bit length: 1

\ x ( >< >< Stop |
TXD (output) /%1 DiXS D6 D7 XParity/ P

Start

INTSTO _l

(b) Stop bit length: 2

\ >< | &
TXD (output) /DO D1 X D2 XSgX D(-‘;X D7 Xpamj,/ Stop

Start

INTSTO
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(3) Reception
When reception is enabled, sampling of the RXD pin is started, and reception of data begins when the start
bitis detected. Each time one frame of data or character has been received, the reception completion interrupt
(INTSRO) occurs. Usually, the receive data is transferred from the receive buffer (RXB0, RXBOL) to memory
by this interrupt processing.

(a) Reception enabled status
Reception is enabled when the RXEO bit of the ASIMOO register is set to 1.

RXEO = 1: Reception is enabled
RXEO = 0: Reception is disabled

When reception is disabled, the receive hardware stands by in the initial status.
At this time, the reception completion interrupt/receive error interrupt does not occur, and the contents
of the receive buffer are retained.

(b) Starting reception
Reception is started when the start bit is detected.
The RXD pin is sampled with the serial clock specified by the ASIMOO register. The RXD pin is sampled
again eight clocks after the falling edge of the RXD pin has been detected. If the RXD pin is low at this
time, it is recognized as the start bit, and reception is started. After that, the RXD pin is sampled in 16
clock ticks.
If the RXD pin is high eight clocks after the falling edge of the RXD pin has been detected, this falling
edge is not recognized as the start bit. The serial clock counter is reinitialized, and the UART waits for
the input of the next falling edge or valid start bit.

(c) Reception completion interrupt request
When one frame of data has been received with RXEO = 1, the receive data in the shift register is
transferred to RXBO, and a reception completion interrupt request (INTSRO) is generated.
If an error occurs, the receive data that contains an error is transferred to the receive buffer (RXBO,
RXBOL), and the transmission completion interrupt (INTSRO) and receive error interrupt (INTSERO) occur
simultaneously.
When the RXEO bit is reset to 0 during reception, the receive operation is immediately disabled. The
contents of the receive buffer (RXB0, RXBOL) and asynchronous serial interface status register (ASIS0)
are not changed, and the reception completion interrupt (INTSRO) and receive error interrupt (INTSERO)
will not be generated.
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Figure 8-4. Asynchronous Serial Interface Reception Completion Interrupt Timing

INTSRO

XD (nput) _\ Joo Y or X o XBEX os X o7 Y rary

Start

Stop

|

(d) Receive error flag

Three error flags, parity error, framing error, and overrun error flags, are related with the reception

operation.

The receive error interrupt request occurs as a result of ORing these three error flags.

By reading the contents of the ASISO register. The error which caused the receive error interrupt
(INTSERO) can be identified.

The contents of the ASISO register are reset to 0 when the receive buffer (RXB0, RXBOL) is read or the

next data frame is received (if the next data contains an error, the corresponding error flag is set).

Receive Error

Error Cause

Parity Error

Parity specified during transmission does not coincide with parity of receive data

Framing error

Stop bit is not detected

Overrun error

Next data is completely received before data is read from receive buffer

RXD (input) \ / DO X DLX D2 XSS:X D6 XD? XParity

INTSRO

Figure 8-5. Receive Error Timing

Start

Stop

INTSERO
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8.3 Clocked Serial Interface (CSl)

8.3.1 Features

O High transfer speed: 8.25 Mbps max. (with ¢/4, at ¢ = 33 MHz)
O Half duplex communication ’

O Character length: 8 bits

O MSB first/LSB first selectable

O External serial clock input/internal serial clock output selectable
O 3lines: SO : serial data output

Sl : serial data input
SCK: serial clock /O

O Interrupt source: 1

» Interrupt request signal (INTCSIO)

The clocked serial interface is controlled by the clocked serial interface mode register (CSIMO). The transmit/
receive data is read/written from/to the SIOO register.

(1)

()

3

(4)

®)

Clocked serial interface mode register (CSIMO)
CSIMO is an 8-bit register that specifies the operation of the clocked serial interface.

Shift register (SIO0)

SI00 is an 8-bit register that converts serial data into parallel data, and vice versa. SIOO is used for both
transmission and reception. '

Data is shifted in (received) or shifted out (transmitted) from the MSB or LSB side.

The actual transmitting and receiving of data is actually performed by writing data to and reading data from
the SIOO register.

Serial clock selector
Selects the serial clock to be used.

Serial clock control circuit
Controls supply of the serial clock to the shift register. When the internal clock is used, it also controls the
clock output to the SCK pin.

Serial clock counter
Counts the serial clocks being output and the serial clocks received during transmission/reception to check

~ whether 8-bit data has been transmitted or received.

(6)
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Interrupt signal generation control circuit
Controls whether an interrupt request is generated when the serial clock counter has counted eight serial
clocks.
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8.3.2 Configuration

S Internal bus S

CSIMO

CTXEQ|CRXEQ|CSOTO| MODO | CLS01 | CLS00

’L I | a—— SO latch
s © > Shift register SI00 D Q

FAN

A A A LA A A j

©0—<] £ i
A 5 [ Baud rate generator
= Serial clock <] 1 5
SCK @ ~d control circuit 8 2 3 o2
© 0 la—y
(4] 4—‘
N -
Lo
. Interrupt
Serial clock counter control circuit [ INTCSIO
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8.3.3 Mode registers and control registers

(1) Clocked serial interface mode register 0 (CSIMO0)
This register specifies the basic operation mode of CSI.
It can be read/written in 8- or 1-bit units (note, however, that bit 5 can only be read).

7 6 5 4 3 2 1 0
CSIMO | CTXEO | CRXEO | cSOTO| o0 0 MODO | CLSO01 | cLsoo | Address  Atreset
. FFFFFO88H  OOH
Bit Position Bit Name Function
7 CTXEO CSI Transmit Enable

Enables or disables transmission.
0: Disables transmission
1: Enables transmission
When CTXEO = “0”, output buffers of both SO and Sl pins go into high-impedance state.

6 CRXEO CSI Receive Enable
Disables or enables reception.
0: Disables reception
1: Enables reception
If serial clock is received when transmission is enabled (CTXEO = 1) and reception is disabled,
“0" is input to shift register.

5 CSOTO0 CSI Status Of Transmission
Indicates that transfer operation is in progress.
Set (1): Transfer start timing (writing to SIOO0 register)
Clear (0): Transfer end timing (INTCSI occurs)
This bit is used to check whether writing to serial 1/O shift register (SIO0) is permitted or not. Serial
data transfer is started by enabling transmission (CTXEO = 1).

2 MODO Bit Order Mode
Specifies first bit.
0: MSB first
1: LSB first

1,0 CLSO01, CLS00 | Clock Source
Specifies serial clock.

CLS01 | CLS00 Specifies serial clock SCK pin
0 0 External clock Input
0 1 Internal clock | Specified by BPRMO registerNotel | Output
1 0 ¢/4Note2 Output
1 1 g/2Note2 Output

Notes: 1. For setting of BPRMO register, refer to section 8.4 “Baud Rate Generator (BRG)”.
2. ¢/4 and ¢/2 indicate one fourth ard a half of system clock frequency, respectively.
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(2) Serial /O shift register 0 (SIO0)
This register converts 8-bit serial data into parallel data, and vice versa. The actual transmitting and receiving
of data is performed by writing data to and reading data from the SIOO register.
A shift operation is performed when CTXEO = “1” or CRXEO = “1".
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

SI00 | SI007 | SI006 | SIO05 | SI004 | SI003 | SI002 | SIO01 | SIogp | Address  Atreset
FFFFFO8AH Undefined

Bit Position Bit Name Function

7-0 SIO0n Serial /0
(n=7-0) Data is shifted in (received) or out (transmitted) from MSB or LSB side.
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8.3.4 Basic operation

(1) Transfer format
The CSI of the V851 performs interfacing by using three lines: one clock line and two data lines.
Serial transfer is started by executing an instruction that writes transfer data to the SIOO0 register.
During transmission, the data is output from the SO pin in synchronization with the falling edge of SCK.
During reception, the data input to the Sl pin is latched in synchronization with the rising of SCK. SCK stops
when the serial clock counter overflows (at the rising of the 8th count), and SCK remains high until the next
datatransmission or reception is started. Atthe sametime, aninterrupt request signal (INTCSIO) is generated.

Caution: Data should be sent after changing the CTXE value for successful transfer. If CTXE is
changed from 0 to 1 after the transmit data is sent to the shift register, serial transfer will
not begin.

Input data latched

Sl

SO

CSOT0

INTCSIO

Serial transmission/
reception completion

T interrupt occurs

- Transfer starts in synchronization with falling of SCK

Execution of SIO0 write instruction
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(2) Enabling transmission/reception
The CSl of the V851 has only one 8-bit shift register and does not have a buffer. Transmission and reception

are therefore performed simultaneously.

(a)

(b)

Transmission/reception enabling condition

When CTXEO = 1, transmission is enabled.

When CRXEO = 1, reception is enabled.

When CTXEO = CRXEO = 1, transmission/reception is enabled.

(i) Disabling SIO0 output by CTXEO
When CTXEOQ = 0, the serial output pin goes into a high-impedance state.
When CTXEO = 1, the data of the shift register is output.

(ii) Disabling S100 input by CRXEO
When CRXEOQ = 0, the shift register input is “0”.
When CRXEO = 1, the serial input data is input to the shift register.

(iii) To check transmit data .
To receive the transmit data and to check whether bus contention occurs, set CTXEO and CRXEOQ

to 1.

Starting transmission/reception
Transmission/reception is started by reading/writing the shift register (SIO0). Transmission/reception is
controlled by setting the transmission enable bit (CTXEO) and reception enable bit (CRXEOQ) as follows:

CTXEO CRXEO Start Condition
0 0 Does not start
0 1 Reads shift register
1 0 Writes shift register
1 1 Writes shift register
0 01 Rewrites CRXEO bit

In the above table, note that these bits should be set in advance of data transfer. For example, if CTXEQ
is not changed from O to 1 before reading data from or writing data to the shift register, transfer will not
begin. The bottom of the table means that, if CRXEQ is changed from 0 to 1 when CTXEQ is “0”, the serial
clock will be generated to initiate receive operation.
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8.3.5 Transmission in 3-wire serial /O mode
Transmission is started when datais written to the SIOO0 register after transmission has been enabled by the clocked
serial interface mode register (CSIMO).

(1) Starting transmission

Transmission is started by writing the transmit data to the shift register after the CTXEO bit of the clocked serial
interface mode register (CSIMO) has been set (the CRXEQO bit is cleared to “0”).

If the CTXEO bit is reset to 0, the SO pin goes into a high-impedance state.

(2) Transmitting data in synchronization with serial clock
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(a)

(b)

When internal clock is selected as serial clock
When transmission is started, the serial clock is output from the SCK pin, and at the same time, data is
sequentially output to the SO pin from SIO0 in synchronization with the falling edge of the serial clock.

When external clock is selected as serial clock

When transmission is started, the data is sequentially output from SIOO0 to the SO pin in synchronization
with the falling of the serial clock input to the SCK pin immediately after transmission has been started.
The shift operation is not performed even if the serial clock is input to the SCK pin if transmission is not

enabled, and the output level of the SO pin will not change.

Figure 8-6. Timing of 3-Wire Serial /O Mode (transmission)
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8.3.6 Reception in 3-wire serial /O mode
Reception is started if the status is changed from reception disabled to reception enabled status by the clocked
serial interface mode register (CSIM) or if the SIOO0 register is read by the CPU with reception enabled.

(1)

(2)

Starting reception

Reception can be started in the following two ways:

<1> Changing the status of the CRXEQO bit of the CSIMO register from “0” (reception disabled) to “1” (reception
enabled)

<2> Reading the receive data from the shift register (SIO0) when the CRXEO bit of the CSIMO register is “1”
(reception enabled)

Note thatreceive operation is initiated by the change of CRXEO from 0 to 1. For example, if CRXEO has already

been set to “1”, writing “1” to this bit does not initiate receive operation. In this case, CRXEO must be set to

“0” beforehand. When CRXEOQ = 0, the shift register input is “0”.

Receiving data in synchronization with serial clock
(a) When internal clock is selected as serial clock
When reception is started, the serial clock is output from the SCK pin, and at the same time, data is
sequentially loaded from the Sl pin to SIOO0 in synchronization with the rising edge of the serial clock.
(b) When external clock is selected as serial clock
When reception is started, the data is sequentially loaded from the Sl pin to SIO0 in synchronization with
the rising of the serial clock input to the SCK pin immediately after reception has been started. The shift

operation is not performed even if the serial clock is input to the SCK pin when reception is not enabled.

Figure 8-7. Timing of 3-Wire Serial IO Mode (reception)

SCK
Sl

SO

INTCSIO

Serial transmission/
reception completion

t interrupt occurs
Transfer starts in synchronization with falling of SCK

Execution of SIO0 write instruction
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8.3.7 Transmission/reception in 3-wire serial /O mode
Transmission and reception can be executed simultaneously if both transmission and reception are enabled by
the clocked serial interface mode register (CSIMO0).

(1) Starting transmission/reception

(2)
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Transmission and reception can be performed simultaneously (transmission/reception operation) when both
the CTXEO and CRXEO bits of the clocked serial interface mode register (CSIMO) are set to 1.
Transmission/reception can be started in the following two ways:

<1> By changing the status of the CRXEO bit from “0” (reception disabled) to “1” (reception enabled) when
the CTXEDO bit of the CSIMO register is “1” (transmission enabled)

<2> By writing the transmit data to the shift register (SIO0) when both the CTXEQ and CRXEOQ bits of the CSIMO
register are “1” (transmission/reception enabled)

Note that transmit/receive operation is initiated by the change of CRXEO of CSIMO register from 0 to 1. For
example, if CRXEO has already been setto “1”, writing “1” to this bit does not initiate transmit/receive operation.
In this case, CRXEO must be set to “0” beforehand.

Transmitting data in synchronization with serial clock

(a) When internal clock is selected as serial clock
When transmission/reception is started, the serial clock is output from the SCK pin, and at the same time,
datais sequentially set to the SO pin from SIO0 in synchronization with the falling edge of the serial clock.
Simultaneously, the data of the Sl pin is sequentially loaded to SIOO0 in synchronization with the rising
edge of the serial clock.

(b) When external clock is selected as serial clock
When transmission/reception is started, the data is sequentially output from SIO0 to the SO pin in
synchronization with the falling edge of the serial clock input to the SCK pin immediately after transmission/
reception has been started. The data of the SI pin is sequentially loaded to SIO0 in synchronization with
the rising edge of the serial clock. The shift operation is not performed even if the serial clock is input
to the SCK pin when transmission/reception is not enabled, and the output level of the SO pin does not
change.
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Figure 8-8. Timing of 3-Wire Serial /O Mode (transmission/reception)

SCK

S

SO

INTCSIO

Serial transmission/
reception completion
T interrupt occurs

— Transfer starts in synchronization with falling of SCK

—— Execution of SIO0 write instruction

Caution: When transmission/reception is started the first time, the CRXEO bit always changes its
states from “0” to “1”.
Transmission/reception is therefore started immediately. In this case, the chances are
that undefined data is output. Therefore, enable transmission/reception by writing the
firsttransmit datato the SIO0registerin advance, when both transmission and reception
are disabled (when both the CTXEO and CRXEO bits are reset to 0).
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8.3.8 System Configuration Example

Data 8 bits long is transferred by using three signal lines: serial clock (SCK), serial input (SI), and serial output
(SO). This feature is effective for connecting peripheral I/Os and display controllers that have a conventional clocked
serial interface.

To connect two or more devices, a handshake line is necessary.

Various devices can be connected, because it can be specified whether the data is transmitted starting from the
MSB or LSB.

Figure 8-9. Example of CSI System Configuration

(3-wire serial I/O 3-wire serial 1/0)
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Master CPU Slave CPU
SCK SCK
SO Sl
SI SO
Port (Interrupt) at Port
Port \ Interrupt (Port)
Handshake line
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8.4 Baud Rate Generator (BRG)

8.4.1 Configuration and function

The internal baud rate, generator can provide the serial clock for the UART and CSI. The baud rate generator
uses an 8-bit counter (TMBRG), prescaler, and a compare register (BRGO) to generate the serial clock.

The serial interface can use the output of the internal baud rate generator or ¢ (system clock) as the serial clock.

The serial clock source for the UART is specified by the SCLSO bit of the ASIMQO register. The serial clock source
for the CSl is specified by the CLS00 and CLSO01 bits of the CSIMO register.

When the output of the baud rate generator is specified, the baud rate generator will be used as the clock source.

Because the serial clock for transmission/reception is shared by both the transmission and reception portions, the
same baud rate is used for both transmission and reception.

Figure 8-10. Block Diagram

2 Internal bus 2

7 0 BPRMO
[=] Al— O

@) Z|2|&

BRGO o CIE|E

[a2] mjimjim

Comparison match<__~

UART —><
Clear
| ——
¢S TMBRGO < -————————————  Prescaler % ]
@/2
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(1) Dedicated baud rate generator (BRG)
The dedicated baud rate generator BRG consists of an 8-bit timer (TMBRG) that generates a serial clock for
transmission/reception, a compare register (BRGO), and a prescaler.

(a) Input clock
System clock ¢ is input to the BRG.

(b) Set-up value of BRG

0

(i)

UART
If the dedicated baud rate generator is specified for UART, the actual baud rate can be calculated
by the following expression, because a sampling rate of x16 is used:

¢
2xmx2"x 16 x 2

Baud rate =

(bps]

where,

¢ : system clock frequency [Hz]

m : BRGO set-up value (1 < m < 256) (256 is set by writing O to the BRG register.)
n : BRG prescaler set-up value (n =0, 1, 2, 3, 4)

csl
If the dedicated baud rate generator is specified for CSl, the actual baud rate can be calculated by
the following expression:

¢

xm x 2" x

Baud rate = 5 [bps]

where,

¢ : system clock frequency [Hz]

m : BRGO set-up value (1 < m < 256) (256 is set by writing 0 to the BRG register.)
n : BRG prescaler set-up value (n =0, 1, 2, 3, 4)

Table 8-2 shows the set-up values of the baud rate generator when the typical clocks are used:

(c) Error of baud rate generator
The error of the baud rate generator is calculated as follows:

Error [%] = [

Actual baud rate (baud rate with error)
- x 100

Desired baud rate (normal baud rate)

Example: (9520/9600-1) x 100 = —0.833 [%]

(5000/4800-1) x 100 = +4.167 [%)]

(2) Allowable error range of baud rate generator
The allowable error range depends on the number of bits of one frame.
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The basic limit is +5 % of baud rate error and +4.5 % of sample timing with an accuracy of 16 bits. However,
the practical limit should be +2.3 % of baud rate error, assuming that both the transmission and reception sides
contain an error.
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Table 8-2. BRG Set-up Values

Baud Rate [bps] ¢ =33 MHz ¢ =25 MHz ¢ =16 MHz ¢=12.5 MHz
UART CSl BPR | BRGO Error BPR | BRGO | Error BPR | BRGO | Error BPR | BRGO Error
110 1760 - - - 4 222 0.02 % 4 142 0.03 % 3 222 0.02 %
150 2400 4 215 0.07 % 4 163 0.15 % 3 208 0.16 % 3 163 0.15 %
300 4800 3 215 0.07 % 3 163 | 0.15% 2 208 0.16 % 2 163 0.15 %
600 9600 2 215 0.07 % 2 163 0.15 % 1 208 0.16 % 1 163 0.15 %
1200 19200 1 215 0.07 % 1 163 0.15 % 0 208 0.16 % 0 163 0.15 %
2400 38400 0 215 0.07 % 0 163 0.15 % 0 104 0.16 % 0 81 0.47 %
4800 76800 0 107 0.39 % 0 81 0.47 % 0 52 0.16 % 0 41 0.76 %
9600 153600 0 54 0.54 % 0 41 0.76 % 0 26 0.16 % 0 20 1.73 %
10400 166400 0 50 0.84 % 0 38 1.16 % 0 24 1.16 % 0 19 1.16 %
19200 307200 0 27 0.54 % 0 20 1.73 % 0 13 1.16 % 0 10 1.73 %
38400 614400 0 13 3.29 % 0 10 1.73 % 0 7 6.99 %Note| @ 5 1.73 %
76800 1228800 0 7 4.09 % 0 5 1.73 % - - - 0 3 15.2 9Note
153600 | 2457600 | O 3 |[19%Netel 0 2 |272 %Nt}  — - - - - -
Baud Rate [bps] ¢ =20 MHz ¢ =14.746 MHz $=12.288 MHz ¢ = 9.830 MHz
UART (6N]] BPR | BRGO Error BPR | BRGO Error BPR | BRGO Error BPR | BRGO Error
110 1760 4 178 0.25 % 4 131 0.07 % 3 218 0.08 % 3 175 0.26 %
150 2400 4 130 0.16 % 3 192 0.0 % 3 160 0.0 % 3 128 0.0 %
300 4800 3 130 0.16 % 2 192 0.0 % 2 160 0.0 % 2 128 0.0 %
600 9600 2 130 0.16 % 1 192 0.0 % 1 160 0.0 % 1 128 0.0 %
1200 19200 1 130 0.16 % 0 192 0.0 % 0 160 0.0 % 0 128 0.0 %
2400 38400 0 130 0.16 % 0 96 0.0 % 0 80 0.0 % 0 64 0.0 %
4800 76800 0 65 0.16 % 0 48 0.0 % 0 40 0.0 % 0 32 0.0 %
9600 153600 0 33 1.36 % 0 24 0.0 % 0 20 0.0 % 0 16 0.0 %
10400 166400 0 30 0.16 % 0 22 0.7 % 0 18 2.6 % 0 15 1.5 %
19200 307200 0 16 1.73 % 0 12 0.0 % 0 10 0.0 % 0 - 8 0.0 %
38400 614400 0 8 1.73 % 0 6 0.0 % 0 5 0.0 % 0 4 0.0 %
76800 1228800 0 4 1.73 % 0 3 0.0 % 0 3 16.7 %Note] @ 2 0.0 %
153600 | 2457600 0 2 1.73 % 0 2 25.0 %Note| - - 0 1 0.0 %
Note: Cannot be used because the error is too great.
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8.4.2 Baud rate generator register 0 (BRGO)
This is an 8-bit compare register that sets a timer/count value for the dedicated baud rate generator.
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

Address Atreset

BRGO BRGO7 | BRG06 | BRGO5 | BRG04 | BRGO3 | BRG02 | BRGO1 | BRG0OO FFFFF084H Undefined

Caution: The internal timer (TMBRGO) is cleared by writing the BRGO register. Therefore, do not rewrite
or program the BRGO register during transmission/reception operation.

8.4.3 Baud rate generator prescaler mode register 0 (BPRMO0)
This register controls the timer/count operation of the dedicated baud rate generator and selects a count clock.
It can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
BPRMO | BRCEO 0 0 0 0 BPR02 | BPRO1 | BPROO FFEFFO86H 00H
Bit Position Bit Name Function
7 BRCEO Baud Rate Generator Count Enable
Controls count operation of BRG.
0: Stops count operation with cleared
1: Enables count operation
2-0 BPR02-BPR00 Baud Rate Generator Prescaler
Specifies count clock input to TMBRG.
BPR02 | BPRO1 | BPR0OO Count clock
0 0 0 #2 (n=0)
0 0 1 ¥4 (n=1)
0 1 0 ¢/8 (n=2)
0 1 1 ¢16 (n=3)
1 x x #32 (n=4)

n: set value of prescaler, ¢: system clock

Caution: Do not change the count clock during transmission/reception operation.
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9.1 Features

The ports of the V851 have the following features:

O Number of pins: input: 1
/1o : 67
O Multiplexed with 1/O pins of other peripheral functions
O Can be set in input/output mode in 1-bit units
O Noise elimination
O Edge detection

171



CHAPTER 9 PORT FUNCTION

9.2 Basic Configuration of Port

The V851 is provided with a total of 68 input/output port pins (of which one is an input port pin) that make up ports
0 to 10. The configuration of the V851’s ports is shown below.

<—l’ P00 P90 <'——>
i S S : Port 9
1 |

-— PO7 P97 |=—

Port 0

DI P10 P100 <~
Port 1 : § § | Port 10
I l

- P17 P103 [e——

— P20
~——~ P21

Port 2

-1 P27

P30
Port 3

-— P37

= 1 P40
Port 4
- = P47

< P50

Port 5

N

-—1 P57

-——1 P60

Port 6

~

———  —N Y S /S S
e

-~ P67
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Function of each port
The ports of the V851 have the functions shown in the table below.
Each port can be manipulated in 8- or 1-bit units and perform various types of control operations. In addition to
port functions, the ports also have functions as internal hardware input/output pins, when placed in the control mode.

Port Name | Port Function Function in Control Mode Remarks
Port 0 8-bit /0 port | Real-time pulse unit (RPU) input/output Can be set in port or control mode in 1-bit
(Can be set in| External interrupt request input units
Port 1 inputioutput - Fixed to port mode
mode in 1-bit
Port 2 units) External interrupt request input Can be set in port or control mode in 1-bit
Port 3 Serial interface (UART, CSl) input/output units
Port 4 Address/data bus (AD0-AD7) for external memory | Can be set in port or control mode in 8-bit
Port 5 Address/data bus (AD8-AD15) for external memory | UNitS
Port 6 Address bus (A16-A23) for external memory | Can be set in port or control mode in 2-bit
units
Port 9 Control signal output for external memory | Can be set in port or control mode in 5-,
2-, or 1-bit units
Port 10 4-bit /0O port | Control signal input/output for system expansion Can be set in port or control mode in 1-bit
(Can be set in units
input/output
mode in 1-bit
units)
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9.3 Port Pin Function

9.3.1 Port0

Port 0 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.

7 6 5 4 3 2 1 0

Address

PO | Po7 | Po6 | POs | Po4 | PO3 | PO2 | PO1 | POO FFEFFOOOH

At reset
Undefined

Bit Position Bit Name Function
7-0 POn Port 0
(n=7-0) 1/O port

In addition to the function as a general /O port, this port can also be used to input/output signals of the real-time

pulse unit (RPU) and input external interrupt requests, when placed in the control mode.

Operation in control mode

Port Control Mode Remarks
Port 0 | POO TO10 Real-time pulse unit (RPU) output
PO1 TO11
P02 TCLR1 Real-time pulse unit (RPU) input
P03 T
P04-P0O7 | INTP10-INTP13 | External interrupt input
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(1) Hardware configuration

Figure 9-1. Block Diagram of P00, P01 (Port 0)

WRenmc

)\ PMCOn

)\ PMOn

—

WRpoRT TO1n

)\ POn

Internal bus

+-{>—1—O Pon

Selector J Selector

Selector

RDin Address

Remark: n=0,1

Figure 9-2. Block Diagram of P02-P07 (Port 0)

WRemc

PMCOn

’i\ PMOn

WReporT

(©)Pon

Internal bus

\

A\ POn

VAR

~J T

Selector

Selector
A

—

RDin
Address

INTP10-INTP13, __ |Noise elimination
TCLR1, TH Edge detection

Remark: n = 2-7
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(2) Setting input/output mode and control mode
The input/output mode of port 0 is set by port mode register 0 (PM0). The control mode is set by port mode
control register 0 (PMCO).

Port 0 mode register (PMO0)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
PMO PMO7 PMO06 PMO05 PMO04 PMO03 PM02 PMO1 PMOQ0 FFFFFO20H FFH
Bit Position Bit Name Function
PMO00-PMO07 Port Mode

Sets P00-PO7 pins in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
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Port 0 mode control register (PMCO0)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

PMCO PMCO07 | PMCO6 | PMCO05 | PMCO04 | PMC03 | PMC02 | PMCO1 | PMCOO

Address
FFFFFO40H

At reset
00H

Bit Position Bit Name Function

7-4 PMCO07-PMCO04 | Port Mode Control
Indicates operation mode of POn pin.
0: /O port mode
1: External interrupt request input (INTP13-INTP10)

3 PMCO03 Port Mode Control

Indicates operation mode of P03 pin.
0: 1/0 port mode
1: TH input mode

2 PMCO02 Port Mode Control

Indicates operation mode of P02 pin.
0: 1/0O port mode
1: TCLR1 input mode

1 PMCO1 Port Mode Control

Indicates operation mode of P01 pin.
0: I/O port mode
1: TO11 output mode

0 PMCO00 Port Mode Control

Indicates operation mode of P00 pin.
0: 1/0 port mode
1: TO10 output mode
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9.3.2 Port 1
Port 1 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.
7 6 5 4 3 2 1 0
Address Atreset
P1 P17 P16 P15 P14 P13 P12 P11 P10 FEFFFO02H Undefined
Bit Position Bit Name Function
7-0 P1in Port 1
(n=7-0) 1/0 port

Port 1 is not multiplexed with other functions and is fixed in the port mode.

Port Control Mode Remarks

Port 1 | P10-P17

Fixed in port mode

(1) Hardware configuration

Figure 9-3. Block Diagram of P10-P17 (Port 1)

/'\/
WRem
’3} PM1n
2]
=]
o)
© WReroRrT
£
g A
£ 4 Pin
S
fa\ § 5
& 8
RDin Address

Remark: n=0-7
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(2) Setting inputoutput mode
The input/output mode of port 1 is set by port mode register 1 (PM1).

Port 1 mode register (PM1)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

Address At reset

PMI | PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 | ZSCF88 ey

Bit Position Bit Name Function
70 PM1n Port Mode
(n=7-0) Sets P1n pin in input/output mode.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)

9.3.3 Port 2
Port 2 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
P2‘ P27 P26 P25 P24 P23 P22 P21 P20 FEFFF004H Undefined
Bit Position Bit Name Function
7-0 P2n Port 2
(n=7-0) 1/0 port

In addition to the function as a port, this port can also be used to input external interrupt requests in the control
mode.
P25-P27 are not multiplexed and are fixed in the control mode.

Operation in control mode

Port Control Mode Remarks

Port2 | P20 NMI Non-maskable interrupt request input

P21-24 INTPOO-INTPO3 | External interrupt request input
P25-P27 - Fixed in port mode
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(1) Hardware configuration

Figure 9-4. Block Diagram of P20 (Port 2)

/\_/
Ef
2 S —1
© ) S
5 % Noise
= « elimination H © P20
RDin Address
NMI <—1 EdgeA
Y, detection
Figure 9-5. Block Diagram of P21-P24 (Port 2)
WRemc
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> PMC2n
WRem
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2
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g WRpoRT
8
= O = P > ©) P2n
S|+
@ ®
RDin Address

Noise elimination
Edge detection

INTPOO-INTPO3 =—

Remark: n=1-4
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Figure 9-6. Block Diagram of P25 (Port 2)

N\
WRem
é PM25
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3
o
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~ § 5
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/'\/ T g
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Figure 9-7. Block Diagram of P26, P27 (Port 2)
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Remark: n=6,7
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(2) Setting input/output mode and control mode
The input/output mode of port 2 is set by port mode register 2 (PM2). The control mode is set by port mode
control register 2 (PMC2).
P20 is fixed in the NMI input mode.

Port 2 mode register (PM2)
This register can be read/written in 8- or 1-bit units. However, bit 0 is fixed to “1” by hardware. Even if “0” is
written to this bit, it is ignored.

7 6 5 4 3 2 1 0
Address At reset
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 1 FFFEFO24H FEH
Bit Position Bit Name Function
71 PM2n Port Mode
(n=7-1) Sets P2n pin in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
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Port 2 mode control register (PMC2)
This register can be read/written in 8- or 1-bit units. However, bit 0 is fixed to “1” by hardware. If “0” is written
to this bit, it is ignored.

7 6 5 4 3 2 1 0
Address At reset
PMC2 0 0 0 PMC24 | PMC23 | PMC22 | PMC21 1 FEFFEO44H 014
Bit Position Bit Name Function
4 PMC24 Port Mode Control
Sets operation mode of P24 pin.
0: 1/O port mode
1: INTPOS input mode
3 PMC23 Port Mode Control
Sets operation mode of P23 pin.
0: 1/O port mode
1: INTPO2 input mode
2 PMC22 Port Mode Control
Sets operation mode of P22 pin.
0: 1/O port mode
1: INTPO1 input mode
1 PMC21 Port Mode Control
Sets operation mode of P21 pin.
0: 1/O port mode
1: INTPOO input mode
9.3.4 Port3
Port 3 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.
7 6 5 4 3 2 1 0
Address At reset
P3 P37 P36 P35 P34 P33 P32 P31 P30 FEEFFO06H Undefined
Bit Position Bit Name Function
7-0 P3n Port 3
(n=7-0) 1/O port

In addition to the function as a port, this port can also be used as the input/output lines of the serial interface (UART,

CSl), when placed in the control mode.
P35-P37 are not multiplexed and fixed in the port mode.
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Operation in control mode

Port Control Mode Remarks
Pert 3 | P30 SO 1/0 for serial interface (UART, CSlI)
P31 Si
P32 SCK
P33 TXD
P34 RXD
P35-P37 | — Fixed in port mode

(1) Hardware configuration

Figure 9-8. Block Diagram of P30, P33 (Port 3)

WRemc
/\_/ A
O PMC3n
WRem
é PM3n
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c
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|
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Remark: n=0,3
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Internal bus

Internal bus

Figure 9-9. Block Diagram of P31 (Port 3)
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Figure 9-10. Block Diagram of P32 (Port 3)
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Figure 9-11. Block Diagram of P34 (Port 3)
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Figure 9-13. Block Diagram of P36, P37 (Port 3)
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(2) Setting input/output mode and control mode
The input/output mode of port 3 is set by port mode register 3 (PM3)
control register 3 (PMC3).

Port 3 mode register (PM3)
This register can be read/written in 8- or 1-bit units.

. The control mode is set by port mode

7 6 5 4 3 2 1 0
Address At reset
PM3 PM37 PM36 PM35 PM34 PM33 PM32 PM31 PM30 FFFFFO26H FEH
Bit Position Bit Name Function
7-0 PM3n Port Mode
(n=7-0) Sets P3n pin in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
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Port 3 mode control register (PMC3)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
PMC3 0 0 0 PMC34 | PMC33 | PMC32 [ PMC31 | PMC30 FFFFFO46H 00H
Bit Position Bit Name Function
4 PMC34 Port Mode Control

Sets operation mode of P34 pin.
0: 1/O port mode
1: RXD input mode

3 PMC33 Port Mode Control

Sets operation mode of P33 pin.
0: 1/O port mode
1: TXD output mode

2 PMC32 Port Mode Control

Sets operation mode of P32 pin.
0: 1/O port mode
1: SCK input/output mode

1 PMC31 Port Mode Control

Sets operation mode of P31 pin.
0: 1/O port mode
1: Sl input mode

0 PMC30 Port Mode Control

Sets operation mode of P30 pin.
0: 1/O port mode
1: SO output mode
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9.3.5 Port 4

Port 4 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
P4 P47 P46 P45 P44 P43 P42 P41 P40 FFEFFO0SH Undefined
Bit Position Bit Name Function
7-0 P4n Port 4
(n=7-0) 1/O port

In addition to the function as a general I/O port, this port also serves as an external address/data bus, when placed

in the control mode.

Operation in control mode

Port Control Mode Remarks
Port 4 I P40-47 ADO-AD7 Address/data bus for external memory

(1) Hardware configuration

Figure 9-14. Block Diagram of P40-P47 (Port 4)

MODEO, MODE1
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WRem

/L PM4n

Input/
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=
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o
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/\/
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Remark: n = 0-7

189



CHAPTER 9 PORT FUNCTION

(2) Setting input/output mode and control mode
The input/output mode of port 4 is set by port mode register 4 (PM4). To enable the external address/data
bus function, the control mode (external expansion mode) is set by mode specification pins MODEO and
MODE1, and memory expansion mode register (MM: refer to 3.4.6 (1)).

Port 4 mode register (PM4)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

Address At reset

PM4 | PM4a7 | PM46 | PM45 | PM4aa | PM43 | PM42 | PM41 | PM40 FFRFROSSH oy

Bit Position Bit Name Function
7-0 PM4n Port Mode
(n=7-0) Sets P4n pin in input/output mode.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)

Operation mode of pori 4

Bit of MM Register Operation Mode
Mm2 | MM1 [ MmO | Pao | Pat | Paz | Pas | Pas | Pas | pas | pa7
0 0 0 Port
0 1 1
1 0 0 Address/data bus
1 0 1 (ADO-AD7)
1 1 0
1 1 1
Others RFU (reserved)

For the details of mode selection by the MODEO and MODE1 pins, refer to 3.3.2 Specifying operation mode.

When MODEO and MODE1 = 00 (ROM-less mode), MMO-MM?2 bits are initialized to 111 at system reset, enabling
the external expansion mode. External expansion can be disabled by programming the MMO-MM2 bits and setting
the port mode. If MMO-MM2 are cleared to 000, the subsequent external instruction cannot be fetched.
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9.3.6 Port5
Port 5 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.
7 6 5 4 3 2 1 0
Address At reset
P5 PM57 P56 P55 P54 P53 P52 P51 P50 FFFFFO0AH Undefined
Bit Position Bit Name Function
7-0 P5n Port 5
(n=7-0) 1/0 port

In addition to the function as a general I/O port, this port also serves as an external address/data bus, when placed

in the control mode.

Operation in control mode

Port Control Mode Remarks
Port 5 | P50-57 | AD8-AD15 Address/data bus for external memory

(1) Hardware configuration

Figure 9-15. Block Diagram of P50-P57 (Port 5)
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(2) Setting input/output mode and control mode
The input/output mode of port 5 is set by port mode register 5 (PM5). To enable the external address/data
bus function, the control mode (external expansion mode) is set by mode specification pins MODEO and
MODE1, and memory expansion mode register (MM: refer to 3.4.6 (1)).

Port 5 mode register (PM5)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
PM5 | PM57 | PMs6 | PMss | PMsa | PM53 | PM52 | PM51 | PMSs0 Address At reset
FFFFFO2AH FFH
Bit Position Bit Name Function
7-0 PM5n Port Mode
(n=7-0) Sets P5n pin in input/output mode.

0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)

Operation mode of port 5

Bit of MM Register Operation Mode
MM2 | MM1 | MMO | P50 | P51 l P52 I P53 l Psd P55| P56 | P57
0 0 0 Port
0 1 1
1 0 0 Address/data bus
1 0 1 (AD8-AD15)
1 1 0
1 1 1
Others RFU (reserved)
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9.3.7 Port6
Port 6 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.
7 6 5 4 3 2 1 0
Address At reset
P6 P67 P66 P65 P64 P63 P62 P61 P60 FFFFFOOCH Undefined
Bit Position Bit Name Function
7-0 Pén Port 6
(n=7-0) 1/0 port

In addition to the function as a general I/O port, this port also serves as an external address bus, when placed

in the control mode.

Operation in control mode

Port Control Mode Remarks

Port 6 | P60-67 | A16-A23 Address bus for external memory

(1) Hardware configuration

Figure 9-16. Block Diagram of P60-67 (Port 6)
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Remark: n = 0-7
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(2) Setting input/output mode and control mode

The input/output mode of port 6 is set by port mode register 6 (PM6). To enable the external address/data
bus function, the control mode (external expansion mode) is set by mode specification pins MODEO and

MODE1, and memory expansion mode register (MM: refer to 3.4.6 (1)).

Port 6 mode register (PM6)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0

Address At reset
PM6 PM67 PM66 PM65 PM64 PM63 PM62 PM61 PM60 FFEFFO2CH FEH
Bit Position Bit Name Function
7-0 PM6n Port Mode
(n=7-0) Sets P6n pin in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
Operation mode of port 6
Bit of MM Register Operation Mode
MM2 | Mm1 | Mmo | o | Pe1 | Pez | Pes | Pes | pes | pes | Pe7
0 0 0 Port
0 1 1
1 0 0
1 0 1
A16 | A17
1 1 0 A18 | A19
A20 | A21
1 1 1 A22 | A23
Others RFU (reserved)
9.3.8 Port9 ,
Port 9 is an 8-bit input/output port that can be set in the input or output mode in 1-bit units.
s
7 6 5 4 3 2 1 0
Address At reset
P9 P97 P96 P95 P94 P93 P92 P91 P90 FEEFFO12H Undefined
Bit Position Bit Name Function
7-0 P9n Port 9
(n=7-0) 1/0 port
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In addition to the function as a general I/O port, this port can also be used to output external bus control signals,
when placed in the control mode.

Operation in control mode

Port Control Mode Remarks
Port9 | P90 LBEN Control signal output for external memory

P91 UBEN

P92 RIW

P93 DSTB

P94 ASTB

P95 STO

P96 ST1

P97 - Fixed in port mode

(1) Hardware configuration

Figure 9-17. Block Diagram of P90-P97 (Port 9)

MODEOQ, MODE1

MMO-MM3
ay
WRem
é PM9n
()
3
2
g WReroRT Input/
2 )\ output
£ & Pon control —(O) Pon
RDw~ circuit
&
N LBEN, UBEN, R/W,
DSTB, ASTB, ST0, ST1

Remark: n =0-7
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(2) Setting input/output mode and control mode
Theinput/output mode of port 9 is set by port mode register 9 (PM9). To enable the external bus control signals,
the control mode (external expansion mode) is set by mode specification pins MODEO and MODE1, and

memory expansion mode register (MM: refer to 3.4.6 (1)).

Port 9 mode register (PM9)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
PMO | PMo7 | PM9s | PMe5 | PMo4 | PMO3 | PM92 | PMO1 | PM90 Address At reset
FFFFFO32H FFH
Bit Position Bit Name Function
7-0 PM9n Port Mode
(n=7-0) Sets P9n pin in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
Operation mode of port 9
P90-P94 P95, P96
Bit of MM Register Operation Mode MM3 Operation Mode P95 | P96
mm2 [ mm1 | Mmo | Poo | Pet | Pez | pos | poa 0 | Port mode Port
0 0 0 Port 1 External expansion mode | STO | ST1
0 1 1 |LBEN|UBEN| R/W | DSTB|ASTB
1 0 0
1 0 1
1 1 0
1 1 1
Others RFU (reserved)
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9.3.9 Port 10
Port 10 is a 4-bit input/output port that can be set in the input or output mode in 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
P10 - - - - P103 P102 P101 P100 FEFFFO14H Undefined
Bit Position Bit Name Function
3-0 P10n Port 10
(n=3-0) 1/O port

When port 10 is accessed in 8-bit units for write, the higher 4 bits are ignored. When it is accessed in 8-bit units

for read, undefined data is read.

In addition to the function as a port, this port can also be used to input and output external contorl signals to a

bus master or ASIC device, when placed in the control mode.

Operation in control mode

Port Control Mode Remarks
Port 10 | P100 HLDAK Bus hold control signal input/output
P101 HLDRQ
P102, P103 - Fixed in port mode

(1) Hardware configuration

Figure 9-18. Block Diagram of P100, P103 (Port 10)

WRemc

)\ PMC10n

)\ PM10n

WRrorr  HLDAK, RFU™*® — .|

Internal bus

Selector
\

P10n

N

TN

~ T
|
D

Selector

Selector

RDin Address

Note: RFU is an undefined value.

Remark: n=0,3

©) P1on
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Figure 9-19. Block Diagram of P101 (Port 10)

WRemc

PMC101

2\ PM101

Internal bus
s
By)
bl
o
D
=

& P101 —(O P10t

[

D
Selector

Selector

| )3
RDn Address ’_)—/
HLDRQ <—@:___

Figure 9-20. Block Diagram of P102 (Port 10)

/\/
WRrm
é PM102
2]
3
a
[ WReporT
g X
= - P102
S |
g8
/\/ T g

Address

o)
o
z
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(2) Setting input/output mode and control mode
The input/output mode of port 10 is set by port mode register 10 (PM10). The control mode is set by port

mode control register 10 (PMC10).

Port 10 mode register (PM10)
This register can be read/written in 8- or 1-bit units.

7 6 5 4 3 2 1 0
Address At reset
PM10 1 1 1 PM103 | PM102 | PM101 | PM100 FEFEFOAM FFH
Bit Position Bit Name Function
3-0 PM10n Port Mode
(n=3-0) Sets P10n pin in input/output mode.
0: Output mode (output buffer ON)
1: Input mode (output buffer OFF)
Port 10 mode control register (PMC10)
This register can be read/written in 8- or 1-bit units.
7 6 5 4 3 2 1 0
Address At reset
PMC10 0 0 0 0 0 0 PMC101|PMC100 FEFEFO54H 00H
Bit Position Bit Name Function
1 PMC101 Port Mode Control
Sets operation mode of P101 pin.
0: 1/O port mode
1: HLDRQ input mode
0 PMC100 Port Mode Control
Sets operation mode of P100 pin.

0: 1/O port mode
1: HLDAK output mode
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9.4 Input Noise Filters

Noise filters are provided to certain port pins when operating in the control mode. Spikes and voltage transitions
which occur within the defined noise filtering times are ignored. One analog filter is used on the NMI input, while
the rest are digital filters which operate via a timing control circuit. Filters are provided on the pins listed below.

Pin Noise Filtering Time
P20/NMiNote Analog delay (60 ns to 220 ns)
P0O2/TCLR1 2 to 3 system clocks
P0O3/Ti
P04/INTP10
PO5/INTP11
PO6/INTP12
PO7/INTP13
P21/INTPOO
P22/INTPO1
P23/INTP02
P24/INTP0O3

Note: The P20/NMI pin is used to release the
STOP mode. inthe STOP mode, the clock
control timing circuit is not used because
the clock is stopped.

Figure 9-21. Example of Noise Filtering Timing

fe — — —— -

i
|
'
|

e — — —— -

i
|
Y

f — — -~ —
le- — — — — -

1
|
1
!
;
il

L e -

1 1 |
| 1 1
1 I 1
| I ]
1 I I
1 ! ! |
. 1

Input signal 1} : Ih 1] 1114

le— L — ] | - : : : -~

3 clocks max. | 2 clocks min. | ' : L

: : : : ! | S

i | l} 1 : :
=4
Internal signal ! ! I————L____l |
N \ AN \
\\ . \\ ~ R \\ |
N \ N N \ I
AN N \\ N \\
\ \
.. \ \
Rising edge l | \ I I \
detected \ N

\
Falling edge ' I | [

detected
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CHAPTER 10 RESET FUNCTION

A valid low-level signal on the RESET pin initiates a system reset.
Program execution begins atthe RESET vector address when the reset condition is removed and a high-level signal
appears at the RESET pin.

10.1 Features
O Analog noise filtering circuit (delay of 60 ns-220 ns) provided on reset pin
10.2 Pin Function

During the reset state, all the pins (except CLKOUT, RESET, X2, Voo, Vss, CVoo, and CVss pins are in the high-
impedance state.

When an external memory is connected, a pull-up (or pull-down) resistor must be connected to each pin of ports
4,5, 6, and 9. Otherwise, the memory contents may be lost if these pins go into a high-impedance state.

The internal system clock continues to generate the clock signal at CLKOUT pin while the device is in the reset
state.

Table 10-1 shows the operating status of each pin during the reset period.

Table 10-1. Operating Status of Each Pin During Reset Period

Pin Operating Status
ADO-AD15 Hi-Z
A16-A23
LBEN, UBEN
RIW
DSTB
ASTB
STO, STH
HLDRQ -
HLDAK Hi-Z
WAIT -
CLKOUT Clock output
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(1) Accepting reset signal

— 1
RESET pin U |
|
1
1

1
:
T 1
! |
i Analog 1 Analog | Analog

delay ! delay | delay
; i
[ :
Eliminated as noise E |
|

Internal system I Note
reset signal |
A A
Reset Reset
accepted released

Note: The internal system reset signal remains active for the duration of at least 4 system clocks after the
reset condition is removed from the RESET pin.

(2) Power-ON reset
On power-up, the RESET pin must be held low for at least 10 ms, until the power supply reaches its operating
voltage and the clock has stabilized. The clock stabilization time consists of the time for the oscillator to
stabilize (oscillation stabilization time) and the time for the PLL to lock at a specific frequency.

_C
))

Voo

RESET pin
{—

T
1
[}
1
1
|
|
]
1
t
I

Oscillation
stabilization
time

Analog delay

A
Reset released
10.3 Initialize
Table 10-2 shows the initial value of each register after reset.
The contents of the registers must be initialized in the program as necessary. Especially, set the following registers

as necessary because they are related to system setting:

O Power save control register (PSC) ... X1 and X2 pin function, CLKOUT pin operation, etc.
O Data wait control register (DWC) ... Number of data wait states

Caution: In Table 10-2, “Undefined” means an undefined value due to power-on reset or data corruption

when a falling edge of RESET coincides with a data write operation. The previous status of data
is retained by a falling edge of RESET due to the cases other than the above.
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Table 10-2. Initial Values of Each Register at Reset

Register Initial Value at Reset
r0 00000000H
r1-r31 Undefined
PC 00000000H
PSW 00000020H
EIPC Undefined
EIPSW Undefined
FEPC Undefined
FEPSW Undefined
ECR 00000000H
Internal RAM Undefined
Port Output latch (PO-P6, P9, P10) Undefined

Mode register (PM0-6, PM9, PM10) FFH
Mode control register (PMCO0, PMC3, PMC10) 00H
(PMC2) 01H
Memory expansion mode register (MM) 10H or 17H
Clock generator System status register (SYS) 0000000xB
Real-time pulse unit Timer unit mode register (TUM1) 0000H
Timer control register (TMC1, TMC4) 00H
Timer output control register 1 (TOC1) 00H
Timer (TM1, TM4) 0000H
Capture/compare register (CC10-CC13) Undefined
Compare register 4 (CM4) Undefined
Timer overflow status register (TOVS) 00H
Serial interface Asynchronous serial interface mode register 00 (ASIM0O0) 80H
Asynchronous serial interface mode register 01 (ASIM01) 00H
Asynchronous serial interface status register 0 (ASIS0) O00H
Receive buffer (RXB0, RXBOL) Undefined
Transmit shift register (TXS0, TXSOL) Undefined
Clocked serial interface mode register 0 (CSIMO) 00H
Serial I/O shift register 0 (SIO0) Undefined
Baud rate generator register 0 (BRGO) Undefined
Baud rate generator prescaler mode register 0 (BPRMO) 00H
Interrupt/exception processing function | Interrupt control register (xxCn) 47H
In-service priority register (ISPR) 00H
External interrupt mode register (INTMO, INTM1, INTM2) 00H
Memory management function Data wait control register (DWC) FFFFH
Bus cycle control register (BCC) AAAAH
Power save control Command register (PRCMD) Undefined
Power save control register (PSC) 00H

Remark: “x” means don't care bit.
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CHAPTER 11 PROM MODE

The PROM model of the V851 has an internal 32K-byte one-time PROM. The internal ROM can be accessed in
1 clock, like the mask ROM model, to fetch instructions.

11.1 PROM Mode

The PROM mode is entered by the setting MODEO and MODET1 pins.
Connect the pins not used in this mode as described in section 1.5.2 "PROM programming mode".

Vep MODEH1 MODEO Operation Mode
50V 1 1 PROM mode (read mode)
125V 1 1 PROM mode (programming mode)

Vep: programming voltage
11.2 Operation Mode

Operation in the PROM programming mode is determined by the setting of the pins shown in the following table.

Operation Mode Pin | pos/CE | P26/OE [P27/PGM| Vi Voo | P47/D7-P40/DO
Read Mode Read L H +5.0V | +56.0 V | Data output
Output disable L H x Hi-zNote
Standby H X X
Programming Page data latch H L H +12.5V | +6.5V | Data input
Mode Page program H H L Hi-Z
Byte program L H L Data input
Program verify L L H Data output
Program inhibit x L L Hi-zNote
H H

Vpp: programming voltage (12.5 V)
x : don’t care

Note: In this case, the address input is invalid, and 1/0 can be input.

(1) Read mode
The read mode is set when CE = L and OE = L.
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(2)

@

()

()

(6)

@)

®
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Output disable mode

The data output goes into a high-impedance state when OE = H, and the output disable mode is set. If two
or more uPD70P3000s are connected to the data bus, any one of the devices can be read by controlling the
OE pin.

Standby mode
The standby mode is set when CE = H.
In this mode, the data output goes into a high-impedance state regardless of the status of OE.

Page data latch mode
The page data latch mode is set when CE=H,OE=L,and PGM = H at the beginning of the page write mode.
In this mode, data of 1 page and 4 bytes is latched to the internal address/data latch circuit.

Page write mode

Page write is executed in the page write mode by applying a 0.1-ms program pulse (active low) to the PGM
pin with CE = Hand OE = H, after an address and data of 1 page and 4 bytes have been latched. After that,
the program can be verified when CE=Land OE = L.

If the program cannot be written by one program pulse, write and verify are repeatedly executed X times (X
<10).

Byte write mode

Byte write is executed by applying a 0.1-ms program pulse (active low) to the PGM pin with CE=Land OE
= H. After that, the program can be verified when OE = L.

If the program cannot be written by one program pulse, write and verify are repeatedly executed X times (X
<10).

Program verify mode
The program verify mode is set by setting CE =L, PGM = H, and OE = L. Use this mode to the check if the
program has been correctly written.

Program inhibit mode

The program inhibit mode is used to write data to one of the uPD70P3000s whose OE, Vep, and DO-D7 pins
are connected in parallel.

To write data, the page write mode or byte write mode is used. At this time, data cannot be written to a device
whose PGM pin is high.
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11.3 PROM Write Procedure

Page programming mode flowchart

Voo=5V
Vep=5V
MODE1=MODEO=H

|
| Supplies initial address |
|

Address=address+1

Voo=6.5V

Vep=12.5V
| X=0 |
| La!(ch |
| Address=z[1ddress+1 ]
| La'ltch |

l

| Address=address+1 |

|

Latch |

| Address=address+1 |

[
| Latch |
L X=X+1 |
|

| Supplies write data |

I
| Supplies program puise |

4-byte verify

FAIL

NO
Address=last address

PASS

YES

Vop=4.5 V-5.5V
Vep=Vop

FAIL

X=10?

YES

Verifies all bytes

ALL PASS

End of write

( Defective )

NO
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Page programming mode timing

Page data latch | Page program | Program verify {
|

‘ I

|
X C
. XOOOOCDOOOOC
o — X X X )X X X X )—

Data input Data output

Vi
PGM \_/
Vi
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Byte programming mode flowchart

Voo=5V
Vep=5V
MODE1=MODEO=H

| Supplies initial address |
|

Voo=6.5V

Ver=12.5V
l ~_ X=0 ]
| X=X+1 ]

| Supplies write data |

| Supplies program pulse |

| Address=address+1

Address=last address

YES

Voo=4.5 V-5.5V
Vep=VoD

PASS
Verifies all bytes

ALL PASS

End of write

10?
YES

( Defective )

NO
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Byte programming mode timing

210

| Program | Program verify

A2-A16 X Address input

Hi-Z ) Hi-Z
D0-D7 =—=— -< Data input } ——————— -< Data output

>_

Hi-Z

CE (input) \

PGM (input) \ /

OE (input) | \ /
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11.4 PROM Read Procedure
The contents of the PROM are read to the external data bus (D0-D7) in the following procedure:

(1) FixVep=H,MODEO=L,andMODE1=L. Connecttheunusedpinsasdescribedin 1.5.2 PROM programming
mode.

(2) Supply +5 V to the Voo and Vpp pins.

(3) Input the address of the data to be read to the A0-A16 pins.

(4) Read mode (CE =L, OE = L)

(5) The data is output to the DO-D7 pins.

Figure 11-1 shows the timing of (2) to (5) above.

Figure 11-1. PROM Read Timing

AO-A16 X Address input

CE (input) \ /

OE (input) \ /
Hi-Z Hi-Z

DO-D7 - === ————=——— -< Data output > LA & R
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11.5 Screening of OTPROM Version

The one-time-programmable ROM (OTPROM) version, uPD70P3000GC-7EA, cannot be completely tested by
NEC before shipment. It is recommended to perform screening to verify the PROM after the PROM has been stored
under the following conditions:

Storage Temperature Storage Time

125 °C 24 hours

11.6 Notes on Releasing STOP Mode When External Clock Is Used

When an external clock is used, the external system controls clock supply. To release the STOP mode (by using
RESET or NMI input), therefore, supply the clock at least 100 us before the RESET or NMI signal is input.
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Symbol Name Unit Page
ASIM00 Asynchronous serial interface mode register 00 UART 145
ASIMO1 Asynchronous serial interface mode register 01 UART 147
ASISO Asynchronous serial interface status register 0 UART 148
BCC Bus cycle control register BCU 53
BPRMO Baud rate generator prescaler mode register 0 BRG 170
BRGO Baud rate generator register 0 BRG 170
CC10 Capture/compare register 10 RPU 113
CC11 Capture/compare register 11 RPU 113
CC12 Capture/compare register 12 RPU 113
CC13 Capture/compare register 13 RPU 113
CM4 Compare register 4 RPU 114
CMIC4 Interrupt control register INTC 79
CSICo Interrupt control register INTC 79
CSIMO Clocked serial interface mode register 0 CSli 158
DWC Data wait control register BCU 51
ECR Interrupt source register CPU 28
EIPC Interrupt status save register CPU 28
EIPSW Interrupt status save register CPU 28
FEPC NMI status save register CPU 28
FEPSW NMI status save register CPU 28
INTMO External interrupt mode register 0 INTC 7
INTM1 External interrupt mode register 1 INTC 80
INTM2 External interrupt mode register 2 INTC 80
ISPR In-service priority register INTC 81
MM Memory expansion mode register Port 44
OVIC1 Interrupt control register INTC 79
PO Port 0 Port 176
P1 Port 1 Port 178
P2 Port 2 Port 179
P3 Port 3 Port 183
P4 Port 4 Port 189
P5 Port 5 Port 191
P6 Port 6 Port 193
P9 Port 9 Port 194
P10 Port 10 Port 197
POICO Interrupt control register INTC 79
POICH Interrupt control register INTC 79
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Symbol Name Unit Page
POIC2 Interrupt control register INTC 79
POIC3 Interrupt control register INTC 79
P1ICO Interrupt control register INTC 79
P11C1 Interrupt control register INTC 79
P11C2 Interrupt control register INTC 79
P1IC3 Interrupt control register INTC 79
PMO Port 0 mode register Port 176
PM1 Port 1 mode register Port 179
PM2 Port 2 mode register Port 182
PM3 Port 3 mode register Port 187
PM4 Port 4 mode register Port 190
PM5 Port 5 mode register Port 192
PM6 Port 6 mode register Port 194
PM9 Port 9 mode register Port 196
PM10 Port 10 mode register Port 199
PMCO Port 0 mode control register Port 177
PMC2 Port 2 mode control register Port 183
PMC3 Port 3 mode control register Port 188
PMC10 Port 10 mode control register Port 199
PRCMD Command register CG 98
PSC Power save control register CG 96
PSW Program status word CPU 29,71,81,84
RXBO Receive buffer 0 UART 149
RXBOL Receive buffer OL UART 149
SEICO Interrupt control register INTC 79
SI00 Serial I/O shift register 0 Csl 159
SRICO Interrupt control register INTC 79
STICO Interrupt control register INTC 79
SYS System status register CG 93,98
™1 Timer 1 RPU 112
T™4 Timer 4 RPU 114
TMCH1 Timer control register 1 RPU 117
TMC4 Timer control register 4 RPU 118
TOCH Timer output control register 1 RPU 119
TOVS Timer overflow status register RPU 120
TUM1 Timer unit mode register 1 RPU 115
TXS0 Transmit shift register 0 UART 150
TXSOL Transmit shift register OL UART 150
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APPENDIX B INSTRUCTION SET LIST

(1) Symbols used for operand description

Symbol Description
reg1 General register (r0-r31): Used as source register
reg2 General register (r0-r31): Mainly used as destination register
immx x-bit immediate
dispx x-bit displacement
reglD System register number
bit#3 3-bit data for bit number specification
ep Element pointer (r30)
ccee 4-bit data to indicate condition code
vector 5-bit data to specify trap vector (00H-1FH)

(2) Symbols used for operation description

Symbol Description

«—

Assignment

GRI[ 1]

General register

zero-extend(n)

Zero-extends n to word length

sign-extend(n)

Sign-extends n to word length

load-memory(a,b) Reads data of size b from address a

store-memory(a,b,c) Writes data b of size c to address a

load-memory-bit(a,b) Reads bit b of address a

store-memory-bit(a,b,c) Writes c to bit b of address a

saturated(n) Performs saturated processing of n (n is 2's complement).

If nis n > 7FFFFFFFH as result of calculation, 7FFFFFFFH.
If n is n < 80000000H as result of calculation, 80000000H.

result Reflects result on flag
Byte Byte (8 bits)
Halfword Half-word (16 bits)
Word Word (32 bits)

+ Add

- Subtract

Il Bit concatenation

X Multiply

- Divide

AND Logical product

OR Logical sum

XOR Exclusive logical sum
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Symbol Description
NOT Logical negate
logically shift left by Logical left shift
logically shift right by Logical right shift
arithmetically shift right by Arithmetic right shift

(3) Symbols used for execution clock description

Symbol Description
i: issue To execute another instruction immediately after instruction execution
r: repeat To execute same instruction immediately after instruction execution
I : latency To reference result of instruction execution by the next instruction
(4) Flag operation
Identifier Description

(Blank) Not affected
0 Cleared to O
1 Set to 1

Set or cleared according to result
R Previously saved value is restored

Condition code

Condition Name Condition Conditional Expression Description
(cond) Code (ccec)
\ 0000 Oov=1 Overflow
NV 1000 ov=0 No overflow
C/L 0001 CY=1 Carry
Lower (Less than)
NC/NL 1001 CY=0 No carry
No lower (Greater than or equal)
Z/E 0010 Z=1 Zero
Equal
NZ/NE 1010 Z=0 Not zero
Not equal
NH 0011 (CY OR Z)=1 Not higher (Less than or equal)
1011 (CY OR 2)=0 Higher (Greater than)
0100 S=1 Negative
1100 S=0 Positive
T 0101 - Always (unconditional)
SA 1101 SAT=1 Saturated
LT 0110 (S XOR 0OV)=1 Less than signed
GE 1110 (S XOR OV)=0 Greater than or equal signed
LE 0111 ((SXOROV)OR Z) =1 Less than or equal signed
GT 1111 ((SXOROV)OR Z)=0 Greater than signed
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INSTRUCTION SET LIST

Instruction Set (alphabetical order) (1/4)

Execution
Mnemonic Operand Code Operation Clock Flag
i|r]|1|CYODV|S|Z BAT
ADD regi, reg2 rrrrr001110RRRRR | GR[reg2]GR{reg2]+GRIreg1] 111 x |x|x]x
imms, reg2 rrrrr010010iiiii | GR[reg2]«GR[reg2]+sign-extend(imms) 1111 I x |x|x]x
ADDI imm16, reg1, reg2 | rrrrr110000RRRRR | GR{reg2]«-GR[reg1]+sign-extend(imm16) 1111 x [x|x]x
pidiiiiiiiiiiiii
AND reg1, reg2 rrrrr001010RRRRR | GR[reg2]GR[reg2]AND GRlreg1] 1111 0 x|x
ANDI imm16, regl, reg2 | rrrrr110110RRRRR | GR[reg2]-GR[reg1]AND zero-extend(imm16) 1111 x
fiiiiiiiiiiiiiii
Beond | disp9 ddddd1011dddcccec |if conditions are satisfied !;':g?ie?"dm"" 3|33
Note 1 | then PCePCesign-extned(dispg) | When condition | 4 14 |4
not satisfied
CLR1 bit#3, disp16[reg1] | 10bbb111110RRRRR |adr—GR[regi]+sign-extend(disp16) 41414 X
dddddddddddddddd |Z flageNot(Load-memory-bit(adr, bit#3))
Store-memory-bit(adr, bit#3.0)
CMP reg1, reg2 rrrrr001111RRRRR | result—GR[reg2]-GR[reg1] 1111 x x|x|x
imm5, reg2 rrrrr010011iiiii |resultGR[reg2]-sign-extend(imms) 1111 Ix|x|x]x
DI 0000011111100000 | PSW.ID«1 11111
0000000101100000 | (Maskable interrupt disabled)
DIVH regi, reg2 rrrrr000010RRRRR | GR [reg2]GR [reg2]+GR [reg1]Note2 36(36(36 x| x| x
(signed division)
El 1000011111100000 | PSW.ID«0 11111
0000000101100000 |(Maskable interrupt enabled)
HALT 0000011111100000 |Stops 11111
0000000100100000
JARL disp22, reg2 rrrrr11110dddddd | GR[reg2]«PC+4 313|3
ddddddddddddddd0 | PC«PC+sign-extend(disp22)
Note 3
JMP [reg1] 0000000001 1RRRRR | PC«<GRJreg1] 3133
JR disp22 0000011110dddddd | PC«PC+sign-extend(disp22) 31313
dddddddddddddddo
Note 3
LD.B disp16[reg1],reg2 |rrrrr111000RRRRR |adr—GR[reg1]+sign-extend(disp16) 111]2
dddddddddddddddd | GR[reg2]«sign-extend(Load-memory(adr, Byte))
LD.H disp16[reg1],reg2 |rrrrr111001RRRRR |adr—GR[regl]+sign-extend(disp16) 112
ddddddddddddddd0 | GR[reg2]sign-extend(Load-memory(adr, Halfword))
Note 4
LD.W disp16plregl], reg2 | rrrrr111001RRRRR adr<—GR[reg1]+sign-extend(disp16) 111]2
ddddddddddddddd1 | GR[reg2]«Load-memory(adr, Word)
Note 4

Notes: 1. dddddddd is the higher 8 bits of disp9.

2. Only the lower half-word is valid.

3. ddddddddddddddddddddd is the higher 21 bits of disp22.
4. ddddddddddddddd is the higher 15 bits of disp16.
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INSTRUCTION SET LIST

Instruction Set (alphabetical order) (2/4)

Execution
Mnemonic Operand Code Operation Clock Flag
i|r]l]|CYlOV|S AT
LDSR reg2, reglD rrrrr111111RRRRR | SR[reglD]«GR[reg2] regiD = EIPC, FEPC | 1|13
0000000000100000 regiD = EIPSW, FEPSW —1_
Note 1 reglD = PSW 1] x|x|x X
MOV reg1, reg2 rrrrr000000RRRRR | GR[reg2]«GR[reg1] 1 (111
imm5, reg2 rrrrr010000iiiii |GR[reg2l«sign-extend(imm5) 1 (1)1
MOVEA |immi16, regt, reg2 | rrrrr110001RRRRR |GRlreg2}«-GR[reg1]+sign-extend(imm16) 111
pidiidiiiiiiiiii
MOVHI imm16, reg1,reg2 | rrrrr110010RRRRR | GR[reg2]«GRIreg1]+(imm16 Il 018) 1111
Pidiidiiiiiiiiii
MULH regt, reg2 rrrrr000111RRRRR | GR[reg2]«GR[reg2]Note2 xGR[reg1]Note2 1(1]2
(Signed multiplication)
imm5, reg2 rrrrr010111iiiii |GR[reg2l—GRlreg2]Note2 xsign-extend(imms5) 1112
(Signed multiplication)
MULHI imm16, reg1, reg2 | rrrrr110111RRRRR | GRIreg2)GR[reg1]Note2 ximm16 111]2
pidbiiiiiiiiiiii (Signed multiplication)
NOP 0000000000000000 |Uses 1 clock cycle without doing anything 1111
NOT reg1, reg2 rrrrr000001RRRRR | GR[reg2)«NOT(GRJreg1]) 111 ]1 0 |x
NOT1 bit#3, disp16[regl] [01bbb111110RRRRR |adrGR[reg1]+sign-extend(disp16) 4 (4|4
dddddddddddddddd | Z flage-Not(Load-memory-bit(adr, bit#3))
Store-memory-bit(adr, bit#3, Z flag)
OR reg1, reg2 rrrrr001000RRRRR | GR[reg2)«GR[reg2]OR GR[reg1] 1{1 1 0 |x
ORI imm16, reg1,reg2 | rrrrr110100RRRRR | GR[reg2]GR[reg1]JOR zero-extend(imm16) 1111 0 |x
P i
RETI 0000011111100000 |if PSW.EP=1 4144l R[RI[R R
0000000101000000 |then PC <« -EIPC
PSW «-EIPSW
else if PSW.NP=1
then PC «FEPC
PSW «FEPSW
else PC «EIPC
PSW «EIPSW
SAR reg1, reg2 rrrrr111111RRRAR | GR[reg2)«-GR[reg2]arithmetically shift right 1111 x|0]x
0000000010100000 by GR[reg1]
immb, reg2 rrrrr010101iiiii | GRreg2]«GR[reg2]arithmetically shift right 1111 x |0 x| x
by zero-extend(imm5)

Notes: 1. The op code of this instruction uses the field of reg1 though the source register is shown as reg2 in
the above table. Therefore, the meaning of register specification for mnemonic description and op
code is different from that of the other instructions.

rerre = reglD specification
RRRRR = reg2 specification
2. Only the lower half-word data is valid.
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INSTRUCTION SET LIST

Instruction Set (alphabetical order) (3/4)

Execution
Mnemonic Operand Code Operation Clock Flag
ilr CY|OV|S [ Z BAT
SATADD |regl, reg2 rrrrr000110RRRRR | GR[reg2]«saturated(GR[reg2]+GR[reg1]) 111 X |x|Ix|[x]|x
imm5, reg2 rrrrr010001iiiii | GRlreg2)esaturated(GR[reg2]+sign-extend(imms)) | 1 | 1 X% [x|x]x
SATSUB |regl, reg2 rrrrr000101RRRRR | GR[reg2]«saturated(GR[reg2]-GR[reg1]) 111 XX [x|x]|x
SATSUBI |imm16, regl,reg2 | rrrrr110011RRRRR | GR[reg2]«saturated(GR[reg1]-sign-extend(imm16))| 1 | 1 X |x |Ix|x|x
SATSUBR |reg1, reg2 rrrrr000100RRRRR | GR[reg2]«saturated(GR[reg1]-GR[reg2]) 111 X[ x [x|x]x
SETF ccee, reg2 rrrrr1111110cccc |if conditions are satisfied 111
0000000000000000 | then GR[reg2]«00000001H
else GR[reg2]«-00000000H
SET1 bit#3, disp16[regl] [ 00bbb111110RRRRR |adr—GR[reg1]+sign-extend(disp16) 414 X
dddddddddddddddd | Z flageNot(Load-memory-bit(adr, bit#3))
Store-memory-bit(adr, bit#3, 1)
SHL reg1, reg2 rrrrr111111RRRRR | GR[reg2]«GR[reg2] logically shift left by GR[reg1] | 1 | 1 x |0 |x|x
0000000011000000
imm5, reg2 rrrrr010110iiiii | GR[reg2l«GR[reg1] logically shift left by 111 x |0 |x|x
zero-extend(imms)
SHR regil, reg2 rrrrr111111RRRRR | GR[reg2]«GR[reg2] logically shift right by GR[reg1] | 1 | 1 x |0 |x|x
0000000010000000
imm5, reg2 rrrrr010100iiiii | GRlreg2]«<—GRlreg2] logically shift right by 111 X |0 [x|x
zero-extend(imm5)
SLD.B disp7[ep], reg2 rrrrr0110ddddddd | adreep+zero-extend(disp7) 111
GRl[reg2]«sign-extend(Load-memory(adr, Byte))
SLD.H disp8[ep], reg2 rrrrr1000ddddddd | adreep+zero-extend(disp8) 111
Note 1 | GR[reg2]«sign-extend(Load-memory(adr, Halfword))
SLD.W disp8[ep], reg2 rrrrr1010dddddd0 | adreep+zero-extend(disp8) 111
Note 2 | GR[reg2]«Load-memory(adr, Word)
SST.B reg2, disp7[ep] rrrrr0111ddddddd | adr—ep+zero-extend(disp7) 111
Store-memory(adr, GR[reg?2], Byte)
SST.H reg2, disp8[ep] rrrrr1001ddddddd | adrep+zero-extend(disp8) 111
Note 1 | Store-memory(adr, GR[reg2], Halfword)
SST.W reg2, disp8[ep] rrrrr1010ddddddi1 | adreep+zero-extend(disp8) 111
Note 2 [ Store-memory(adr, GR[reg2], Word)
ST.B reg2, disp16[regl] | rrrrr111010RRRRR | adrGR[reg1]+sign-extend(disp16) 111
dddddddddddddddd | Store-memory(adr, GR[reg2], Byte)

Notes: 1. ddddddd is the higher 7 bits of disp8.
2. dddddd is the higher 6 bits of disp8.
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Instruction Set (alphabetical order) (4/4)
Execution
Mnemonic Operand Code Operation Clock Flag
i|r]1]CYOV|S|Z BAT
ST.H reg2, disp16[reg1] rrrrr111011RRRRR | adr—GR[reg1]+sign-extend(disp16) 1111
ddddddddddddddd0 | Store-memory(adr, GR[reg2], Halfword)
Note
ST.W reg2, disp16[reg1] rrrrr111011RRRRR | adr—GR(reg1]+sign-extend(disp16) 11111
ddddddddddddddd1 | Store-memory(adr, GR[reg2], Word)
Note
STSR reglD, reg2 rrrrr111111RRRRR | GR[reg2]«SR[reglD] 1111
0000000001000000
SuB regt, reg2 rrrrr001101RRRRR | GR[reg2)«GR[reg2]-GR[reg1] 111 x| x]x]|x
SUBR regil, reg2 rrrrr001100RRRRR | GR[reg2]«GR[reg1]-GR[reg2] 111 x| x|x]x
TRAP vector 00000111111iiiii|EIPC «—PC+4(Restored PC) 4144
0000000100000000 |EIPSW  «PSW
ECR.EICC «Interrupt code
PSW.EP «1
PSW.ID  «1
PC «00000040H(vector=00H-0FH)
00000050H (vector=10H-1FH)
TST reg1, reg2 rrrrr001011RRRRR |result—GR(reg2] AND GR[reg1] 11141 0}x|x
TSTH bit#3, disp16[regl] | 11bbb111110RRRRR |adr—GR[reg1]+sign-extend(disp16) 313}3 X
dddddddddddddddd | Z flag-Not(Load-memory-bit(adr, bit#3))
XOR reg1, reg2 rrrrr001001RRRRR | GR[reg2]«GR[reg2] XOR GR[reg1] 11141 0|x|x
XORI imm16, regl, reg2 | rrrrr110101RRRRR | GR[reg2]«-GR[reg1] XOR zero-extend(imm16) 11111 x| %
i

Note: ddddddddddddddd is the higher 15 bits of disp16.
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port mode control ........cccceeierenunnnne 47
PR C ettt 91
PGM .ottt s 14, 22, 205, 206, 208, 210
phase frequency comparator ...........ccccccuu..... 91
phase locked l00P ....ccceceiinirciineeseteceeaes 91
physical address......ccccoceerirneerernenneereneenenas 8
pin configuration ..........cccccoviiiiniiiinnin e
PIN PItCh e
PiN StatuS ..oocviiiiieiircceee e 15
PiNS i enaas 3, 4,6, 11
ICO, ICT e 4,5,6,14,22,23
POO-PO7 ...ttt 4,5,7,11,17
PAO-P17 et 4,5, 11,17
TO10, TO1T it 4,5,7,13,23
PIPElINE .. 8,25
PLL ettt 2,8,92
PLL MOAE et 21,92
PLL stabilization .....c..ccoceeevriinninciciieneen. 93
PMO .ottt 176
PMI e e 179
PM2 et 16, 182
PM3 e 17, 187
PMA et 17, 190
PMS5 ettt 192
PMB ..ttt 194
PMO et 196
PMTO (ot cteetee e cmene e 199
PMION <ttt st eaee 199
PMCO .t 16, 135, 176
PMGC2 ...ttt 16, 182
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PMC3 ..t rce et sesencsse st s e 17,187
PMCT0 ettt ceesneseneans 199
POMS ettt 5,9,7, 11, 49, 54, 190, 192, 194, 196
POt 0.t 11,172-174
POrt 1 et 11,172,173, 178
POrt 2 e 11,172, 173, 179
POt 3 et 11,172, 173, 183
POrt 4 .. e 11,172,173, 189
POt 5 et 11,172, 173, 191
POt 6 ..o 12,172,173, 193
POrt 9 ..o 12,172,173, 194
POrt 10 ..o 12,172,173, 197
POIt MOGE ...ttt 16, 17, 18, 19, 20, 176-179, 182, 187, 192, 196, 199
iNpU/outpUt.....ciiiceceeeee. 176, 179, 182, 187, 192, 194, 196, 199
CONEOl et 173, 177, 182-184, 187, 188, 192, 194, 196, 199
port mode control register.......ccccooeeeeeeeneecn. 16
port mode control register O ............ 176
port mode control register 2 ............ 182
port mode control register 3............. 187
port mode control register 10........... 199
port mode register
port mode register 0 .........ccceceeeeeene. 176
port mode register 1 ......cccceeeeencnn. 179
port mode register 2 ........................ 182
port mode register 3 ........cccceeennee 187
port mode register 6 ........................ 194
port mode register 9 .....cccooveeeeeeenn 196
port mode register 10 ....c.ccocceeeeneeen 199
POt PINS ettt 172
POD ..ttt 174,177
POT e, 174,177
PO2 ...t 174,177, 200
PO3 e 174,177, 200
PO4 ...t 200
PO4-PO7 ...t 174
POS5 et 200
POB ... 200
POT7 et 200
PON e 177
PIN e 179
P20 e, 179, 180, 200
P21 e 179, 183, 200
P22 e, 179, 183, 200
P23 e, 179, 183, 200
P24 .. e 179, 183, 200
P25 ..., 179, 181
P26 ..., 179
P27 e, 179
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P2N et 180, 182
P30 et 184, 188
P31 ettt 184, 185, 188
P32 e 184, 185, 188
P33 ittt 184, 188
P34 .. 184, 186, 188
P35 s 183, 184, 186
P36 it 183, 184, 187
P37 et 183, 184, 187
P3N e 187
PA0-PAT ... 189
PAN s 189, 190
P50-P57 .ot 191
P5N ettt 191, 192
PBO-PB7 ...coeeeecereeneeieierreeecreae 193
PO0-PO4 ... 196
POO0-PO7 ...ttt 195
PO5 s 196
PO6 ...eeeiieere 196
P100 .o 197, 199
P10T e 197-199
P102 oot 197,198
P103 ..ottt 197

POSItIVE e 29

power consumption .........ccccemmiencnieecnenicsnenens 94

POWET SAVE ...eeveriiiiiiiieiriiiessessnssasesesssssssenans 54, 94
(o701 (o 94
control register ......ccoveeeecereceeececennns 96, 202
fUNCHON oo 2
MOE c.ccoiiiiriceeentrcae st sreeee

POWET SUPPIY e

POWEr-0N rESEYL ...oevriieiiiicterneccnrece s

PRCOMD ...ttt

PrefetCh .o

PRERR..... oottt

PreSCalEr ...ccouvireetirinirretee et

PHOMHES oot

PRMAD0 ...ttt eane

PRMAT et

ProCeSSING .eeermiiieiiiiinciiieeenr et

PrOGraAM ...eceereerreerereemseresss st saesasesnesesesasanes

program COUNEEr ......cccceveineericreeenenieee e

program pulSe........cccecveveninneenseceneeienennes

Program SPACE.......cceevmmeeeriesessnriiessessesanasens

programmable pulse .....

programmable wait function..........ccccceeeeas 2
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programming mode

FIOWCHAM 1o eeeseeeereeeeeenes 207, 209
HMING ceeeeeeer e 208, 210
programming voltage ........cceceveninininniinnnns 205
PROM ..ottt 2,3,6,7,8, 205, 207, 211, 212
PROM operation mode ......cccceeeeeeemvecrnnerncenns 205
byte write mode ..o, 206
output disable mode ......cccceevernecnne 205, 206
page data latch mode....................... 205, 206
page write mode .......ccccoceeciiiiiinnnnne 206
program inhibit mode .......ccccceeeueennee 205, 206
program verify mode .......cccccceveeueennee 205, 206
read Mode ......cccceveeeveerrinierenieneeeeens 205
standby mode......ccooveecviiiinneeeas 205, 206
PROM programming .......ccceceeeeeeereeemreceersnenns 14, 22
PROM read timing .....ccceeeceereieieccereecceeeeeeees 211
Protection error ........eeeeevvreeeeecerecieeeeeeeeeee 93, 98
PRS0 ... e 118
PSC e 96, 202
PSW ettt 67-71, 73-75, 81-86, 88, 89
01011 B [0 17T/ o 201
PUH-UP ettt e 201
PUISE ...ttt ere e e ee e e e 132, 133
pulse oUtPUL ...t 8
pulse Width .......cocoevmnieeieecceee e 8
mMeasurment .........cccceceeercereeeeeneenes 132, 133
PWM ettt 134, 135
QFP ettt 3,4,6
QUEUE cuereeeeeiereeseeceree s s eesessscnsesareeeasaesassananes 7, 8,99
RIW ettt s 49, 55-61, 195, 196
RAM Lottt st 1,2,7,8, 25,49
read ACCESS ..cevremireirrireeeaeentraee e eereseseranaenes 62
read-modify-write access .......c.cceveereccirnnennns 62
L£=T=To 2 o1 o VR
rEAd/WIIEE it 110
read/write status .......ccceeveieciiniecrce 19
real-time ..ot 1,2,8
real-time pulse UNit.......cccceeeeeceieceiieeceeeeee 1,2,8,16, 110, 173, 174
TECEIVE ..eerceeeerere ettt nsaa s 13, 66, 143
reCEIVe DUFfEr ...eeeieeeeeie e 143, 154
FECEIVE EITOT ..ueeeeereeeeeeererereeeseerenneeesseeesseenas 151
framing ..coooceveecereereee e, 148
(11 G4 £V] o) QUSRS 151, 1565
OVEITUN «eeeereeeeiereeeeeeeeeeeeseeeeseesessnnnns 148, 155
PATY et 148
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receive shift register .......ccovceveecvecvinveerneeenene 143, 151
reception completion interrupt ............cc....... 151, 154
reception enabled status......ccccocevreeireinnnnnene 154
TEGISEEN ...t 110, 202, 203
INAEX ot ee et 213, 214
Program .....cccceceeeeerreeecssceresessseenseens 26, 27
reset Values .....cooeveeeeeecneeneeeneennenene 203
SYSEEM et 26, 28
register Set ... 26
registers at reset ......cooveeicinncniecn e 203
RESET .ooeeeeeeeeeeeeesessessessesssaessessssssssssssnnes 13, 21, 100, 102, 104, 106, 153, 165, 201, 202
TESEE ittt 15, 66, 87, 110
reset Period.....ocoveeveeerccecerrccece e 201
reset Values .....cccoveeeeciinnennirncceceeerecneens 203
FESIOTE ..t 66, 70, 72, 75, 83, 86, 88
restored PC ..o 66, 74, 75, 82, 83, 85, 86
RET] et s s ee e se e snn s 67,70, 72, 74, 75, 81, 83, 86, 88
RFU ettt 80, 96, 194, 196, 197
ROM ettt e 1,2,7, 8, 25, 49, 212
ROM-IESS ...ttt eeeeeeeeeee st eeeese e 49, 190
RPU ..ttt 8, 16, 66, 73, 110, 173, 174
RXB c.eeeeteieiet et et ve st esaene 143
RXBO ..t e e e 143, 149, 154, 155
RXBOL oottt sreeaeesesene e 143, 149, 154, 155
RXD ettt et e e e e s eanee 11, 13, 17, 154, 155, 184, 186, 188
(2 4 = O 154
[S]
sample timing .....ccceeevrnnrinieiiece 168
SAMPIING ceeverenreeeeeieenreer et e e renee s 52, 55-61
saturate operation .........cccccereceericnnncneicinenne 2,25
saturated math ......ccccoeeeeecininciiiieeceee 29
SOF ettt ettt et et s e sn e et 91
Schmitt trigger ..ceeveeeeveereeeerceeeeee e 24
SCK ettt ettt 11, 13, 17, 156, 184, 185, 188
SCLSO ..ttt 147, 167
E=TeT (1= 0 1 o 212
serial ClOCK ....cveveeeireeeteerereteece e s 17, 156-158, 162, 163
serial data ...cceeeeeeeeeeereeeeeeeeeeeeee e 156, 158
serial 1/O shift register........cccoceevcrvvencccnnenenne. 158, 159
serial input ..o, 161
serial interface ...c.ccceeveveeveennccee e 1,2,8,9, 173, 183, 184
serial interface input/output ..........cccceeeenncn. 173
serial outPUL ....cevii e 161
SEIVICE FOULING ..oeevereeeieeeeeeeieeeeeeeeeeeccceeeeeee e 67, 69, 75, 83, 86-89
S e e 25
set-up tiMe ..o, 52
Shift et 25
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shift instruction .......cecevivicceccinniinniinieneceas 2
Shift regiSter ..ot 151, 156, 157, 160-162
Sl ettt 11,13, 17, 141, 157, 160, 162, 163, 165, 166, 184, 185, 188
signed MUIIPIY .cooeeeeeerernereeceteeeeceeene 2
SO0 ...ttt enee 166-159, 161-164
SlAVE ..ttt 166
SO e et 11,13, 17, 141, 157, 160, 162-166, 184, 188
SOUFCES ..ereereenereerereseeseeeemsssssesssssmsssseassseas 82
SQUATE WAVE ...ooeeerreenncrenrrcenesesssensssnessssesesenes 134
SR et 110
STO0 ettt e 12, 13, 15, 20, 49, 55-61
ST ettt st 12, 13, 15, 20, 49, 55-61
stabilization .......ccocormeei e 93, 202
stabilization ime .......coccceveereceeniceieccerncne 93
SEANADY oo 94
Start Dit c.eeeeeeceeeee e 152, 154
status signals ....cccceeeeveeecieeceecieeeee e 20
status transition .....co.eceeceeveeicncieres 95
STOP ettt 15, 54, 94, 103, 200
SOP DIt e 152, 153
storage temperature ........ccccooeceiiiiiiniiienienes 212
storage time ..ooeeecceeeeeereeeeeereee s 212
switched capacitor filter .......cccocevvevvreeennnee. 91
synchronous serial interface...........ccceeeueene.es 8
SYNthESIZEr ...t 92
SY S ettt 93
SYStem ClOCK ...coeeeeerieieeetiete st 13
system expansion..........ccccvevereerseseecennnen. 173
system register ..., 7
systemreset ... 13
[T]
L I USSR 18, 52, 55-61
U 18, 52, 55-61
LI SRR 18, 562, 53, 55-61
TBOC ettt et e 106
TBCS.. ettt e 96, 106
TOLRT ettt 11, 13, 16, 112, 115, 123, 174, 177, 200
DF e 53
TEST s 25
LI U OSSO U 12, 16, 115, 174, 177, 200
HCK ettt 114, 154
HMET e 2,8,9,110
control register ........occeeeeevevveeenennes 115
control register 1 .....coeeeeeeeeeeeeennes 117
control register 4 .......ooceveueeerennennen. 118
interrupt ..o, 109
output control register...................... 119
OVErflOW ..ttt 115, 120
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overflow flag ....cccceeveveernnrcciciocnnennnee 120

overflow status register ................... 120

PreSCaler ..coceeieeeeeeeeieeceeereereenaenaee 112

prescaler clock mode.......ccceveeeuenee 118

unit mode register .......cccoeceenrnneene 115
TIMEr 1 et 112
TIMEI 4.ttt 114
timer/counter ..., 63, 109
timer/event ... 109
TMT ettt 112
TMA ettt neene 114
TMBRG ...ttt eeeeeeee 167, 168, 170
TMBRGO ...t eeeee s 167, 170
TMCT ettt ne 117
TMCA ..ttt 118
TMDN ettt 120
TOTO0 ettt et eee s seee s 119, 174, 177
TOTT et 119, 174, 177
TOCT ettt ennens 119
TOVS ettt sneeenenae 120
TOXX eeeeieeieecnreeeesaeeeeceemreesreeeereeeeesner e e e e s e snnas 119
transfer rate .......ccoeceveeecececicr e 142
ranNSMISSION c..eeieeeeeccee e 66
transmission/reception .........ccceeveriiincnneeen. 152, 156, 161, 164
transmission complete interrupt .................... 151
ranSMIt ..cooeeeeeee s 13, 152, 153
transmit data ......eeeeeveeeeeiieiceeeeecee e 13, 17
transmit shift register..........cccoveeveivnivenennen. 143, 150-153
transmit status flag .......c..coeecmniiniininnnnnnins 143
TRAP ettt 65, 66, 82, 87, 88
L= 1Rt 84, 85
(e To T= SO SRR 124
TUMT ettt 115
TW ettt st 18, 52, 56, 58, 60
TXD ettt 11,13, 17, 142, 153, 184, 188
TXS ettt 142
TXS0 ettt s 143, 150, 152, 153
TXSOL et 143, 150, 152, 153

[Vl

UART ettt sae e 2,7,8,13,142, 152, 167, 168, 173, 183, 184
UARTO et 66
UBE ...t sns s 195, 196
UBEN Lt 12, 13, 15, 19, 49, 55-61, 195, 196
UNdEfined ....cooveriiiircccr s 66, 88
UNLOCK ..ttt 93
UNIOCK StAtUS ..coeeierec et 93
upper byte enable ..., 19
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vl
valid €dgE .eeeeereieeerc e 115, 117, 122
(V2 (T o) [ TSRt 27,45
VOO ettt e e 91
VDD ceveereereesreesreeseeresteseseeseresseseensensseeeesesesseenes 14, 22, 103, 201, 205, 207-211
VDDR -eveererresnnremssneasssenesenteseamnaassanssesssesssnrsensens 103
veCtor address ...ceveccceeeee i 66, 68, 73, 74, 82, 85
voltage-controlled oscillator ..........cccoceeneuenee. 91
VPP aeieeeeeeeereeeereeeeeeeses e e se s s e e e snneseaaeaerann 14, 22, 205-211
VS8 cuuieerieeeeerteeeeeseee e s e en s ee e s sne e s ae e e e eenne 14, 22, 201
W]
WAIT ettt 13, 15, 21, 49, 52, 55-61
Walt (CYCIE) vttt eereee s 49-52, 55-61
Walit CONIOl ...t 202
WAt FUNCHON et 49, 50
Walit State ... 2, 13, 50-52
1L (YRR 206, 207, 209
W ACCESS «eveueieerecreeiereerreeee st eseeseeeeseens 62
X
) O SO OO 4,5,7,8,13, 21,91, 202
K ettt 4,5,7, 8,13, 21, 91, 201, 202
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