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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between ViL (MAX) and ViH (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between Vi (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

Unconnected CMOS device inputs can be cause of malfunction. If an input pin is unconnected, it is
possible that an internal input level may be generated due to noise, etc., causing malfunction. CMOS
devices behave differently than Bipolar or NMOS devices. Input levels of CMOS devices must be fixed
high or low by using pull-up or pull-down circuitry. Each unused pin should be connected to Vob or GND
via a resistor if there is a possibility that it will be an output pin. All handling related to unused pins must
be judged separately for each device and according to related specifications governing the device.

PRECAUTION AGAINST ESD

A 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 when it has occurred. Environmental control must be
adequate. When it is dry, a humidifier should be used. It is recommended to avoid using insulators that
easily build up 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
benches and floors should be grounded. The operator should be grounded using a wrist strap.
Semiconductor devices must not be touched with bare hands. Similar precautions need to be taken for
PW boards with mounted semiconductor devices.

STATUS BEFORE INITIALIZATION

Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, I/O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

In the case of a device that uses different power supplies for the internal operation and external
interface, as a rule, switch on the external power supply after switching on the internal power supply.
When switching the power supply off, as a rule, switch off the external power supply and then the
internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal
elements due to the passage of an abnormal current.

The correct power on/off sequence must be judged separately for each device and according to related
specifications governing the device.

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or I/O pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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EEPROM is a trademark of NEC Electronics Corporation.

Windows is a registered trademark or trademark of Microsoft Corporation in the United States and/or other
countries.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.
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Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, inc.

e The information in this document is current as of May, 2009. The information is subject to change
without notice. For actual design-in, refer to the latest publications of NEC Electronics data sheets,
etc., for the most up-to-date specifications of NEC Electronics products. Not all products and/or
types are available in every country. Please check with an NEC Electronics sales representative for
availability and additional information.

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

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

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

o While NEC Electronics endeavors to enhance the quality and safety of NEC Electronics products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. In addition, NEC
Electronics products are not taken measures to prevent radioactive rays in the product design. When customers
use NEC Electronics products with their products, customers shall, on their own responsibility, incorporate
sufficient safety measures such as redundancy, fire-containment and anti-failure features to their products in
order to avoid risks of the damages to property (including public or social property) or injury (including death) to
persons, as the result of defects of NEC Electronics products.

* NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product 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).

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

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

(Note)

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

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

M8E0904E
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INTRODUCTION

Readers This manual is intended for user engineers who wish to understand the functions of the
1 PD78F8014A, 78F8015A, and 78F8016A, and to design and develop application
systems and programs for these devices.

Purpose This manual is intended to give users an understanding of the functions described in the
Organization below.

Organization The 1 PD78F8014A, 78F8015A, and 78F8016A’s manuals are separated into three
manuals: this manual, 78K0/Kx2 User's Manual, and the Instructions edition (common
to the 78K0 Series).

1 PD78F8014A, 78F8015A, 78K0/Kx2 78K/0 Series
78F8016A User’s Manual User’s Manual

User’s Manual (This Manual)

Instructions

e Pin functions
Internal block functions

On-chip peripheral functions

Electrical specifications (target)

e Pin functions e CPU functions
e Internal block functions e |nstruction set
o Interrupts o Explanation of each instruction

o Other on-chip peripheral functions

Electrical specifications

How to Read This Manual It is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

e To gain a general understanding of functions:

-

Read this manual in the order of the CONTENTS. The mark <R> shows major
revised points. The revised points can be easily searched by copying an “<R>"
in the PDF file and specifying it in the “Find what:” field.

e The notation of the product name

-

Description of (A) is omitted in this manual. “(A)” product names should be read
as follows

» uPD78F8014A— 1PD78F8014A(A)

* /PD78F8015A— 1PD78F8015A(A)

* /PD78F8016A— 1PD78F8016A(A)

e To know details of the microcontroller part:

— Refer to the separate document 78K0/Kx2 User’s Manual (U18598E).
78K0/KC2 microcontroller The products corresponding to
products the 78K0/KC2 microcontroller
products
uPD78F0511A HPD78F8014A
1PD78F0512A 1PD78F8015A
uPD78F0513A HPD78F8016A
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o To know details of the 78K0 microcontroller instructions:
— Refer to the separate document 78K/0 Series Instructions User’s Manual

(U12326E).
Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representations: xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary s XXXX OF xxxxB
Decimal S XXXX
Hexadecimal - xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name Document No.
u PD78F8014A, 78F8015A, 78F8016A User's Manual This Manual
78K0/Kx2 User’'s Manual U18598E
78K/0 Series Instructions User's Manual U12326E
78K0/Kx2 Flash Memory Programming (Programmer) Application Note U17739E
78K0 Microcontrollers Self Programming Library Type01 User's Manual U18274E
78K0 Microcontrollers EEPROM™ Emulation Library Type01 User's Manual U18275E

Documents Related to Development Tools (Hardware) (User’s Manuals)

Document Name Document No.
QB-78K0KX2 In-Circuit Emulator U17341E
QB-MINI2 On-Chip Debug Emulator with Programming Function U18371E

Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP5 Flash Memory Programmer User’'s Manual U18865E
PG-FP4 Flash Memory Programmer User's Manual U15260E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.
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Documents Related to Development Tools (Software) (User’s Manuals)

Document Name

Document No.

RA78KO0 Ver.3.80 Assembler Package Operation U17199E
User's Manual"™®" Language U17198E
Structured Assembly Language U17197E
78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document) Note ! ZUD-CD-07-0181-E
CC78KO0 Ver.3.70 C Compiler Operation U17201E
s Note 2
User’s Manual Language U17200E

Note 2

78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document)

ZUD-CD-07-0103-E

ID78K0-QB Ver.2.94 Integrated Debugger User’'s Manual Operation U18330E
ID78K0-QB Ver.3.00 Integrated Debugger User’'s Manual Operation U18492E
PM plus Ver.5.20""*® User's Manual U16934E
PM+ Ver.6.30""°* User's Manual U18416E

Notes 1. This document is installed into the PC together with the tool when installing RA78K0 Ver. 4.01. For
descriptions not included in “78K0 Assembler Package RA78KO0 Ver. 4.01 Operating Precautions”, refer to

the user’'s manual of RA78KO0 Ver. 3.80.

2. This document is installed into the PC together with the tool when installing CC78K0 Ver. 4.00. For
descriptions not included in “78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions”, refer to the

user's manual of CC78K0 Ver. 3.70.

3. PM plus Ver. 5.20 is the integrated development environment included with RA78K0 Ver. 3.80.
4. PM+ Ver. 6.30 is the integrated development environment included with RA78KO0 Ver. 4.01. Software tool
(assembler, C compiler, debugger, and simulator) products of different versions can be managed.

Other Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Product and Packages — X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E
Review of Quality and Reliability Handbook Information C12769E

Note See the “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html)

Caution The related documents listed above are subject to change without notice. Be sure to use the latest

version of each document when designing.
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CHAPTER 1 OUTLINE

uPD78F8014A, 78F8015A, and 78F8016A are MCP (Multi-Chip Package) which combined 2 chips in 1 package:

an analog chip (including LIN transceiver, power supply, and several drivers) and a microcontroller chip.

8-bit microcontroller block is 78K0/KC2.

1.1 Features

O ROM, RAM capacities

Part Number Program Memory Data Memory
Item (ROM) Internal High-Speed RAM"**®
1PD78F8014A Flash memory"™® | 16 KB 768 bytes
uPD78F8015A 24 KB 1KB
uPD78F8016A 31 KB

Note The internal flash memory, internal high-speed RAM capacities, can be changed using the internal
memory size switching register (IMS).

O On-chip single-power-supply flash memory
O Self-programming (with boot swap function)
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the on-chip internal low speed oscillation clock)

O On-chip key interrupt function

O 1/O ports: 25 (N-ch open drain: 2)

O Timer: 7 channels
- 16-bit timer/event counters:
- 8-bit timer/event counters:
- 8-bit timer:
- Watch timer:
- Watch dog timer:

O Serial interface: 3 channels

- UART (LIN (Local Interconnect Network)-bus supported):

- CSI/UART™":
-1IC:

1 channel
2 channels
2 channels
1 channel
1 channel

O 10-bit resolution A/D converter: 5 channels

1 channel
1 channel
1 channel

Note Select either of the functions of these alternate-function pins.

User's Manual U18867EJ4V0OUD
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CHAPTER 1 OUTLINE

12

O On-chip power supply circuit
Output voltage: 5V + 3%
On-chip overcurrent protection circuit
On-chip thermal shutdown circuit
O LIN transceiver
The LIN transceiver complies with LIN Specifications Rev.2.0
Low power consumption achieved with on-chip sleep function
On-chip pull-up resistors for slave applications
On-chip LIN driver overcurrent protection circuit
On-chip LIN driver thermal shutdown circuit

O Driver
Low side driver: 3 channels
Low side pre driver: 1 channel
High side driver: 1 channel

O Package: 52-pin plastic LQFP (10x10)
O Operation ambient temperature: TA = —40 to +85 °C

User's Manual U18867EJ4VOUD



<R>

<R>
<R>

CHAPTER 1 OUTLINE

1.2 Applications

O Automotive equipment

System control for body electronic control units

e Power windows
e Power slide door
e Mirror control, etc.

1.3 Ordering Information

Part Number

Package

Quality Grade

uPD78F8014AGBA-GAG-G "
uPD78F8015AGBA-GAG-G "
uPD78F8016AGBA-GAG-G "

Note (A) grade product

52-pin plastic LQFP (10x10)
52-pin plastic LQFP (10x10)
52-pin plastic LQFP (10x10)

Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of quality grade on the devices and its recommended

applications.

User's Manual U18867EJ4V0OUD
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CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)

e 52-pin plastic LQFP (10x10)

Q <]
o & 8
o5 S &,
S or-vox ¢ s 8
cC o zzz22z22Z ,O - 0
EESSELL,pl000
S53aNRILLec-g
o o T T Ao oo << oo o 3
52 51 50 49 4817 46 45 44 43 42 41 40
P120/NTPO/EXLVI <11 O 39 —— GND2
RESET —>[2 38 |«— Dr1_I
FLMDO 3 37 ——> Dr1
P122/X2/EXCLK <—> 4 36 [« Dr21_l
P121/X1 «<—>{5 35 (—> Dr21
REGC 6 34 [——— GND3
Vss 7 33 —> Dr22
VDD 8 32 [ Dr22_1
P60/SCLO «—>] 9 31 b——> Dr3
P61/SDA0 «<—>| 10 30 |[«—— Dr3._l
P33/TI51/TO51/INTP4 «—>{ 11 59 l—— Dr4_l
P70/KRO «——>{ 12 28 ——> Dr4
P32/INTP3 «—>{ 13 57 |— GND1
14 15 16 17 1819 20 21 22 23 24 25 26
N - O WO oo w0V
o0 waA T OO JAagFg< Q0D
EEOE X @ >
ZzRpzRgegg>"109
=g@=vw3Ig 5
i E5anot
=5
a

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 uF to 1 4F: recommended).
. ANIO/P20 to ANI4/P24 are in the analog input mode after reset release.
. Make Vss the same potential as GND1 to GND3.
. Make SUP the same potential as HDS.
. Make VRO the same potential as Vop.

(<2 B B N L]
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CHAPTER 1 OUTLINE

Pin Identification
ANIO to ANI4
AVREF

AVss

Dr1, Dr21, Dr22,
Dr3, Dr4

Dr1_I, Dr21_1,
Dr22_1, Dr3_1,
Dr4_|

EXCLK

EXLVI

FLMDO

GND1 to GND3
HDS

INTPO to INTP5
KRO

LIN

MSLP

P00, PO1

P10 to P17

P20 to P24
P30 to P33

: Analog Input
: Analog Reference Voltage
: Analog Ground

: Driver Output

: Driver Control
: External Clock Input (Main System

Clock)

: External potential Input for Low-

voltage detector

: Flash Programming Mode
: Ground

: High-side Driver Power Supply
: External Interrupt Input

: Key Return

: LIN Bus

: Sleep Mode

:Port0

1 Port 1

:Port2

:Port3

P60, P61
P70

P120 to P122
REGC
RESET
RxDO0, RxD6
SCK10, SCLO
SDAO

SI10

SO10

SUP

TIO00, TIO10,
TI50, TI51
TOO00,

TO50, TO51,
TOHO, TOH1
TxDO, TxD6
UMODE

Vob

VIC

VRO

Vss

X1, X2

User's Manual U18867EJ4V0OUD

:Port 6

:Port7

: Port 12

: Regulator Capacitance

: Reset

: Receive Data

: Serial Clock Input/Output
: Serial Data Input/Output
: Serial Data Input

: Serial Data Output

: Power Supply

: Timer Input

: Timer Output

: Transmit Data

: LIN Mode

: Power Supply

: Power Supply and Current Monitor
: Voltage Regulator Output

: Ground

: Crystal Oscillator (Main System

Clock)
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CHAPTER 1 OUTLINE

P01/T1010/TO00
P10/SCK10/TxDO
P11/SI10/RXD0O
P12/S010

P15/TOHO
P16/TOH1/INTP5
P17/TI50/TO50
P20/ANIO
P21/ANI1
P22/ANI2
P23/ANI3
P24/AN14
P30/INTP1
P31/INTP2
P32/INTP3
P33/TI51/TO51/INTP4
P60/SCLO
P61/SDAO
P70/KRO
P120/INTPO/EXLVI
P121/X1
P122/X2/EXCLK

1.5 Block Diagram
Analog chip 8-bit Micro. (78K0/KC2)
e 1
! Voltage Regulator !
SUP ! +«On chip Pch MOS for power dropper I *FlashROM:16 KB/24 KB/32 KB
| |
vic ! «Output voltage: 5 V (TYP.) ! *High-Speed RAM:768 B/1 KB
VRO ' DAE '
1 *Over current protection ' *0SC
! *Qver temp. protection i External oscillation: 20 MHz (MAX)
1
Do Internal high speed oscillation:
Immmm e e
LN ! LIN transceiver 1 8 MHz (TYP.)
) I
MSLP E *Sleep function ! «Timer: 7channel
UMODE 1 *Pull up resistor for sl_ave i 16-bit timer/event counter: 1 channel
1 sOver current protection i e
! . i 8-bit timer/event counter: 2 channels
1 *Over temp. protection 1 o
U 8-bit timer: 2 channels
:"D'r'i\;e'r"'""""""""""": Watch timer: 1 channel
HDS ! «Drl: Low side pre-driver ' Watchdog timer: 1 channel
D?Zri_: 1 *Dr2: Low side driver(2 channels) E *Serial I/F
1
Dr22 | ' Ron (max): 10 Q@100 mA i UART(LIN bus supported): 1 channel
Dr3 |  °Dr3: 'F-:’W side L-E1% ‘3;"’9;0 . ! CSIUART: 1 channel
Dr4_| : on (max): 10 A@S0 m : CSl:ich, IIC: 1 channel
1 *Dr4: High side Driver !
Drl , i *10-bit resolution A/D converter: 5 channels
Dr21 ' Ron (max): 70 Q@16 mA H :
Dr22 ' Output clump (max): 16 V i *POC
Dr3 i ! sLvI
1
Dr4 i i *Key interrupt
""""""""""""""""" *|/O ports: 25 (N-ch open drain: 2)
TxL P13/TxD6
RxL P14/RxD6
I L]
GND1 GND2 GND3 P13/TxD6 P14/RxD6 Vss AVss
Cautions 1. 4PD78F8014A, 78F8015A, and 78F8016A are developed as MCP (Multi-Chip Package) which

16

includes 2 chips in the package, a microcontroller and an analog chip.
The P13/TxD6 and P14/RxD6 terminals are connected with the LIN transceiver inside the

package.
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CHAPTER 1 OUTLINE

1.5.1 Microcontroller block diagram

TOO00/TI010/P01 ~g—p]

TI000/PO0O T

RxD6/P14(LINSEL)

16-bit TIMER/
EVENT COUNTER 00

()

TOHO/P15 8bit TIMERHO [ >
TOH1/P16 8-bit TIMER HO

LOW-SPEED
INTERNAL
OSCILLATOR

WATCHDOG TIMER

8-bit TIMER/
EVENT COUNTER 50

TIS0/TO50/P17 <

8-bit TIMER/
EVENT COUNTER 51

WATCH TIMER

RxD0/P11 — | SERIAL
TxD0/P10 ««———INTERFACE UARTO

TI51/TO51/P33 <———>

TR

SERIAL
INTERFACE UART6

LINSEL

SERIAL
INTERFACE CSI10

RXD6/P14 ————>
TXD6/P13 o]

si1o/P11 —>
S010/P12 <—

SCK10/P10 <—p|

SDAO/P61 &
SCLO/P60 <——|

SERIAL
INTERFACE IICO

ANIO/P20 to ANI4/P24 5

AVrer A/D CONVERTER

g 4 ¢ 44

AVss

) PORTO K 2~ > oo, Po
- PORT1 K8 > Proto P17
PORT2 @ P20 to P24
- PORT3 K 4> Paotopas
“ PORT6 kK 2~ > peo, P61
- PORT7 P70
78K/0 FLASH
CPU MEMORY - PORT12 K 3> p12oto P22
CORE
POWER ON CLEAR/
K| LowVOLTAGE POC/LVI EXLVIIP120
INDICATOR CONTROL
@ KEY RETURN  [€——— KROPT0
INTERNAL RESET CONTROL
HIGH-SPEED)
RAM
RXD6/P14(LINSEL)
L] INTERRUPT 4—: INTPO/P120
N—] CONTROL K "2 ] INTPUP30t0 INTP4/P33
|<——— INTP5/P16
SYSTEM [T e
CONTROL | &——— X2/EXCLK/P122
HIGH-SPEED
INTERNAL
OSCILLATOR
VOLTAGE REGC
REGULATOR
Voo Vss FLMDO
User’'s Manual U18867EJ4VOUD 17
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1.5.2 Analog block diagram

SUPC

GND1(

LIN ¢

GND2 ¢

Dr1
Dr21
Dr22

Dr3

Dr4

GND3 ¢

VIC
’—T 1 Qver Current proctection : 14— VRO
' Over temp. protection | ;I-
) Voltage regulator
| LIN pull-up resistor forslave | + . o 1
i N pull-up resistorior siave i ' Mode control | IUMODE
[~—————————————=—===== Aiaiaiel 1
| Over Current proctection | ~============"=- ‘ MSLP
I Overtemp. protection |
------------------------ 4 :I RxL
LIN transceiver XL
r------_-----.----------';r--_----_ _____ STt Tttt 7 I Dr1_|
' Low side Driver i ! High side Driver !
| Drt: | Dr4: : Dr21_1
i Ron(max):100 Q@10 mA ' i Ron(max): 70Q@16 mA i Dr22_|
I Dr2: 2 channels ' ' Output clump(max): 16 V !
' Ron(max):10 Q@100 mA | ! : Dr3 |
1
| Dynamic clump ! i | Dr4_|
1 1
! Dr3: ' [ttt
|__Ron(max): 10 Q@50 mA __
Driver Q HDS

18
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CHAPTER 1 OUTLINE

1.6 Outline of Functions

(1/2)
ltem 4PD78F8014A 1PD78F8015A 1PD78F8016A
Flash memory (KB) 16 24 32
High-Speed RAM (KB) 0.75 1

Power supply voltage

Voo=1.8t05.5V

Regulator

Provided

Minimum instruction
execution time

0.1 us (20 MHz: Voo = 2.7 10 5.5 V)/0.4 s (5 MHz: Voo = 1.8 10 5.5 V)

§ % High-speed system 20 MHz: Voo = 2.7 t0 5.5 V/5 MHz: Voo = 1.8t0 5.5 V
Sl =
© Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
oscillation
Internal low-speed 240 kHz (TYP.): Voo =1.8t0 5.5V
oscillation
S | Total 25
o
N-ch O.D. (6 V tolerance) 2
g 16 bits (TMO) 1 ¢ch
F | 8 bits (TM5) 2 ch
8 bits (TMH) 2ch
Watch 1ch
WDT 1ch
& | UART/3-wire CSI** 1ch
£
2
.S | UART supporting LIN-bus 1ch
s
& | FC bus 1¢ch
10-bit A/D 5ch
‘c | External 7
2
15
z Internal 16
Key interrupt 1ch
g RESET pin Provided
T | PoC 159V +0.15 V
LVI The detection level of the supply voltage is selectable.
WDT Provided
Multiplier/divider Provided

On-chip debug function

Operating ambient temperature

TA = —-40 to +85°C

Note Select either of the functions of these alternate-function pins.
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(2/2)
Item uPD78F8014A 4PD78F8015A 4PD78F8016A
Power Supply ¢ Input voltage : Vsup =710 19V
¢ Output voltage: 5V + 3%
¢ Include P-ch MOS for dropper
* On-chip overcurrent protection circuit
¢ On-chip thermal shutdown circuit
LIN transceiver ¢ The LIN transceiver complies with LIN Specifications Rev.2.0
* Low power consumption achieved with on-chip sleep function
¢ On-chip pull-up resistors for slave applications
* On-chip LIN driver current protection circuit
¢ On-chip LIN driver thermal shutdown circuit
Driver ¢ Low side driver[4 channels]
Pre-driver :1 channel
Relay-driver :2 channels ( Include dynamic clamp)
LED driver :1 channel
* High side driver :1 channel (Includes 16 V clamp circuit)
An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and Watch Watchdog
Event Counters Event Counters H1 Timer Timer
00 and 01 50 and 51
TMO00 TM50 TM51 TMHO TMH1
Function | Interval timer 1 channel 1 channel | 1 channel | 1 channel | 1 channel | 1 channel -
Note 1
External event 1 channel 1 channel | 1 channel - - - -
counter
PPG output 1 output - - - - - -
PWM output - 1 output 1 output 1 output 1 output - -
Pulse width 2 inputs - - - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output 1 output - -
output
Carrier generator - - - - 1 output - -
Note 2
Watch Timer - - - - - 1 channel -
Note 1
Watchdog timer - - - - - - 1 channel
Interrupt source 2 1 1 1 1 1 -

Notes 1.

2. TM51 and TMH1 can be used in combination as a carrier generator mode.

20
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CHAPTER 2 PIN FUNCTIONS

The differences in microcontroller pin functions between the pPD78F8014A, 78F8015A, 78F8016A and the

78K0/KC2 are as follows.

(1) Port and alternate function pins

#PD78F8014A, 78F8015A, 78K0/KC2 #PD78F8014A, 78F8015A, 78K0/KC2
78F8016A 4PD78F0511A, 78F0512A, 78F8016A 4PD78F0511A, 78F0512A,
78F0513A 78F0513A
Pin name Alternate Pin name Alternate Pin name Alternate Pin name Alternate
function function function function
P00 TI000 P00 TIO00 P32 INTP3 P32 INTP3
PO1 TI010/TO00 PO1 TI010/TO00 P33 INTP4/T151/ P33 INTP4/T151/
TO51 TO51
P10 SCK10/TxDO P10 SCK10/TxDO - - P40 to P41 -
P11 S110/RxD0 P11 SI10/RxD0 P60 SCLO P60 SCLO
P12 SO10 P12 SO10 P61 SDAO P61 SDAO
P13 TxD6 P13 TxD6 - - P62 EXSCLO
P14 RxD6 P14 RxD6 - - P63 -
P15 TOHO P15 TOHO P70 KRO P70 to P73 | KRO to KR3
P16 TOH1/INTP5 P16 TOH1/INTP5 P120 INTPO/EXLVI P120 INTPO/EXLVI
P17 TI50/TO50 P17 TI50/TO50 P121 X1 P121 X1
P20 to P24 | ANIO to ANI4 P20 to P27 | ANIO to ANI7 P122 X2/EXCLK P122 X2/EXCLK
P30 INTP1 P30 INTP1 - - P123 XT1
P31 INTP2 P31 INTP2 - - P124 XT2/EXCLKS
(2) Non-port pins
©PD78F8014A, 78F8015A, 78K0/KC2 #PD78F8014A, 78F8015A, 78K0/KC2
78F8016A uPD78F0511A, 78F0512A, 78F8016A 4PD78F0511A, 78F0512A,
78F0513A 78F0513A
Pin name Pin name Pin name Pin name
Voo Vob FLMDO FLMDO
Vss Vss AVRrer AVRrer
RESET RESET AVss AVss
REGC REGC

User's Manual U18867EJ4V0OUD
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CHAPTER 2 PIN FUNCTIONS

2.1 Microcontroller Part Pin Functions

There are two types of pin I/O buffer power supplies: AVrer, and Vop. The relationship between these power
supplies and the pins are shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVrer P20 to P24
Vob Pins other than P20 to P24
(1) Port pins
Function Name 110 Function After Reset | Alternate Function
P00 1/0 Port 0. Input port TIO00
2-bit I/O port.
Input/output can be specified in 1-bit units.
PO1 Use of an on-chip pull-up resistor can be specified by a TI010/TO00
software setting.
P10 /0 Port 1. Input port SCK10/TxD0
P11 8-bit I/O port. S110/RxD0
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P24 /0 Port 2. Analog ANIO to ANI4
5-bit 1/0 port. input
Input/output can be specified in 1-bit units.
P30 to P32 /0 Port 3. Input port INTP1 to INTP3
4-bit 1/0 port.
Input/output can be specified in 1-bit units.
P33 Use of an on-chip pull-up resistor can be specified by a INTP4/T151/TO51
software setting.
P60 1/0 Port 6. Input port SCLO
61 2-bit I/0 port. SDAO
Output of P60 to P61 is N-ch open-drain output
Input/output can be specified in 1-bit units.
P70 1/0 Port 7. Input port KRO
1-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 /0 Port 12. Input port INTPO/EXLVI
P121 3-bit I/O port. X1
b Input/output can be specified in 1-bit units. XOEXCLK
122 Only for P120, use of an on-chip pull-up resistor can be
specified by a software setting.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI4 Input A/D converter analog input Analog input | P20 to P24
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
FLMDO - Flash memory programming mode setting - -
INTPO Input External interrupt request input for which the valid edge Input port P120/EXLVI
INTP1 to INTP3 (rising edge, falling edge, or both rising and falling edges) P30 to P32
INTP4 can be specified P33/T151/TO51
INTP5 P16/TOH1
KRO Input Key interrupt input Input port P70
REGC - Connecting regulator output stabilization capacitance for - -
internal operation. Connect to Vss via a capacitor
(0.47 uF to 1 uF: recommended).
RESET Input System reset input - -
RxDO Input Serial data input to asynchronous serial interface (UARTO) Input port P11/S110
RxD6 Input Serial data input to asynchronous serial interface (UART6) Input port P14
SCK10 I/0 Clock input/output for CSI10 Input port P10/TxD0O
SCLO 1/0 Clock input/output for 1IC Input port P60
SDAO I/0 Serial data input/output for 1IC Input port P61
S010 Qutput | Serial data output for CSI10 Input port P12
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port POO
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TOO00 Qutput 16-bit timer/event counter 00 output Input port P0O1/TI010
TO50 Output | 8-bit timer/event counter 50 output Input port P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
TxDO Qutput | Serial data output for UARTO Input port P10/SCK10
TxD6 Output | Serial data output for UART6 Input port P13
X1 Input Connecting resonator for main system clock Input port P121
X2 - P122/EXCLK
EXCLK Input External clock input for main system clock Input port P122/X2
Voo - Positive power supply (except for ports ) - -
AVRer Input A/D converter reference voltage input and positive power - -
supply for P20 to P24 and A/D converter
Vss - Ground potential (P121 to P124 and except for ports) - -
AVss - A/D converter ground potential. Make the same potential as - -

EVss or Vss.
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CHAPTER 2 PIN FUNCTIONS

2.2 Analog Part Pins

Function Name I/0 Function
Dr1 Qutput Driver 1 output
Dr21 Output Driver 21 output
Dr22 Qutput Driver 22 output
Dr3 Qutput Driver 3 output
Dr4 Output Driver 4 output
Dri_|I Input Driver 1 control signal input
Dr21_l Input Driver 21 control signal input
Dr22_| Input Driver 22 control signal input
Dr3_I Input Driver 3 control signal input
Dr4_| Input Driver 4 control signal input
GND1 - Power supply circuit GND
GND2 - LIN transceiver circuit GND
GND3 - Driver circuit GND
HDS - High side driver power supply
LIN 1/0 LIN Bus connection pin
MSLP Input Sleep / Normal mode select for LIN
SUP - Power supply connection pin
UMODE Input LIN transceiver function enable / disable selection pin
Low: Enable LIN transceiver
High: Disable LIN transceiver
VIC Input Power supply and current monitor
VRO Output Voltage regulator output and monitor

Cautions 1. Make GND1, GND2, GND3 the same potential as Vss and AVss
2. Make SUP the same potential as HDS.
3. Make VRO the same potential as Vop.
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CHAPTER 2 PIN FUNCTIONS

2.3 Description of Pin Functions

2.3.1 P00, P01 (port 0)
2-bit I/O port. These pins also function as timer I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
2-bit I/0O port. P00, PO1can be set to input or output port in 1-bit units using port mode register 0 (PM0). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
P00, P01 function as timer 1/O.

(a) TIO0O
This is the pins for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting
a capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

(b) TIO10

This is the pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event
counter 00.

(c) TOO00
This is a timer output pin of 16-bit timer/event counters 00.
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2.3.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for external interrupt request input,
serial interface data 1/0, clock I/O, and timer I/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output port in 1-bit units using port
mode register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1
(PU1).

(2) Control mode
P10 to P17 function as external interrupt request input, serial interface data 1/0O, clock I/O, and timer 1/O.

(a) SiHo
This is a serial data input pin of serial interface CSI10.

(b) so10
This is a serial data output pin of serial interface CSI10.

(c) SCK10
This is a serial clock 1/0O pin of serial interface CSI10.

(d) RxDO
This is a serial data input pin of serial interface UARTO.

(e) RxD6
This is a serial data input pin of serial interface UART®6.

(f) TxDO
This is a serial data output pin of serial interface UARTO.

(g) TxD6
This is a serial data output pin of serial interface UART®6.

(h) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(i) TO50
This is a timer output pin of 8-bit timer/event counter 50.

(j) TOHO, TOH1
These are the timer output pins of 8-bit timers HO and H1.

(k) INTP5

This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.
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2.3.3 P20 to P24 (port 2)
P20 to P24 function as a 5-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P24 function as a 5-bit I/O port. P20 to P24 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

(2) Control mode
P20 to P24 function as A/D converter analog input pins (ANIO to ANI4). When using these pins as analog input
pins, see 13.6 Cautions for A/D Converter in 78K0/Kx2 User’s Manual (U18598E).

Caution ANIO/P20 to ANI4/P24 are set to analog input mode after reset release.

2.3.4 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/O port. These pins also function as pins for external interrupt request input and
timer 1/O.

The following operation modes can be specified in 1-bit units.

(1) Port mode
P30 to P33 function as a 4-bit I/O port. P30 to P33 can be set to input or output port in 1-bit units using port
mode register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3
(PU3).

(2) Control mode
P30 to P33 function as external interrupt request input and timer 1/O.

(a) INTP1 to INTP4
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or
both rising and falling edges) can be specified.

(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.
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2.3.5 P60 to P61 (port 6)
P60 to P61 function as a 2-bit I/0O port. These pins also function as pins for serial interface data 1/O, clock I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P60 to P61 function as a 2-bit I/0O port. P60 to P61 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).
Output of P60 to P61 is N-ch open-drain output (6V tolerance).

(2) Control mode
P60 to P61 function as serial interface data I/O, clock I/0.

(a) SDAO
This is a serial data I/O pin for serial interface 11CO.

(b) SCLO
This is a serial clock I/O pin for serial interface 11CO.

2.3.6 P70 (port 7)
P70 function as a 1-bit I/O port. These pins also function as key interrupt input pins.
The following operation modes can be specified.

(1) Port mode
P70 function as a 1-bit I/O port. P70 can be set to input or output port using port mode register 7 (PM7). Use of
an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

(2) Control mode
P70 function as key interrupt input pins.

(a) KRO
This is a key interrupt input pins
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2.3.7 P120 to P122 (port 12)

P120 to P122 function as a 3-bit /0 port. These pins also function as pins for external interrupt request input,
potential input for external low-voltage detection, connecting resonator for main system clock, external clock input for
main system clock. The following operation modes can be specified in 1-bit units.

(1) Port mode
P120 to P122 function as a 3-bit I/O port. P120 to P122 can be set to input or output port using port mode
register 12 (PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 12 (PU12).

(2) Control mode
P120 to P122 function as pins for external interrupt request input, potential input for external low-voltage
detection, connecting resonator for main system clock, external clock input for main system clock.

(a) INTPO
This functions as an external interrupt request input (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1, X2
These are the pins for connecting a resonator for main system clock.

(d) EXCLK
This is an external clock input pin for main system clock.

2.3.8 AVReF
This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P24 and A/D
converter.

Note

When the A/D converter is not used, connect this pin directly to Vbp™".
Note Make the AVRerF pin the same potential as the Vop pin when port 2 is used as a digital port.
2.3.9 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with

the same potential as the VSS pin.

2.3.10 RESET
This is the active-low system reset input pin.
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2.3.11 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect
this pin to Vss via a capacitor (0.47 to 1 xF: recommended).

: f REGC
1
1
1
1
1
1
|

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.

2.3.12 Voo
Vo is the positive power supply pin for Micro.

2.3.13 Vss
Vss is the ground potential pin.

2.3.14 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to Vss in the normal operation mode.
In flash memory programming mode, connect this pin to the flash programmer.

2.3.15 Dr1, Dr21, Dr22, Dr3, Dr4
These are high voltage driver output pin.
Each driver output can control with the Dr1_I, Dr21_I, Dr22_1, Dr3_I, Dr4_I input signal.

(a) Dr1
This is a Low side driver output pin.

(b) Dr21, Dr22
This is a Low side driver output pin.
These pin has dynamic clump function for high voltage protection.

(c) Dr3
This is a Low side driver output pin.

(d) Dra

This is a High side driver output pin.
This pin has output voltage clump function, overcurrent protection and thermal shutdown function.
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2.3.16 Dr1_l, Dr21_l,Dr22_1, Dr3_I, Dr4_I
These are input pins for high voltage driver control.
These pin have a pull-down resistor inside the IC.

Table 2-2. Truth table

Input Dr1 Dr21 Dr22 Dr3 Dr4
High ON - - - -
Dri_l 9
Low OFF - - - -
High - ON - - -
Dr21_|
Low - OFF - - -
High - - ON - -
Dr22_|
Low - - OFF - -
High - - - ON -
Dr3_I
Low - - - OFF -
High - - - - ON
Dr4_| 9
Low - - - - OFF

2.3.17 GND1, GND2, GND3
GND1 is a power supply circuit GND.
GND2 is an LIN transceiver circuit GND.
GNDS is a driver circuit GND.

Connect GND1, GND2, and GNDS to the same potential as Vss and AVss.

2.3.18 HDS
This is a power supply pin for high side driver.
Connect HDS to the same potential as SUP.

2.3.19 LIN
This is a LIN Bus connection pin.

2.3.20 MSLP

This pin is used to switch the LIN transceiver between normal and sleep mode. In the normal mode the LIN
transceiver goes into sleep mode when MSLP is set to low and in the sleep mode the LIN transceiver goes into
normal mode when MSLP is set to high.

Moreover, this pin has a pull-down resistor inside the IC.

2.3.21 SUP
SUP is the positive power supply pin.
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2.3.22 UMODE
This pin is used as mode pin to enable/disable the LIN transceiver function. This pin is pulled-down inside the IC.

UMODE LIN Transceiver Circuit Status P13/TxD6 Pin Status P14/RxD6 Pin Status
Low Active Output™*® (TxL: Pull up input) Input™*® (RxL: Output)
High Non active (Driver OFF) Input /Output (TxL: Hi-Z) Input /Output (RxL: Hi-Z)

Note When the LIN transceiver function is enabled, leave the P13/TxD6 and P14/RxD6 pins open.
Clear PM13 to 0 (P13/TxD6 output setting) and set PM14 to 1 (P14/RxD6 input setting).

2.3.23 VIC

VIC is the supply voltage and current monitor pin for voltage regulator.

2.3.24 VRO

VRO is voltage regulator output and monitor.
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2.4 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-3 shows the types of pin I/O circuit and the recommended connections of unused pins.

Refer to Figure 2-1 for the configuration of the 1/O circuits of each type.

Table 2-3. Pin I/O Circuit Types (1/2)

Pin Name 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO/TI000 5-AH 110 Input:  Connect independently to Voo or Vss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P10/SCK10/TxDO
P11/S110/RxD0
P12/SO10 5-AG
P13/TxD6" "
P14/RxD6 " 5-AH
P15/TOHO 5-AG
P16/TOH1/INTP5 5-AH
P17/T150/TO50/FLMD1
P20/ANIO to P24/ANI4""*% | 11-G <Analog setting>
Connect to AVRer or AVss.
<Digital setting>
Input:  Connect independently to Voo or Vss via a resistor.
Output: Leave open.
P30/INTP1 to P32/INTP3 5-AH Input:  Connect independently to Voo or Vss via a resistor.
P33/TI51/TO51/INTP4 Output: Leave open.
P60/SCLO 13-AD Input:  Connect to Vss.
Output: Leave this pin open at low-level output after clearing
P61/SDAO the output latch of the port to 0.
P70/KRO 5-AH Input:  Connect independently to Voo or Vss via a resistor.
P120/INTPO/EXLVI Output: Leave open.
P121/x1""° 37 Input:  Connect independently to Voo or Vss via a resistor.
P122/X2/EXCLK "2 Output: Leave open.
RESET 2 Input -
FLMDO 38 - Connect to Vss.
AVRer - - Connect directly to Vo' e
AVss - - Connect directly to Vss.
Notes 1. This pin has alternate functions as UART pin of the microcontroller or as LIN transceiver function pin.

When this pin is used as the LIN transceiver function pin, leave it open.

When it is used

microcontroller function pin, the UMODE pin must be externally pulled to Vob with a resistor.
2. P20/ANIO to P24/ANI4 are in the analog input mode after reset release.
3. Use the recommended connection method described above in I/O port mode when these pins are not

used.

4. Use the same potential as the Vop pin when port 2 is used as a digital port.
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Table 2-3. Pin I/O Circuit Types (2/2)

Pin Name I/0 Circuit Type 110 Recommended Connection of Unused Pins
Dr1 LIN1 Output Leave open
Dr21 LIN2
Dr22
Dr3 LIN1
Dr4 LIN3
Dri1_l LIN4 Input Leave open
Dr21_| LIN5
Dr22_|
Dr3_1 LIN4
Dr4_|I
LIN LING /0 Leave open
MSLP LIN4 Input Leave open
UMODE LIN4 Input Leave open.
VIC LIN7 Input Connect directly to SUP
VRO Output Connect directly to Voo
RxL LINS Output Notet
TxL LIN9 Input Note2
Notes 1. RxL terminal is connected with P14/RxD6 in package.
2. TxL terminal is connected with P13/TxD6 in package.
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Figure 2-1. Pin I/O Circuit List (1/4)

Type 2

Type 5-AH

EVbD
Pull-up |
enable {>O | P-ch
EVDD
IN
Data 41:D>_| P-ch
O IN/OUT
Schmitt-triggered input with hysteresis characteristics g:;‘t’;; = N-ch
EVss
(/]
Input
enable
Type 11-G Type 5-AG
EVDD
AVrer
Data 44
P-ch Pull-up |
P-ch
»——O INOUT enable {>O |
o
di:xf; ™ Neoh EVDD
AVss Data 44
J— P-ch P-ch
Comparator
IN/OUT
i
N-eh Output
Series resistor string voltage % disable
AVss
EVss
; Input
Input enable enable
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Figure 2-1. Pin I/O Circuit List (2/4)

Type 13-AD

Data

EVss

»——O IN/OUT
Output X H| ~+—N-ch =
disable

Type 38

- (I}
Input

— Ij
Input

enable

enable

OIN

Output H i
disable ~Nen

Type 37

RESET EVoo

Data O[)i)—{ P-ch

X2

Output H ’
disable [~ Neeh
EVss
P R =
enable >
RESET A

Iy
(o]
>

O xT2

A

X1,

EVss
Input

enable

XT1
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Figure 2-1. Pin I/O Circuit List (3/4)

LIN-1 LIN-2
——OouT | * OouTt
Clamp
—F ! |
N-ch bt | N-ch
GND ™7 GND
LIN-3 LIN-4
VRO
HDS
r{ P-ch
IN O *
T P-ch L‘
N-ch
Clamp ? 3 OouT
GND
LIN-5 LIN-6
IN O—>t—or¢ T >
Clamp
GND Jv
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Figure 2-1. Pin I/O Circuit List (4/4)

LIN-7 LIN-8
* OVIC
VRO
P-ch
Data
VREF VRO P-ch
ouT
7 Output N-ch
disable
GND
VRer
GND
LIN-9 VRO
Pull-up | Pch
enable VRO |
P-ch
IN
N-ch
GND
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The 8-bit microcontroller is the same as 78K0/KC2. The supported functions of the x/PD78F8014A, 78F8015A
and 78F8016A are different from 78K0/KC2, because the xPD78F8014A, 78F8015A, and 78F8016A do not support

78KO0/KC2 all function pins.

This manual describes the differences between this micro’s functions and 78K0/KC2.

See each function of microcontroller parts in 78 K0/Kx2 User’s Manual (U18598E).

3.1 Differences between This Micro’s Functions and 78K0/KC2

The differences between the 4PD78F8014A, 78F8015A and 78F8016A’s functions and 78K0/KC2 are as follows.

ltem

1PD78F8014A, 78F8015A, 78F8016A

78K0/KC2 (44-pin)
4PD78F0511A, 78F0512A, 78F0513A

Subsystem clock

XT1 (crystal) oscillation
External subsystem clock input (EXCLK)
32.768 kHz (TYP.) : Vop =1.8t0 5.5V

1/0 port Total: 25 Total: 37
CMOS 1/0: 23 CMOS 1/0: 33
N-ch open-drain I/O(tolerance): 2 N-ch open-drain I/O(tolerance): 4
Clock out - ® 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz,

2.5 MHz, 5 MHz, 10 MHz

(peripheral hardware clock: frrs = 20 MHz
operation)

© 32.768 kHz

(subsystem clock: fsus = 32.768 kHz operation)

A/D converter

10 bit resolution x 5 channels (AVrer = 2.3 to 5.5 V)

10 bit resolution x 8 channels (AVrer = 2.3 t0 5.5 V)

Key interrupt

Key interrupt (INTKR) occurs by detecting falling
edge of key input pins (KRO).

Key interrupt (INTKR) occurs by detecting falling
edge of key input pins (KRO to KR3).
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3.2 Differences between the Special Function Registers and 78K0/KC2

The differences between the uxPD78F8014A, 78F8015A

78K0/KC2 (44pin) are as follows.

and 78F8016A’s special function registers and

1PD78F8014A, 78F8015A, 78F8016A

78K0/KC2
uPD78F0511A 78F0512A, 78F0513A

Address Special function register (SFR) name Symbol Special function register (SFR) name Symbol
FFO2H | Port register 2 Note t P2 Port register 2 P2
FFO4H _ Note2 - Port register 4 P4
FFO6H | Port register g’ P6 Port register 6 P6
FFO7H | Port register 7" P7 Port register 7 P7
FFOCH | Port register 12"’ P12 Port register 12 P12
FF22H | Port mode register ohete! PM2 Port mode register 2 PM2
FF24H Motz - Port mode register 4 PM4
FF26H | Port mode register 6! PM6 Port mode register 6 PM6
FF27H | Port mode register 7" PM7 Port mode register 7 PM7
FF29H | Analog input channel specification regis’[erNouﬂ ADS Analog input channel specification register | ADS
FF2CH | Port mode register 12! PM12 Port mode register12 PM12
FF2FH | A/D port configuration registerNme1 ADPC A/D port configuration register ADPC
FF34H Note - Pull-up resistor option register4 PU4
FF37H | Pull-up resistor option register7N°te1 PU7 Pull-up resistor option register7 PU7
FF6EH | Key return mode registerNme1 KRM Key return mode register KRM
FF6FH | Watch timer operation mode register ' WTM Watch timer operation mode register WTM
FFOFH | Clock operation mode select registerNMH OSCCTL | Clock operation mode select register OSCCTL
FFA8H | IIC clock selection registerNme1 IICCLO IIC clock selection register IICCLO
FFFBH | Processor clock control registeer‘ PCC Processor clock control register PCC

Notes 1. Different in bit setting.

2. Be sure not to write this register.
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3.3 Differences in Register Bit Setting from 78K0/KC2 (44-pin)

3.3.1 Port mode register

#PD78F8014A, 78F8015A, 78F8016A

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 1 PM24 PM23 PM22 PM21 PM20
PM6 1 1 1 1 1 1 PM61 | PM60
PM7 1 1 1 1 1 1 1 PM70
PM12 1 1 1 1 1 PM122 | PM121 | PM120

Cautions 1. Be sure to set ‘1’ on PM2 bit 5to 7.
Be sure to set ‘1’ on PM6 bit 2 and 3.
Be sure to set ‘1’ on PM7 bit 1 to 3.
Be sure to set ‘1’ on PM12 bit 3 and 4.
78K0/KC2

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM6 1 1 1 1 PM63 | PM62 | PM61 | PM60
PM7 1 1 1 1 PM73 PM72 PM71 PM70
PM12 1 1 1 PM124 | PM123 | PM122 | PM121 | PM120

User's Manual U18867EJ4V0OUD

Address
FF22H
FF26H
FF27H
FF2CH

Address
FF22H
FF26H
FF27H
FF2CH

After reset
FFH
FFH
FFH
FFH

After reset
FFH
FFH
FFH
FFH

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

R/W
R/W
R/W
R/W
R/W
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3.3.2 Port register

1PD78F8014A, 78F8015A, 78F8016A

Symbol 7 6 5 4 3 2 1 0 Address
P2 0 0 0 P24 P23 P22 P21 P20 FFO2H
P6 0 0 0 0 0 0 P61 P60 FFO6H
P7 0 0 0 0 0 0 0 P70 FFO7H
P12 0 0 0 0 0 P122 | P121 | P120 | FFOCH
78K0/KC2
Symbol 7 6 5 4 3 2 1 0 Address
P2 P27 P26 P25 P24 P23 P22 P21 P20 FFO2H
P6 0 0 0 0 P63 P62 P61 P60 FFO6H
P7 0 0 0 0 P73 P72 P71 P70 FFO7H
P12 0 0 0 P124 P123 P122 P121 P120 FFOCH
3.3.3 Pull-up resistor option register
uPD78F8014A, 78F8015A, 78F8016A
Symbol 7 6 5 4 3 2 1 0 Address
PU7 | 0 | 0 | 0 | 0 | 0 0 0 | PU70 | FF37H
Caution Be sure to clear ‘0’ on PU7 bit 3 to 7.
78K0/KC2
Symbol 7 6 5 4 3 2 1 0 Address
PU7 | 0 | 0 | 0 | 0 | PU73 | PU72 | PU71 | PU70 | FF37H
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After reset
00H (output latch)
00H (output latch)
O00H (output latch)
00H (output latch)

After reset
00H (output latch)
00H (output latch)
00H (output latch)
00H (output latch)

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

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

After reset R/W

00H R/W

After reset R/W
00H R/W
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3.3.4 Analog input channel specification register

uPD78F8014A, 78F8015A, 78F8016A
Address: FF29H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS 0 0 0 0 0 ADS2 ADSH1 ADSO
ADS2 ADS1 ADSO Analog input channel specification
0 0 0 ANIO
0 0 1 ANN
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 Setting prohibited
1 1 0 Setting prohibited
1 1 1 Setting prohibited
Caution Be sure to clear ‘0’ on bit 3 to 7.
78K0/KC2
Address: FF29H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADS 0 0 0 0 0 ADS2 ADSH1 ADSO
ADS2 ADS1 ADSO Analog input channel specification
0 0 0 ANIO
0 0 1 ANN
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
1 0 1 ANI5
1 1 0 ANI6
1 1 1 ANI7

Caution Be sure to clear ‘0’ on bit 3 to 7.
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3.3.5 A/D port configuration register

1PD78F8014A, 78F8015A, 78F8016A
Address: FF2FH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 0 ADPC2 ADPCH ADPCO
ADPC2 ADPCA ADPCO Analog Input(A)/Digital I/O(D)switching
ANI4/P24 | ANI3/P23 | ANI2/P22 | ANI1/P21 | ANIO/P20
0 0 0 A A A
0 0 1 A A A A D
0 1 0 A A A D D
0 1 1 A A D D D
1 0 0 A D D D D
1 0 1 D D D D D
Other than above Setting prohibit
Caution Be sure to clear ‘0’ on bit 3.
78K0/KC2
Address: FF2FH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPCA ADPCO
ADPC3 ADPC2 ADPC1 ADPCO Analog input(A) / Digital /O (D) switching
ANI7/ [ ANI6/ | ANI5/ | ANI4/ | ANI3/ | ANI2/ | ANI1/ [ ANIO/
P27 | P26 | P25 | P24 | P23 | P22 | P21 P20
0 0 0 0 A A A A A A A A
0 0 0 1 A A A A A A A D
0 0 1 0 A A A A A A D D
0 0 1 1 A A A A A D D D
0 1 0 0 A A A A D D D D
0 1 0 1 A A A D D D D D
0 1 1 0 A A D D D D D D
0 1 1 1 A D D D D D D D
1 0 0 0 D D D D D D D D
Other than above Setting prohibited
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3.3.6 Key return mode register

uPD78F8014A, 78F8015A, 78F8016A
Address: FF6EH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
KRM | 0 | 0 | 0 | 0 | 0 | 0 | 0 | KRMO
Caution Be sure clear ‘0’ on bit 1 to 7.
78K0/KC2
Address: FF6EH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
KRM | 0 | 0 | 0 | 0 | KRM3 | KRM2 | KRM1 | KRMO
3.3.7 Watch timer operation mode register
1PD78F8014A, 78F8015A, 78F8016A
Address: FF6FH After reset: 00H R/W
Symbol 7 6 5 4 3 2 [0]
WTM | 0 | WTM6 | WTM5 | WTM4 | WTM3 | WTM2 | WTM1 | WTMO
Caution Bit 7 must always be set to ‘0. It is read-only.
78K0/KC2
Address: FF6FH After reset: 00H R/W
Symbol 7 6 5 4 3 2 [0]
WTM | WTM7 | WTM6 | WTM5 | WTM4 | WTM3 | WTM2 | WTM1 | WTMO
WTM7 Watch timer count clock selection (fw)
fsue=32.768 kHz | frrs=2 MHz | frrs=5 MHz (fers= 10 MHz |frrs = 20 MHz
0 frrs/2 - 15.625 kHz [39.062 kHz |78.125kHz |[156.25 kHz
1 fsuB  |32.768 kHz -

Remarks 1. fw:

Waitch timer clock frequency (fers/2” or fsus)

2. frrs: Peripheral hardware clock frequency

3. fsus: Subsystem clock f

requency
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3.3.8 Clock operation mode select register

1PD78F8014A, 78F8015A, 78F8016A
Address: FF9FH After reset: 00H R/W

Symbol (6] 5 4 3 2 1 [0]
OSCCTL | EXCLK | OSCSEL | 0 0 0 0 0 | AMPH |
Caution Be sure to clear ‘0’ on bit 4 to 5.
78K0/KC2
Address: FFOFH After reset: 00H R/W
Symbol 6] 4] 3 2 1 [0
0SCOTL | EXCLK | oscseL | Exciks | oscsels | o 0 o | awen |
3.3.9 Processor clock control register
1PD78F8014A, 78F8015A, 78F8016A
Address: FFFBH After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 PCC2 PCCA1 PCCO
Cautions 1. Bit 5 is read-only.
2. Be sure to clear ‘0’ on bit 4 and bit 6.
78K0/KC2
Address: FFFBH After reset: 01H R/W
Symbol 7 6 [4] 3 2 1 0
PCC 0 XTSTART | CLS | CSS | 0 pPCC2 PCCA1 PCCO

Caution Bit 5 is read-only.
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3.3.10 IIC clock selection register 0

uPD78F8014A, 78F8015A, 78F8016A
Address: FFA8H After reset: 00H R/W

Symbol 7 1 0
liCCLO 0 | CLDO | DADO | SMCO | DFCO | CLo1 CLOO
Selection Clock Setting
1ICX0 IICCLO Selection Clock | Transfer Clock | Settable Selection Clock | Operation Mode
Bit 0 Bit 3 Bit 1 Bit 0 (fw) (fw/m) (fw) Range
CLX0 | SMCo | CLoO1 CL0O
0 0 0 0 frrs/2 fw/44 2.00 MHz to 4.19 MHz | Normal mode
0 0 0 1 frrs/2 fw/86 419 MHz to 8.38 MHz [ (SMCO bit = 0)
0 0 1 0 frrs/4 fw/86
0 0 1 1 Setting prohibited
0 1 0 x frrs/2 fw/24 4.00 MHz to 8.38 MHz | High-speed mode
0 1 1 0 frrs/4 fw/24 (SMCO bit = 1)
0 1 1 1 Setting prohibited
1 0 X X Setting prohibited
1 1 0 X frrs/2 fw/12 4.00 MHz to 4.19 MHz | High-speed mode
1 1 1 0 frrs/4 fw/12 (SMCO bit = 1)
1 1 1 1 Setting prohibited
78K0/KC2
Address: FFA8H After reset: 00H R/W
Symbol 7 1 0
liCCLO 0 | CLDO | DADO | SMCO | DFCO | CLo1 CLOO
Selection Clock Setting
1ICX0 IICCLO Selection Clock Transfer Clock Settable Selection Clock Operation Mode
Bito | Bit3 | Bit1 | Bito (w) (fw/m) (fw) Range
CLX0 [ SMCo | CLo1 | CLOoO
0 0 0 0 frrs/2 fw/44 2.00 to 4.19 MHz Normal mode
0 0 0 1| fersi2 /86 419 t0 8.38 MHz (SMCO bit = 0)
0 0 1 0 frrs/4 fw/86
0 0 1 1 fexscro fw/66 6.4 MHz
0 1 0 x frrs/2 fw/24 4.00 to 8.38 MHz High-speed mode
0 1 1 0 | fers/a fw/24 (SMCO bit = 1)
0 1 1 1 fexscro fw/18 6.4 MHz
1 0 X X Setting prohibited
1 1 0 x frrs/2 fw/12 4.00 to 4.19 MHz High-speed mode
1 1 1 0 | fens/a fw/12 (SMCO bit =1)
1 1 1 1 Setting prohibited
Remarks 1. x: Don'’t care
2. fers:  Peripheral hardware clock frequency
3. fexscro: External clock frequency from EXSCLO pin
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CHAPTER 4 WRITING WITH FLASH PROGRAMMER

Data can be written to the flash memory on-board or off-board, by using a dedicated flash programmer.

Q)

On-board programming

The contents of the flash memory can be rewritten after the device has been mounted on the target system.

The connectors that connect the dedicated flash programmer must be mounted on the target system.

)

Off-board programming

Data can be written to the flash memory with a dedicated program adapter (FA series) before the device is

mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 4-1. Wiring Dedicated Flash Programmer

Pin Configuration of Dedicated Flash Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin name Pin No. Pin Name. Pin No.
SI/RxD Input Receive signal SO10/P12 41 TxD6/P13 20
SO/TxD Output Transmit signal SI110/RxDO0/P11 42 RxD6/P14 19
SCK Output Transfer clock SCK10/TxDO/P10 43 - -
CLK Output Clock to Micro Notet - Note 2 Note 2
/RESET Output Reset signal RESET 2 RESET 2
FLMDO Output Mode signal FLMDO 3 FLMDO 3
Vob /0 Voo voltage Vop 8 Vob 8

generation/ AVrer 44 AVrer 44

power monitoring SUP 6 SUP 6

HDS 25 HDS 25

VIC 24 VIC 24

VRO 23 VRO 23

- - UMODE 22

Vss - GND Vss 7 Vss 7

AVss 45 AVss 45

GND1 27 GND1 27

GND2 39 GND2 39

GND3 34 GND3 34

Notes 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART®6 is used.

When using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.
¢ PG-FP5, FL-PR5, PG-FP4, FL-PR4: Please connect the programmer’s CLK to EXCLK/X2/P122
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CHAPTER 5 POWER SUPPLY CIRCUIT

5.1 Power Supply Function

The power supply circuit is a stabilization power supply circuit that generates 5 V (typ.) output voltage from 12 V
battery supply voltage.
The power supply circuit has the following function.

- Overcurrent protection function
- Thermal shutdown function

5.2 Power Supply Overcurrent Protection Function

This circuit protects the dropper by limiting the current when an overcurrent occurs in the power supply line due to
a cause such as a load short.

The overcurrent is detected by using the potential difference on a register connected between the SUP and VIC
pins.

The resistor needs to be connected so that the maximum current between the SUP and VIC pins, is kept less
than 65 mA.

Current limit = Overcurrent detect voltage (Vsurim) / Rocb
Overcurrent detect voltage (Vsurim) = Vsup — Vic
Vsupiim = 150 mV (typ.)

5.3 Power Supply Thermal Shutdown Function

This is a protection circuit for preventing destruction because of over temperature.

The temperature of the internal circuit is monitored and when the temperature exceeds the maximum limit the
overheating detection temperature is detected and the internal P-ch MOS is forcibly switched off. After the dropper

is forcibly switched off, it automatically switches back on after the temperature declines.

Caution The purpose of the built-in protection functions is to protect the device from abnormal operation.
Try to avoid the use of these functions by designing the system properly.
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CHAPTER 5 POWER SUPPLY CIRCUIT

Figure 5-1. Voltage regulator circuit application example

ool
[
—

sup i

—>
e 1
VB C1 C2 10ver current protection: Control
;I/; ; ;I/; Thermal shutdown |

GND1

/7[7—(9 Voltage regulator

v

)
N

External parts target
C1 >33 uF

C2>0.01 uF

4.7 uF <C3 <100 uF
C4>0.01 uF

Caution Place the ceramic capacitor (C2, C4) between the SUP and GND pin, the VRO and GND pins
adjacent to the SUP, VRO pin and use the shortest possible wiring.

User's Manual U18867EJ4VOUD



CHAPTER 6 LIN TRANSCEIVER FUNCTION

6.1 LIN Transceiver Function

The LIN transceiver and external specifications comply with LIN Specifications Rev.2.0.
The LIN transceiver has the following functions.

- Sleep function
- Overcurrent protection function
- Thermal shutdown function

Figure 6-1. LIN Transceiver Block Diagram

Remarks 1.

?%f’ VRO
VserDiode
7 RxL
Rslave _\I Selector » RxDb
z2__ LIN r-smo S
i} l : Filter |7
c1 || Negative Edge | || 5ich 11 . - AMSLP Port
;I/; Detector -
Wake Up Signal Detector
. LIN'UART Sleep/Normal
UMODE Control Mode Control
Mode control
VRO
Current
limit J_\
]% L T R_Tx TxL
7J; <7 A ) ¢— TxDb
g Overtemp.
Driver Protection ]
Transceiver

RxL terminal is connected to P14/RxD6.

2. TxL terminal is connected to P13/TxD6.
3. LIN terminal includes slave pull-up register and diode.

GND2
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CHAPTER 6 LIN TRANSCEIVER FUNCTION

6.2 Operation Mode

(1) UMODE = Low (LIN transceiver in operation mode)
The LIN transceiver has the following two modes.

Figure 6-2. Mode Transition Diagram

LIN communication : OFF MSLP = Low LIN communication : ON
CPU : STOP or HALT CPU : NORMALI

N\ )
Sleep mode MSLP = High ~(Normal mode

J

e Sleep mode
When MSLP becomes low, the sleep mode is entered.
In the sleep mode, the LIN driver output becomes OFF (recessive) regardless of the Tx pin input state.
To reduce the current consumption, set the microcontroller's operation mode either to HALT or STOP mode.

o Normal mode
When MSLP becomes high, the normal mode is entered. In the normal mode, the Tx input data can be output

to the LIN bus.

Cautions 1. When using the LIN transceiver function, leave the UMODE pin open.
(The UMODE pin is pulled down within the IC.)

2. When not using the LIN transceiver function, directly connect the UMODE pin to Voo and
set it to high level. When the UMODE pin is set to high level, the pull-up resistor of the LIN
transceiver circuit (R_Tx) becomes unconnected.

3. The MSLP pin is pulled down within the IC.

(2) UMODE = High (LIN transceiver not in operation mode)
Unconditionally, LIN communication is OFF.
TxL and RxL are High impedance.
LIN terminal (N-ch open drain output) is OFF.
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CHAPTER 6 LIN TRANSCEIVER FUNCTION

6.3 Overcurrent Limiter

The overcurrent limiter prevents the destruction of the device caused by overcurrent during a load short.
When a current occurs that exceeds the overcurrent detection value flows to the LIN driver due to a load short,
etc., the output current is limited by inhibiting the gate voltage of the LIN driver.

6.4 Thermal Shutdown Circuit

This is a protection circuit for preventing destruction of the device due to over temperature.

The temperature of the LIN driver is monitored and when a temperature that exceeds the overheating detection
temperature (MIN: 150°C) is detected, the LIN driver is forcibly switched off. After the LIN driver is forcibly switched
off, it automatically switches back on after the temperature declines.

Caution The purpose of the built-in protection functions is to protect the device from abnormal

operation.
Try to avoid the use of these functions by designing the system properly.

User's Manual U18867EJ4V0OUD 53



CHAPTER 7 DRIVER CIRCUIT

The driver circuit has 4 channels of a low side driver and 1 channel of a high side driver circuit.

7.1 Low Side Driver

(a)

(b)

(c)

Dri:1ch
Application: Pre driver for high side driver
The driver control input signal pin is Dr1_I. This pin has a pull-down resistor within the IC.

Dr2: 2 ch

Application: Relay driver

The driver control input signal pins are Dr21_I| and Dr22_I. This pin has a pull-down resistor and clamp
circuit within the IC.

As driver input of Dr21_I| and Dr22_I can either the 5V signal or the battery voltage signal either be used.
When the battery voltage is input to Dr21_I| and Dr22_1 the system needs an external resistor. For details,
please refer to the application example.

The drivers Dr21 and Dr22 have a dynamic clamp circuit for high voltage protection. The dynamic clamp
circuit does not operate when the supply voltage Vsur is more than 28V.

Dr3: 1ch
Application: LED driver
The driver control input signal pin is Dr3_I. This pin has a pull-down resistor within the IC.

7.2 High Side Driver

(a)

54

Dr4: 1 ch

Application: Hall sensor power supply driver

The driver control input signal pin is Dr4_I. This pin has a pull-down resistor within the IC.

The driver Dr4 has an output voltage clump function, an overcurrent protection and a thermal shutdown
function.

The overcurrent limiter prevents destruction of the driver caused by an overcurrent during a load short.
When a current that exceeds the overcurrent detection value flows to the Dr4 due to a load short, etc. the
output current is limited by inhibiting the gate voltage of Dr4.

The temperature of the Dr4 is monitored and when a temperature that exceeds the overheating detection
temperature (MIN: 150°C) is detected, the Dr4 is forcibly switched off.

After the Dr4 is forcibly switched off, it automatically switches back on after the temperature declines.

Caution The purpose of the built-in protection functions is to protect the device from abnormal

operation.
Try to avoid the use of these functions by designing the system properly.
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CHAPTER 7 DRIVER CIRCUIT

Table 7-1. Truth Table

Input Dr1 Dr21 Dr22 Dr3 Dr4
Dri_| High ON - - - -
Low OFF - - _ _
Dr21_1I High - ON - - -
Low - OFF - - -
Dr22_| High - - ON - -
Low - - OFF - -
Dr3_| High - - - ON -
Low - - - OFF -
Dr4_| High - - - - ON
Low - - - - OFF
Figure 7-1. Low Side Driver Circuit Application Example
eSUP

Drl: Low side Driver

VRo Drl /\A/\/i
Dri_|

gﬁ@

N

Dr2: Low side Driver 2ch

Dr21
l )—
Dynamic
Clamp
Dr21_| 1
Port | - . |
> —f«
SUP
R1 /77
50— CH1
R1>47 KQ+-10%
Dr22_| Dr22
Port
CH2
Dr3: Low side Driver SUP
Dr3 é\

VRro N
Dr3_|
Port —
GND
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CHAPTER 7 DRIVER CIRCUIT
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Port

Figure 7-2. High Side Driver Circuit Application Example

Dr4: High side Driver T SuUpP
© sup o-HbS
VRo
Dra_|

— > | I * R Dr4 R
A B
X : Lo c1—]—

: Current limit ;I/; Vo

» Port

Hall IC A4

Hall IC |—‘—> Port
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

8.1 Absolute Maximum Ratings

Absolute Maximum Ratings for Microcontroller block (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage Voo -0.5t0 +6.5 \Y
Vss -0.51t0 +0.3 \
Note
AVRer —0.5 to Voo+0.3 \Y
AVss -0.5t0 +0.3 \%
Input voltage Vit P00, P01, P10 to P17, P20 to P24, —-0.3 to Voo+0.3 \%
P30 to P33, P70, P120 to P122,
RESET, FLMDO
Vi P60, P61 (N-ch open drain) -0.3t0 +6.5 \%
REGC pin input voltage Virecc —0.5 to +3.6 and —-0.5 to Voo \%
Output voltage Vo -0.3 to Voo+0.3"" \Y
Analog input voltage Van ANIO to ANI4 ~0.3 to AVrer+0.3" v
and 0.3 to Voo+0.3""
Output current, high loH1 Per pin -10 mA
Total of all pins | P00, P01, P120 -25 mA
—80 mA P10 to P17, -55
P30 to P33, P70
loHz Per pin P20 to P24 -0.5 mA
Total of all pins -2
loHs Per pin P121, P122 -1 mA
Total of all pins -4
Qutput current, low loLt Per pin 30 mA
Total of all pins | P00, P01, P120 60 mA
200 mA P10 to P17, 140
P30 to P33, P60,
P61, P70
loL2 Per pin P20 to P24 1 mA
Total of all pins 5
loLs Per pin P121, P122 4 mA
Total of all pins 10

Note Must be 6.5V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

Absolute Maximum Ratings for Analog block (Ta =25°C)

Parameter Symbol Conditions Ratings Unit
Supply voltage VSUP1 | VSUP, HDS, 400 ms -0.3 to +60
VSUP2 VSUP, HDS, 2 min -0.3to +28 \Y
VSUP3 | VSUP, HDS -0.3to0 +20 \Y
VRO VRO -0.3to +6.5 \Y
Input voltage VIA1 VIC, LIN, Dr21_l, Dr22_1, 400 ms, -0.3to +60 \'

Dr21_l and Dr22_| are input pin
potentials with external 47 kQ
resistors.

VIA2 VIC, LIN, Dr21_l, Dr22_1, 2 min, -0.3t0 +28 \"
Dr21_| and Dr22_] are input pin
potentials with external 47 kQ

resistors.
VIA3 VIC, LIN -0.3to +20
VIA4 MSLP, UMODE, Dr1_l, Dr3_I, Dr4_| -0.3 to VRO+0.3""
Input current IDRin Dr21_I, Dr22_| 15 mA
LIN negative voltage VILlin LIN, 7 VEVSUP<19 V, 1 s VSUP-60 \Y
Output voltage VOAA1 LIN, Dr1, Dr21, Dr22, Dr3, Dr4, 400 ms -0.3 to +60 \Y
VOA2 LIN, Dr1, Dr21, Dr22, Dr3, Dr4, 2 min -0.3to +28 \
VOA3 LIN, Dr1, Dr21, Dr22, Dr3, Dr4 -0.3t0 +20 \'
Output current ICMA1 VRO 25 mA
ICM2 VRO 1s 65 mA
ILIN LIN 200 mA
IDr1 Dr1 10 mA
IDr2 Dr21, Dr22 150 mA
IDr3 Dr3 50 mA
IDr4 Dr4 -40 mA
Note Must be 6.5V or lower.
Absolute Maximum Ratings for Common ltem (Ta = 25°C)

Parameter Symbol Conditions Ratings Unit
Operation ambient Ta —40 to +85 °C
temparatuer
Storage temperature Tstg —65 to +150 °C
Junction temperature Timaxv 140 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions
that ensure that the absolute maximum ratings are not exceeded.
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

8.2 Microcontroller Block Characteristics

X1 Oscillator Characteristics
(TA = 40 to +85 °C, 1.8 V<Vpp<5.5 V, Vss = AVss = 0 V)
Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. Unit
Ceramic |VSS i Xo | X1 Clock 27V <Vop<55V 1.0"" 20.0 | MHz
E:e;‘;’t‘;tor' s fcr’j:ﬂ:‘:(‘:’;(f ot 1.8V <Vop<2.7V 1.0 5.0
H X
I :
I
resonator Ci= Cor!
77
Notes 1. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
2. ltis 2.0 MHz (MIN.) when programming on the board via UART6.
Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
above figures to avoid an adverse effect from wiring capacitance.
¢ Keep the wiring length as short as possible.
¢ Do not cross the wiring with the other signal lines.
¢ Do not route the wiring near a signal line through which a high fluctuating current flows.
* Always make the ground point of the oscillator capacitor the same potential as Vss.
¢ Do not ground the capacitor to a ground pattern through which a high current flows.
¢ Do not fetch signals from the oscillator.
2. Since the CPU is started by the Internal oscillator after reset is released, check the oscillation

stabilization time of the X1 oscillation clock using the oscillation stabilization time status
Determine the oscillation stabilization time of the OSTC register and
oscillation stabilization time select register (OSTS) after sufficiently evaluating the oscillation
stabilization time with the resonator to be used.

register (OSTC).

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the

oscillation themselves or apply to the resonator manufacturer for evaluation.
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

Internal Oscillator Characteristics

(TA = 40 to +85 °C, 1.8 V<Vpp<5.5V, Vss = AVss = 0 V)

Resonator Parameter Conditions MIN. TYP. MAX. Unit

8 MHz Internal high-speed oscillation| RSTS =1 | 2.7 V<Vop<5.5 V 7.6 8.0 8.4 MHz
Internal oscillator Clock frequency (fRH)Nme 1.8 V<Vop<2.7 V 7.6 8.0 104 | MHz
RSTS =0 2.48 5.6 9.86 MHz

240 kHz Internal low-speed oscillation 2.7 V<Vop<5.5 V 216 240 264 kHz
Internal oscillator Clock frequency (frL) 1.8 V<Vbp<2.7 V 192 240 264 KHz

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Remark RSTS: internal oscillator mode resister (RCM) bit7
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

DC Characteristics (1/5)
(TA = —40 to +85°C, 1.8 V<Vbp<5.5 V, AVRer<Vbp, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high"*®" | lows Per pin for P00, P01, 4.0 V<Voo<5.5 V -3.0 mA
P10to P17, P30 to P33, 2.7 V<Voo<4.0 V 25 | mA

P70, P120 1.8 V<Vop<2.7 V -1.0 mA

Total of pins "% P00, P01, | 4.0 V<Vop<5.5 V -120 | mA

P120 2.7 V<Vop<4.0 V -70 | mA

1.8 V<Vop<2.7 V 50 | mA

Total of pins "*'*? 4.0 V<Vop<5.5 V -18.0 | mA

P10 to P17, P30 to P33, 2.7 V<Voo<4.0 V -15.0 | mA

P70 1.8 V<Vop<2.7 V -10.0 | mA

Total of pins "*'** 4.0 V<Vop<5.5 V 230 | mA

2.7 V<Vop<4.0 V -200 | mA

1.8 V<Vop<2.7 V -150 | mA

loHz Per pin for P20 to P24 AVrer = Vop -0.1 mA
Per pin for P121, P122 -0.1 mA

Output current, low™**® | loLt Per pin for P00, P01, 4.0 V<Vop<5.5 V 8.5 mA
P10 to P17, P30 to P33, 57 V<Voo<d 0 V 5.0 A

P70, P120 1.8 V<Vop<2.7 V 2.0 mA

Per pin for P60, P61 4.0 V<Vops5.5 V 15.0 mA

2.7 V<Voo<4.0 V 5.0 mA

1.8 V<Vop<2.7 V 2.0 mA

Total of pins "% P00, P01, | 4.0 V<Vop<5.5 V 200 | mA

P120 2.7 V<Voo<4.0 V 150 | mA

1.8 V<Vop<2.7 V 9.0 mA

Total of pins "*'** 4.0 V<Vop<5.5 V 450 | mA

P10 to P17, P30 to P33, 2.7 V<Voo<4.0 V 350 | mA

P60, Pé1, P70 1.8 V<Vpbp<2.7 V 20.0 mA

Total of pins "*'®? 4.0 V<Vops<5.5 V 65.0 | mA

2.7 V<Voo<4.0 V 500 | mA

1.8 V<Vop<2.7 V 290 | mA

loL2 Per pin for P20 to P24 AVReF = Vop 0.4 mA
Per pin for P121, P122 0.4 mA

Notes 1.

Remark

Value of current at which the device operation is guaranteed even if the current flows from Vob to an
output pin.

Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and
time for which current is not output is 0.3 x t, where t is a specific time). The total output current of the
pins at a duty factor of other than 70% can be calculated by the following expression.

e Where the duty factor of loH is n%: Total output current of pins = (lon x 0.7) / (n x 0.01)
<Example>Where the duty factor is 50%, lon = 20.0 mA
Total output current of pins = (20.0 x 0.7) / (50 x 0.01) = 28.0 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Value of current at which the device operation is guaranteed even if the current flows from an output pin
to GND.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port
pins.
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

DC Characteristics (2/5)
(TA = -40 to +85°C, 1.8 V<Vbp<5.5 V, AVRer<Vbp, Vss = AVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vim1 P12, P13, P15, P121, P122 0.7 Voo Voo \Y
ViHz P00, PO1, P10, P11, P14, P16, P17, P30 to 0.8 Voo Vob Y
P33, P70, P120, RESET
Vi3 P20 to P24 AVRerF = Vop 0.7 AVrer AVRer \'%
ViHa P60, P61 0.7 Voo 6.0 \'
Input voltage, low Vit P12, P13, P15, P60 to P61, P121, P122 0 0.3 Voo \Y
Vie P00, PO1, P10, P11, P14, P16, P17, P30 to 0 0.2 Vop \
P33, P70, P120, RESET
Vis P20 to P24 AVRer = Vop 0 0.3 AVrer
Output voltage, high Vo1 P00, PO1, P10 to P17, 4.0 V<Vop<5.5V, | Voo-0.7 Y
P30 to P33, P70, P120 loH1 = -3.0 mA
2.7 V<Vop<5.5V, | Voo-0.5 \
lont = -2.5 mA
1.8 V<Vop<5.5V, | Vbopo-0.5 \'
lon1 =-1.0 mA
VoHz2 P20 to P24 AVRerF = Vop, Voo—0.5 \
loHz = —100 pA
P121, P122 lonz = =100 LA Vop-0.5
Output voltage, low VoLt P00, PO1, P10 to P17, 4.0 V<Vop<5.5 'V, 0.7
P30 to P33, P120 loLt = 8.5 mA
2.7 V<Vop<5.5V, 0.7 \Y
lott = 5.0 mA
lott =2.0 mA 0.5
loLt = 0.5 mA 0.4
VoLz2 P20 to P24 AVRrer = Vo, 0.4
lo,z = 0.4 mA
P121, P122 loz = 0.4 mA
Vous P60, P61 4.0 V<Vop<5.5 V, 2.0 \Y
lott = 15.0 mA
4.0 V<Vop<5.5V, 04 \Y
loLt = 5.0 mA
2.7 V<Vop<4.0 V, 0.6 \Y
lott = 5.0 mA
2.7 V<Vop<5.5V, 0.4 \Y
lott = 3.0 mA
loLt =2.0 mA 0.4 \'

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port

pins.
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

DC Characteristics (3/5)
(TA = -40 to +85°C, 1.8 V<Vbp<5.5 V, AVRer<Vbp, Vss = AVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input leakage current, high ILiH1 P00, PO1, Vi = Voo 1 HA
P10 to P17,

P30 to P33, P60,
P61, P70, P120

ILiH2 P20 to P24 Vi = AVrer, AVRer = Vop 1 y77.\

ILivg P121, P122 (X1, X2) | Vi=Vop| I/O port mode 1 LA

OSC mode 20 LA

Input leakage current , low Iuiet POO, PO1, Vi=Vss -1 7.\
P10 to P17,

P30 to P33, P60,
P61, P70, P120

ILiz P20 to P24 Vi = Vss, AVRrer = Vop -1 y77.\

lLis P121, P122 (X1, X2) | Vi=Vss| I/O port mode -1 LA

OSC mode -20 LA

Pull-up resister Ru Vi = Voo 10 20 100 kQ
FLMDO supply voltage Vi In normal operation mode 0 0.2 Voo \%
ViH In self-programming mode 0.8 Voo Voo \"

External clock input voltage | Vi P122 in external clock mode 0 0.2 Voo \'
ViH P122 in external clock mode 0.8 Vop Vop Vv

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port
pins.
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DC Characteristics (4/5)
(TA = 40 to +85°C, 1.8 V<Vbp<5.5 V, AVRer<Vbp, Vss= AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Supply current | Ioo Operation mode | fxu = 20 MHZ""®?, Square-wave input 3.2 55 mA
Note 1 Voo =5.0V Connect resonator 45 6.9 mA

fxi = 10 MHZ"***2 | Square-wave input 1.6 2.8 mA
Voo =5.0V Connect resonator 2.3 3.9 mA
fxi = 10 MHZ"***2 | Square-wave input 1.5 2.7 mA
Voo =3.0V Connect resonator 2.2 3.2 mA
fxn = 5 MHZ'"**>2 | Square-wave input 0.9 1.6 mA
Voo =3.0V Connect resonator 1.3 2.0 mA
fxi = 5 MHZ""**%®, | Square-wave input 0.7 1.4 mA
Voo =2.0V Connect resonator 1.0 1.6 mA

Note 4

fri =8 MHz, Voo = 5.0 V 1.4 2.5 mA

Note 2

Ibp2 HALT mode fxu = 20 MHz , Square-wave input 0.8 2.6 mA
Voo =5.0V Connect resonator 2.0 4.4 mA
fxu = 10 MHZ"***° | Square-wave input 0.4 1.3 mA
Voo =5.0V Connect resonator 1.0 24 mA
fxu = 5 MHZ'"**>% | Square-wave input 0.2 0.65 mA
Voo =3.0V Connect resonator 0.5 1.1 mA
fan = 8 MHz, Voo =5.0 V""" 0.4 12 | mA

Ioos STOP mode"™*® | Voo =5.0V 1 20 7y
Voo =5.0V, Ta=-40to +70 °C 1 10 LA

Notes 1.

Total current flowing into the internal power supply (Vop), including the peripheral operation current. Port
output current and current flowing through on-chip pull-up resistor are not included. Input leakage
current with input pin fixed to Vop or Vss is included.

Operational current of the 8 MHz internal oscillator and 240 kHz internal oscillator is not included. TYP.
value indicates current when only the CPU is operating. MAX. value includes peripheral operating
current. However, WDT, LVI, and ADC stop (ADCE = 0).

When AMPH (bit 0 of clock operation mode select register (OSCCTL)) =0

Operational current of the X1 oscillator and 240 kHz internal oscillator is not included. TYP. value
indicates current when only the CPU is operating. MAX. value includes peripheral operating current.
However, WDT, LVI, and ADC stop (ADCE = 0).

Operational current of the 240 kHz internal oscillator is not included. MAX. value includes peripheral
operating current. However, WDT, LVI, and ADC stop (ADCE = 0).

Remarks 1. fxu: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
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frequency) .
2. fru: Internal high-speed oscillation clock frequency.
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DC Characteristics (5/5)
(TA = -40 to +85°C, 1.8 V<Vbp<5.5 V, AVRer<Vbp, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
A/D converter | lapc"™"" 086 | 1.9 mA
operation
current
Watchdog timer Iwor ¢ 2 During 240 kHz internal low-speed oscillation clock operation 5 10 LA
operating
current
LVI operating o 9 18 7y
Current

Notes 1. Current flowing only to the A/D converter. The current value of the microcontroller is the sum of lob or
Ibp2 and labc when the A/D converter operates in an operation mode or the HALT mode.
2. Current flowing only to the watchdog timer. The current value of the, microcontroller is the sum of lopz or
Iops and Iwot when the watchdog timer operates in the HAT or STOP mode.
3. Current flowing only to the LVI circuit. The current value of the microcontroller is the sum of lbb2 or Iop3

and I.vi when the LVI circuit operates in the HALT or STOP mode.
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ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

AC Characteristics

(1) Basic operation

(Ta = —40 to +85°C, 1.8 V<Vbp<5.5 V, AVrer<Vbb, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. UNIT
Instruction cycle (minimum | Tey Main system clock | 2.7 V<Vpp<5.5 V 0.1 32 us
instruction execution time operation (fxp) 1.8 V<Vop<2.7 V 0.4’ 39 s
Peripheral hardware clock | fers XSEL =1 2.7 V<Vop<5.5V 20 MHz
frequency 1.8 V<Vop<2.7 V 5 MHz

XSEL =0 2.7 V<Vop<4.0 V 7.6 8.4 MHz
1.8 V<Vop<2.7 V 7.6 10.4 MHz
Note 2
External main system fexcLi 2.7 V<Vop<5.5 V 1.0""? 20.0 MHz
clock frequency 1.8 V<Vop<2.7 V 1.0 5.0 MHz
External main system tEXCLKH, 2.7 V<Vop<s5.5 V 24 ns
clock input high-level texcLkL 1.8 V<Vop<2.7 V 96 ns
width, low-level width
TI000, TI010 input high- tnro, tno | 4.0 V<Vpp<5.5 V 2ffsam+0.1""* us
level width, low-level width 2.7 V<Voo<d.0 V 2/fsam+0.2N°'e4 s
1.8 V<Vop<2.7 V 2ffsam+0.5""* s
TI50, TI51 input frequency | fris 4.0 V<Vops5.5V 10 MHz
2.7 V<Vop<4.0 V 10 MHz
1.8 V<Vop<2.7 V 5 MHz
TI50, TI51 input high-level | trms, tris | 4.0 V<Vop<5.5 V 50 ns
width, low-level width 27 V<Voo<d.0 V 50 ns
1.8 V<Vop<2.7 V 100 ns
Interrupt input high-level tinTH, BT 1 us
width, low-level width
Key interrupt input low- 1%G] 250 ns
level width
RESET low-level width tRsL 10 s

Notes 1.

0.38 us when operating with the 8 MHz internal oscillator.

2. This specification defines the selection clock primary frequency. Therefore, select the division clock that
sets the peripheral hardware clock frequency to 5.2 MHz (MAX.).
3. Itis 2.0 MHz (MIN.) when programming on the board via UART6.
4. Selection of fsam = fPrs/4, fPRs/256 is possible using bits 0 and 1 (PRM000, PRM001) of Prescaler mode
register 00 (PRMO00). Note that when selecting the TIO0 valid edge asthe clock, fsam = frRs.
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Tcy vs Vob (Main System Clock Operation)

100

82 |-

10

5.0

Guaranteed

2.0

operation range
(The gray portion

is applicable only
if AMPH = 1 is set.)

1.0

Cycle time Tcv [ us]

0.4

0.2

0.1

0.01

0

7

10 /20 /30 40 505560

1.8

2.7

Supply voltage Voo [V]

AC Timing Test Points (Excluding External Main System Clock)

0.8Vop
Test points
0.2Vop > <

0.8Vop
0.2Vop

External Main System Clock Timing

re— texcLkL

EXCLK \

1/fexcik

texcLkH
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Tl Timing

trio | tTiHo
TIO0O, TIO10 H

1/fris

tris | tTiHs
TI50, TI51 \ L \
N\ N~

Interrupt Request Input Timing

tinTL tinTH
INTPO to INTP5

Key Interrupt Input Timing

N/

RESET Input Timing

tRsL

RESET
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(2) Serial Interface

(Ta =-40 to +85°C, 1.8 V<Vbb<5.5 V, AVRer<Vpp, Vss = AVss = 0 V)

(a) UART6 (Dedicated baud rate generator output)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 625 Kbps

(b) UARTO (Dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 625 kbps
(c) liCO
Parameter Symbol Conditions Standard Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fork 0 100 0 400 kHz
Reset condition setup time tsu: sTA 4.7 0.6 Hs
Hold time "'’ tho: STA 4.0 0.6 us
Hold tome when SCLO ="L” tow Internal clock operation 4.7 1.3 s
Hold time when SCLO ="H" tHiGH 4.0 0.6 s
Data setup time (reception) tsu: DAt 250 100 ns
Data hold time (transmission) "**? | tup;par | When fw = fx/2" is selected" 0 3.45 0 09" | s
10 Note 5 s

When fw = fa/2" is selected"*° 0 3.45 0 1.05 S

Stop condition setup time tsu: sto 4.0 0.6 Us
Bus free time tsur 4.7 1.3 us

Notes 1. The first clock pulse is generated after this period when the start/reset condition is detected.
2. The maximum value (MAX.) of tHo:paT is normal transfer and a wait state is inserted in the 'ACK
(acknowledge) timing.
3. fwindicates the 1ICO transfer clock selected by the [ICCLO and IICX0 registers.
When fw > 4.4 MHz is selected
5. When fw < 4.4 MHz is selected
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IICO Transfer Timing

SCLO

SDAO

tBUF

tsu: sTo!

\

T

: Stop condition
S : Start condition
Sr  : Restart condition

(d) CSI10 (master mode, SCK10...internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkey1 40V<Vop<55V 200 ns
27V <Vob<4.0V 400 ns
18V <Vop<27V 600 ns
SCK10 high/low level width | tkrr, tker | 4.0V <Vop <5.5V teovi/2-20""°" ns
2.7V<Vop<4.0V teov1/2-30""°" ns
1.8V<Vop<2.7V teovi/2-60"" ns
SI10 setup time (to SCK107T) | tsiki 40V<Vop<55V 70 ns
2.7V <Vob<4.0V 100 ns
1.8V<Vop<27V 190 ns
SI10 hold time (to SCK107) tsi1 30 ns
Delay time from SCK10{— tksor C =50 pF"**? 40 ns
(to SO10 output)

Notes 1. This value is when high-speed system clcok (fxH) is used.
2. Cisthe load capacitance of the SCK10 and SO10 output lines.
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(e) CSI10 (slave mode, SCK10...extenel clcok input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkeyz 400 ns
SCK10 high/low level width tkHe, tkiz tkeyz/2 ns
SI10 setup time (to SCK107T) | tsiz 80 ns
SI10 hold time ( to SCK107) tksiz 50 ns
Delay time from SCK10— | txsoz C =50 pF"™* 4.0 V<Vops5.5 V 120 ns
to SO10 2.7 V<Voo<4.0 V 120 ns
1.8 V<Vbp<2.7 V 180 ns
Note C is the load capacitance of the SO10 output line.
CSI10 Transfer Timing
tkcym
ttm ticHm
/
SCK10 \
tsikm tksim
SI10 Input data
tksom
S010 Output data ><
Remark m=1,2
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A/D Converter Characteristics

(TA =-40 to +85°C, 1.8 V<Vbp<5.5 V, 2.3 V<AVRer<Vbp, Vss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 10 bit
Overall error"*** ™" A 4.0 V<AVRer<5.5 V +0.4 | %FSR

2.7 V<AVrer<4.0 V +0.6 %FSR
2.3 V<AVRer<2.7 V +1.2 %FSR
Conversion time tconv 4.0 V<AVRer<5.5 V 6.1 66.6 us
2.7 V<AVRrer<4.0 V 12.2 66.6 Us
2.3 V<AVrer<2.7 V 27 66.6 S
Zero-scale error’ " "2 Ezs 4.0 V<AVrer<5.5 V +0.4 %FSR
2.7 V<AVRer<4.0 V +0.6 %FSR
2.3 V<AVrer<2.7 V +0.6 %FSR
Full-scale error"*** "2 Ers 4.0 V<AVrer<5.5 V +0.4 %FSR
2.7 V<AVrer<4.0 V +0.6 %FSR
2.3 V<AVRer<2.7 V +0.6 %FSR
Integral non-linearity error' " | e 4.0 V<AVrer<5.5 V +25 LSB
2.7 V<AVrer<4.0 V +4.5 LSB
2.3 V<AVRer<2.7 V +6.5 LSB
Differential non-linearity Die 4.0 V<AVRer<5.5 V +1.5 LSB
error" " 2.7 V<AVRer<4.0 V +2.0 LSB
2.3 V<AVrer<2.7 V +2.0 LSB
Analog input voltage Vain AVss AVrer \'%
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
1.59 V POC Circuit Characteristics (TA = —40 to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpoc 1.44 1.59 1.74 \Y
Power voltage rise inclination | teth Vop: 0 V Vroc change inclination of Veoc 0.5 V/ms
Minimum pulse width tpw 200 Hs

POC Circuit timing
Supply voltage
(Vob)
Detection voltage (MAX.) b--ccocoommoooo oo
Detection voltage (TYP.) [~==------==mmmmmifmmmmmmmmmmmmmo o ommmmmmmmo oo oo oo
Detection voltage (MIN.) [~~~ """ """~ g/ """ T T TTTTTTIII T
Time

72

User's Manual U18867EJ4VOUD




CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

Supply Voltage Rise Time (Ta = —40 to +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum time to rise to 1.8 V trup1 POCMODE (option byte) = 0, 3.6 ms
(Vop (MIN.)) When RESET input is not used
(Voo: 0 V—1.8V)
Maximum time to rise to 1.8 V trup2 POCMODE (option byte) = 0, 1.9 ms
(Vob (MIN.)) When RESET input is used.
( releasing RESET input
—Voo: 1.8 V)
Supply voltage Rise Time Timing
e When RESET pin input is not used. e When RESET pin input is used.
Supply voltage Supply voltage
(Voo) (Voo)
LIS "2 ettt ettty Sttt ettt 1.8V [ e
VPOC | mmm oo oo e e
e~ Time Time
tPUP1 : ‘
RESET pin 4J—+
tPup2
2.7 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage on Vooroc POCMODE (option byte) = 1 2.50 2.70 2.90 \Y

application of supply voltage

Remark The operations of the POC circuit are as described below, depending on the POCMODE (option byte)

setting.

Option Byte Setting

POC Mode

Operation

POCMODE =0

1.59 V mode operation

A reset state is retained until Veoc = 1.59 V (TYP.) is reached
after the power is turned on, and the reset is released when
Vpoc is exceeded. After that, POC detection is performed at
Vroc, similarly as when the power was turned on.

The power supply voltage must be raised at a time of trur1 oOr
trurz when POCMODE is 0.

POCMODE =1

2.7 V/1.59 V mode operation

A reset state is retained until Vooroc = 2.7 V (TYP.) is
reached after the power is turned on, and the reset is
released when Vooroc is exceeded. After that, POC detection
is performed at Vroc = 1.59 V (TYP.) and not at Vooroc.

The use of the 2.7 V/1.59 V POC mode is recommended
when the rise of the voltage, after the power is turned on and
until the voltage reaches 1.8 V, is more relaxed than terh.
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LVI Circuit Characteristics (Ta = —40 to +85 °C, Vroc<Vbp<5.5 V, AVRer<Vbp, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection | Supply voltage level Vivio 414 4.24 4.34
voltage Vuvi 3.99 4.09 419

Viviz 3.83 3.93 4.03 \%

Vivis 3.68 3.78 3.88 \Y

Vivia 3.52 3.62 3.72 \%

Vivis 3.37 3.47 3.57 \%

Vivie 3.22 3.32 3.42 \%

Viviz 3.06 3.16 3.26 \%

Vivis 2.91 3.01 3.1 \%

Vivie 2.75 2.85 2.95 \%

Vwvito 2.60 2.70 2.80 \%

Vit 2.45 2.55 2.65 \%

Vivirz 2.29 2.39 2.49 \%

Vwivits 2.14 2.24 2.34 \%

Vivita 1.98 2.08 2.18 \%

Vwvits 1.83 1.93 2.03 \%

External input pin"™®' | EXLVI | EXLVI<Vop, 1.8 V<Vo0<5.5 V 1.11 1.21 1.31 v

Minimum pulse width tw 200 us

Operation stabilization wait time"**? | tuwarr 10 us

Notes 1. The EXLVI/P120/INTPO Pin is used.
2. Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
stabilization.
Remark Vivip-1)>Vivin:n=11t0 15

LVI Circuit Timing

Supply voltage
(Vob)

Detection voltage (MAX.) b---ccoommmmo e A
Detection voltage (TYP.) f-----=---=-------ffammaev R B ECEEET! EEEEEEEEEREEEES
Detection voltage (MIN.) [~~~ """~ """""" /=== """"" T

E . fw ]
E tiwarr E E
LVION « 1 Time
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Data Memory STOP mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Data retention supply voltage

VoDDR

Note

1.44

5.5

\

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a

POCreset is effected, but data is not retained when a POC reset is effected.

T

STOP instruction execution

Standby release signal
(interrupt request)

STOP mode

Data retention mode ——

Operation mode

VoDDR
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Flash Memory Programming Characteristics

(Ta =-40 to +85°C, 2.7 V<Vbbp<5.5 V, AVRer<VbD, Vss = AVss = 0 V)

¢ Basic characteristics

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Vob supply current Ioo fxr = 10 MHz (TYP.), 20 MHz (MAX.) 4.5 11.0 mA
Erase time"*"* | All block | Teraca 20 200 ms
Block unit | Terasa 20 200 ms
Write time (in 8-bit units)**" | Twwa 10 100 S
Number of rewrites per chip Cerwr 1 erase + e When a flash memory 15 years| 1000 Times
1 write after programmer is used, and
erase = the libraries"*** provided
1 rewrite"*® | by NEC Electronics are
used

o For program update

e When the EEPROM 5years | 10000 Times
emulation libraries"™*®
provided by NEC
Electronics are used

o The rewritable ROM size:
4 KB

o For data update

Conditions other than the 10 years| 100 Times

Note 6

above

Notes 1.

Characteristic of the flash memory. For the characteristic when a dedicated flash programmer, PG-FP4
or PG-FP5, is used and the rewrite time during self programming, see refer to CHAPTER 27 FLASH
MEMORY on 78K0/Kx2 User’s Manual (U18598E).

The prewrite time before erasure and the erase verify time (writeback time) are not included.

When a product is first written after shipment, “erase — write” and “write only” are both taken as one
rewrite.

The sample library specified by the 78K0/Kx2 Flash Memory Self Programming User’s Manual
(U17516E) is excluded.

The sample program specified by the 78K0/Kx2 EEPROM Emulation Application Note (U17517E) is
excluded.

These include when the sample library specified by the 78K0/Kx2 Flash Memory Self Programming
User’s Manual (U17516E) and the sample program specified by the 78K0/Kx2 EEPROM Emulation
Application Note (U17517E) are used.

Remarks 1. fxp: Main system clock oscillation frequency
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2. For serial write operation characteristics, refer to 78K0/Kx2 Flash Memory Programming
(Programmer) Application Note (U17739E).
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8.3 Analog Block Characteristics

Voltage regulator circuit characteristics (Ta = —40 to +85°C, 4.85 V <VRro <5.15V, Iro < 15 mA)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage Vccouri 7 V<Vsup<19 V 4.85 5 5.15 \Y
Vecout = VRo, Iro = 15 mA
Vccoutz 19 V<Vsur< 60 V (4.5) (5) (5.5) Vv
Vecout = VRo, lro =1 mA
Overcurrent detect voltage Vsupiim 100 150 230 mV
Load regulation REGL 1 mA<lro<15 mA, Vsup = 14 V 60 mV
Input regulation REGint lccour = 15 mA 60 mV
Thermal shutdown Vet (150) °C

Remark The values in parentheses are based on design for which no outgoing inspection has been performed.

Supply current Characteristics (Ta = —40 to +85°C,4.85V <Vro<5.15V, 7V < Vsup <19 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current""® IsATH DR4: OFF 35 LA
Ta =25°C, Vsup = 14V, LIN: Sleep
IaT2 DR4: OFF 60 LA
LIN: Sleep
IBaTs DR4: OFF 3 mA
LIN: Normal (LIN bus :Recessive)

Note This is the total current flowing to the SUP, VRO internal power supply. The peripheral operating current is
included. However, the current flow through the port pull-up resistor is not included. Not included Vop
current. For microcontroller supply current, refer to 78K0/Kx2 User’s Manual (U18598E).
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LIN Transceiver circuit Characteristics

DC Characteristics (Ta = —40 to +85°C, 7V <Vsup <18 V,4.85 V< VR0 <5.15V, Iro <15 mA)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LIN Bus dominant leak current Isus_pas_dom | Driver off (Vo = Vro), -1 mA
Veus=0V, Vsup =12V
LIN Bus recessive leak current Isus_pas_rec | Driver off (Vo = Vro), 20 LA
8V <Vsp<18V,8V <Veus<18V,
Vaus > Vsup
LIN Bus current 1 Isus_No_aND | GNDpevice = Vsup, (-1) (+1) mA
OV <Veus<18V, Vsuip =12V
LIN Bus current 2 lsus Vsup_pevice = GND, O V < Veus < 18 V (1) (10) LA
Receive dominant-level VBusdom 0.4 Vsup \
input voltage
Receive recessive-level VBusrec 0.6 Vsup \
Input voltage
Receive centre-level threshold VBUS_CNT (Vih_dom + Vth_rec)/2 0.475 Vsup| 0.5 Vsur |0.525 Vsup \Y
Receive hysteresis VHys 0.175 Vsup \Y
LIN dominant-level output voltage 1 | Vsusdom_brv | Vsup = 7.3V, lin = 15 mA 1.2 \
_LosupP
LIN dominant-level output voltage 2 | Vsusdom_prv| Vsup = 18V, lin = 36 mA 2 \Y
_Hisup
LIN serial diode drop voltage VserDiode V1xo = VRo, lin=-10 A 0.4 0.7 1.0 \Y
LIN pull-up resistance Rsiave 20 30 60 kQ
MSLP high level input voltage Vsiph 3.5 \Y
MSLP low level input voltage VsipL 1.5 \
MSLP pull-down resistance Rmsip 50 200 kQ
UMODE high level input voltage Vumh 0.7 Vro \Y
UMODE low level input voltage Vumi 0.3 Vro Vv
UMODE pull-down resistance Rumode 50 200 kQ
LIN thermal shutdown LINt (150) °C
LIN overcurrent limitation IconsT LIN pin inflow current limited value 40 80 200 mA

Remark The values in parentheses are based on design for which no outgoing inspection has been performed
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AC Characteristics
(TA=—-401t0 +85°C,7V <Vsup <18 V,4.85V<VRo<5.15V, Iro <15 mA)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Duty_Cycle1 D1 Cous; Rous = 1 nF; 1 k(/6.8 nF; 660 O/ 0.396 -
10 nF; 500 Q
tair = 50 s

THHec(max) = 0.744XVSUP,
THDom(max) =0.581xVsup
D1 = tsus_recmin)/(2xtBIT)

Duty_Cycle2 D2 Chus; Rous = 1 nF; 1 kQ)/6.8 nF; 660 Q/ 0.581 -
10 nF; 500 Q

teir =50 us

THrec(min) = 0.422xVsup,
THoommin) = 0.284xVsup
D2 = tsus_rec(max)/(2xt8IT)
7.6 VVSUP<18 V

Duty_Cycle3 D3 Chous; Rous = 1 nF; 1 k(¥/6.8 nF; 660 Q/ 0.417 -
10 nF; 500 Q

teir = 96 s

THHec(max) = 0.778><VSUP,
THDom(max) =0.616xVsur
D3 = tsus_rec(min)/(2xtaIT)

Duty_Cycle4 D4 Cous; Rous = 1 nF; 1 kQ)/6.8 nF; 660 Q/ 0.590 -
10 nF; 500 Q

tair =96 us

THrec(min) = 0.389xVsurp,
THoommin) = 0.251xVsup
D3 = tsus_rec(max)/(2xt8IT)
7.6 V<Vsur<18 V

Propagation delay trx_pd trx_pdt (1), trx_pdf (2), trx_pdr (1), trx_par (2) 6 us
LIN rising and falling transmitter trx_sym tx_sym = trx_pdf (1) —tox_par (1), -2 +2 us
delay Symmetry trx_sym = trx_pdf 2) —trx_pdr (2),

Definition of Bus Timing Parameters

Timing diagram:

tsit tsit tgit
TxD
(Input to transmitting node)
tBus,dom (max) tBus,rec (min)

THRec(max) -\ \ Thresholds of receiving Node-1

THDom(max)
VSup LIN Bus Signal
(Tranceiver supply THrsomin) 9 Thresholds of ving Node-2
of transmitting node) THoom(min) resholds of receiving Node-

tBus,dom (min) tBusJec (max)
RxD
(Output of receiving Node-1) trx_paf (1) trx_par (1)
—— o — - o
RxD
(Output of receiving Node-2)
— - (——— — - i
trx_pdr (2) ' trx_pdf (2)
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CHAPTER 8 ELECTRICAL SPECIFICATIONS (A) GRADE PRODUCTS

Driver circuit Characteristics

(TA =40 to +85°C, 7 V<Vsur<19V, 4.85 V< VRO <5.15 V, Iro <15 mA)

Parameter Symbol Conditions MIN. TYP. MAX. UNit

Ron Dri_ron lo=10 mA, Dr1_Il = Vro 100 Q
Dra_ron | lo =100 mA, Dr2n_I >4V 10 Q
Drs_ron lo=50 mA, Dr3_I = Vro 10 Q
Dra_ron lo=16mA, 7V <Vswpr<14 V, 70 Q

Dr4_| = Vro

Dr2 dynamic clamp voltage CLV1 Note 1 32 \

Dr4 output voltage CLVv2 Dr4, lo=16 mA 16

Dr4 limited current CLI4 Peak Current when lo increase (40) mA

Dr2 input clamp voltage CLV3 In <400 A 5 8 \%

Pull down resistance Dr_rdown | Dri1_I, Dr3_I, Dr4_I 50 100 200 kQ

High level input voltage ViH_pr1 Dri_I, Dr3_I, Dr4_I 0.7 Vro Vro \
VIH_pr2 Dr2n_I 4 CLV3 Vv

Low level input voltage ViL_pr Dr1_I, Dr3_I, Dr4_1 0 0.3 Vro
ViL_pr2 Dr2n_l, lo<2 mA 0 1.5

High level input leak ILiHD1 Dr1_I,Dr3_I,Dr4_I,Vi=5V 105 LA

urrent "** ILioa Dren_l, Vi= 5V 300 LA

Low level input leak current luo Dr1_I, Dr2n_l, Dr3_I,Dr4_I, Vi=0 V -3 y77.\

Output off leak current loHp1 Dr1, Dr2n, Dr3, Vo=19 V 10 LA
loHD2 Dr4,Vo=0V -10 LA

Notes 1. When Vsur is more than 28V, turn on or turn off the operation of Dr21 and Dr22 are prohibited, because
the dynamic clamp circuit does not operate under this condition.
2. Including the current flowing into the Pull down resistance.

Remarks 1. The values in parentheses are design guaranteed values for which no shipping test has been

performed.
2. Dren_l:n=1,2
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CHAPTER 9 PACKAGE DRAWING

52-PIN PLASTIC LQFP (10x10)

HD
D detail of lead end
A 11—
39 27 -
] 40 26 a
— — \ €7
— —| ‘
] —{\‘_D L
— — j
— — 0 L
— + —1 E HE
— —| Lp
— —|
— — (UNIT:mm)
— —] ITEM DIMENSIONS
— Q — D 10.00£0.20
Y =52 14 1 E 10.00£0.20
1 HD 12.0040.20
I
|

TUUIOOOTITT -
B

—ZE A1 0.10+0.05
A2 1.40+0.05
ZD b s 025
A b 0.30+3-98
e c 0.125 13-972
L 0.50
Lp 0.60+0.15
L1 1.00£0.20
0 3230
le] 0.65
X 0.13
y 0.10
ZD 1.10
NOTE ZE 1.10
Each lead centerline is located within 0.13mm of P52GB-65-GAG

its true position at maximum material condition.
© NEC Electronics Corporation 2005
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the xPD78F8014A,
78F8015A, 78F8016A.
Figure A-1 shows the development tool configuration.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator QB-78K0KX2

Software package

- Software package

Language processing software
- Assembler package

- C compiler package

- Device fileNote 1

Debugging software

- Integrated debugger™°te?

Control software
- Project manager

(Windows only)Nete2

Host machine
(PC or EWS)

USB interface cableNete?

< Flash memory write environment >

- iy

+* Off-board ~+

Flash memory
programmer™te 3

- ~o

+“ On-board s
', programming '
R A

~o -

Flash memory
write adapter

78K0/Kx2
microcontroller

Notes 1.

Power supply unit

QB-78KOKX2N0te 3

|

Emulation probe

Conversion adapter

Target connector

Target system

debugger ID78K0-QB from the download site for development tools
(http://www.necel.com/micro/en/ods/index.html).

2. The project manager PM+ is included in the assembler package.

PM+ cannot be used other than with Windows™.
3. QB-78KO0KX2 is supplied with the integrated debugger ID78K0-QB, a USB interface cable, the on-
chip debug emulator with programming function QB-MINI2, connection cables (10-pin and 16-pin
cables), and the 78K0-OCD board. Any other products are sold separately.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator with programming function QB-MINI2

84

Notes 1.

Software package

« Software package

Language processing software

1

1

1

1

1

1

|

Debugging software |

1

* Assembler package :
) 1
* C compiler package @ « Integrated debuggertete ! !
o Device fileVete? !
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

Control software

* Project manager
(Windows only)Nete2

Host machine
(PC or EWS)

USB interface cableNete?

<When using QB-MINI2 as
a flash memory programmer>

<When using QB-MINI2 as
an on-chip degug emulator>

QB-MIN|2Note3

QB-MIN|2Nete3

Connection cable
(16-pin cable)Neres 78K0-OCD boardNete?

Connection cable
(10-pin/16-pin cable)Nete?

Target connector

Download the device file for uPD78F8014A, 78F8015A, 78F8016A (DF788016) and the integrated
debugger ID78K0-QB from the download site for development tools

Target system

(http://www.necel.com/micro/en/ods/index.html).

The project manager PM+ is included in the assembler package.

PM+ cannot be used other than with Windows.

QB-MINI2 is supplied with USB interface cable, connection cables (10-pin cable and 16-pin cable),
and 78K0-OCD board. Any other products are sold separately. In addition, download the software for
operating the QB-MINI2 from the download site for development tools
(http://www.necel.com/micro/en/ods/index.html).
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APPENDIX A DEVELOPMENT TOOLS

A.1 Software Package

SP78K0
78K/0 microcontroller software
package

Development tools (software) common to the 78K/0 microcontroller are combined in this
package.

A.2 Language Processing Software

Note 1

RA78K0
Assembler package

This assembler converts programs written in mnemonics into object codes executable
with a microcontroller.

This assembler is also provided with functions capable of automatically creating symbol
tables and branch instruction optimization.

This assembler should be used in combination with a device file (DF788016).
<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (PM+) on Windows. PM+ is included in
assembler package.

Note 1

CC78K0
C compiler package

This compiler converts programs written in C language into object codes executable with
a microcontroller.

This compiler should be used in combination with an assembler package and device file.
<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (PM+) on Windows. PM+ is included in
assembler package.

Note 2

DF788016
Device file

This file contains information peculiar to the device.

This device file should be used in combination with a tool (RA78K0, CC78K0, ID78KO0-
QB, and the system simulator).

The corresponding OS and host machine differ depending on the tool to be used.

Notes 1. |If the versions of RA78K0 and CC78K0 are Ver.4.00 or later, different versions of RA78K0 and
CC78KO0 can be installed on the same machine.
2. The DF788016 can be used in common with the RA78K0, CC78K0, ID78K0-QB, and. and the system
simulator. Download the DF788016 from the download site for development tools

(http://www.necel.com/micro/en/ods/index.html).
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APPENDIX A DEVELOPMENT TOOLS

A.3 Flash Memory Writing Tools

A.3.1 When using flash memory programmer FG-FP5, FL-PR5, FG-FP4, and FL-PR4

FG-FP5, FL-PR5, PG-FP4, FL-PR4"*
Flash memory programmer

Flash memory programmer dedicated to microcontrollers with on-chip flash memory.

FA-78F8016GB-GAG-MX
Flash memory writing adapter

Flash memory programming adapter used connected to the flash memory programmer
for use.
FA-78F8016GB-GAG-MX: For 52-pin plastic LQFP

Note Phase-out

Remarks 1. FL-PR5, FL-PR4, and FA-78F8016GB-GAG-MX are products of Naito Densei Machida Mfg. Co., Ltd.
(http://www.ndk-m.co.jp/, TEL: +81-42-750-4172).
2. Use the latest version of the flash memory programming adapter.

A.3.2 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2
On-chip debug emulator with
programming function

This is a flash memory programmer dedicated to microcontrollers with on-chip flash
memory. It is available also as on-chip debug emulator which serves to debug hardware
and software when developing application systems using the 78K0/Kx2 microcontrollers.
When using this as flash memory programmer, it should be used in combination with a
connection cable (16-pin cable) and a USB interface cable that is used to connect the
host machine.

Target connector specifications

16-pin general-purpose connector (2.54 mm pitch)

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-pin
cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board are
used only when using the on-chip debug function.

2. Download the software for operating the QB-MINI2 from the download site for development tools
(http://www.necel.com/micro/en/ods/index.html).
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APPENDIX A DEVELOPMENT TOOLS

A.4 Debugging Tools (Hardware)

A.4.1 When using in-circuit emulator QB-78K0KX2

QB-78K0KX2
In-circuit emulator

This in-circuit emulator serves to debug hardware and software when developing application
systems using the 78K0/Kx2 microcontrollers. It supports to the integrated debugger (ID78K0-
QB). This emulator should be used in combination with a power supply unit and emulation probe,
and the USB is used to connect this emulator to the host machine.

QB-80-EP-01T
Emulation probe

This emulation probe is flexible type and used to connect the in-circuit emulator and target
system.

QB-788016-EA-01T,
Exchange adapter

This exchange adapter is used to perform pin conversion from the in-circuit emulator to target
connector.

Exchange adapter has the LIN transceiver, voltage regulator and driver functions.

QB-52GB-YS-01T,
Space adapter

This space adapter is used to adjust the height between the target system and in-circuit emulator.
QB-52GB-YS-01T: 52-pin plastic LQFP

QB-52GB-YQ-01T,
YQ connector

This YQ connector is used to connect the target connector and exchange adapter.
QB-52GB-YQ-01T: 52-pin plastic LQFP

QB-52GB-HQ-01T,
Mount adapter

This mount adapter is used to mount the target device with socket.
QB-52GB-HQ-01T: 52-pin plastic LQFP

QB-52GB-NQ-01T,
Target connector

This target connector is used to mount on the target system.
QB-52GB-NQ-01T: 52-pin plastic LQFP

Remark The QB-78K0KX2

is supplied with the integrated debugger ID78K0-QB, a USB interface cable, a power

supply unit, the on-chip debug emulator QB-MINI2, connection cables (10-pin and 16-pin cables), and the

78K0-OCD board.

Download the software for operating the QB-MINI2 from the download site for development tools
(http://www.necel.com/micro/en/ods/index.html) when using the QB-MINI2.

A.4.2 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2
On-chip debug emulator with
programming function

This on-chip debug emulator serves to debug hardware and software when developing
application systems using the 78K0/Kx2. It is available also as flash memory
programmer dedicated to microcontrollers with on-chip flash memory. When using this
as on-chip debug emulator, it should be used in combination with a connection cable (10-
pin cable or 16-pin cable), a USB interface cable that is used to connect the host
machine, and the 78K0-OCD board.

Target connector specifications

10-pin general-purpose connector (2.54 mm pitch) or 16-pin general-purpose connector
(2.54 mm pitch)

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-pin
cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board are
used only when using the on-chip debug function.

2. Download the

software for operating the QB-MINI2 from the download site for development tools

(http://www.necel.com/micro/en/ods/index.html).
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APPENDIX A DEVELOPMENT TOOLS

A.5 Debugging Tools (Software)

ID78K0-QB"*
Integrated debugger

This debugger supports the in-circuit emulators for the 78K0 microcontrollers. The
ID78K0-QB is Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing
with the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result. It should be
used in combination with the device file (DF788016).

Note Download the ID78K0-QB from the download site for development tools
(http://www.necel.com/micro/en/ods/index.html).
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APPENDIX B PACKAGE THERMAL RESISTANCE

Conditions
Board size 100 x 100 mm 1.6 mm thickness
Wiring : 2 layers (0.033 mm thickness)
Wiring density : 50%
Material :FR4
Package thermal resistance Typ-_
100
0 b-- -
80 Pp

5

<

@

@

Time[s]
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APPENDIX C CALCULATION EXAMPLE OF POWER DISSIPATION AND JUNCTION TEMPERATURE

Calculation Example of Total Power Dissipation

Conditions
Vsup = 12V
Iro = 15mA
LIN = Normal mode
Ta=85°C

P1 = Vsup x IBaT3 = 36 mW
P2 = (Vsup - VRo) x Iro = 105 mW
P3 =Vro x Ibb = 75 mW

RoN x lo” does the dissipation of one driver.
If only 1 ch is on for Dr2, P4 will be as the following

P4 =RONx I
=Dr1_RoNx I10°+ Dr2_Rron x 10°+ Dr3_Rron X 10°+ Dr4d_ ron X 10°
=10 mW + 100 mW + 25 mW + 18 mW
=153 mW

PD =P1+ P2+ P3 + P4 =369 mW

Calculation Example of Junction Temperature

Tj = PD x Rosa" + Ta
=113°C

Note ReouJa uses the value of Package thermal resistance (Appendix B T is more than 400 sec)

Caution Please make sure not to go beyond 140°C.
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APPENDIX D REVISION HISTORY

D.1 Main Revisions in this Edition

Page

Description

p.13

Change of Part Number

D.2 Revision History of Preceding Editions

Here is the revision history of the preceding editions. Chapter indicates the chapter of each edition.

(1/2)
Edition Description Chapter

2nd Change of item Throughout

uPD78F0511, 78F0512, 78F0513—1PD78F0511A, 78F0512A, 78F0513A

Addition of Flash Memory Programmer PG-FP5

Change of To know details of the microcontroller part INTRODUCTION

Change of Documents Related to Devices

Change of Documents Related to Development Tools (Hardware) (User’s Manuals)

Change of Documents Related to Flash Memory Programming

Change of the explanation in 1.1 Features CHAPTER 1

OUTLINE

Change of 1.6 Outline of Functions

Change of 2.3.3 (2) Control mode

CHAPTER 2 PIN

FUNCTIONS

Change of the explanation in CHAPTER 3 MICROCONTROLLER FUNCTIONS CHAPTER 3

Change of 3.3.2 Port register MICROCONTROLLER
FUNCTIONS

Change of the explanation 5.2 Power Supply Overcurrent Protection Function

CHAPTER 5 POWER
SUPPLY CIRCUIT

8.1 Absolute Maximum Ratings
Change of Absolute Maximum Ratings for Microcontroller Block (Ta = 25°C)

8.2 Microcontroller Block Characteristics
Change of A/D Converter Characteristics

CHAPTER 8
ELECTRICAL
SPECIFICATIONS (A)
GRADE PRODUCTS

Addition of Remark in 2.7 V POC Circuit Characteristics (Ta = * 40 to +85°C, Vss = 0 V) (TARGET)

Change of table and Note 1, addition of Note 4 to 6 in Flash Memory Programming

Characteristics

8.3 Analog Block Characteristics

Change of Voltage regulator circuit characteristics

Change of Note in Supply current Characteristics

Change of Note 3 in Figure A-1. Development Tool Configuration (1/3) (1) When using APPENDIX A

the in-circuit emulator QB-78K0KX2 DEVELOPMENT
TOOLS

Addition of Figure A-1. Development Tool Configuration (2/3) (2) When using the on-chip
debug emulator QB-78KOMINI

Addition of Figure A-1. Development Tool Configuration (3/3) (3) When using the on-chip
debug emulator with programming function QB-MINI2

Addition of A.4.1 When using flash memory programmer FG-FP5, FL-PR5, FG-FP4, FL-
PR4, PG-FPL3, and FP-LITE3
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APPENDIX D REVISION HISTORY

(2/2)
Edition Description Chapter
2nd Addition of A.4.2 When using on-chip debug emulator with programming function QB- APPENDIX A

MINI2 DEVELOPMENT

Change of Note in A.5.1 When using in-circuit emulator QB-78K0KX2 TOOLS

Addition of A.5.2 When using on-chip debug emulator QB-78KOMINI

Addition of A.5.3 When using on-chip debug emulator with programming function QB-

MINI2

Addition of APPENDIX D REVISION HISTORY APPENDIX D
REVISION HISTORY

3rd Deletion of QB-78KOMINI, PG-FPL3, and FP-LITE3 (because of discontinued products) Throughout

Change of How to Read This Manual INTRODUCTION

Change of Related Documents

Change of 1.6 Outline of Functions CHAPTER 1
OUTLINE

Change of Note 2 in Table 4-1. Wiring Dedicated Flash Programmer CHAPTER 4
WRITING WITH
FLASH
PROGRAMMER

Change of Absolute Maximum Ratings for Microcontroller block CHAPTER 8

Change of Absolute Maximum Ratings for Common Item ELECTRICAL

Change of table and Note 2 in X1 Oscillator Characteristics SPECIFICATIONS (A)

Change of (1) Basic operation and Note 3 in AC Characteristics GRADE PRODUCTS

Change of (c) lICO in (2) Serial interface in AC Characteristics

Change of LVI Circuit Characteristics

Change of Basic characteristics

Change of Voltage regulator circuit characteristics and Supply current Characteristics

Change of DC Characteristics

Change of AC Characteristics

Change of Driver circuit Characteristics

Change of APPENDIX A DEVELOPMENT TOOLS APPENDIX A
DEVELOPMENT
TOOLS

Addition of D.2 Revision History of Preceding Editions APPENDIX D
REVISION HISTORY
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