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Notes for CMOS Devices

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

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

3. Status before initialization of MOS devices
Power-on does not necessarily define initial status of MOS device.
Production process of MOS does not define the initial operation status of
the device. Immediately after the power source is turned ON, the devices
with reset function have not yet been initialized. Hence, power-on does not
guarantee out-pin levels, 1/0 settings or contents of registers. Device is not
initialized until the reset signal is received. Reset operation must be
executed immediately after power-on for devices having reset function.
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Legal Notes

» The information in this document is current as of June 2008. The information
is subject to change without notice. For actual design-in, refer to the latest
publications of NEC Electronics data sheets or data books, etc., for the most
up-to-date specifications of NEC Electronics products. Not all products and/
or types are available in every country. Please check with an NEC sales
representative for availability and additional information.

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

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

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

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

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

The "Specific" quality grade applies only to NEC Electronics products
developed based on a customer-designated “quality assurance program” for
a specific application. The recommended applications of NEC Electronics
product depend on its quality grade, as indicated below. Customers must
check the quality grade of each NEC Electronics product before using 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.
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The quality grade of NEC Electronics products is “Standard” unless
otherwise expressly specified in NEC Electronics data sheets or data books,
etc. If customers wish to use NEC Electronics products in applications not
intended by NEC Electronics, they must contact NEC Electronics sales
representative in advance to determine NEC Electronics 's willingness to
support a given application.

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

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

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

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

Caution This document is a draft (a momentary snapshot) of a document under work.
Future versions of this document will not hold a history list of changes towards
this draft document.
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Regional Information

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

distributors. They will verify:

« Device availability
« Ordering information
* Product release schedule

« Availability of related technical literature

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

forth)
« Network requirements

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

For further information please contact:

NEC Electronics Corporation

1753, Shimonumabe, Nakahara-ku,
Kawasaki, Kanagawa 211-8668, Japan
Tel: 044 4355111
http://www.necel.com/

[Europe]
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Tel: 0211 6503-0
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Tel: 040 2654010
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Numeric notation:
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Preface

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

This manual presents the hardware manual for the concerned microcontrollers.

This system specification describes the following sections:
¢ Pin function

e CPU function

« Internal peripheral function

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

Symbols and notation are used as follows:
* Weight in data notation: Left is high order column, right is low order

column

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

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

Additional remark or tip

Item deserving extra attention

e Binary: XXXX OF XXXg

» Decimal: XXXX

* Hexadecimal: XXXXp OF 0X XXXX

representing powers of 2 (address space, memory capacity):

« K (kilo): 210 = 1024

« M (mega): 220 = 10242 = 1,048,576

« G (giga): 230 = 10248 = 1,073,741,824

X, x = don’t care

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

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

Further information

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

Document name Document No.
VB850ES User’'s Manual Architecture U15943EJ3VOUMO0
Self-Programming Application Note U16929EE3VOANOO
Refer to

http://www.eu.necel.com/docuweb/

to obtain the latest version of above documents.

For further information see http://www.ee.nec.de.
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1.1

1)

)

Introduction

The VB50ES/Fx3-L is a product line in NEC Electronics’ V850 family of single-
chip microcontrollers designed for automotive applications.

General

The VB50ES/Fx3-L single-chip microcontroller devices make the performance
gains attainable with 32-bit RISC-based controllers available for embedded
control applications. The integrated V850ES CPU offers easy pipeline handling
and programming, resulting in compact code size comparable to 16-bit CISC
CPUs.

The VB50ES/Fx3-L devices provide an excellent combination of general
purpose peripheral functions like serial communication interfaces, timers/
counters, measurement and control functions, with full CAN network support.

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

Thus equipped, the V850ES/Fx3-L product line is ideally suited for automotive
body applications. It is also an excellent choice for other applications where a
combination of sophisticated peripheral functions and CAN network support is
required.

V850ES CPU

The VB50ES CPU core is a 32-bit RISC processor. Through the use of basic
instructions that can be executed in one clock period combined with an
optimized pipeline architecture, it achieves marked improvements in instruction
execution speed.

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

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

Further, because the on-chip Interrupt Controller provides high-speed interrupt
response and processing, the devices are well suited for high level real-time
control applications.

On-chip flash memory

The VB50ES/Fx3-L microcontrollers have on-chip flash memory. It is possible
to program the controllers directly in the target environment where they are
mounted.

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

1.2

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

Features Summary

The V850ES/Fx3-L series includes the following microcontrollers:
* VB850ES/FE3-L

HPD70F3610
HPD70F3611
HPD70F3612
HPD70F3613
UPD70F3614

* V850ES/FF3-L

HPD70F3615
HPD70F3616
HPD70F3617
HPD70F3618
HPD70F3619

* VB50ES/FG3-L

HPD70F3620
HPD70F3621
UPD70F3622

The common CPU core provides:

« 81 instructions

« 32 general registers (32 bits each)

« Comprehensive instruction set:

V850ES (compatible with V850 plus added powerful instructions for
reducing code and increasing execution speed)

Signed multiplication (16 bits x 16 bits — 32 bits or 32 bits x 32 bits —
64 bits) in 1 to 5 clocks

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

Bit manipulation instructions

Load/store instructions with long/short format

Signed load instructions
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1.3 Description

The following figure provides a functional block diagram of the V850ES/FE3-L,
V850ES/FF3-L, and V850ES/FG3-L microcontrollers.

NMI——» Power and Reset
INTPOto INTP7 | Interrupt
wo___,|  Controller  f+—-=
INTP8 to INTP11 [*—| Reset POC Low Voltage Detector | | Power supply
KRO to KR7 Key Interrupt
CPU
Note 4 Memory Access
. ~———= Code flash memory
Serial Interfaces
RXDDO to RXDD1——] CPU Core Nows
TXDDO to TXDD1 «——— UARTDO to UARTD1 fe— RAM
ASCKDO —+ BRG
RXDD2 Note 1 System Controller
TXDD2 UARTD2 ] Bus
BRG Control
Unit
SIBO to SIB1—— Standby Controller
SOBO to SOB1 «—— CSIB0Oto CSIB1  fu—n
SCKBO to SCKB1 ~— BRG
SDA0O ,
SCL0D re ]
]
CRXDO CAND Bridge
CTXD0 ~— Internal Bus
Control Interfaces i Note 6
| Ports
ANIO to ANI9 —— Note 2,3
ANI10 to ANI11Ne2 —] Internal Timers
ANI12 to ANI15Note 3 — 10-bit ADC
ADTRG ——={ 10/12/16 channels g-gygeLe oo
AVREF0———+ . n.n_n_n_n_rxggof_"a
AVSS le— | 16-bit Timer M 2gepoee oy
000009 * 0oLk o
S—=mIFw~o o O =
Loaaadl222@ao
o= o ]
of D
. o o
T Watch Timer
VDA Clock Generator
TIAAO1 to TIAA41 ——={  16-bit Timers Watchdog Internal oscillator
TOAAOQO to TOAA40~——{  TAAO to TAA4 Timer 2 240 KHz
TOAAO1 to TOAA41 «——
Internal oscillator
8 MHz
Sub oscillator || o
ub oscillator |
Auxiliary Functions ) ) -
Main oscillator ~ f«—Xx2
l~—DRST with PLL —PCL
. — —= CLKOUT
On-chip o1y
. —= DDO
debug unit l—DCK .
[ Clock Monitor

Figure 1-1 V850ES/FE3-L, VB50ES/FF3-L, VB50ES/FG3-L block diagram
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Table 1-2 on page 24 summarizes the different features of the V850ES/FE3-L,
V850ES/FF3-L, VB50ES/FG3-L series devices, marked as “Notes” in Figure
1-1 on page 23.

Table 1-2 V850ES/FE3-L, VB50ES/FF3-L, VB50ES/FG3-L feature set differences

Note

Feature

V850ES/FE3-L

V850ES/FF3-L

V850ES/FG3-L

INTP8,9,10,
UARTD2

ANI10 to
ANI11

ANI12 to
ANI15

Code flash

refer to “Memory” on page 151

RAM

refer to “Memory” on page 151

Ports

refer to “Pin Functions” on page 31
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CPU

Bus Control Unit

ROM

RAM

Ports

Clock Generator
Clock Monitor
On-chip Debug

function

Interrupt Controller

Key Interrupt
Function

UARTD
CSIB
CAN Controller

A/D Converter

Timers/counters

Watch Timer

Watchdog Timer 2

1.3.2

Internal units

The CPU can execute almost all instruction processing, such as address
calculation, arithmetic and logic operations, and data transfer, in one clock
under control of a five-stage pipeline.

Dedicated hardware units such as a multiplier and a 32-bit barrel shifter are
provided to speed up complicated instruction processing.

The Bus Control Unit (BCU) and Memory Controller (MEMC) control the
access to on-chip peripheral 1/0s.

The ROM consists of an internal flash memory and consists of the code flash.
For the available sizes, refer to Table 1-1 on page 21.

For the available RAM sizes, refer to Table 1-1 on page 21.
General-purpose port functions and control pin functions are available.

The Clock