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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 Vi (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
Vit (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 Voo 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, 1/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 I/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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The information in this document is current as of September, 2005. 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 Electronics 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 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.
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.

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 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).
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All (other) product, brand, or trade names used in this pamphlet are the trademarks or
registered trademarks of their respective owners.

Product specifications are subject to change without notice. To ensure that you have
the latest product data, please contact your local NEC Electronics sales office.

User’s Manual U17763EE1V2UDO00O




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:

e Device availability
e Orderinginformation

e Product release schedule

* Availability of related technical literature

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

e Network requirements

In addition, trademarks, registered trademarks, export restrictions, and other legal issues may also vary

from country to country.

NEC Electronics America Inc.
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Tel:  408-588-6000
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Fax: 408-588-6130
800-729-9288

NEC Electronics (Europe) GmbH
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Tel:  091- 504 27 87
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Branch Sweden
Taeby, Sweden

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

United Kingdom Branch
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Tel: 01908-691-133
Fax: 01908-670-290

NEC Electronics Hong Kong Ltd.
Hong Kong

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
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Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
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NEC Electronics Taiwan Ltd.
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Preface

Readers

Purpose

Organization

Legend

This manual is intented for users who want to understand the functions of the
V850ES/DJ2.

This manual presents the hardware manual of the V850ES/DJ2.
This User’s Manual is an extension of the F_Series User’s Manual.

F_Series Items:

For all of the items regarding the FG2 please refer to the F_Series User’s
Manual/Data sheet (U17215EJ2V0UDOO (2nd edition) and further releases).

MTRC of D_Series:

In this User's Manual/Data Sheet all of the MTRC relevant items and the
internal connection or pinout of the D_Series device are regarded.

This system specification describes the following sections:
* Pin function

* Port function

* Internal peripheral function

» Electrical target specification

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

Active low notation 1 xxx (pin or signal name is over-scored) or
/xxx (slash before signal name)

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

Note : Explanation of (Note) in the text
Caution . Item deserving extra attention
Remark : Supplementary explanation to the text
Numeric notation : Binary . . . XXXx or XxxB

Decimal . . . XXXX

Hexadecimal . . . XXXXH or 0x XXXX
Prefixes representing powers of 2 (address space, memory capacity)

K (kilo): 210 = 1024

M (mega): 220 = 10242 = 1,048,576

G (giga): 2%0 = 10243 = 1,073,741,824
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Chapter 1 Introduction

The VB850ES/DJ2 is a product of the NEC’s V850 D_Series Series of single-chip microcontroller
designed for application with up to 6 stepper motor channels.

It provides low-power operation for real-time control applications especial for automotive Dashboard
applications.

1.1 General

The V850ES/DJ2 is a 32-bit System in Package (SiP) microcontroller that includes a V850ES CPU core
device of the F_Series (V850ES/FG2) and a Meter Controller/Driver (MTRC) in one package.

The F_Series includes peripheral functions such as ROM/RAM, a timer/counter, serial interfaces, and
an A/D converter.

In addition to high real-time response characteristics and 1-clock-pitch basic instructions, the
VB50ES/FG2 features multiply instructions, saturated operation instructions, bit manipulation instruc-
tions, etc., realised by a hardware multiplier, as optimum instructions for digital servo control applica-
tions. Moreover, as a real-time control system, the V850ES/FG2 enables extremely high cost-
performance for applications that require a low power consumption, such as automotive applications.
For an overview of the VB50ES/FG2 refer to “V850ES/FG2 Introduction” on page 25.

The integrated MTRC supplies a meter controller driver macro for up to 6 stepper motor channels and
GPIOs. Via the dedicated interface the controlling will be handled with a dedicated protocol.

For this internal interface the 3-wire serial interface CSIB1 of the V850ES/DG2 device is used for the
serial communication and the PCMO port of the VB50ES/FG2 device is used as the CS function for the
MTRC.

1.2 Features (V850ES/D_Series)

Table 1-1: Features (V850ES/D_Series)

Internal Memory
Part Number Name V850ES/FG2 device Pin CAN SM
Flash (KB) RAM (KB)

pPD70F3325 | VB50ES/DJ2 | pPD70F3235(A)/FG2 | 144 256 12 2 6

Note: In the following the product term VB50ES/Fx2 is used for VB50ES/FG2, unless otherwise noted.
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1.3 About the Subject of this User’s Manual

This User’s Manual is an extension of the F_Series User’'s Manual.

F_Series ltems:

For all of the items regarding the V850ES/DG2 please refer to the F_Series User's Manual/Data Sheet
(U17215EJ2V0OUDO0O (2nd edition) and further releases).

MTRC of D_Series:

In this User’s Manual/Data Sheet all of the MTRC relevant items and the internal connection or pinout of
the D_Series device are regarded.

1.4 Internal Connection

The following pins of the VB50ES/Fx2 device are connected to the MTRC:

e CSIIF: SIB1, SOB1, SCKB1

e Chip select: PCMO0 as CS

1.4.1 System in Package (SiP)
Figure 1-1: D_Series SiP

1 chip
Fx2 Device MTRC
CLKOUT = CLK
CSsl
CPU PCMO » CS
SCKB1 = SCK RegCTL
CSl SIB1 [ SO
SM
SOB1 = S Macro
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1.5 Communication Between the V850ES/Fx2 and MTRC

The clocked synchronous serial interface CSIB1 of the VB50ES/Fx2 device is used for the communica-
tion with the MTRC.

The communication I/F of the MTRC is fixed to the following settings:

e |/F: CSlI
¢ Mode: Slave mode
¢ Data length: 8-bits

(support continuous data transfer,
therefore the VB50ES/Fx2 CSIB1 can use 16-bit data length)

e Transfer: MSB first

¢ Transmission: transmission/reception mode

1.5.1 Communication

The software for the communication between the V850ES/Fx2 device and the MTRC has to manage
the I/F of the CSIB1 and the PCMO pin as chip select signal.

The CSI1B of the VB50ES/Fx2 device has been set to master mode, because the MTRC CSl is always
in slave mode. Therefore it is necessary, that the CSIB1 sends dummy data if the VB50ES/Fx2 device
wants to read data from the MTRC.

The MTRC CSl is always in 8-bit mode but is capable of continuous data transfer. Therefore the 16-bit
mode of the CSIB1 can be used for faster communication for example.
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1.5.2 Internal and external communication via CSIB1

In case the PMT4 pins are operated in alternate function mode (PMCMT4n = 1), the function of the
PMT40 to PMT42 (EXCSIB1 pins) ports is further controlled by the PCMO/CS signal:

e PMCMT4n =1, PCMO/CS = 0:
PMT40 to PMT42 (EXCSIB1) provide the function of the VB50ES/Fx2’'s CSIB1 interface pins. Thus if
no communication between the V850ES/Fx2 and the MTRC is ongoing, the V850ES/Fx2 can con-
nect to an external device via the CSIB1 interface.
A special “Last byte control” circuit ensures, that an ongoing CSIB data transfer between the
V850ES/Fx2 and an external device is not interrupted by setting PCMO/CS = 1. CSIB1 and
EXCSIB1 is disconnected only after data transfer is completed.

¢ PMCMT4n =1, PCMO/CS = 0:
PMT40 to PMT42 have no function.

The MTCS pin reflects the status of PCMO/CS, and therefore the mode of the EXCSIB1 pins.

If PMT40 to PMT42 are in port mode (PMCMT4n = 0), they are controlled by the PMT4 control regis-
ters.

Figure 1-2: CS Functionality

V850ES/Fx2 MTRC Dx2 pins
CLKOUT CLK » |e«—»[] PMT43/EXCLO
SIB1 |
SM
So8 Macro
SCKB1

j«—=[ ] PMT40/EXSI1
EXCSIB1 le—»-[ | PMT41/EXSO1

«—w[] PMT42/EXSCK1

Last byte
control

PCMO cs— TD MTCS

PCMO0/CS .
MTCS EXCSIB1 signals
1 EXCSIB1 signals have no function
0 EXCSIB1 signals have the function of the VB50ES/Fx2’s CSIB1 interface pins
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1.6 Pinout of DJ2

Figure 1-3:

Pinout of DJ2
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1.7 Overview of MTRC Functions

Table 1-2: Overview of MTRC Functions

Operating Frequency

Max. 16 MHz (typ. 8 MHz)

Meter Driver

360° x 6 channels

Ports

I/0

16

0]

16

device and MTRC

Connection between V850ES/Fx2

3-Wire Serial Interface (CSI)
slave mode, 8-bit, single/continuous mode

Power Supply voltage range

40Vtob55V

Figure 1-4: Block Diagram of the MTRC

PMTO

PMT1

PMT2

Note
PMT30 - PMT37 @

PMT3

PMT40 - PMTas )

EXCLO ~——
EXSI1 ——»

EXSCK1 ~——
EXSO1 ~——

PMT4

SO R

|-a—— Sl
——» SO
l.«———— SCK

l«——— CS

Serial :> SM11
Reg. CTL :>
SM21

<:,‘> MTRC :> e

Note: 1/O ports of PMT3 are used in the V850ES/DJ2 as follows:
e V850ES/DJ2, 144-pin: PMT30-PMT33
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1.8 Peripheral I/O Registers

Table 1-3: Peripheral I/O Registers

Address Register Name Symbol Initial Value Access R/W
After Reset | {.pjt | 8-bit | 16-bit
00H | Compare Register 10 MCMP10 00H X R/W
01H | Compare Register 11 MCMP11 O00OH X R/W
02H | Compare Control Register 1 MCMPC1 00H X R/W
03H | Compare Register 20 MCMP20 00H X R/W
04H | Compare Register 21 MCMP21 O0OH X R/W
05H | Compare Control Register 2 MCMPC2 00H X R/W
06H | Compare Register 30 MCMP30 00H X R/W
07H | Compare Register 31 MCMP31 00H X R/W
08H |Compare Control Register 3 MCMPC3 00H X R/W
09H | Compare Register 40 MCMP40 00H X R/W
0AH | Compare Register 41 MCMP41 O0OH X R/W
0BH | Compare Control Register 4 MCMPC4 00H X R/W
OCH | Compare Register 50 MCMP50 00H X R/W
ODH | Compare Register 51 MCMP51 00H X R/W
OEH | Compare Control Register 5 MCMPC5 00H X R/W
OFH | Compare Register 60 MCMP60 00H X R/W
10H | Compare Register 61 MCMP61 00H X R/W
11H | Compare Control Register 6 MCMPC6 00H X R/W
12H | Timer Mode Control Register 0 MCNTCO O00H X R/W
13H | Timer Mode Control Register 1 MCNTC1 O0OH X R/W
20H | Port MTO PMTO Undefined X R/W
21H | Port MT1 PMT1 Undefined X R/W
22H | Port MT2 PMT2 Undefined X R/W
23H | Port MT3 PMT3 Undefined X R/W
24H | Port MT4 PMT4 Undefined X R/W
25H | Port MTO Mode Register PMMTO FFH X R/W
26H | Port MT1 Mode Register PMMTA FFH x R/W
27H | Port MT2 Mode Register PMMT2 FFH X R/W
28H | Port MT3 Mode Register PMMTS3 FFH X R/W
29H | Port MT4 Mode Register PMMT4 FFH X R/W
2AH | Port MT1 Mode Control Register PMCMTH1 00H X R/W
2BH | Port MT2 Mode Control Register PMCMT2 00H X R/W
2CH | Port MT4 Mode Control Register PMCMT4 00H X R/W
2DH | SM1SM2 Mode Control Register SM12MC 00H X R/W
2EH | Ring Oscillator Control Register MRCTL 50H X R/W
31H | Calibration Register MRCAL 10H X R/W
User’s Manual U17763EE1V2UDOQO 23
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Chapter 2 V850ES/FG2 Introduction

The VB50ES/FG2 is one of the products of NEC Electronics’ V850 Series of single-chip microcontrol-
lers for real-time control.

The VB850ES/FG2 is a 32-bit single-chip microcontroller that includes the V850ES CPU core and inte-
grate peripheral functions such as ROM/RAM, DMA controller, and timers/counters. These microcon-
trollers also incorporate a CAN (Controller Area Network) as an automotive LAN.
In addition to highly real-time responsive, 1-clock-pitch basic instructions, this microcontroller have
instructions ideal for digital servo applications, such as multiplication instructions using a hardware mul-
tiplier, sum-of-products operation instructions, and bit manipulation instructions. This microcontroller
can also realize a real-time control system that is highly cost effective and can be used in automotive
instrumentation fields.
e Number of instructions: 83
e Minimum instruction execution time: 50 ns (main clock (fxx) = 20 MHz)
e General-purpose registers: 32 bits x 32
e Power-on clear function
e Low-voltage detection function
¢ Ring-OSC: 200 kHz (TYP)
¢ Interrupts/exceptions
Non-maskable interrupts
Maskable interrupts
e |/Olines I/O ports: 84
e Timer/counters
16-bit interval timer M (TMM): 1 ch
16-bit timer/event counter P (TMP): 4 ch
16-bit timer/event counter Q (TMQ): 2 ch
e Watch timer: 1ch
e Watchdog timer 2: 1ch
e Serial interface (SI10)
Asynchronous serial interface A (UART)
3-wire variable-length serial interface B (CSIB)

¢ CAN controller: 2 ch

e A/D converter 10-bit resolution: 16 ch
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e Clock generator

Main clock/subclock operation

CPU clock in seven steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16,
fxx/32, fxT)

Clock-through mode/PLL mode selectable

¢ Power save function

Pin identification

ADTRG:

ANIO to ANI15:
ASCKAO:
AVreFo:

AVss:

BVoo:

BVss:
CLKOUT:

CRXDO0, CRXD1:

CTXDO, CTXD1:
DCK:

DDl

DDO:

DMS:

DRST:

EVoo:

EVss:

FLMDO, FLMD1:

INTPO to INTP10:

KRO to KR7:
NMI:

P00 to PO6:
P10, P11:
P30 to P39:
P40 to P42:
P50 to P55:
P70 to P715:
P90 to P915:
PCL:

26

-HALT

-IDLEA1

-IDLE2

-software STOP
-subclock
-sub-IDLE modes

A/D trigger input PCMO to PCM3: Port CM

Analog input PCSO0, PCS1: Port CS
Asynchronous serial clock PCTO, PCT1,

Analog reference voltage PCT4, PCT®6: Port CT

Analog Vss PDLO to PDL13: Port DL

Power supply for bus interface REGC: Regulator control
Ground for bus interface RESET: Reset

Clock output RXDAO to RXDA2: Receive data
Receive data for controller area network SCKBO, SCKB1: Serial clock
Transmit data for controller area network SIBO, SIB1: Serial input
Debug clock SOBO, SOB1: Serial output
Debug data input TIPOO, TIPO1,

Debug data output TIP10, TIP11,

Debug mode select TIP20, TIP21,

Debug reset TIP30, TIP31,

Power supply for port TIQOO0 to TIQO3,

Ground for port TIQ10 to TIQ13:  Timer input
Flash programming mode TOPOO0, TOPOT1,

Interrupt request from peripherals TOP10, TOP11,

Key return TOP20, TOP21,

Non-maskable interrupt request TOP30, TOP31,

Port 0 TOQO1 to TOQO3,

Port 1 TOQ11 to TOQ13: Timer output
Port 3 TXDAO to TXDA2: Transmit data
Port 4 Vob: Power supply
Port 5 Vss: Ground

Port 7 X1, X2: Crystal for main clock
Port 9 XT1, XT2: Crystal for subclock

Programmable clock output
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Figure 2-1: V850ES/FG2 - uPD70F3235 Block Diagram
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TIQOO to TIQ10 , —
TIQO1 to TIQ11 32-bit barrel ) Multiplier
TIQ02t0 TIQ12 — RAM shifter 16 % 16 — 32
TIQO3 to TIQ13 16-bit timer/
TOQOO to TOQ10 coupler @: <] System BCeu
0 2c¢ch 12KB [ i
TOQO1 to TOQTT |Ltegisters —>
TOQO02 to TOQ12 General-
TOQO03 to TOQ13 purpose register
32 bits x 32
}
e QR D— B 2 s
counter P:  [K—>
TOPOO to TOP30 4 ch @
TOPO1 to TOP31 c
16-bit @ @
interval
timer M: [ | Ports | —= PCL
1ch
— CLKOUT
@@HHHHH@@@H cg [ XM
SOBO, SOB1 <— —NOMWVWVLND—© —— XT2
SIBO, SIB1 ] CSIB:2ch K=> 855:5;&;{858 X1
SCKBO, SCKB1 <—> CeaD80oo0oge PLL X2
$2¥e55393488
ogoggreda o | RrG |- REseT
TXDAO to TXDA2 <—] O -9
RXDAO to RXDA2 C——>{UARTA: 3 ch [K—> 5
ASCKAO —— a
= —— FLMDO
5 ~— FLMDf1
o — BVop
CTXDO, CTXD1 <—] :
CRXDO, CRXD1 ——>] CAN:2eh [ BVss
— EVop
— EVss
ANIOto ANIE = | | | e v
AVss A/D — : 1 — Voo
AVrero — | converter : RCU DRST : Regulator [— Vss
ADTRG — | : DMS : L REGC
: RSU DDO :
KRO to KR7 ] &Y reum o 5 peK cLM
: | ROMC DDl s
Watchdog : On chip debug
timer 2 L e e e e e e e mmmcmaaaaad POC/LVI
Watch timer [<—}
L~

Preliminary User’s Manual U17763EE1V2UDO0O0O

27



Chapter 2 V850ES/FG2 Introduction

2.1 Pin Functions

This section explains the names and functions of the pins of the VB50ES/FG2.

Three 1/O buffer power supplies, AVrero, BVoo and EVop, are available. The relationship between the
power supplies and the pins is shown below.

Table 2-1: Pin I/O Buffer Power Supplies (V850ES/FG2)

Power Supply Corresponding Pin

AVrero Port 7

EVoo Port 0, Port 1, Port 3, Port 4, Port 5, Port 9, RESET
BVoo Port CM, Port CS, Port CT, Port DL

Table 2-2: Pin List (Port Pins)

Pin Name 1/0 Function Alternate Function

P00 TIP31/TOP31

PO1 TIP30/TOP30

P02 Port 0 NMI

P03 1/0 7-bit 1/0 port INTPO/ADTRG

P04 Input/output can be specified in 1-bit units. INTP1

P05 INTP2/DRST

P06 INTP3

P10 Port 1 INTP9

1/0 2-bit I/O port

P11 Input/output can be specified in 1-bit units. INTP10

P30 TXDAO

P31 RXDAO/INTP7

P32 ASCKAO/TIPOO/TOPQO/
TOPO1

P33 TIPO1/TOP01/CTXDO

Port 3

P34 /O 10-bit 1/0 port TIP10/TOP10/CRXD0O

P35 Input/output can be specified in 1-bit units. TIP11/TOP11

P36 CTXD1

P37 CRXD1

P38 TXDA2

P39 RXDA2/INTP8

P40 Port 4 SIBO

P41 I/0 3-bit I/0 port SOBO

P42 Input/output can be specified in 1-bit units. SCKBO
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Table 2-2: Pin List (Port Pins) (Continued)

Pin Name I/0 Function Alternate Function
P50 KRO/TIQ01/TOQO1
P51 KR1/TIQ02/TOQ02
P52 Port 5 KR2/T1Q03/TOQ03/DDI
I/0 6-bit I/O port
P53 Input/output can be specified in 1-bit units. KR3/TIQ00/TOQ00/DDO
P54 KR4/DCK
P55 KR5/DMS
Port 7
P70 to P715 I/O 16-bit I/0 port ANIO to ANI15
Input/output can be specified in 1-bit units.
P90 KR6/TXDA1
P91 KR7/RXDA1
P92 TIQ11/TOQ11
P93 TIQ12/TOQ12
P94 TIQ13/TOQ13
P95 TIQ10/TOQ10
P96 TIP21/TOP21
P97 Port 9 SIB1/TIP20/TOP20
I/0 16-bit 1/0 port
Po8 Input/output can be specified in 1-bit units. SOBHt
P99 SCKBH1
P910 -
P911 -
P912 -
P913 INTP4/PCL
P914 INTP5
P915 INTP6
PCMO Port CM i
PCMA1 I/0 4-bit I/O port CLKOUT
PCM2, PCM3 Input/output can be specified in 1-bit units. _
Port CS
PCSO0, PCS1 I/0 2-bit I/0 port -
Input/output can be specified in 1-bit units.
Port CT -
Egig’ igié’ I/0 4-bit I/0 port
’ Input/output can be specified in 1-bit units. -
PDLO to PDL4 -
Port DL
PDLS Vo 14-bit 1/O port FLMD1
PDL6 to Input/output can be specified in 1-bit units. )
PDL13
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Table 2-3: Pin List (Non-Port Pins)

Pin Name I/0 Function Alternate Function

NMI Input E)gﬁf?nis"l:;ebrlgpvtv;&p:rtwalog noise eliminated) Po2

INTPO PO3/ADTRG

INTP1 P04

INTP2 PO5/DRST

INTP3 P06

INTP4 P913/PCL

NP i | et

INTP6 P915

INTP7 P31/RXDAO

INTP8 P39/RXDA2

INTP9 P10

INTP10 P11

TIPOO External event/clock input (TMP0O) P32/ASCKAO/TOP0O0/TOPO1

TIPO1 External event/clock input (TMPO1) P33/TOP01/CTXDO

TIP10 External event/clock input (TMP10) P34/TOP10/CRXDO

TIP11 Input External event/clock input (TMP11) P35/TOP11

TIP20 External event/clock input (TMP20) P97/SIB1/TOP20

TIP21 External event/clock input (TMP21) P96/TOP21

TIP30 External event/clock input (TMP30) P0O1/TOP30

TIP31 External event/clock input (TMP31) POO/TOP31

TOPOO Timer output (TMPOO) P32/ASCKAO/TIPOO/TOPO1

TOPO1 Timer output (TMPO1) P32/ASCKATIPO0TTOPO0
P33/TIPO1/CTXDO

TOP10 Timer output (TMP10) P34/TIP10/CRXD0O

TOP11 Output | Timer output (TMP11) P35/TIP11

TOP20 Timer output (TMP20) P97/SIB1/TIP20

TOP21 Timer output (TMP21) P96/TIP21

TOP30 Timer output (TMP30) PO1/TIP30

TOP31 Timer output (TMP31) POO/TIP31

TIQ00 External event/clock input (TMQOO) P53/KR3/TOQ00/DDO

TIQO1 External event input (TMQO1) P50/KR0/TOQO1

TIQ02 External event input (TMQO02) P51/KR1/TOQ02

TIQ03 External event input (TMQO3) P52/KR2/TOQ03/DDI

TIQ10 nput External event input (TMQ10) P95/TOQ10

TIQ11 External event input (TMQ11) P92/TOQ11

TIQ12 External event input (TMQ12) P93/TOQ12

TIQ13 External event input (TMQ13) P94/TOQ13
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Table 2-3: Pin List (Non-Port Pins) (Continued)

Pin Name I/0 Function Alternate Function
TOQO0 Timer output (TMQOO0) P53/KR3/TIQ00/DDO
TOQO1 Timer output (TMQO1) P50/KRO/TIQO1
TOQO02 Timer output (TMQO02) P51/KR1/TIQ02
TOQO03 Output Timer output (TMQO0S3) P52/KR2/TIQ03/DDI
TOQ10 Timer output (TMQ10) P95/TIQ10
TOQ11 Timer output (TMQ11) P92/TIQ11
TOQ12 Timer output (TMQ12) P93/TIQ12
TOQ13 Timer output (TMQ13) P94/TIQ13
SIBO input Serial receive data input (CSIBO0) P40
SIB1 Serial receive data input (CSIB1) P97/TIP20/TOP20
SOBO Output Serial transmit data output (CSIBO0) P41
SOB1 Serial transmit data output (CSIB1) P98
SCKBO /o Serial clock 1/0 (CSIBO) P42
SCKB1 Serial clock I/0O (CSIB1) P99
RXDAO Serial receive data input (UARTAO) P31/INTP7
RXDA1 Input Serial receive data input (UARTA1) P91/KR7
RXDA2 Serial receive data input (UARTA2) P39/INTP8
TXDAO Serial transmit data output (UARTAO) P30
TXDA1 Output | Serial transmit data output (UARTA1) P90/KR6
TXDA2 Serial transmit data output (UARTA2) P38
ASCKAO Input Baud rate clock input to UARTAO P32/TIPOO/TOP00/TOPO1
CRXDO input CAN receive data input (CANO) P34/TIP10/TOP10
CRXD1 CAN receive data input (CAN1) P37
CTXDO Output CAN transmit data output (CANO) P33/TIPO1/TOPO1
CTXD1 CAN transmit data output (CAN1) P36
ANIO to ANI15 | Input Analog voltage input to A/D converter P70 to P715
AVeero Input Estfeerr]zzfi Svc\)/lzi)ge input to A/D converter (same _
AVss B Groun_d potential for A/D and D/A converters (same _

potential as Vss)
ADTRG Input A/D converter external trigger input PO3/INTPO
KRO P50/TIQ01/TOQO1
KR1 P51/T1Q02/TOQ02
KR2 P52/T1Q03/TOQ03/DDI
KR3 P53/T1Q00/TOQ00/DDO
KA Input Key interrupt input SE1/DCK
KR5 P55/DMS
KR6 P90/TXDA1
KR7 P91/RXDA1
DMS Input Debug mode select P55/KR5
DDI Input Debug data input P52/KR2/TIQ03/TOQ03
DDO Output | Debug data output P53/KR3/TIQ00/TOQ00
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Table 2-3: Pin List (Non-Port Pins) (Continued)

Pin Name I/0 Function Alternate Function
DCK Input Debug clock input P54/KR4
DRST Input Debug reset input PO5/INTP2
FLMbo Input | Flash ing mode setting pi i
npu ash programming mode setting pins
FLMD1 P Preg g 9p PDL5
CLKOUT Output | Internal system clock output PCM1
PCL Output Clock output (timing output of X1 input clock and sub- P913/INTP4
clock)
REGC - Regulator output stabilizing capacitor connection -
RESET Input System reset input -
X1 Input -
Main clock resonator connection
X2 - -
XT1 Input -
Subclock resonator connection
XT2 - -
Voo - Positive power supply pin for internal circuitry -
Vss - Ground potential for internal circuitry -
Positive power supply pin for external circuitry (same
EVoo - . -
potential as Voo)
Ground potential for external circuitry (same potential
EVss - -
as Vss)
Positive power supply pin for external circuitry (same
BVoo - . -
potential as Voo)
BVss i Ground potential for external circuitry (same potential |

as Vss)

32

Preliminary User’s Manual U17763EE1V2UDO00O




Chapter 2 V850ES/FG2 Introduction

Table 2-4: Pin I/O Circuit Types and Recommended Connection of Unused Pins

Pin VO. Cir- Recommended Connection
cuit Type
POO/TIP31/TOP31
PO1/TIP30/TOP30
PO2/NMI 5.W Input: I.ndependently connect to EVDD or EVSS via a resistor
Output: Leave open
PO3/INTPO/ADTRG
PO04/INTP1
PO5/INTP2/DRST 5-AF Input: Independently connect to EVSS via a resistor
Output: Leave open
PO6/INTP3 5.W Input: I.ndependently connect to EVDD or EVSS via a resistor
Output: Leave open
P10/INTP9 5-W Input: Independently connect to EVDD or EVSS via a resistor
P11/INTP10 Output: Leave open
P30/TXDAO 5-A
P31/RXDAO/INTP7
P32/ASCKAO/TIPOO/TOPO0/
TOPO1
5-W
P33/TIPO1/TOP0O1/CTXDO
P34/TIP10/TOP10/CRXDO Input: Independently connect to EVDD or EVSS via a resistor
Output: Leave open
P35/TIP11/TOP11
P36/CTXD1 5-A
P37/CRXD1 5-W
P38/TXDA2 5-A
P39/RXDA2/INTP8 5-W
P40/SIBO 5-W
P41/SOBO 5A Input: I'ndependently connect to EVDD or EVSS via a resistor
Output: Leave open
P42/SCKBO 5-W
P50/KRO/TIQ01/TOQO1
P51/KR1/TIQ02/TOQ02
P52/KR2/TIQ03/TOQO3/DDI 5w Input: Independently connect to EVDD or EVSS via a resistor
P53/KR3/TIQ00/TOQ00/DDO Output: Leave open
P54/KR4/DCK
P55/KR5/DMS
P70/ANIO to P711/ANI11 1-G Input: Independently connect to AVREFO or AVSS via a resistor
P712/ANI12 to P715/ANI15 Output: Leave open
P90/KR6/TXDA1
P91/KR7/RXDA1
P92/TIQ11/TOQ11 5w Input: Independently connect to EVDD or EVSS via a resistor
P93/TIQ12/TOQ12 Output: Leave open
P94/TIQ13/TOQ13
P95/TIQ10/TOQ10
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Table 2-4: Pin I/O Circuit Types and Recommended Connection of Unused Pins (Continued)

P96/TIP21/TOP21

5-W
P97/SIB1/TIP20/TOP20
P98/SOB1 5-A
P99/SCKB1 5-W
P910 Input: Independently connect to EVDD or EVSS via a resistor
P911 5-A Output: Leave open
P912
P913/INTP4/PCL
P914/INTP5 5-W
P915/INTP6
PCMO
PCM1/CLKOUT 5 Input: I.ndependently connect to BVDD or BVSS via a resistor
Output: Leave open
PCM2, PCM3
PCS0, PCS1 5 Input: Independently connect to BVDD or BVSS via a resistor

Output: Leave open

Input: Independently connect to BVDD or BVSS via a resistor

PCTO, PCT1, PCT4, PCT6 5 .
Output: Leave open

PDLO to PDL4
PDL5/ FLMD1 5
PDL6 to AD13
AVREFO - Directly connect to VDD
AVSS - -

Input: Independently connect to BVDD or BVSS via a resistor
Output: Leave open

FLMDOQ? - Directly connect to VSS
REGC - -

RESET 2 -

X1 - -

X2 - -

XT1 16 Connect to VSS via a resistor
XT2 16 Leave open

VDD - -

VSS - -

BVDD - -

BVSS - -

EVDD - -

EVSS - -

a. If noise that exceeds the noise elimination width is input to the RESET pin during self programming, the flash
on-board mode may be entered depending on the capacitance charge end timing when a capacitor is connect-
ed to the FLMDO pin. Therefore, do not connect a capacitor to the FLMDO pin.
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Figure 2-2: Pin I/O Circuit Types (1/2)

Type 2
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Output i :) )o—| N-ch
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Voo
—O IN/OUT
Output N-ch
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Input
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Output LD@—{
disable

p ch AVss

Comparator
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Threshold voltage
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Figure 2-3: Figure 2-1. Pin I/O Circuit Types (2/2)

Type 5-A
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2.2 Port Functions

Features

e |/O ports: 84

¢ Port pins function alternately as other peripheral-function I/O pins

e Can be set in input or output mode in 1-bit units.

The VB50ES/FG2 has a total of 84 1/0O ports, ports 0, 1, 3t0 5, 7, 9, CM, CS, CT, and DL. The port con-
figuration is shown below.

Figure 2-4: Port Configuration

e»
Port 0 { !

R BE—

Port 1 {
R E—

ﬁ
Port 3 { !

e am—

Port 4 { :

.~
Port 5 { !

R E——

%
Port 7 { !

R E—

P00
P06

P10
P11

P30
P39
P40
P42
P50
P55
P70

P715

P90
P915
PCMO
PCM3

PCSO
PCS1

PCTO
PCT1
PCT4
PCT6

PDLO
PDL13
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2.3 CPU Functions

Based on the RISC architecture, the CPU of the VB50ES/FG2 executes most of the instructions in one
clock under control of a five-stage pipeline.

Features
¢ Minimum instruction execution time: 50 ns (at 20 MHz operation)
¢ Memory space
- Program space: 64 MB, linear
- Data space: 4 GB, linear
e General-purpose registers: 32 bits x 32
¢ Internal 32-bit architecture
* Five-stage pipeline control
e Multiplication/division instructions
e Saturation operation instructions
e 32-bit shift instructions: 1 clock
e Load/store instructions with long/short format
¢ Four types of bit manipulation instructions
- SET1
- CLR1

- NOTH
- TSTH
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2.4 Clock Generation Function

The following clock generation functions are available.

Main clock oscillator

In clock-through mode
fx =4 to 5 MHz (fxx = 4 to 5 MHz)

In PLL (Phase Locked Loop) mode
fx =4 to 5 MHz (fxx = 16 to 20 MHz)

Subclock oscillator (sub-resonator)

32.768 kHz

20 kHz (RCR = 390 kQ, C = 47 pF)

Multiply (x4) function via PLL (Phase Locked Loop)
Clock-trough mode/PLL mode selectable
Ring OSC

fr = 100 to 400 kHz

Internal system clock generation

7 steps (fxx, fxx/2, fxx/4, fxx/8, fxx/16, fxx/32, fxr)
Peripheral clock generation

Clock output function

Programmable clock output (PCL) function
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Figure 2-5: Clock Generator

FRC bit Xtal
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2.5 16-bit Timer/event Counter P

The V850ES/FG2 includes 16-bit timer/event counter P (TMPO to TMP3).
Features

Timer P (TMP) is a 16-bit timer/event counter that can be used in various ways.
TMP can perform the following operations.

e PWM output

¢ Interval timer

e External event counter (operation disabled when clock is stopped)
¢ One-shot pulse output

e Pulse width measurement function

e Timer synchronized operation function
e Free-running function

e External trigger pulse output function
Functional Outline

e Capture trigger input signal x 2

e External trigger input signal x 1

e Clock selection x 8

e External event count input x 1

¢ Readable counter x 1

e Capture/compare reload register x 2

e Capture/compare match interrupt x 2

e Timer output (TOPNnO, TOPn1) x 2

Remark: n=0t03
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Figure 2-6: Figure 6-1. Block Diagram of Timer P

\ Internal bus \
AN
TPnCTLO iﬁ TPnlOC2 ii
LTPnCE |TPnCKS2|TPnCKS1|TPnCKSO] |TPnEES1 [TPREESO|TPRETS 1 [TPRETSO)
| |
TPnCE
fxx
fxx/2 | TPnCCRO
fxx/4 N
fxx/8 2 ] [
fxx/16 % Z 5
fxx/32 CCRO buffer S
fot6a -] TPNCNTO register 8= INTTPnCCO
fxx/12gNote 1 1T o
fxNote 2 >< $
1
Edge Counter control [ 16-bit counter “‘% TPnCIIEN_I_I_P oV
detector L n
<&
— It 5
Trigger CCR1 buffer k3]
Edge co?]?rol register 3 INTTPnCC1
detector T < n
[
51| Edge | | 1 TPnCCR1
TIPn0 © 3 ™ detector
Note 3| 3
J_ *— | | Capture/compare
selection function
5 Edge
TIPn1 © 3 ™ detector
Note 4% &
?:llz_fgf ?o ISEL02 Output TOPno
ISEL0O ’ L controllert — =@ TOPN1
| [ —— —— | ? ? ]
[TPnIS3 to TPnISO| |TPnSYE| TPnEST [TPnEEE [TPnMD2|TPnMD1|TPnMDO| TPnCCS1|TPnCCSO[TPnOVF| |TPnOL1|TPnOE1|TPnOLO|TPnOEQ
TPnIOC1 TPnCTL1 TPnOPTO TPnIOCO
N~
\ Internal bus \

Notes: 1. TMPO, TMP2

2. TMP1, TMP3 (when main clock is stopped, count operation by subclock cannot be per-
formed.)

3. TSOUT signal of CANO block (TMPO)
RXDAO pin (TMP1)

4. INTTMOEQO interrupt of TMM block or TSOUT signal of CAN1 block (TMPO)
RXDA1 pin (TMP1)

Remark: n=0t03
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2.6 16-bit Timer/event Counter Q

The V850ES/FG2 includes 16-bit timer/event counter Q (TMQO, TMQ1).

Features

Timer Q (TMQ) is a 16-bit timer/event counter that can be used in various ways.

TMQ can perform the following operations.

PWM output

Interval timer

External event counter (operation disabled when clock is stopped)
One-shot pulse output

Pulse width measurement function

Triangular wave PWM output

Timer synchronized operation function

Functional Outline

Capture trigger input signal x 4
External trigger input signal x 1
Clock selection x 8

External event count input x 1
Readable counter x 1
Capture/compare reload register x 4
Capture/compare match interrupt x 4
Timer output (TOQNO to TOQN3) x 4

Remark: n=0,1
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Figure 2-7: Figure 7-1. Block Diagram of Timer Q
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Internal bus

Remark: n=0,1
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2.7 16-bit Interval Timer M

The V850ES/FG2 includes 16-bit interval timer M (TMMO).
Features

Timer M (TMM) supports only a clear & start mode. It does not support a free-running mode. To use
timer M in a manner equivalent to in the free-running mode, set the compare register to FFFFH and
start the 16-bit counter. A match interrupt will occur when the timer overflows.

¢ |nterval function
¢ Clock selection x 8

e Simple counter x 1
(The simple counter is a counter that does not use a counter read buffer. This counter cannot be
read during timer count operation.)

e Simple compare x 1
(The simple compare register is a register that does not use a compare write buffer. No data
can be written to this compare register during timer count operation.)

e Compare match interrupt x 1

Figure 2-8: Block Diagram of Timer M

8 Internal bus 8

TMOCTLO ﬁ ﬁ

[ TMOCE | TMOCKS2| TMOCKS | TMOCKSO| [ T™ocmPo |

INTTMOEQO

fxx ——=
fxx/2
fxx/4
fxx/64
fxx/512
INTWT

fr/8 —
fxr —

Controller ——l 16-bit counter |—7

Clear

Selector
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2.8 Watch Timer Functions

Features

The watch timer has the following functions.

e Watch timer

Interval timer

The watch timer and interval timer functions can be used at the same time.

fx—»|

Prescaler

Figure 2-9: Block Diagram of Watch Timer

3Note

fxT—=f

o_|

fsra

11-bit prescaler

fw

fw/24|fw/25| fw/28| fw/27 |fw/28 |fw/21°

Select

[ wrvmz | wrme | wrms | wrma | wims | wrmz | wimt | wTmo |

Watch timer operation mode register
(WTM)

Reset
‘ S
S IS}
Clear B - 5-bit counter S |- INTWT
° ©
) (%) n
Clear
fw/2“E/\29 t
S
E INTWTI
[0
n
3

Internal bus

Note: For details of prescaler 3, see Figure 2-10 “Block Diagram of Prescaler 3”.

Remarks: 1. fsra:Prescaler 3 output frequency

46

@ g 0N

fx:Oscillation frequency
fxr:Subclock frequency
fw:Watch timer clock frequency
INTWT:Watch timer interrupt
INTWTlI:Interval timer interrupt
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Figure 2-10: Block Diagram of Prescaler 3

fx
)4’ 3-bit prescaler

fx/8
fx/4 S| i
/2 E Becs 8-bit counter
fx 3

Match Output

control
2 Prescaler compare register0
(PRSCMO)

[ BaCE0 [ BGGS01]BGCS00] Prescaler mode register 0 (PRSMO)

Remark: fsecs:Prescaler 3 count clock frequency
1. fera:Prescaler 3 output frequency

2. fx:Oscillation frequency
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2.9 Functions of Watchdog Timer 2

Features

Watchdog timer 2 has the following functions.

e Default-start watchdog timer
- —>Reset mode: Reset operation upon overflow of watchdog timer 2 (generation of WDT2RES
signal)
- —>Non-maskable interrupt request mode: NMI operation upon overflow of watchdog timer 2
(generation of INTWDT2 signal)Note

* Input selectable from main clock and Ring-OSC as the source clock

Note: Restoring using the RETI instruction following non-maskable interrupt servicing due to a non-
maskable interrupt request signal (INTWDT2) is not possible. Therefore, following completion
of interrupt servicing, perform a system reset.

Figure 2-11: Block Diagram of Watchdog Timer 2

x/21° to fxx/223,
fx/2” —{ Clock L |22 tofR2t INTWDT2
input || 160t ——— ] sejector Output
fa/23 — | controller counter controller WDT2RES
(internal reset signal)
2
} clear 13 %3
[ | [ . \ [ |
RUN2 [ o Jwbm21]wbm2o[wpcse4wpesaawpes2el woes1wneszof
Watchdog timer enable Watchdog timer mode
register (WDTE) register 2 (WDTM2)
2 Internal bus 2

Remarks: 1. fx: Oscillation frequency
2. fa: Ring-OSC clock frequency
3. INTWDT2: Non-maskable interrupt request signal from watchdog timer 2
4. WDT2RES: Watchdog timer 2 reset signal
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2.10 A/D Converter

Features

The A/D converter converts analog input signals into digital values, has a resolution of 10 bits, and can
handle 16 analog input signal channels (ANIO to ANI15).
The A/D converter has the following features.

10-bit resolution

* 16 channels

e Successive approximation method

e Operating voltage: AVrero = 4.0t0 5.5V
¢ Analog input voltage: 0 V to AVrero

e The following functions are provided as operation modes.
¢ Continuous select mode
e Continuous scan mode
¢ One-shot scan mode

e The following functions are provided as trigger modes.
e Software trigger mode
e External trigger mode (external, 1)

e Timer trigger mode

e Power-fail monitor function (conversion result compare function)

Figure 2-12: Block Diagram of A/D Converter

<j—<) AVRero
o
ADAOCE bit —
ANIO O Sample & hold circuit
ANl O— 1TTTTTTTITS |
ANI2 O— ' '
. 5 : \o D/A converter
; 5 . 1
‘ 3 : I ; AV
ANI13 O—] i ' . [O AVss
ANI14 O— R ADAQGE bit Voltage
ANIH5 O— comparator
INTTP2CCOO—
INTTP2CC1 O——— ADAOCRO
ADTRG O Controller ADAQCRT
ADAOCR2
ADAOETSO bit
ADAOETS1 bit >
ADAOCR13
ADAOCR14
[aDAomo][aDAOM1][aDAOM2] [ ADAOS | ADAOCR15

iy

Internal bus
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2.11 Asynchronous Serial Interface A (UARTA)

The V850ES/FG2 includes asynchronous serial interface A (UARTA).

Features

Transfer rate: 300 bps to 312.5 kbps (using internal system clock of 20 MHz and dedicated baud
rate generator)

Full-duplex communication
- UARTA receive data register n (UAnRX)
- UARTA transmit data register n (UANTX)

2-pin configurationTXDAn:
- Output pin of transmit data
- RXDAnN: Input pin of receive data

Reception error detection function
- Parity error

- Framing error

- Overrun error

Interrupt sources: 2 types

- Reception complete interrupt (INTUANR): An interrupt is generated in the reception enabled
status by ORing three types of reception errors. It is also generated when receive data is
transferred from the shift register to receive buffer register n after completion of serial
transfer.

- Transmission enable interrupt (INTUANT): Generated when transmit data is transferred from
the transmit buffer register to the shift register in the transmission enabled status.

Character length of transmit/receive data is specified by the UAnCTLO register.
Character length: 7 or 8 bits

Parity function: Odd, even, 0, none

Transmission stop bit: 1 or 2 bits

Dedicated baud rate generator

MSB/LSB first transfer selectable

Transmit/receive data reversible

13 to 20 bits selectable for SBF (Sync Break Field) transmission in LIN (Local Interconnect
Network) communication format

11 or more bits recognizable for SBF reception in LIN communication format
SBF reception flag

Remark: n=0to2
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Figure 2-13: Block Diagram of Asynchronous Serial Interface A
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2.12 3-Wire Serial Interface (CSIB)

The VB50ES/FG2 includes a 3-wire serial interface (CSIB).

Features

¢ Master mode and slave mode selectable

e 3-wire serial interface for 8-bit to 16-bit transfer

¢ Interrupt request signals (INTCBnT and INTCBnR)

e Serial clock and data phase selectable

¢ Transfer data length selectable from 8 to 16 bits in 1-bit units
e Data transfer with MSB- or LSB-first selectable

e 3-wireSOBnN:
- Serial data output
- SIBn:Serial data input
- SCKBn:Serial clock 1/0

e Transmission mode, reception mode, and transmission/reception mode selectable

Remark: n=0,1

Figure 2-14: Block Diagram of 3-Wire Serial Interface
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Remark: n=0,1
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2.13 CAN Controller

This product features an on-chip 2-channel CAN (Controller Area Network) controller that complies with
the CAN protocol as standardized in ISO 11898. The number of channels varies depending on the

product as shown below.

Features
e Compliant with ISO 11898 and tested according to ISO/DIS 16845 (CAN conformance test)
e Standard frame and extended frame transmission/reception enabled
e Transfer rate: 1 Mbps max. (CAN clock input > 8 MHz)
¢ 32 message buffers x 2 channels
¢ Receive/transmit history list function
e Automatic block transmission function
e Multi-buffer receive block function

e Mask setting of four patterns is possible for each channel

Figure 2-15: Block Diagram of CAN Module

CPU
Int t t
jrised| I g
n )
INTGNREC (NEC peripheral I/O bus)
INTCnERR
INTCRWUP CAN module CAN bus
CANTXn CAN_Hn
MAG CAN |-@ CAN _
NPB K'—— (Memory Access Controller) pﬁgt%c;m ol transceiver
interface [N y Y CANRXn CAN_Ln
CAN RAM
Message
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Message
buffer 1
Message
buffer 2
Message
buffer 3

Message
buffer 31

Remark: n=0,1
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2.14 Interrupt/Exception Processing Function

The VB850ES/FG2 is provided with a dedicated interrupt controller (INTC) for interrupt servicing.

An interrupt is an event that occurs independently of program execution, and an exception is an event
whose occurrence is dependent on program execution.

The VB50ES/FG2 can process interrupt request signals from the on-chip peripheral hardware and
external sources. Moreover, exception processing can be started by the TRAP instruction (software
exception) or by generation of an exception event (i.e. fetching of an illegal opcode) (exception trap).

Features

e Interrupts
- Non-maskable interrupts: 1 source
- Maskable interrupts: External: 11, Internal: 50 sources

¢ 8 levels of programmable priorities (maskable interrupts)
¢ Multiple interrupt control according to priority
e Masks can be specified for each maskable interrupt request
- Noise elimination, edge detection, and valid edge specification for external interrupt request sig-

nals
- Exceptions

e Software exceptions: 32 sources
e Exception trap: 2 sources (illegal opcode exception, debug trap)
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2.15 DMA Controller (DMAC)

The VB50ES/FG2 incorporates a direct memory access (DMA) controller (DMAC) that executes and
controls DMA transfer. The VB50ES/FG2 incorporates four independent DMA channels.

The DMAC controls data transfer between memory and I/O, between memories, or between I/Os based
on DMA requests issued by the on-chip peripheral I/O (serial interface, real-time pulse unit, and A/D
converter), interrupts from external input pins, or software triggers (memory refers to internal RAM or
external memory).

Features

¢ 4 independent DMA channels
e Transfer unit: 8/16 bits

o Maximum transfer count: 65,536 (2'6)
¢ Transfer type: Two-cycle transfer
¢ Transfer mode: Single transfer mode

¢ Transfer requests
- Request by interrupts from on-chip peripheral I/O
(serial interface, timer/counter, A/D converter)
or interrupts from external input pin
- Requests by software trigger

¢ Transfer targets
- Peripheral /0 < Peripheral /0
- Peripheral /O < Internal RAM

Figure 2-16: Block Diagram of DMA Controller
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CPU
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Remark: n=0t03
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2.16 Key Interrupt Function

Features

A key interrupt request signal (INTKR) can be generated by inputting a falling edge to the eight key
input pins (KRO to KR7) by setting the key return mode register (KRM).

Table 2-5: Assignment of Key Return Detection Pins

Flag Pin Description

KRMO Controls KRO signal in 1-bit units
KRM1 Controls KR1 signal in 1-bit units
KRM2 Controls KR2 signal in 1-bit units
KRM3 Controls KR3 signal in 1-bit units
KRM4 Controls KR4 signal in 1-bit units
KRM5 Controls KR5 signal in 1-bit units
KRM6 Controls KR6 signal in 1-bit units
KRM7 Controls KR7 signal in 1-bit units

Figure 2-17: Key Return Block Diagram
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Key return mode register (KRM)
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2.17 Standby Function

Overview

The power consumption of the system can be effectively reduced by using the standby modes in combi-
nation and selecting the appropriate mode for the application. The available standby modes are listed

below.
Table 2-6: Standby Modes
Mode Functional Outline
HALT mode Mode in which only the operating clock of the CPU is stopped
IDLE1 mode Mode in which all the internal operations of the chip except the oscillator, PLL2, and
flash memory are stopped
IDLE2 mode Mode in which all the internal operations of the chip except the oscillator are stopped

Software STOP mode

Mode in which all the internal operations of the chip except the subclock oscillator are
stopped

Subclock operation
mode

Mode in which the subclock is used as the internal system clock

Sub-IDLE mode

Mode in which all the internal operations of the chip except the oscillator, PLL2, and
flash memory are stopped, in the subclock operation mode

a. The PLL holds the previous operating status (in clock-through mode or PLL mode).
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2.18 Reset Function

The reset function is outlined below.

¢ Reset function by RESET pin input

¢ Reset function by overflow of watchdog timer 2 (WDT2RES)
e System reset by low voltage detector (LVI)

* System reset by clock monitor (CLM)
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2.19 Clock Monitor

The clock monitor samples the main clock by using the on-chip Ring-OSC and generates a reset
request signal when oscillation of the main clock is stopped.

Once the operation of the clock monitor has been enabled by an operation enable flag, it cannot be
cleared to 0 by any means other than reset.

The clock monitor automatically stops under the following conditions.

e While oscillation stabilization time is being counted after software STOP mode is released

e When the main clock is stopped (MCK bit of the PCC register = 1 during subclock operation, or
CLS bit of the PCC register = 0 during main clock operation)

¢ When the sampling clock is stopped (Ring-OSC)
¢ When the CPU operates with Ring-OSC

Figure 2-18: CLM Block Diagram

Main clock

—— Internal reset signal

Ring-OSC clock >

Enable/disable

| CLME |

Clock monitor mode
register (CLM)
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2.20 Low-voltage Detector

Features

The low-voltage detector (LVI) has the following functions.

e Compares the supply voltage (Voo) and detected voltage (Vuwi) and generates an internal
interrupt signal or internal reset signal when Vop < Vv,

The level of the supply voltage to be detected can be changed by software (in two steps).

¢ Interrupt or reset signal can be selected by software.
e Can operate in STOP mode too.
e Operation can be stopped by software.

If the low-voltage detector is used to generate a reset signal, bit 0 (LVIRF) of the reset source flag reg-
ister (RESF) is set to 1 when the reset signal is generated.

Figure 2-19: Block Diagram of Low-Voltage Detector

Vob
Vop
L|°W N-ch—] |———,
vo tage — Internal reset signal
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©
b 0
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2.21 Voltage Regulator

Features

This product has an on-chip regulator to lower the power consumption and noise.

This regulator supplies a voltage lower than the supply voltage Voo to the oscillator block and internal
logic circuits (except the A/D converter and I/O buffers). The output voltage of the regulator is setto 2.5
V (0.2 V).

Figure 2-20: Regulator

, BVoo I/O buffer
' A/D converter

AVREFo ;@ 01055V (normal port)
T : 35t055V

Flash

Voo 18| Regulator I-} memory
REGC [0 >

: Internal digital circuit
Main and sub; 25V

oscillators .

EVop @ EVoo I/0 buffer (normal port)
: 35t055V

Bidirectional level shifter

The regulator of this product operates in all operation modes (normal operation, HALT, IDLE1, IDLE2,
STOP, and sub-IDLE modes, and during reset).
To stabilize the output voltage of the regulator, connect a capacitor (4.7 uFN°t®) to the REGC pin.

Note: Connect the REGC pin as illustrated below.
Figure 2-21: Connection of REGC Pin (REGC = Capacitance)

Vop
Input voltage )
35t055V REG
Supply voltage to
REGC gs;i\ll/ators/imernal logic
5 .
4.7 uF
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2.22 Flash Memory

The following products are flash memory versions of the V850ES/FG2.

Caution: There are differences in the amount of noise tolerance and noise radiation between
flash memory versions and mask ROM versions. When considering changing from a
flash memory version to a mask ROM version during the process from experimental
manufacturing to mass production, make sure to sufficiently evaluate commercial
samples (CS) (not engineering samples (ES)) of the mask ROM versions.

uPD70F3235 On-chip 256 KB flash memory

When fetching an instruction, 4 bytes of the flash memory can be accessed in 1 clock in the same man-
ner as the mask ROM versions.

The flash memory can be written mounted on the target board (on-board write), by connecting a dedi-
cated flash programmer to the target system.

Flash memory is commonly used in the following development environments and applications.

e For altering software after solder-mounting the V850ES/FG2 on the target system
¢ For differentiating software in small-scale production of various models.
¢ For data adjustment when starting mass production

Features
* 4-byte/1-clock access (for instruction fetch access)
¢ Batch erase or block unit erase
e Communication with dedicated flash programmer via serial interface
e Erase/write voltage: Can be erased or written using a single power supply.
e On-board programming

¢ Flash memory programming by self writing

Erasure unit
The units in which the 256 KB flash memory can be erased are as follows.

(1)Batch erasure
The areas of flash memory xx000000H to xx03FFFFH can be erased at the same time.

(2)Block erasure
The flash memory can be erased in block units.
Block O: 56 KB
Block 1: 8 KB
Block 2: 56 KB
Block 3: 8 KB
Block 4: 56 KB
Block 5: 56 KB
Block 6: 8 KB
Block 7: 8 KB
Block 8: 32 KB
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2.23 ROM Mask Options Function

Mask Options (Flash ROM Product)

The flash memory versions in this product series have an option data area where a block subject to

mask options is specified.

When writing a program to a flash memory version, be sure to set the option data corresponding to the
following option in the program at address 007AH as default data.
The data in this area cannot be rewritten during program execution.

Table 2-7: Mask Options

Address

Set Value

Setting

007AH

00H

Ring-OSC:Can be stopped.
WDT2:Count clock can be selected.

Overflow signal can be selected from INTWDT2 or WDT2RES.

Subclock:Crystal resonator connection

01H

Ring-OSC:Cannot be stopped.
WDT2:Count clock can be selected.

Overflow signal can be selected from INTWDT2 or WDT2RES.

Subclock:Crystal resonator connection

02H

Ring-OSC:Can be stopped.
WDT2:Count clock is fixed to Ring-OSC.
Overflow signal is fixed to WDT2RES.
Subclock:Crystal resonator connection

03H

Ring-OSC:Cannot be stopped.
WDT2:Count clock is fixed to Ring-OSC.
Overflow signal is fixed to WDT2RES.
Subclock:Crystal resonator connection

COH

Ring-OSC:Can be stopped.
WDT2:Count clock can be selected.

Overflow signal can be selected from INTWDT2 or WDT2RES.

Subclock:RC oscillation connection

C1H

Ring-OSC:Cannot be stopped.
WDT2:Count clock can be selected.

Overflow signal can be selected from INTWDT2 or WDT2RES.

Subclock:RC oscillation connection

C2H

Ring-OSC:Can be stopped.
WDT2:Count clock is fixed to Ring-OSC.
Overflow signal is fixed to WDT2RES.
Subclock:RC oscillation connection

C3H

Ring-OSC:Cannot be stopped.
WDT2:Count clock is fixed to Ring-OSC.
Overflow signal is fixed to WDT2RES.
Subclock:RC oscillation connection

Caution:

Do not make any settings other than the above.
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2.24 On-chip Debug Unit (Flash Memory Versions only)

The V850ES/FG2 includes an on-chip debug unit. By connecting an N-Wire emulator, on-chip debug-
ging can be executed with the VB50ES/FG2 alone.

Caution: The following debug functions are supported by the V850ES/FG2, and whether they
are usable or not differs depending on the debugger. For details of the debugging
function, refer to the user’s manual of the debugger to be used.

Functional Outline
The on-chip debug unit of the V850ES/FG2 is RCU1 (Run Control Unit 1).

Debug interface
Communication with the host machine is established by using the DRST, DCK, DMS, DDI, and DDO
signals via an N-Wire emulator. The communication specifications of N-Wire are used for the interface.

On-chip debug

On-chip debugging can be executed by preparing wiring and a connector for on-chip debugging on the
target system. An N-Wire emulator is used as the connector that connects the emulator.

Clear the OCDMO bit of the OCDM register (special register) to 0 when you use on-chip debug mode.

Forced reset function
The VB850ES/FG2 can be forcibly reset.

Break reset function
The CPU can be started in the debug mode immediately after reset of the CPU is released.

Forced break function
Execution of the user program can be forcibly aborted (however, the illegal operation code exception
handler (first address: 00000060H) cannot be used).

Hardware break function

Two breakpoints for instruction and access can be used. The instruction breakpoint can abort program
execution at any address. The access breakpoint can abort program execution by data access to any
address.

Software break function
Up to four software breakpoints can be set in the internal ROM area. The number of software break-
points that can be set in the RAM area differs depending on the debugger to be used.

Debug monitor function

A memory space for debugging that is different from the user memory space is used during debugging
(background monitor mode). The user program can be executed starting from any address.

While execution of the user program is aborted, the user resources (such as memory and 1/0) can be
read and written, and the user program can be downloaded.
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Mask function

Each signal can be masked.

The correspondence with the mask functions of the debugger (ID850NWC) for the N-Wire emulator (IE-
V850E1-CD-NW) of NEC Electronics is shown below.

NMIO mask function: ~ NMI pin

NMI1 mask function:  WDT2 interrupt
NMI2 mask function:
RESET mask function: RESET pin, WDT2 reset, LVI reset, clock monitor reset

Timer function
The execution time of the user program can be measured.

Peripheral macro operation/stop selection function during break
Depending on the debugger to be used, whether the peripheral macro operates or is stopped during a
break can be selected.
Functions that are always stopped during break

¢ Clock monitor

¢ Watchdog timer 2
Functions that can operate or be stopped during break (however, each function cannot be selected indi-
vidually)

e A/D converter

e TimerM

e TimerP

e Timer Q

e Watch timer

Peripheral functions that continue operating during break (functions that cannot be stopped)

¢ Peripheral functions other than above
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3.1 Pin Configuration (Top View)

SMVss3
SMVbp3
PMT27/SM64
PMT26/SM63
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MTVbbD2
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-~ PMT34
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3.2 List of Pin Functions

Table 3-1: List of Pin Functions (1/2)

Symbol 10 Function Connection
PMTOO 10 I/O Port External
PMTO1 10 I/0 Port External
PMTO2 10 I/0 Port External
PMTO3 10 I/O Port External
SM11 O - Hi-Z |Meter1 PWM Output Signal (sin+) External
SM12 O - Hi-Z |Meter1 PWM Output Signal (sin-) External
SM13 O - Hi-Z |Meter1 PWM Output Signal (cos+) External
SM14 O - Hi-Z |Meter1 PWM Output Signal (cos-) External
SM21 O - Hi-Z |Meter2 PWM Output Signal (sin+) External
SM22 O - Hi-Z |Meter2 PWM Output Signal (sin-) External
SM23 O - Hi-Z |Meter2 PWM Output Signal (cos+) External
SM24 O - Hi-Z |Meter2 PWM Output Signal (cos-) External
PMT10/SM31 O - Hi-Z / O|Output Port / Meter3 PWM Output Signal (sin+) External
PMT11/SM32 O - Hi-Z/ O|Output Port / Meter3 PWM Output Signal (sin-) External
PMT12/SM33 O - Hi-Z / O|Output Port / Meter3 PWM Output Signal (cos+) External
PMT13/SM34 O - Hi-Z / O|Output Port / Meter3 PWM Output Signal (cos-) External
PMT14/SM41 O - Hi-Z / O|Output Port / Meter4 PWM Output Signal (sin+) External
PMT15/SM42 O - Hi-Z/ O|Output Port / Meter4 PWM Output Signal (sin-) External
PMT16/SM43 O - Hi-Z / O|Output Port / Meter4 PWM Output Signal (cos+) External
PMT17/SM44 O - Hi-Z/ O|Output Port / Meter4 PWM Output Signal (cos-) External
PMT20/SM51 O - Hi-Z / O|Output Port / Meter5 PWM Output Signal (sin+) External
PMT21/SM52 O - Hi-Z / O|Output Port / Meter5 PWM Output Signal (sin-) External
PMT22/SM53 O - Hi-Z / O|Output Port / Meter5 PWM Output Signal (cos+) External
PMT23/SM54 O - Hi-Z / O|Output Port / Meter5 PWM Output Signal (cos-) External
PMT24/SM61 O - Hi-Z / O|Output Port / Meter6 PWM Output Signal (sin+) External
PMT25/SM62 O - Hi-Z/ O|Output Port / Meter6 PWM Output Signal (sin-) External
PMT26/SM63 O - Hi-Z / O|Output Port / Meter6 PWM Output Signal (cos+) External
PMT27/SM64 O - Hi-Z / O|Output Port / Meter6 PWM Output Signal (cos-) External
PMT30 10 I/0 Port External
PMT31 10 I/0 Port External
PMT32 10 I/O Port External
PMT33 10 I/0 Port External
PMT34Caution 10 I/0 Port Internal®
PMT35Caution IO |I/O Port Internal®
PMT3gCaution 10 /O Port Internal?
PMT37Caution 10 I/O Port Internal®
PMT40/EXSIH 10/1 1/0 Port / Expand Pin for Sl External
PMT41/EXSO1 I0/0 I/0O Port / Expand Pin for SO External
Preliminary User's Manual U17763EE1V2UDO00O 67




Chapter 3 Pin Function of MTRC

Table 3-1: List of Pin Functions (2/2)

Symbol 10 Function Connection
PMT42/EXSCK1 IO/O  |I/O Port / Expand Pin for SCK External
PMT43/EXCLO 10/0 I/O Port / Expand Pin for System Clock External
SMVDD1 Power Supply Input Voltage for Meter1, Meter2 External
SMVSSH1 Ground Potential for Meter1, Meter2 External
SMVDD2 Power Supply Input Voltage for Meter3, Meter4 External
SMVSS2 Ground Potential for Meter3, Meter4 External
SMVDD3 Power Supply Input Voltage for Meter5, Meter6 External
SMVSS3 Ground Potential for Meter5, Meter6 External
CLK | System Clock Input Int?:rggl to
CS | Serial Access Enable Intciz:rgazl to
MTCS o PCMO pin .of FG2 device (PQMQ has to be configured to | External

output for internal communication) from FG2
MTRESET I Reset Input External
MTVSS Ground Potential (Digital Unit) External
MTVDD Power Supply Input Voltage (Digital Unit) External
SCK I Serial Clock Input Int?:rgzl to
Sl | Serial Data Input Internal to

FG2

SO o Serial Data Output Intelzzrgazl to

a. Internally connected, not available on external pins.

Caution: Setting the port mode configuration for PMT34 to PMT37 requires special attention,
refer to “Port MT3” on page 87.
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Table 3-2: Recommended connection of unused pins (1/2)

Symbol Alternate Function| 1/O Circuit Recommended connection
Input: Independently connect to MTVpp or MTVgg via a resistor
PMTO0
Output: Leave open
PMTO1 Input: Independently connect to MTVpp or MTVgg via a resistor
At Output: Leave open
PMTO2 Input: Independently connect to MTVpp or MTVgg via a resistor
Output: Leave open
PMTO3 Input: Independently connect to MTVpp or MTVgg via a resistor
Output: Leave open
SM11 Leave open
SM12 Leave open
SM13 Leave open
SM14 B-1 Leave open
SM21 Leave open
SM22 Leave open
SM23 Leave open
SM24 Leave open
PMT10/SM31 | eters PWM Out- Leave open
put Signal (sin+)
PMT11/SM32 | Meters PWM Out- Leave open
put Signal (sin-)
PMT12/SM33 | Meters PWM Out- Leave open
put Signal (cos+)
PMT13/SM34 | eters PWM Out- Leave open
put Signal (cos-)
PMT14/SM41 | Meter4 PWM Out- Leave open
put Signal (sin+)
PMT15/SMaz | Meter4 PWM Out- Leave open
put Signal (sin-)
PMT16/SMa3 | Meterd PWM Out- Leave open
put Signal (cos+)
PMT17/SMd4 | Meter4 PWM Out- Leave open
put Signal (cos-) B.o
PMT20/SM51 | eters PWM Out- Leave open
put Signal (sin+)
PMT21/SMs2 | Meters PWM Out- Leave open
put Signal (sin-)
PMT22/SMs3 | Meters PWM Out- Leave open
put Signal (cos+)
PMT23/SMs4 | Meters PWM Out- Leave open
put Signal (cos-)
PMT24/SMe1 | eteré PWM Out- Leave open
put Signal (sin+)
PMT25/SMe2 | Meteré PWM Out- Leave open
put Signal (sin-)
PMT26/SMe3 | Meteré PWM Out- Leave open
put Signal (cos+)
PMT27/SMe4 | 6ter6 PWM Out- Leave open

put Signal (cos-)
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Table 3-2: Recommended connection of unused pins (2/2)

Symbol Alternate Function| 1/O Circuit Recommended connection
PMT30 Input: Independently connect to MTVpp or MTVgg via a resistor
Output: Leave open
PMT31 Input: Independently connect to MTVpp or MTVgg via a resistor
At Output: Leave open
Input: Independently connect to MTVpp or MTVgg via a resistor
PMT32
Output: Leave open
Input: Independently connect to MTVpp or MTVgg via a resistor
PMT33
Output: Leave open
Input: | tl tto MTV MTVgg vi ist
PMT40/EXSH |Expand Pin for S| D-2 nput: Independently connect to DD Of sg Via a resistor
Output: Leave open
PMT41/EXSO1 | Expand Pin for SO D-1 Input: Independently connect to MTVpp or MTVgg via a resistor
Output: Leave open
PMT42/ Expand Pin for D-3 Input: Independently connect to MTVpp or MTVgg via a resistor
EXSCK1 SCK Output: Leave open
PMT43/EXCLO Expand Pin for D-4 Input: Independently connect to MTVpp or MTVgg via a resistor
System Clock Output: Leave open
SMVDD1 -
SMVSS1 -
SMVDD2 -
SMVSS2 -
SMVDD3 -
SMVSS3 -
CLK CLK®? internal connected
MTCS MTCS? |internal connected
MTRESET -
MTVgs -
MTVpp -
SCK SCKa@ internal connected
SI S internal connected
SO SO internal connected
IC1, I1C2 - Input: connect to MTVgg directly

a. Some input pins of the MTRC have pull down/pull up resistors to avoid noise effects that could
cause malfunction during the initialization of the FG2 device.
After MTRESET release, these resistors are active. The resistors will be deactivated after the first
rising edge of the MTCS signal. They will be reactivated if MTRESET = 0.
Therefore these resistors consume some current when they are activated.
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Chapter 3 Pin Function of MTRC

3.3 Pin I/O Circuits

Each type of port block diagram is as follows. Then, the type of each port is shown in each chapter.

3.3.1 Type A-1
Figure 3-2: Type A-1
N\
WR pumr
PMMTmn *—@
WRpur
- E 5
~J 5 ®
® 8
Address
RD
3.3.2 Type B-1
Figure 3-3: Type B-1
WR sm12me
SM11 - SM14 SM11 - SM14
SM21 - SM24 | © SM21 - SM24
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Chapter 3 Pin Function of MTRC

3.3.3 Type B-2
Figure 3-4: Type B-2
~ WR PMCMT
WR PMMT
PMMTmn
WRepwr
e
© PMTmn
SM31 - SM34—
SM41 - SM44
SM51-SM54 ]
SM61 - SM64 ’g
- o
[
h \ij)\i
Address
3.3.4 Type D-1
Figure 3-5: Type D-1
WR PMCMT

PMMT41

WRpur

&~

EXSO1 ————»]

©) PMT41/EXSO1

|S_e|ector

Y
D
Selecto_r|

Selector

Address

RD
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Chapter 3 Pin Function of MTRC

3.3.5 Type D-2
Figure 3-6: Type D-2
WR PMCMT
PMCMT40 ®
WR pymr
PMMT40 oo
WRpwr
—é—’@ ©) PMT40/EXSI
o Hai 5
U 3| 3
@ (9]
Address
)
RD
EXSIH
3.3.6 Type D-3
Figure 3-7: Type D-3
WR PMCMT
M\

WR PMMT
PMMT42
WRpur
O PMT42 S
R © PMT42/EXSCK1
EXSCK1 ﬂ
o B RE
™\ ' 3
2 8
Address
RD
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Chapter 3 Pin Function of MTRC

3.3.7 Type D4
Figure 3-8: Type D-4

PMMT43

©) PMT43/EXCLO

Selector

D
Selecto_r|

Selector

Address

3.3.8 Type CLK
Figure 3-9: Type CLK

CLK ﬂ © cLk

pull-down enable 4| iN-ch

3.3.9 Type MTCS
Figure 3-10: Type MTCS

MTCS ©) wmTCS

pull-down enable 4|

N-ch
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Chapter 3 Pin Function of MTRC

3.3.10 Type SCK
Figure 3-11: Type SCK

pull-up disable 4| gP-Ch

5CK ﬂ © sok

3.3.11 Type SI

Figure 3-12: Type SI

Si

pull-down enable 4|

3.3.12 Type SO
Figure 3-13: Type SO

SO I © so
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Chapter 4 Port Functions

4.1 Setting Alternate Pin Functions

Set “1” to the PMCmn bit of PMCm register to set the pin to the alternate pin function.
Refer to the following table for setting the alternate pin function for every port pin.

Not any port provides alternate pin function and therefore this registers has no PMCMTmn register.

Please refer to the peripheral function chapter to get more details.

Remark: m=1,2,4

n=0to7
Table 4-1: Alternate Pin Functions (1/2)
Alternate Setting value when selecting alternate function
Port name | .

pin name PMTmn PMMTmn | PMCMTmn Remark
PMTOO
PMTO1

- 01 1 -

PMTO2
PMTO3

PMT10 SM31
PMT11 SM32

PMT12 SM33
PMT13 SM34

PMT14 SM41 o on 1
PMT15 SM42
PMT16 SM43
PMT17 SM44
PMT20 SM51
PMT21 SM52
PMT22 SM53
PMT23 SM54
0N 01 1

PMT24 SM61
PMT25 SM62

PMT26 SM63
PMT27 SM64

PMT30

PMT31
PMT32
PMT33

0/1 1 -
PMT34

PMT35
PMT36

Caution

PMT37
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Chapter 4 Port Functions

Table 4-1: Alternate Pin Functions (2/2)

Setting value when selecting alternate function

Alternate
Port name | .
pin name PMTmn PMMTmn | PMCMTmn Remark
PMT40 EXSIH Connect to SO only if MTCS = 02
PMT41 EXSO1 o/ /1 ] Connect to Sl only if MTCS =0
PMT42 EXSCK1 Connect to SCK only if MTCS =0
PMT43 EXCLO Connect to CLK only if MTCS =0

a. The MTCS signal is identical to the VB50ES/Fx2’s PCMO signal, which connects the EXCSIB1 interface to the

V850ES/Fx2 CSIB1, when PCM0O = MTCS = 0.

Note that changing the internal connection of the EXCSIB1 interface pins upon a change of PCM0/MTCS may
be delayed due to an ongoing CSIB1 data transfer.

Caution:

Setting the port mode configuration for PMT34 to PMT37 requires special attention,
refer to “Port MT3” on page 87.
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Chapter 4 Port Functions

4.2 Port MTO

4.2.1 Port MTO functions

e 4-bit I/O Port
e Port I/0 data specified in 1-bit units

Table 4-2: Port MTO Functions

Register
Port Mode Alternate Function TYPE
PORT PM PMC
PMTOO - A-1 X X -
PMTO1 - A-1 X X -
PMTO02 - A-1 X X -
PMTO3 - A-1 X X -

Remarks: 1. PORT: Port

PM: Port mode register

PMC: Port mode control register
2. x available

- not available
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Chapter 4 Port Functions

4.2.2 Register

(1) Port Register 0 (PMTO)

MTRC Port register 0 (MTO) is an 8-bit register that controls pin level read, output level write.

It can be read and written in 8-bit unit.

Figure 4-1: Port Register 0 (PMTO0) Format

7 6 5 4 3 2 1 0 Address Initial
value
PMTO [ 0 | o | 0 | 0 |PMTO3|PMTO2|PMTO1 | PMTOO [  0x20 undefined
R/W R/W R/W R/W R/W
PMTON Output data control (n=0 - 3)
0 Output 0
1 Output 1
(2) Port MTO Mode Register 0 (PMMTO0)
This is an 8-bit register used to specify the input mode/output mode.
It can be read and written in 8-bit unit.
Figure 4-2: Port MTO Mode Register 0 (PMMTO0) Format
7 6 5 4 3 2 1 0 Address Initial
value
pvmto [ 1 | 1 | 1 | 1 [PMMTO3PMMTO2PMMTO1[PMMT00|  0x25 OXFF
R/W R R R R R/W R/W R/W R/W
PMMTON I/O mode control (n=0 - 3)
0 Output mode
1 Input mode

Preliminary User's Manual U17763EE1V2UDO00O

79



Chapter 4 Port Functions

4.3 Port MT1

4.3.1 Port MT1 functions

e 8-bit output port
* Port I/O specified in 1-bit units (PMMT1 register)
* Port mode/control mode (alternate function) specified in 1-bit units (PMCMT1 register)

Table 4-3: Port MT1 Functions

Port Mode Alternate Function TYPE Register
PORT PM PMC
PMT10 SM31 B-2 % ” ”
PMT11 SM32 B-2 % » ~
PMT12 SM33 B-2 % » -
PMT13 SM34 B-2 % » -
PMT14 SM41 B-2 % » »
PMT15 SM42 B-2 % » -
PMT16 SM43 B-2 % » -
PMT17 SM44 B-2 % » »

Remarks: 1. PORT: Port

PM: Port mode register

PMC: Port mode control register
2. x available

- not available
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Chapter 4 Port Functions

4.3.2 Registers

(1) Port Register 1 (PMT1)
MTRC Port register 1 (MT1) is an 8-bit register that controls pin level read, output level write.

It can be read and written in 8-bit unit.

Figure 4-3: Port Register 1 (PMT1) Format

7 6 5 4 3 ) 1 0 Address Initial
value
PMT1 | PMT17 \ PMT16 | PMT15 \ PMT14 | PMT13 \ PMT12 | PMT11 \ PMT10 | 0x21 undefined
R/W RW RW RW RW RW RW RW RW
PMT1n Output data control (n=0-7)
0 Output 0
1 Output 1
(2) Port Mode Register 1 (PMMT1)
It can be read and written in 8-bit unit.
Figure 4-4: Port Mode Register 1 (PMMT1) Format
7 6 5 4 3 2 1 0 Address Initial
value
PMMTH1 |PMMT17\PMMT16|PMMT15\PMMT14|PMMT13\PMMT12|PMMT11\PMMT10| 0x26 OXFF

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

PMMT1n I/O mode control (n=0 - 7)
0 Output mode
1 Input mode
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Chapter 4 Port Functions

(3) Port Mode Control Register (PMCMT1)
It can be read and written in 8-bit unit.

Figure 4-5: Port Mode Control Register 1 (PMCMT1) Format

SM32 output
SM31 output

7 6 5 4 3 2 1 0  Address Mitia
value
PMCMT1 [PMCMT17|PMCMT16/PMCMT15PMCMT14/PMCMT1 3‘PMCMT1 2‘PMCMT1 1|PMCMT1 0 Ox2A  0x00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
PMCMT1n | PMMT1n PMCMTn mode control (n =0 - 7)
0 0 Output port
0 1 Hi-Z output
SM44 output (n = 7)
SM43 output (n = 6)
SM42 output (n = 5)
1 X SM41 output (n = 4)
SM34 output (n = 3)
SMS33 output (n = 2)
(n=1)
(n=0)
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Chapter 4 Port Functions

4.4 Port SM1/SM2

4.41 Port SM1/SM2 functions

e 8-bit output port

¢ Port mode/control mode (Hi-Z output as alternate function) specified in 1-bit units (SM12MC
register)

Table 4-4: Port MT2 Functions

Port Mode Alternate Function TYPE Register
PORT PM PMC
Hi-Z SM11 B-1 _ i y
Hi-Z SM12 B-1 _ i .
Hi-Z SM13 B-1 _ i .
Hi-Z SM14 B-1 _ i ~
Hi-Z SM21 B-1 _ i .
Hi-Z SM22 B-1 _ i .
Hi-Z SM23 B-1 _ i .
Hi-Z SM24 B-1 _ i y

Remarks: 1. PORT: Port

PM: Port mode register

PMC: Port mode control register
2. x: available

- not available

(1) SM1SM2 Mode Control Register (SM12MC)
It can be read and written in 8-bit unit.

Figure 4-6: SM1SM2 Mode Control Register (SM12MC) Format

Initial
value
SM12MC SM24HZCSM23HZCSM22HZCSM21HZCSM14HZC‘SM13HZC|SM12HZC‘SM11HZC 0x2D  0x00

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

7 6 5 4 3 2 1 0 Address

SMmnHZC Output data control (m=1,2and n=1 - 4)
0 Hi-Z output
1 SMmn output
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4.5 Port MT2

4.5.1 Port MT2 functions

e 8-bit output port
* Port mode/control mode (alternate function) specified in 1-bit units (PMCMT?2 register)
* Hi-Z output controllable in 1-bit units (PMMT2, PMCMT2 register)

Table 4-5: Port MT2 Functions

Port Mode Alternate Function TYPE Register
PORT PM PMC
PMT20 SM51 B-2 % ” ”
PMT21 SM52 B-2 % » ~
PMT22 SM53 B-2 % » -
PMT23 SM54 B-2 % » -
PMT24 SM61 B-2 % » ~
PMT25 SM62 B-2 % » -
PMT26 SM63 B-2 % » -
PMT27 SMe4 B-2 % » ~

Remarks: 1. PORT: Port

PM: Port mode register

PMC: Port mode control register
2. x available

: not available
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4.5.2 Registers

(1) Port Register 2 (PMT2)
MTRC Port register 2 (MT2) is an 8-bit register that controls pin level read, output level write.

It can be read and written in 8-bit unit.

Figure 4-7: Port Register 2 (PMT2) Format

7 6 5 4 3 ) 1 0 Address Initial
value
PMT2 | PMT27 \ PMT26 | PMT25 \ PMT24 | PMT23 \ PMT22 | PMT21 \ PMT20 | 0x22 undefined
R/W RW RW RW RW RW RW RW RW
PMT2n Output data control (n=0-7)
0 Output 0
1 Output 1
(2) Port Mode Register 2 (PMMT2)
It can be read and written in 8-bit unit.
Figure 4-8: Port Mode Register 2 (PMMT2) Format
7 6 5 4 3 2 1 0 Address Initial
value
PMMT2 |PMMT27\PMMT26|PMMT25\PMMT24|PMMT23\PMMT22|PMMT21\PMMT20| 0x27 OXFF

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

PMMT2n I/O mode control (n=0 - 7)
0 Output mode
1 Input mode
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(3) Port Mode Control Register 2 (PMCMT2)
It can be read and written in 8-bit unit.

Figure 4-9: Port Mode Control Register 2 (PMCMTZ2) Format

SM52 output
SM51 output

7 6 5 4 3 2 1 0  Address Mitia
value
PMCMT2 [PMCMT27|PMCMT26/PMCMT25[PMCMT24 PMCMT23‘PMCMT22‘PMCMT21 |PMCMT2O 0x2B  0x00
R/W R/W R/W R/W R/W R/W R/W R/W R/W
PMCMT2n | PMMT2n PMCMTn mode control (n =0 - 7)
0 0 Output port
0 1 Hi-Z output
SM64 output (n = 7)
SM63 output (n = 6)
SM62 output (n = 5)
1 X SM61 output (n = 4)
SM54 output (n = 3)
SM53 output (n = 2)
(n=1)
(n=0)
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Port Functions

4.6 Port MT3

4.6.1 Port MT3 functions

e 8-bit I/O port

¢ Port I/0 specified in 1-bit units

Table 4-6: Port MT3 Functions

. Register
Port Mode Alternate Function TYPE
PORT PM PMC
PMT30 - A-1 X X -
PMT31 - A-1 X X -
PMT32 - A-1 X X -
PMT33 - A-1 X X -
PMT34Caution - A-1 X X -
PMT35Caution - A-1 X X -
PMT36Caution - A-1 X X -
pPMT37Caution - A-1 X X -

Caution: The ports PMT34 to PMT37 are connected internally to MTVSS.
The port configuration for PMT3n (n = 4 to 7) must be set as follows and must not be
changed afterwards:

e PMMT3n = 1: port input mode (default after reset)
e PMT3n = 0: port output =0

Remarks: 1. PORT:
PM:
PMC:

2. x:

Port

Port mode register

Port mode control register

available
not available
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4.6.2 Registers

(1) Port Register 3 (PMT3)

MTRC Port register 3 (MT3) is an 8-bit register that controls pin level read, output level write.

It can be read and written in 8-bit unit.

Figure 4-10: Port Register 3 (PMT3) Format

7 6 5 4 3 2 1 0 Address Initial
value
PMT3 | PMT37 | PMT36 \ PMT35 | PMT34 \ PMT33 | PMT32 \ PMT31 \ PMT30 | 0x23 undefined
R/W RW RW RW RW RW RW RW RW
PMT3nCaution Output data control (n=0 - 7)
0 Output 0
1 Output 1
Caution: Set PMT3n=0forn=4to7.
(2) Port Mode Control Register 3 (PMMT3)
It can be read and written in 8-bit unit.
Figure 4-11: Port Mode Control Register 3 (PMMT3) Format
7 6 5 4 3 2 1 0 Address Initial
value
PMMT3 |PMMT37|PMMT36\PMMT35|PMMT34\PMMT33|PMMT32\PMMT31\PMMT30| 0x28 OxFF

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

PMMT3nCaution I/0 mode control (n=0 - 7)
0 Output mode
1 Input mode

Caution: Set PMMT3n=1forn=4to7.
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4.7 Port MT4

4.7.1 Port MT4 functions

e 4-bit I/O port
¢ Port I/O specified in 1-bit units (PMMT4 register)
¢ Port mode/control mode (alternate function) specified in 1-bit units (PMCMT4 register)

Table 4-7: Port MT4 Functions

Register
Port Mode Alternate Function TYPE
PORT PM PMC
PMT40 EXSH D-2 X X X
PMT41 EXSO1 D-1 X X X
PMT42 EXSCK1 D-3 X X X
PMT43 EXCLO D-4 X X X

Remarks: 1. PORT: Port

PM: Port mode register

PMC: Port mode control register
2. x: available

- not available
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4.7.2 Registers

Chapter 4 Port Functions

(1) Port Register 4 (PMT4)

MTRC Port register 4 (MT4) is an 8-bit register that controls pin level read, output level write.

It can be read and written in 8-bit unit.

Figure 4-12: Port Register 4 (PMT4) Format

7 6 5 4 3 2 1 0 Address Initial
value
PMT4 | 0 | 0 \ 0 | 0 \ PMT43 | PMT42 \ PMT41 \ PMT40| 0x24 undefined
R/W R RW RW RW RW
PMT4n Output data control (n= 0 - 3)
0 Output 0
1 Output 1
(2) Port Mode Register 4 (PMMT4)
It can be read and written in 8-bit unit.
Figure 4-13: Port Mode Register 4 (PMMT4) Format
7 6 5 4 3 2 1 0 Address Initial
value
PMMT4 | 1 | 1 \ 1 | 1 \PMMT43|PMMT42\PMMT41\PMMT40| 0x29 OxFF
R/W R R R R RW RW RW RW
PMMT4n Output data control (n=0 - 3)
0 Output mode
1 Input mode
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(3) Port Mode Control Register 4 (PMCMT4)
It can be read and written in 8-bit unit.

Figure 4-14: Port Mode Control Register 4 (PMCMT4) Format

7 6 5 4 3 2 1 0  Address nitial
value
PMCMT4| 0 \ 0 | 0 | 0 ‘PMCMT43 PMCMT42|PMCMT41‘PMCMT40| 0x2C 0x00
R/W R R R R R/W R/W R/W R/W
PMCMT43 PMCMT43 mode control
0 1/0O port
1 EXCLO output
PMCMT42 PMCMT42 mode control
0 1/0O port
1 EXSCK1 output Note
PMCMT41 PMCMT41 mode control
0 1/0 port
1 EXSO1 output Note
PMCMT40 PMCMT40 mode control
0 1/0 port
1 EXSI1 Input Note
Note: The alternate function is only available if MTCS = “0”.
When MTCS = “1”, each I/O status is as follows.
Pin name Status
EXSCK1 | “H” level output
EXSO1 “L” level output
EXSIH Input disabled
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Chapter 5 Clock Generator

5.1 Ring Oscillator

To support a high frequency clock source for the MTRC an internal high speed Ring Oscillator is imple-
mented in the MTRC. This Ring Oscillator is controlled with SFRs to realize stop, restart and calibration.

After the release of the MTRESET pin the Ring Oscillator is stopped. It will be automatically started if
the MTCS signal will be set from “0” to “1”.

Remark: For mass production tests the MTRC can be clocked alternatively direct from the FG2
device via the CLKOUT pin. This pin is internally connected with the CLK pin of the MTRC.
Due to EME reason this mode is not useful for real applications.

5.1.1 Autocalibration function

At the first start of the ring oscillator it is uncalibrated and therefore significant deviations from its basic
frequency (8 MHz) could be possible.

The Ring Oscillator Unit supplies an autocalibration function. With 5 specified calibration pulses at the
CS pin of the MTRC (therefore PCMO/WAIT pin at the FG2) direct after MTRES release, the Ring Oscil-
lator self-calibration unit adjusts the frequency iteratively.

The calculated calibration factor is stored in the MRCAL register. This register controls the calibration
unit of the Ring Oscillator to set its frequency to 8 MHz.

5.1.2 Ring Oscillator states

With the Ring Oscillator 3 different states have to be separated:

e Calibration Mode
e Start-up after MTRESET
e Start-up after Standby Mode release

At each state different actions are necessary to handle the Ring Oscillator. The basic separation
depends on the handling of the MRCAL register.
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Chapter 5 Clock Generator

5.2 Ring Oscillator Control Registers

5.2.1 RingOSC Control Register (MRCTL)

The MRCTL register is an 8-bit register that controls the RingOSC operation.
This register can be read or written in 8-bit units. However, bits 1 (MRCALSF) and 0 (MRCALERR) are
read-only.

Cautions: 1. After system reset has been released, the MRCALEN bit can be written only one
time.

2. When the MRON bit = 0, the MRCLKSEL bit can’t be written.

Figure 5-1: RingOSC Control Register (MRCTL) Format (1/2)

7 6 5 4 3 2 1 0 Address Initial value
MRCTL | MRON |MRCLKSEL| 0 |MRCALEN] 0 | 0 |MRCALSF|MRCALERR|  0x2E 0x50
After Reset 0 1 0 1 0 0 0 0
R/W R/W R/W R R/W R R R R
MRON Operation / Stop of RingOSC and MRNGCTL operation control
0 Ring Oscillator stopped
1 Ring Oscillator enabled

This bit will be set when MRCLKSEL = 1 and a rising edge at MTCSP pin occurs.

Cautions: 1. After MTRESET and MTCS = “1” the MRON bit is changed from “0” to “1” by hard-
ware.

2. To save power consumption the Ring Oscillator can be stopped by clearing the
MRON bit to “0”. After that, the MTRC has to be woken up via the PCMO/CS signal.
The MRCAL register has to be updated, too.

MRCLKSEL System clock selection for meter
0 CLK as input for clock supply by FG2
1 internal Ring Oscillator as clock source

Caution: If MRON bit = “0” (Ring Oscillator stopped for power saving) no MTRC register
access is possible. Therefor the MRON bit can’t be set to “1” (Ring Oscillator as
clock source)
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Figure 5-1: RingOSC Control Register for the Meter (MRCTL) Format (2/2)

MRCALEN Ring Oscillator frequency calibration operation control
0 Calibration disabled
1 Calibration enabled

Caution: After the MTRESET pin has been released, the MRCALEN bit can be written only one

time.
MRCALSF RingOSC frequency calibration operation status flag
0 Ring Oscillator calibration procedure is not active
1 during the Ring Oscillator calibration procedure

The MRCALSF bit will be set to “1” when the MRON bit = 1(ring oscillator activated) and the MRCALEN
bit = “1” (MTRC is set to calibration mode)
The MRCALSEF bit will be reset to “0” by the following condition:

when MRON bit = “0” (ring oscillator deactivated)
¢ when calibration procedure was finished successful
e when calibration error occurred with MRCALEN bit = “1”

e when MRCALEN bit = “0” (calibration register MRCAL has to be rewritten manually without auto-
matic calibration procedure)

MRCALERR RingOSC frequency calibration error flag
0 No calibration error
1 Calibration error

The MRCALERR bit is set to “1”, when the ring oscillator calibration is not normally executed. This will
happen, when the pulse width of the calibration pulse at the MTCS pin hasn’t got the specified high and
low pulse width, or the calibration temperature is not in the specified range.

When the MRON bit is set to “0” (ring oscillator stopped) the MRCALLERR bit will be reset to “0“.

94 Preliminary User's Manual U17763EE1V2UDO0O



Chapter 5 Clock Generator

5.2.2 RingOSC Calibration Register (MVRCAL)

The MRCAL register is a 5-bit register for the RingOSC calibration operation.
This register can be read or written in 8-bit units.

This register can be set in a range of 0x01to 0x1F. The frequency of RingOSC will be increased by the
MRCAL register value.

If the MRON bit = “0” and the MRCALEN bit = “1” (MRCTL register) the MRCAL register will be set to
0x10, which is the middle of its value range.

This register can be written only once:

e after MTRESET pin release:
After setting MRON bit = 1 (done by hardware if MTCS bit = 1) and MRCALEN bit = O (written man-
ually)

e after standby mode release:
After setting MRON bit from 0 to 1 while MRCALEN bit = 0

Figure 5-2: RingOSC Calibration Register (MRCAL) Format

7 6 5 4 3 2 1 0 Address Initial value
MRCAL | 0 | o | 0 |MRCAL4 | MRCAL3 | MRCAL2 | MRCALT | MRCALO |  OxXX 0x50
After Reset 0 0 0 1 0 0 0 0
RIW R R R RIW RIW RIW RIW RIW

Caution: When the MRON bit is set to 1 after a power save mode (MRON bit was “0”) this regis-
ter has to be rewritten with the formerly stored calibration value (e.g. external
EEPROM) that has followed from the frequency calibration at the specified tempera-
ture and voltage.

5.3 Calibration Procedure

To calibrate the Ring Oscillator 5 specified calibration pulses of the same length at the PCMO pin of the
FG2 are necessary. To guarantee the maximum deviation of the calibrated Ring Oscillator this calibra-
tion has to be performed at the specified temperature and with the specified voltage.

After the autocalibration of the ring oscillator the calibration correction value is stored in the MRCAL
register. This value has to be read out and stored in a nonvolatile memory (e.g. external EEPROM) if
the ring oscillator has to be stopped for power save mode and woken up again after power save mode.
This is due to the fact, that the data retention of the MRCAL register can’t be guaranteed during the
time of the stopped ring oscillator.

Please see the following procedure for the autocalibration function.
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Figure 5-3: Flowchart for Frequency Calibration

Initial Settings

|

MTRESET=1
[

FG2 pin settings (SOB1, SCKBH1, SIB1, PCMO).
Setting to form the specified pulse via PCMO (Timer etc.)

'

Set PCMO pin=1

!

RingOSC oscillation start, enable MRINGCTL operation
(after eliminating noise time of MTCSP pin)

wait for eliminating noise time

!

Set PCMO pin=0

!

wait for oscillation stabilization time

1

one specified pulse output
via PCM0O

!

auto control

specified pulse outpu
ompletion?

Yes

Set PCMO pin=1

No calibration error?

MRCALERR bit read

MRCAL register read

Set MRON=0

'

!

Store in the EEPROM

Set MTCS pin=0

|:| soft control

|:| serial communication
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Figure 5-4: Timing Diagram for Frequency Calibration

Ring Oscillator '

MTRESET pin i

enable MRINGCTL
operation

PCMO/CS pin f| /eliminating noise time
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5.4 MTRESET Release of the MTRC

If the MTRC is reset, the MRCAL register will be reset, too. Therefore the beforehand stored MRCAL

register value has to be written back.

Please see the following procedure for the MTRESET Release of the MTRC.

Figure 5-5: Flowchart for MTRESET Release

Ring Oscillator is stopped Initial Settings

!

MTRESET =1

!

Set PCMO pin = 1

'

FG2 pin settings (SOB1, SCKB1, SIB1, PCMO0)

RingOSC oscillation start after eliminating noise time of PCMO pin.
MRINGCTL operation is enabled.

wait for Eliminating noise time + Oscillation stabilization time

|

uncalibrated Set MRCALEN =0

RingOsc is running l

The value stored in the
EEPROM is loaded to
the MRCAL register

!

wait for Oscillation stabilization time |

calibrated
RingOsc is running

|:| soft control
|:| serial communication
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Figure 5-6: Timing for MTRES Release

Autocalibration won't performed
even for rising edge at PCMO/CS pin

Ring Oscillator

MTRESET pin ‘
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5.5 Standby Mode Release of the Ring Oscillator

To save power, the ring oscillator could be switched off via setting the MRON bit of the MRCTL

register = 0.

During the time of the stopped Ring Oscillator, the data retention of the MRCAL register can’t be guar-
anteed. Therefore the before stored value of the MRCAL register (e.g. in an external EEPROM) has to
be write back to the MRCAL register after the waken.

The PCMO pin of the FG2 will wake up the Ring Oscillator from its standby mode.

To switch the Ring Oscillator on again the following procedure has to be fulfilled.

Figure 5-7: Flowchart for Standby Mode Release

Set MRON=0

calibrated (RingOsc is stopped)
RingOsc is running

Set PCMO0/CS pin=0

Standby mode setting

!

Standby mode

!

Standby mode release

. RingOSC oscillation start. Enable MRINGCTL operation
S FEEE i after eliminating noise time of MTCSP pin)

| wait for Eliminating noise time + Oscillation stabilization time

i

The value stored in the

RingOsc is stopped

uncalibrated EEPROM is loaded to
RingOsc the MRCAL register

4]7 wait for Oscillation stabilization time |
calibrated

RingOsc [ ] softcontrol
|:| serial communication
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Figure 5-8: Timing Diagram for Standby Mode Release

Autocalibration won't performed
\ 1 even for rising edge at PCMO0/CS pin

(Standby mode)
/[

//

Ring Oscillator

MTRESET pin Eliminating ( l _______
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5.6

(1)

(10)

(11)

102

Cautions

The calibration has to be performed at the specified conditions (Temperature and Voltage).
If performing at other condition, the accuracy of the ring oscillator cannot be guaranteed.

The basic calibration pulse must have the specified High and Low pulse width at the
PCMO/CS pin.

Be sure to input 5 basic pulses.

After calibration executing, the MRCALERR bit = 0 has to be checked before storing the MRCAL
value (i.e. in an EEPROM). This has to be done after setting the MTCS pin = 1 and performing the
5 basic calibration pulses.

If a calibration error occurs (check if after 5 basic calibration pulses the MRCALERR bit = 1), set
the MRON bit to "0". After this set it to "1" again and execute the calibration once again.

This can be necessary if the calibration conditions were not adhered to the calibration condition
specification.

The power consumption can be reduced by stopping the RingOSCs by clearing the MRON bit

to “0”. Therefore the basic clock supply of the MTRC will be stopped, too.

When after power save mode release the MRON bit is set to “1” again, the stored calibration value
has to be written to the MRCAL register first. If this is not executed, the accuracy of the ring oscil-
lator cannot be guaranteed.

During power save mode the MTCS pin can not be used, except for power save mode release
only.

Be sure to set the MRCALEN bit = 0 after system reset has been released and the operation of
ring oscillator has been started. If this is not done, the accuracy of the ring oscillator cannot be
guaranteed.

Secure the “eliminating noise time” of PCMO/CS signal and the “oscillation stabilization time of the
ring oscillator” at power save mode release.

Secure oscillation stabilization time of the ring oscillator before writing the stored calibration value
to the MRCAL register.

Do not set the MRCALEN bit = 0 when the automatic calibration is executed.

(The MRCALEN bit can't be set to “1” after set to “0”. This will be done by hardware only at
MTRESET =0.)
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Chapter 6 Serial Interface

6.1 Communication Protocol

The CSI of the MTRC is fixed to the following operation mode:

Communication protocol: Clocked synchronous serial interface

¢ Data length:
¢ Transfer direction:

e Transfer mode:

8-bits fixed
MSB first
Transmit/Receive mode

* Serial clock frequency: fsck <= fRing Oscillator / 4

Remark: fgck: Serial Interface clock
fRing Oscillator: frequency of MTRC Ring Oscillator

Communication format:

1st byte 2nd byte to last byte
(Command + Address) (Data)
6.2 Command Table
Instruction Command (+ Address) Data
1716A5A4A3AA1Ag D;DgDsD4D3D>D1Dg
READ
(input) (output)
1-16AsA4A5ALA A D,DgDsD4D3D5D41Dg
WRITE 716M5A4A3A2A1Ag 7965
(input) (input)

Preliminary User's Manual U17763EE1V2UDO00O

104



Chapter 6 Serial Interface

6.2.1 Command Byte

This is the 1st Received Data at communication start, that was sent from the FG2 device.

7 6 5 4 3 2 1 0
Command | RW | AUTO | A5 | A4 | A3 | A2 | A1 | AO |
RwW R/W Selection of MTRC
0 Read
1 Write
AUTO Operation mode of Communication
0 Disable Continuous transfer
1 Enable Continuous transfer
A5 to A0 Address
on define address data as 6-bit format

6.2.2 Data Bytes

After the Command Byte the Data Bytes follows.

When read function is selected, the MTRC outputs data which was specified by the address of the
Command Byte.

When the write function is selected the FG2 device outputs data which are written to the MTRC
addresses specified by the Command Byte before.

7 6 5 4 3 2 1 0
Data | D7 ‘ D6 ‘ D5 ‘ D4 ‘ D3 ‘ D2 ‘ D1 ‘ DO |
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6.3 Serial I/F Operation

6.3.1 Read from MTRC operation

After PCMO/CS = “1”, the MTRC is waiting for the command byte via the Sl pin. If the read command is
received the MTRC outputs data via the SO pin, which were specified with the address bits A5 to AQ.

When continuous transfer is selected (Auto bit of Command Byte = “1”), the MTRC outputs next data, at
the incremented address via the SO pin.

Figure 6-1: MTRC Operation Flow on Reading

e
;

Receive "Read Command"
+ "Address"

l<

Send "Read Data"

Yes

No No
Auto = 1?

Yes

oo
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6.3.2 Timing of MTRC Read operation

Figure 6-2: MTRC Read Operation (Auto=0)

After Last data transfer start,
FG2 cansetCS =0
(last Data byte will be sent

from MTRC)

= A

CS J
s fff UL UL L UL L L] W
o T X X0 oy oy YTTTTT]]
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READ command READ command
so JIT7\ (o7 Yoo}z Yoo (070X oo 7711
N y - y
Y '
READ data READ data
T AsAAGAA A i AsALAGAA A ]

INTCSI |_

Figure 6-3: MTRC Read Operation (Auto bit = 1)
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(last Data byte will be sent
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s/ [ O\
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wtes | [ ] B [ ] T
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6.3.3 MTRC Write operation

After CS pin = “1", MTRC received write command/address via Sl pin. After receive command, MTRC
write next receive data, which is specified address.

When select continuous mode (Auto = “17), next receive data will be written 1 incremented address.
When select disable continuous mode (Auto = “0”), After receive 1 byte data, MTRC decide that next
received data as command/address

Figure 6-4: Operation Flow on MTRC Writing

e
;

Receive "Write Command"
+ "Address"
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Send "Write Data"

Yes
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6.3.4 Timing of MTRC Write operation

Figure 6-5: MTRC Write Operation (Auto bit = 0)

After Last data transfer start,
FG2 can set CS =0
(last Data byte will be received
from MTRC)

i A

CSJ
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Figure 6-6: MTRC Write Operation (Auto bit = 1)
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6.4 External CSIB1 Function (EXCSI1)

If the PMT4 port is configured for peripheral mode the PCMO/CS signal controls the output function of
the external CSIB1 (EXCSI1) functionality. The EXCSIB1 provide the FG2 CSIB1 communication for
external components, too. This function can be used, if there’s no internal communication between the
FG2 device and the MTRC (refer to Figure 1-2, “CS Functionality,” on page 20).

With special regard to the last byte transfer of the internal communication protocol a switch control will
delay the switching until the last byte was transferred between FG2 and the MTRC.

Remarks: 1. If the EXCSI1 is used, and the CS is set to “0” during the last byte transfer, the EXSO1
and EXSI1 signal will be suppressed until the last Byte transfer has ended. Therefore an
external component receives no signals from the last internal MTRC communication.

2. After the switching the last communicated signal level at SOB1 of the internal communi-
cation will remain at the EXSO1 pin.
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6.5 Internal CSIB1 Function

6.5.1 Operation of Serial Interface

The communication I/F of the MTRC is fixed to the following settings:

e |/F: CSl
¢ Mode: Slave mode
¢ Data length: 8-bits

(support continuous data transfer,
therefore the FG2 CSIB1 can use 16-bit data

length)
e Transfer: MSB first
¢ Transmission: transmission/reception mode
e Baudrate: maximum fRing oscillator / 4

Cautions: 1. The internal ring oscillator of the MTRC is not synchronized to the CSIB1 SCKB1
signal. Furthermore the MTRC needs time to process the incoming commands
and data. Therefore the baudrate of the FG2 CSIB1 has to be set to maximum of

fRing Oscillator /4.

2. After MTRESET release, the Ring Oscillator is uncalibrated. Therefore the maxi-
mum specified frequency deviation (especial the min. fging oscillator) for the uncal-

ibrated Ring Oscillator has to be regarded.
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Chapter 6 Serial Interface

(1) Basic operation
The MTRC serial interface is only working in slave mode.

When iSCK clock is applied the transfer operation is started.

There’s a delay between SCK of the CSIB1 from FG2 and the iISCK of the MTRC. The iSCK signal
is synchronised with the MTRC Ring Oscillator. If the Ring Oscillator is stopped no communication
is possible.

SIO shift operation is synchronised with the falling edge of iISCK. The data which is received via SI

pin is latched.
SIO on rising edge of iISCK.

Figure 6-7: Basic Operation

iISCK | |

1
SOTB >:< 55H Transmission Data
1
Slo) 1 X ABH X 56H X ADH X 5AH X B5H X 6AH X D5H X AAH
T [}
: >1|( AAH

SIRB

INTCSI

s [ e Y e O e
S U e e O o B

(2) Continuous data transfer

In spite of the fix 8-bit mode of the MTRC CSlI, it supports continuous data transfer mode.
Therefore the FG2 CSIB1 can set to 16-bit mode and continuous data transfer for the fastest com-
munication.

Figure 6-8: Continuous Data Transfer

112 Preliminary User's Manual U17763EE1V2UDOO



[MEMO]

113 Preliminary User's Manual U17763EE1V2UDO0O



Chapter 7 Meter Controller Driver

This MTRC has 6 x 360° type meters controllable driver.

7.1 Meter Controller Driver Function Outline

¢ 8-bit free run counter x 2
¢ 8-bit compare register x 12
e 8-bit +1 accuracy PWM output x 24

Figure 7-1: Meter Controller Driver Block Diagram

Meter Controller 0

Time Base
. MCNTO I = SM11
R I = SM12
—>fR/2 SM Channel 0 S |—— = SM13
€ ¢ b———» SM14
fr/16 SM Channel 1 3 £
fr32 | 5 fiuco 55 '
—>fR/64 E SM Channel 2 %—O - SM41
fr/128 b SM Channel 3 © Sma2
L = SM43
/256 B > SMad
fg/512
Meter Controller 1
Time Base
f MCNT1 I = SM51
R >
R SM52
o /2 SM Channel 0 S |———» SM53
€ o —— SM54
fr/16 SM Channel 1 8%
fg/32 s f 5 £
— 5 MCH 20O
fa64 | & 5 [ SMet
— ™ —»
fr/128 2 © . e
f—. SM63
R/256 ————» SM64
fg/512
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7.2 Register Setting

7.2.1 Free Running Counter m (MCNTm, m =0, 1)

MCNTm is an 8-bit free running counter. This counter will be incremented by fyc, (n = 0, 1). This fre-

quency is generated from CLK1 and the selected prescaler.
The counter starts by setting the PCEm bit ="1” of MCNTCm register.
After reaching the value FFH the counter will be overflowed and set itself to 01H.

MCNTm can’t be written or read.

Figure 7-2: Free Running Counter MCNTm Format
Initial
value

MCNTm MCNTm 00H
R/W —

7 6 5 4 3 2 1 0 Address

The count value is cleared in the following cases.
e RESET =0
e PCEm =%

The relation of the duty factor for the PWM output from the SMnm pin is calculated by the following
expression:

PWM (duty) = Set value MCMPnm / 255 x 100%

Remark: n=1t06
m=0,1
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7.2.2 Sin Compare Register n0 (MCMPnNO, n = 1 to 6)

MCMPNO is an 8-bit register, which continuously compares its value with the MCNTm value. When the
two values match, a match signal of sin side of meter n is generated.

MCMP10 to MCMP40 are compared with MCNTO, MCMP50 to MCMP60 are compared with MCNT1.
MCMPNO are in master-slave configuration. MCNTm is compared with the slave register.

Transmit from master register to slave register executes at

TENN ="1" AND when overflow occurs.

Ensure that the TENn bit ="0” (i.e. rewriting time < PWM cycle time), then set MCMPnO and the corre-
sponding TENn bit to 1.

The PWM pulse is not output until the first overflow occurs after the counting operation has been
started, because the compare data is not transferred to the slave beforehand.

MCMPNO is set with an 8-bit memory manipulation instruction.
The value of these register are set to 00H at MTRESET = “0".

Figure 7-3: Sin Compare Register MCMPnO Format

7 6 5 4 3 2 1 0 Address  mitia
value
MCNPNO MCMPNO Notes O0OH
R/W R/W

Note: MCNP10 at 0x00
MCNP20 at 0x03
MCNP30 at 0x06
MCNP40 at 0x09
MCNP50 at 0x0C
MCNP60 at OxOF

Remark: n=1t06
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7.2.3 Cos Compare Register n1 (MCMPn1, n =1 to 6)

MCMPnN1 is an 8-bit register, with the same functionality of the MCMPnNO register but for the cos signal.

When the above two values match, a match signal of cos side of meter n is generated.

MCMP11 to MCMP41 are compared with MCNTO, MCMP51 to MCMP61 are compared with MCNT1.

For the handling of the TENn bit please refer to the MCMPnNO register

MCMPn1 is set with an 8-bit memory manipulation instruction.
The value of these register are set to 0OH at MTRESET = “0”.

Figure 7-4: Cos Compare Register MCMPn1 Format

7 6 5 4 3 2 1 0 Address

MCNPn1 MCMPN1 Note
R/W R/W

Note: MCNP11 at 0x01
MCNP21 at 0x04
MCNP31 at 0x07
MCNP41 at 0x0A
MCNP51 at 0x0D
MCNP61 at 0x10

Remark: n=1t0o6
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7.2.4 Compare Control Register (MCMPCn, n = 1 to 6)

MCMPCn is an 8-bit register that controls the operation of the compare register and output direction of
the PWM pin. TENn bit becomes “0” automatically after finished transmission from master register to
slave register.

Caution:

If the master register is written during transmit from master register to slave register,
transmission data may break. Confirm that the time for rewriting the TEN bit is
greater then the count period of the MCNTm counter register.

MCMPCn is set with an 8-bit memory manipulation instruction.
MTRESET ="0" clears MCMPCn to 00H.

MCMPCﬂ

R/W

Figure 7-5: Compare Control Register MCMPCn Format (1/2)

Initial

7 6 5 4 3 2 1 0 Address
value

0 | 0 | 0 \ TENN |ADBn1\ADBno| DIRn1 \[ﬂRno | Note 0

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

Note: MCMPC1 at 0x02
MCMPC2 at 0x05
MCMPC3 at 0x08
MCMPC4 at 0x0B
MCMPC5 at Ox0E
MCMPC6 at Ox11

TENn Enable transfer by register from master to slave

Disable data transfer from MCMPnm master to slave.
New data can be written.

Enable data transfer from MCMPnm master to slave.
1 (Data transfer is executed from master to slave when next MCNTm overflow occurs)
New data cannot be written.

Caution:

Ensure that the time for rewriting the TEN bit is greater then the count period of the
MCNTm counter register (PWM cycle time).

Remarks: 1. TENn bit is cleared automatically after data transfer from MCMPnm master register to
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slave register has finished.
2. Don’t rewrite TENnN bit when CAE bit is “0”.
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Figure 7-5: Compare Control Register MCMPCn Format (2/2)

ADBnN1 Control of 1-bit addition circuit (cos side of meter n)
0 No 1-bit addition
1 1-bit addition

ADBNO Control of 1-bit addition circuit (sin side of meter n)
0 No 1-bit addition
1 1-bit addition

The 1-bit addition adds 1 further PWM tick to the PWM value that was set with the MCMPnm register,
but only every second PWM cycle. Therefore in the average value will be only 1/2 PWM tick, which cor-
responds with a further bit for the resolution of the PWM value (quasi 9-bit resolution).

Control of PWM output pin
DIRn1 DIRnO
SMn1 (sin+) SMn2 (sin-) SMn3 (cos+) SMn4 (cos-)
0 0 PWM 0 PWM 0
0 1 PWM 0 0 PWM
1 0 0 PWM 0 PWM
0 1 0 PWM PWM 0
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7.2.5 Timer Mode Control Register (MCNTm) (m =0, 1)
MCNTCm is an 8-bit register that controls the operation of the timer counter MCNTm. MCNTCm is set

with an 8-bit memory instruction.
MTRESET ="0" clears MCNTCm to 00H.

Figure 7-6: Timer Mode Control Register (MCNTm) Format (1/2)

7 6 5 4 3 2 1 0 Address  'Mitial
value
MCNTCm|cagNetet] o 0 |PCEm| o0 |sMCLm2|SMCLm1[SMCLmO| Note2 0
RW  RW R RW  RW R RW  RW  RW

Notes: 1. CAE is a flag that is only available in MCNTCO.

2. MCNTCO at 0x12
MCNTC1 at 0x13

-t

Cautions: First of all, set CAE = “1” to operate this macro.

2. To enable the operation the PCE bit has to be set to “1”, after setting the CAE,
SMCL02, SMCL01 and SMCLOO bits.

3. At DJ2 (6 SM channels): to set this macro into power save mode first set PCE1 =0
then set the CAE and PCEO bit simultaneously to “0”

Remark: SMCL02, SMCLO1, SMCLO0O bit and CAE bit can be written at same time in purpose to
decrease frequency of register access.

CAE Control of internal clock operation
0 Disables the internal clock supply
1 Enables the internal clock supply

By setting CAE = 0 the count operation is stopped. This is used to reduce the power consumption.

Remark: If the CAE bit will be set to “0” the counter MCNTCn register will hold it’s value and the PWM
output pin will hold its actual Level. To clear the counter and set the PWM output pin to inac-
tive level, PCEm = 0 has to be set beforehand.

PCEm Timer counter operation control

Operation is stopped with clearing the timer value
and the associated PWM output pins will be set to Low level

1 Operation enable

Remarks: 1. the CAE and PCEO bit can be set simultaneously to “0” (same register)

2. If only the 4 SM channels of the MCMTO counter are used the power consumption can
be reduced by writing the CAE bit and the PCEO bit simultaneously. In other cases set
PCE1 bit = 0 beforehand.
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Figure 7-6: Timer Mode Control Register (MCNTm) Format (2/2)

SMCLm2 SMCLm1 SMCLmO Timer counter 1 clock selection

0 0 0 fr

0 0 1 fr/2

0 1 0 fr/ 16

0 1 1 fr/32

1 0 0 fr/ 64

1 0 1 fr/ 128

1 1 0 fr /256

1 1 1 fr/512
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7.3 Operation

7.3.1 Count timing

The counter is counted up by the rising edge of the fy,c, clock signal that is selected by the SMCLm2 to

0 bits.

The counting operation is enabled or disabled by the PCEm bit of the timer mode control register.

The MCNTm register is cleared by MTRESET = “0” or PCEm = “0” and counting operation stops.

The first count cycle could include a clock error < 1 fyycp, clock due to the fact of the synchronization with

the fpcn clock.

Figure 7-7: Restart Timing after Counting Operation Stopped

me [TUUUUUUUUYTUUUUTUUL

MONTO o, Lo oo o koo e
(
))
PCEm J ) | 88 |

Remark: Counting operation starts — counting operation stops — counting operation start
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7.3.2 Operation of 1-bit addition circuit

1-bit addition to the PWM output is activated by setting ADBn1, ADBnO bit of the MCMPCn register

to “17.

1-bit addition mode repeats 1-bit addition/non-addition to PWM output alternately upon MCNTm over-
flow output, and enables the state of PWM output between current compare value N and the next com-

pare value N+1.

MCMPn0O/MCMPnN1
expected value N

MCNTO/MCNTH1

OVFO/OVF1
(Overflow output)

Match signal of
expected value N

PWM output of
expected value N
(without 1-bit addition)

PWM output of
expected value N
(with 1-bit addition)

Remark: n=1t06
m=0,1

Figure 7-8: Operation of 1-bit Addition

FFH

A A ]
e

— 1

4

d
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Chapter 7 Meter Controller Driver

7.3.3 PWM output with 1 clock shifted operation

If the output of the sin/cos signal of meter channel 1 to 4 (5 and 6) rises/falls internally as indicated by
the broken line, the SM11 to SM44 (SM51 to SM64) pins always shift the rising edge of the output pin
by 1 count clock of the MCNTm counter. This shifted outputs prevent high current peaks that leads to
Vpp/GND fluctuating.

Figure 7-9: Output Timing of SM11 to SM44

MCNTO

Meter1 sin (SM11, SM12)
Meter1 cos (SM13, SM14) i

Meter2 sin (SM21, SM22) T |

Meter2 cos (SM23, SM24) :r _________ | :L _________ |

Meter3 sin (SM31, SM32) T R |

Meter3 cos (SM33, SM34) :r _______________ | :L ________________ |
Meter4 sin (SM41, SM42) E_ ________________________________________ |
Meter4 cos (SM43, SM44) :r ____________________ 1: | |

mentt OO0
Meter5 sin (SM51, SM52) |
Meter5 cos (SM53, SM54) :r iL__ |
Meter6 sin (SM61, SM62) [ |

Meter6 cos (SM63, SM64) | | ! |
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7.4 Method of Using

MCNTm

(1)
)
@)
(4)
(5)
(6)
@)
(8)

OVF

SMn1

SMn2

SMn3

SMn4

TENn

Figure 7-11: Using of the SM

MCMPnN1 setting value

MCMPNO setting value
FFH

(5) MCMPNO/MCMPN1, 6) ~
ADBNO/ADBN1,
DIRnO/DIRN1 transfer

i

MCMPNO/MCMPN1,
ADBNO/ADBN1,
DIRn0/DIRN1 transfer

Setting SM pin to output mode by Port mode register assigned to SMn1 to SMn4 output
Input clock is supplied to the macro by setting CAE = “1”
Set compare register MCMPn0, MCMPnN1

Set TENn = “1” and ADBn0/1, DIRnO/1 bits by setting compare mode control register MCMPCn.

Set PCEO/1 = “17, the counting operation/timing (with the specified counting selection) starts.

Ensure that TENn = “0” (rewriting period longer than count period until overflow)
Rewrite compare register MCMPn0O, MCMPn1.

Set TENn = “1” (ADBn1, ADBn0, DIRn1, DIRn0 can be written at the same time if necessary).
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Chapter 7 Meter Controller Driver

7.4.1 Macro Standby operation

By setting PCE1 and PCEO/CAE = “0” of MCMTCn register, the timer stops count operation and the
PWM output is set to “0”. After that the macro is in power saving standby mode state.

Figure 7-12: SM Standby Operation

MCMPNO/MCMP1 MCMPNO/MCMP1
setting value setting value
FFH

Macro \

standby /
operation /" : :
MCNTm —

ovF . [ T

Match signal -l -l

(1) 2 @ @ @466 O @E

ADBn1 =0, ADBn0 =0, DIRn1 =0, DIRN0 =0

PCEm = “1” is written, counting operation starts.

Overflow occurs

MCMPNO or MCMPn1 match with setting value.

CAE =“0" and PCEm = “0" are written, counting value is cleared & operation stops, PWM output is
disabled.

MCMPNO or MCMPn1 is rewritten.

CAE =“1" and PCEm = “1" are written, counting operation starts

TENnN = “1” is written (ADBn1, ADBnO, DIRn1, DIRnO bits can be written at the same time if
necessary)

N

SICICEECICICIC
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Chapter 8 Reset Function

8.1 Separated Reset Functions

The reset functions of the FG2 and the MTRC are separated to each other. Therefore the application
has to coordinate the reset states.

8.2 External Reset Circuitry

To control the Reset state of the MTRC it is recommended, to connect the MTRESET pin to an output
port of the FG2.

Remarks: 1.

It is not possible to connect the MTRESET pin of the MTRC and RESET pin of the FG2
together.

(If the FG2 comes into Reset state during a serial transmission via the CSIB1, the com-
munication can't be restarted. Because of the independent clock supply of the MTRC, it
will wait for the continuation of the broken communication. But if the Reset state of the
F_Series is released, the MTRC SFRs would be re-initialized with a totally new trans-
mission of the CSIB1 again. Therefore the communication will be left out of synchroni-
zation.)

During a Power save mode the signal at MTRESET pin should be high to remain the
MTRC in operation mode (but switched off Ring Oscillator). Otherwise the MTRC will
consume in reset mode more current via the PU/PD resistors at the internal connection
pins.

8.2.1 External reset circuitry with pull-down resistor

Figure 8-1: External Reset Circuitry with Pull-Down Resistor

l:KPD
Pxx MTRESET

O o)
© ©

O O

_ V850ES/FG2 MTRC
RESET IC RESET_©
V850ES/DJ2

This circuitry is the best choose for safety applications, but consumes more power in power save

modes.

If the FG2 will be reset via an internal (LVI or WD) or external function (RESET), the Pxx pin will be set
into its reset mode (input) and the pull down resistor will set the MTRC into reset state, too.
In power save mode a continuous current will be consumed via Rpp.
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Chapter 8 Reset Function

8.2.2 External reset circuitry with pull-up resistor

Figure 8-2: External Reset Circuitry with Pull-Up Resistor

MTV 0
l:‘PU
;C

Pxx MTRESET

O o)

© ©),

O O

_ V850ES/FG2 MTRC
RESET IC RESET_©
V850ES/DJ2

This circuitry saves more power, but at internal reset in the FG2 device, the MTRC will be left active with

its last configured settings.

If MTVDD will be applied, the signal at MTRESET pin will release the reset mode of the MTRC. The
capacitor will cause a delay between MTVDD apply and MTRESET release, to ensure the minimum

specified time between this points of time.

If the FG2 will be reset via an internal (LVI or WD) or external function (RESET), the Pxy port will be set
into its reset mode (input) but the pull up resistor Rp; will hold the MTRC in its normal operation mode.
Therefore the last configured action (PWM signal) will remain. It has to be checked if this leads to criti-

cal application states.

After the RESET release of the FG2 device, the MTRC should be reset via MTRESET pin as soon as

possible (i.e. in the start-up code).
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Chapter 9 Electrical Specification

9.1 Absolute Maximum Ratings (T, = 25°C)

Parameter Symbol Conditions Ratings Unit
Vbb Vpp=EVpp=BVpp=AVRero=MTVpp=SMVpp -0.3t0 +6.5 v
EVpp Vpp=EVpp=BVpp=AVRero=MTVpp=SMVpp -0.3t0 +6.5 \%
BVpp Vbp=EVpp=BVpp=AVRero=MTVpp=SMVpp -0.3t0 +6.5 v
MTVppi2  |Vpp=EVpp=BVpp=AVRero=MTVpp=SMVpp -0.3t0 +6.5 v
SMVDD1 ’2’3 VDD=EVDD=BVDD=AVREF0=MTVDD=SMVDD -03 tO +65 V
AVRero Vbp=EVpp=BVpp=AVRero=MTVpp=SMVpp -0.3t0 +0.3 v
Supply voltage
Vss Vgg=EVgg=BVgg=AVgs=MTVgs=SMVgg -0.3t0 +0.3 \%
EVss Vgg=EVgg=BVgg=AVgg=MTVgg=SMVgg -0.3t0 +0.3 v
BVgs Vgg=EVgg=BVgg=AVgs=MTVg5=SMVgg -0.3t0 +0.3 \%
MTVgg1 Vgg=EVgg=BVgg=AVgg=MTVgg=SMVgg -0.3t0 +0.3 v
SMVgg1o | Vss=EVgs=BVgs=AVgs=MTVgs=SMVgg -0.3t0 +0.3 \%
AVgg Vgg=EVgg=BVgg=AVgg=MTVgg=SMVgg -0.3t0 +0.3 v
P00-P06, P10-P11, P30-P39, P40-P42, P50-P55, a
Vi P90-P96, P910-P915, RESET, FLMDO “0.310 EVpp+0.3% | V
Vi ﬁgyg_igtﬂo\oﬁb IE)CIE_?g-PCSL PCTO, PCT1, PCT4, 0310 BVpt0.3 | V
Input voltage ’
Viz X1, X2, XT1, XT2 -0.3 to VRoP+0.32 | V
PMTO00-PMT03, PMT30-PMT35, PMT40-PMT43, a
V|4 m -0.3 to MTVDD+0.3 \Y
Analog input . a
voltage Vian P70-P715 -0.310 AVRgro+0.32 | V
P00-P06, P10-P11, P30-P39, P40-P42, 1 pin -4 mA
P50-P55, P90-P96, P910-P915 Total 50 mA
1 pin -4 mA
P70-715
Total -20 mA
PCM2-PCM3, PCS0-PCS1, PCTO, PCT1, 1 pin -4 mA
PCT4, PCT6, PDLO-PDL13, MTCS Total 50 mA
; 1 pin -45 mA
Highlevel PMT10-PMT17 i
output current Total -135 mA
1 pin -45 mA
PMT20-PMT27
Total -135 mA
1 pin -45 mA
SM11-SM14, SM21-SM24
Total -135 mA
PMTO00-PMT03, PMT30-PMT35, PMT40- 1 pin -4 mA
PMT43 Total -15 mA
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Parameter Symbol Conditions Ratings Unit
P00-P06, P10-P11, P30-P39, P40-P42, 1 pin 4 mA
P50-P55, P90-P96, P910-P915 Total 50 mA
1 pin 4 mA
P70-P715
Total 20 mA
PCM2-PCM3, PCS0-PCS1, PCTO, PCT1,PCT4, |1 pin 4 mA
Low level | PCT6, PDLO-PDL13, MTCS Total 50 mA
output current oL 1 pin 45 mA
PMT10-PMT17
Total 135 mA
1 pin 45 mA
SM11-SM14, SM21-SM24
Total 135 mA
PMTO00-PMTO03, PMT30-PMT35, PMT40- 1pin 4 mA
PMT43 Total 30 mA
Operating Normal operating mode -40 to +85
ambient Ta )
temperature Flash programming mode -40to +85 °C
Storage
T -
temperature STG 4010 +125

a. Be sure not to exceed the absolute maximum ratings (MAX. value) of each supply voltage.
b.  VRgo is the on-chip regulator output voltage (typ. 2.5 V)

Cautions: 1.
2.
3.
4.
5.

Remark:

Avoid direct connections among the IC device output (or I/O) pins and between
Voo or Vcc and GND.

All Vpp pins have to be connected externally.
All Vgg pins have to be connected externally.

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 abso-
lute maximum ratings are not exceeded.

The ratings and conditions indicated for DC characteristics and AC characteris-
tics represent the quality assurance range during normal operation.

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

those of port pins.
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9.2 Capacitance

(Tp=25°C,

Vpp=EVpp=BVpp=AVRere=MTVpp=SMVpp=Vss=EVs5=BV55=AVgs=MTVgg=SMVgg=0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input . C;  |f=1 MHz, Other than unmeasured pins:0 V 15 pF
capacitance
Inbut / Outout f=1 MHz, Other than unmeasured pins:0 V
Cap acitancg Cio |PMT00-PMT03, PMT30-PMT37, 15 | pF

P PMT40-PMT43
f=1 MHz, Other than unmeasured pins:0 V
Co Other than following pins 15 PF
Output -
capacitance f=1 MHz, Other than unmeasured pins:0 V
Csmo |PMT10-PMT17, PMT20-PMT27, 40 pF
SM11-SM14, SM21-SM24
9.3 Operation Conditions
(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg55=BVg5=MTVgg=SMVgg=AVgg=0V,
Tp=-40 to +85°C
Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
VDD=5 V +10%
1 2 MH
PLL mode (OSC=4 MHz to 5 MHz) 6 0 z
VDD =4.0to 55V
PLL mode (OSC=4 MHz) 16 16 | 16 | MHz
Internal system Vpp=4.0to 5.5V
f
clock frequency CLK Through-rate mode (OSC=4 MHz to 5 MHz) 4 > MHz
VDD= 40to55V
32 35 KHz
Sub-IDLE mode (Crystal)?
REGC Capacity = 4.7 pF, at operation with subclock 125 275 | KHz

(RC resonator)

a. Be sure not to access peripheral, even if switched sub operation mode one time, before go sub-

IDLE mode
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9.4 Oscillation Circuits

9.4.1 Main System Clock Oscillation Circuit Characteristics

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVgrere=4.0 to 5.5 V,
Vgs=EVgs=BVgs=MTVgs=SMVgg=AVgg =0 V,
Tp=-40 to +85°C)

Resonator | Recommended circuit Parameter Conditions MIN. | TYP. | MAX. Unit
Oscillation fre- 4 5 MHz
quency

Crystal/ After reset is released 216/t s

Ceramic .

illati ili- |After STOP mode is

resonator Oscillation stabili Sloncod 0.5P c ms
zation time?

After IDLE2 mode is b c s
released 350 H

a. Time required from when Vpp reaches oscillation voltage range (MIN.: 4.0 V) to when the crystal resonator
stabilizes.

b.  Stabilization time for Flash macro. Setting by OSTS resistor.

c. Depend on the setting of the oscillation stabilization time select resistor (OSTS).

Cautions: 1. When using the main clock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capaci-
tance.

¢ 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 cur-
rent flows.

¢ Do not fetch signals from the oscillator.

2. When the main clock is stopped and the device is operating on the subclock, wait
until the oscillation stabilization time has been secured by the program before
switching back to the main clock.
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9.4.2 Sub System Clock Oscillation Circuit Characteristics

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgg=EVgs=BVgs=MTVgs=SMVgg=AVgg =0 V,
Tp=-40 to +85°C)

Resonator Recomrgjirtwded air- Pyaarameter Conditions MIN. | TYP. | MAX. | Unit

Oscillation fre-

quency (fxt) 32 |32.768| 35 KHz

| XT1 XT2 |
Crystal 0
resonator | . | Oscillation stabili-
‘ ‘ L a 10 ys
zation time
- i _ 150D
Oscillation fre R =390 kQ +5% o5 40 55 KHz
quency (fxy) C = 47 pF £10%P
RC
resonator

3 . |Oscillation stabili-
3 l ; . . a 100 us
I ' zation time

a. Time required from when Vpp reaches oscillation voltage range (MIN.= 4.0 V) to when the
crystal resonator stabilizes.
b.  In order to avoid the influence of wiring capacity, shorten wiring as much as possible.

Cautions: 1. When using the subclock oscillator, wire as follows in the area enclosed by the
broken lines in the above figures to avoid an adverse effect from wiring capaci-
tance.

¢ 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 cur-
rent flows.

¢ Do not fetch signals from the oscillator.

2. The subclock oscillator is designed as a low-amplitude circuit for reducing cur-
rent consumption, and is more prone to malfunction due to noise than the main
clock oscillator. Particular care is therefore required with the wiring method when
the subclock is used.
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9.4.3 MTRC Ring Oscillator Oscillation Circuit Characteristics

(Vop=EVpp=BVpp=MTVpp=SMVpp=AVgere=4.0 to 5.5 V,
Vgs=EVgs=BVgs=MTVgs=SMVgg=AVgg =0 V,
Tp=-40 to +85°C)

Resonator Parameter Conditions MIN. TYP. MAX. Unit
Oscillation frequency (fxg)? 6.8° 8 9.2 MHz
Ring Oscillator  [ggcillation stabilization
A C 20 ys
time
o Calibration high pulse® 14 us
calibration pulse
calibration low pulse 3 us
High-Level width 600 ns
MTCS Low-Level width 600 ns
analog delay . 71 192 ns
for noise suppression
a. if calibration routine was successfully performed
b. 4 MHz if uncalibrated
c. time required when MRON bit is set from "0" to "1"
d. has to be exact the typ. value
9.4.4 PLL Characteristics
(Vopb=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg5=BVg5=MTVgg=SMVgg=AVgg =0V,
Tp=-40 to +85°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input frequency fx 4 5 MHz
Output frequency fxx 16 20 MHz
Clock time teLL After Voo reaches MIN.: 3.5V 800 us
9.4.5 uPD70F3235(A) V850FG2 Ring-OSC Characteristics
(Vop=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg5=BVg5=MTVgg=SMVgg=AVgg =0V,
Tp=-40 to +85°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output frequency fr 100 200 400 KHz
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9.5 Voltage Regulator Characteristics

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgg=EVg5=BVgs=MTVgs=SMVgg=AVgg =0 V,
Tp=-40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Input voltage Voo 3.5 5.5 \
Output voltage Vro 2.5 Vv

After Voo reaches MIN.: 3.5 V
Lock time tree |Connect C = 4.7 yF £ 20% to REGC 1 ms

pin

Vb 3.5V
trREG
VRO

RESET /
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9.6 DC Characteristics

9.6.1

Input/Output Level

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVgrere=4.0 to 5.5 V,
Vgs=EVgs=BVgs=MTVgs=SMVgg=AVgs=0 V,
Tp=-40 to +85°C)

Parameter | Symbol Conditions MIN. TYP| MAX. |Unit
Viut |P30, P34, P36-P38, P41, P911 0.7 EVpp EVpp Vv
P00-P0O6, P10-P11, P31-P33, P35, P39, P40, P42
V ’ ’ ’ ’ ’ ’ ’ i EV EV
H2 1 p50-P55, P90-P96, P910, P912-P915 0.8 EVop oo |V
PCM2-PCM3, PCS0-PCS1, PCTO, PCT1, PCT4, PCTS6,
Input VI3 | ppL0-PDL13 0.7 BVpp BVpp | V
voltage,
high V|H4 P70-P715 0.7 AVREFO AVREFO \'%
Viys |RESET, FLMDO 0.8 EVpp EVpp | V
Viie |PMT40, MTRESET 0.8 MTVpp MTVpp | V
Vigz |PMT00-PMTO03, PMT30-PMT35, PMT41-PMT43 0.7 MTVpp MTVpp \Y
ViL1 |P30, P34, P36-P38, P41, P98, P911 EVsg 0.3EVpp | V
P00-P0O6, P10-P11, P31-P33, P35, P39, P40, P42
v ’ ' o [ O TS T TS EV 2EV
-2 | P50-P55, P90-P96, P910, P912-P915 ss 0-2EVop | V
PCM2-PCM3, PCS0-PCS1, PCTO, PCT1, PCT4, PCTS6,
Input Vi3 PDLO-PDL13 BVgg 0.3BVpp | V
voltage, v AV 0.3
P70-P715 \Y
low IL4 SS AVREFO
Viis |RESET, FLMDO EVss 02EVpp | V
Viie |PMT40, MTRESET MTVgg 0.2 MTVpp| V
ViLz |PMT00-PMTO03, PMT30-PMT35, PMT41-PMT43 MTVgs 0.3 MTVpp| V
P00-P06, P10-P11, P30-P39, lon=-1.0 mA EVpp-1.0 EVop | V
Voui2 |P40-P42, P50-P55, P90-P96,
P910-P915 lop=-100 pA EVpp-0.5 EVop |V
Output PCM0-PCM3, PCS0-PCSH, lop=-1.0 MA BVpp-1.0 BVpp | V
voltage, | Voy,? [PCTO, PCT1, PCT4, PCTS,
high PDLO-PDL13 lon=-100 pA BVpp-0.5 BVpp |V
|OH='1 .0OmA AVREFO -1.0 AVREFO Vv
Vons® |P70-P715
IOH='1 00 UA AVREFO -0.5 AVREFO Vv
lon=-27 MA (T5=85°C)
lop=-30 MA (Tp=25°C) SMVpp- SMVpp - |,
low=-40 mA (Ta=-40°C)| %07 0.7
VeorisC PMT10-PMT17, PMT20-PMT27,| 'OH™ A=
Vool:t‘g;; OH4™ |SM11-SM14, SM21-SM24 lo=19 MA (TA=85°C) .y
hlgh ’ |OH=-21 mA (TA=25°C) SMVDD'0.5 0 ?D V
lop=-28 MA (Tp=-40°C) :
PMTO00-PMTO03, PMT30-PMT35
d ) , . _
VOH5 PMT40-PMT43 IOH 1.0 mA MTVDD 1.0 MTVDD Vv
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Parameter | Symbol Conditions MIN. TYP| MAX. Unit
P00-P06, P10-P11, P30-P39,
VoL1® |P40-P42, P50-P55, P90-P96,
P910-P915
PCMO0-PCM3, PCS0-PCSH, lo,=1.0 mA 0 0.4 Vv
Vor2° |PCTO, PCT1, PCT4, PCTS6,
PDLO-PDL13
Vous |P70-P715
Output oLs
voltage, loL=27 mA (Ty=85°C)
low |O|_=30 mA (TA=25°C) 0.07 0.7 \
Ve g |PMT10-PMT17, PMT20-PMT27, | l0L=40 MA (Ta=-40"C)
OL4™ 1SM11-SM14, SM21-SM24 lou=19 MA (T»=85°C)
lon=21 mA (Tp=25°C) 0.07 0.5 \Y
lon=28 mA (Tp=-40°C)
h |PMT00-PMTO3, PMT30-PMT35, I =1 A
Vois™ | pMT40-PMT43 o=1.0m 0 04 |V
Pull-up R1 |V=0V 10 |s0]| 100 |Ko
resistor
Pull-down
o R2 [VI=Vpp 10 30 100 KQ
resistor
a. Total gy (Max.) is -20 mA
b. lpLmax of Vg 3 is -16 mA.
c.  lon max of Vopy is -135 mA.
d. oy maxof Vous is -12 mA.
e. lgLmaxof Vg 3is 20 mA.
f. loL max of Vg 5 is 16 mA.
g. loLmaxof Vg 4 is 135 mA.
h.  lgLmax of Vg 5 is 12 mA
i Exists only at DRST pin
9.6.2 Pin Leak Current
(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg5=BVg5=MTVgg=SMVgg=AVgg=0V,
Ta=-40 to +85°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
) Analog pins +0.2
Input leakage current, high Ik Vin = Voo A
Except the above +0.5
Analog pins -0.2
Input leakage current, low luis Vn=0V A
Except the above -0.5
Analog pins +0.2
Qutput leakage current, Lo Vo = Voo gp VA
high Except the above +0.5
Analog pins -0.2
Output leakage current, Lo Vo= 0V gp UA
low Except the above -0.5
Caution: In flash memory versions, spec of FLMDO pin is as follows.:
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¢ Input leakage current, high: 2 pA

* Input leakage current, low: 2 pA
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9.6.3 Power Supply Current

(Vop=EVpp=BVpp=MTVpp=SMVpp=4.0 to 5.5 V
AVRgpo=4.010 5.5 V
Vgg=EVgg=BVgs=MTVgg=SMVgg=AVgg=0 V
Tp=-40 to +85°C)

Parameter |Symbol Conditions

MIN.

TYP.

MAX.

Unit

fxx=20 MHz (OSC=5 MHZ)

. MTRC-Ring Oscillator On
IDD1 |Operating mode

32.5

50

mA

All peripherals stopped
MTRC-Ring Oscillator On

22

mA

fxx=20 MHz (OSC=5 MHZ)

MTRC-Ring Oscillator On
IDD2 |HALT mode

20.5

33

mA

All peripherals stopped
MTRC-Ring Oscillator On

11

mA

fXX=5 MHz (OSC=5 MHZ)
IDD3 |IDLE1 mode PLL Off
MTRC-Ring Oscillator Off

0.6

0.92

mA

fXX=5 MHz (OSC=5 MHZ)
IDD4 |IDLE2 mode PLL Off

MTRC-Ring Oscillator Off
Supply

0.25

0.72

mA

Crystal resonator
fXT=32.768 KHz

RC resonator®
fXT=40 KHz

MTRC-Ring Oscillator Off

current?
Sub Operation

IDD5
modeP

200

420

A

Crystal resonator
fXT=32.768 KHz

MTRC-Ring Oscillator Off

20

140

HA

IDD6 |Sub IDLE mode?
RC resonator®

fXT=40 KHz
MTRC-Ring Oscillator Off

35

160

HA

Ring Oscillator On
MTRC-Ring Oscillator Off

15

85

HA

IDD7 |STOP mode®
mode Ring Oscillator Off

MTRC-Ring Oscillator Off

7

70

HA

a. Vpp, EVpp, BVpp and MTVpp total current. AVgerq and SMVpp current, port buffer current (including a current

flowing in the on-chip pull-up/pull-down resistors) are not included.

Main Oscillator is off and Ring Oscillator is on.

RC Oscillator frequency is typ.40 KHz. This clock is divided (1/2) internally.
Main Oscillator is off.

Main Oscillator is off and Sub Oscillator is not used.

o000
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9.6.4 Data Retention Characteristics

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=2.0 to 5.5 V,
Vgs=EVgs=BVgs=MTVgs=SMVgg=AVgs=0 V,
Tp=-40 to +85°C)

Table 9-1: Data Retention Characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention voltage Vooor  |In STOP mode 1.9 5.5 \
Data retention current looor | Vooor =2.0 V 6 65 A
Supply voltage rise time trvD 1 us
Supply voltage fall time trvo 1 us
Supply voltage retention time tawo | After STOP mode release 0 ms
STOP release signal input time | tore. | After Voo reaches MIN.: 3.5 V 0 us
EIZLa retention input voltage, Viwor  |All input ports 0.9Vooor Vooor \Y
B?Vta retention input voltage, Vior  |All input ports 0 0.1Vooor \

Caution: Shifting to STOP mode and restoring from STOP mode must be performed within the

rated operating range.

STOP mode setting STOP release signal input

Operating voltage lower limit (Min.) =-------f---------3 D G e
Voo/EVoo/BVob

ViHDR X

RESET (input)

STOP mode release interrupt (NMI, etc.) ViHoR 3

(Released by falling edge) \

STOP mode release interrupt (NMI, etc.)
(Released by rising edge)

ViLor 7
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9.7 AC Characteristics

AC Test Input Measurement Points (Voo, AVop, EVop, BVoo, MTVop, MTVop),

Voo VIH (MIN.) \ — VIH (MIN)
Measurement points

VL (MAX.) / I ViL (vAx)

AC Test Output Measurement Points

VoH (MIN.) — - VoH (MIN.)
Measurement points
VoL (Max) — T VoL (vax,)
Load Conditions
DUT

(Device under —_|
measurement)

il

CL=50pF

Caution: If the load capacitance exceeds 50 pF due to the circuit configuration, bring the load
capacitance of the device to 50 pF or less by inserting a buffer or by some other
means.
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9.7.1 EXCLO output timing

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Output cycle tovk 62.5 ns 8 us
High level width twkH tovk/2 - 15 ns
Low level width twkL tcyk/2 - 156 ns
Rising time tkr 15 ns
Falling time tkr 15 ns
Clock Timing
tovk
twkH twkL |
\ [

/ \ [
CLKOUT (output) Z
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9.7.2 RESET, Interrupt, FLMDO timing

(Vop=EVpp=BVpp=MTVpp=SMVpp=AVgere=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
MTRESET input low level width twMmRsL 500 ns
Parameter Symbol Conditions MIN. MAX. Unit
RESET low-level width twasL 500 ns
NMI high-level width tww |Analog noise elimination 500 ns
NMI low-level width twne  |Analog noise elimination 500 ns
Analog noise elimination 500 ns
(n=0t07)
INTPn high-level width®|  twim — - —
Digital noise elimination b
ns
(n=3)
Analog noise elimination
= Ogto 2 500 ns
INTPn low-level width® twim
Digital noise elimination (n = 3) b ns

a. ADTRG is same spec (PO3/INTPO/ADTRG). DRST is same spec (PO5/INTP2/DRST).

b. 2Tsamp + 20 or 3Tsamp + 20

Reset/Interrupt

RESET (input)

NMI (input)

INTPn (input)

Remark: n=0to7

trReEG

| twNiH

twaiL

twRsL

twith

twitL
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9.7.3 Key Return timing

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
KRn input high-level
width Pt g twean | Analog noise elimination 500 ns

- - (n=0to7)
KRn input low-level width|  twksL 500 ns
| twkrH I twkrL
KRn (input) / /

Remark: n=0to7
9.7.4 Timer Input timing
(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg55=BVg5=MTVgg=SMVgg=AVgg=0V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
TIn high-level width trm TIPOO, TIPO1, TIP10, TIP11, Note ns

TIP20, TIP21, TIP30, TIP31,

TIn low-level width tr TIQOO0 to TIQO3, TIQ10 to TIQ13 Note ns

Note: 2Tsamp + 20 or 3Tsamp + 20
Tsamp: Sampling clock for noise elimination

TIn (input) /
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9.7.5 CSI timing

M

CSIBO

(a) Master Mode

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRer,=4.0 t0 5.5 V,
Vgs=EVgg=BVgs=MTVgs=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
SCKBO cycle time tkcyo 125 ns
SCKBO high level width tkHo tkcyo/2-15 ns
SCKBO low level width tkLo tkcyo/2-15 ns
SIBO setup time (to SCKBO) tsiko 30 ns
SIBO hold time (from SCKBO) tksio 25 ns
SCKBO to SOBO output delay time | tksoo 25 ns
(b) Slave Mode
(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgs=EVgg=BV5s=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)
Parameter Symbol Conditions MIN. MAX. Unit
SCKBO cycle time tkcyo 200 ns
SCKBO high level width tkHo 90 ns
SCKBO low level width tkio 920 ns
SIBO setup time (to SCKBO) tsiko 50 ns
SIBO hold time (from SCKBO) tksio 50 ns
SCKBO to SOBO output delay time |  tksoo 50 ns

145

tkeyn

tkin

tkHn

SCKBn (1/0) 5

\

|_Isikn tksin_

/

SIBn (inpUt) -|:|-i-z------ -------- D -------- :

tkson

SOBnN (output)

Output data ><

A
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(2) csiB1
CSIB1 can be only used in Master Mode.

(a) Master Mode

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVgero=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
EXSCKI1 cycle time tkcy1 250/10002 ns
EXSCKT high level width tiH1 tkcy1/2 - 30 ns
EXSCKT low level width tyL1 tkcy1/2 - 30 ns
EXSI1 setup time (to EXSCK1) tsik 50 ns
EXSI1 hold time (from EXSCKT) tksi1 50 ns
EXSCK1 to EXSO1 output delay time| tkso1 50 ns

a. Be sure to set cycle time (EXSCK1) over 4 times as the internal system clock cycle
(foLk)- tkeyt = Mok x 4

If the CSI1 communicate with the uncalibrated MTRC (fro_uncal Min. 4 MHz) tkcy1 has to be > 1000 ns

9.7.6 UART timing

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVrer,=4.0 t0 5.5 V,
Vgs=EVgg=BVgs=MTVgs=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Communication rate 312.5 kbps
ASCKO cycle time 10 MHz

146 Preliminary User’s Manual U17763EE1V2UDO0




Chapter 9 Electrical Specification

9.7.7 CAN timing

(Vop=EVpp=BVpp=MTVpp=SMVpp=AVgere=4.0 to 5.5 V,
Vgs=EVgs=BVgs=MTVgs=SMVgg=AVgg=0 V,

Ta=-40 to +85°C, C| =50 pF)

Parameter Symbol Conditions MIN. MAX. Unit
Transfer rate 1 Mbps
Internal delay time? 100 ns
a. Internal delay time (tnooe) = Internal transfer delay time (touteur) + Internal receive delay time (tweur).

CAN internal clock Nete

CTXDn pin
(Transfer data)

CRXDn pin
(Receive data)

toulpul

T\ T\

)
(
T

tinput

X

Note: CAN internal clock (fCAN): CAN baud rate clock

Remark: n=0,1

V850ES/FG2 CTXDn pin
Internal transfer delay
- ~O
CAN macro
— Q
Internal receive delay
CRXDn pin

Image figure of internal delay
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9.7.8 AD Converter

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 bit
Overall error? 40<AVrer0 <55V +0.15 +0.45 %FSR
Conversion time tconv 3.1 16 us
Analog input voltage Vian AVss AVerero \'

When using A/D converter 5 10 mA
AVrero current |arero
When not using A/D converter 1 10 pA
a.  Excluding quantization error (+0.05%FSR). Indicates the ratio to the full-scale value (%FSR).
Note: FSR: Full Scale Range
9.7.9 LVI
(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0t0 5.5V,
Vgg=EVg5=BVg5=MTVgg=SMVgg=AVgg=0V,
Tp=-40 to +85°C, C, =50 pF)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Vwvio 4.2 4.4 4.6 V
Detection voltage
Vit 4.0 4.2 4.4 V
After Voo reaches Vwvio/Vivii
. (Max.).
Response time? W After Voo drops Vuio/Viwr 0.2 2.0 ms
(Min.).
Minimum Voo width tuw 0.2 ms
Reference voltage stabiliza- After Voo reaches 3.5 V.
twarr  [After LVION bit (LVIM.bit7) = 0.1 0.2 ms

tion wait time®

0 -1

a.  The time required to output an interrupt/reset after the detection voltage is detected.

b.  Unnecessary when the POC function is used.

Detection voltage (MAX.)
Detection voltage (TYP.)
Detection voltage (MIN.)
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tio

LVION bit=0 — 1
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9.7.10 RAM retention flag

(Vop=EVpp=BVpp=MTVpp=SMVpp=AVgere=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VramH 1.9 2.0 21 \Y
Supply voltage rise time tramii (Voo =0V - 3.5V 0.002 1,800 ms

After the supply voltage
Response time? trawio  |reaches the detection volt- 0.2 2.0 ms
age (MAX.)
Minimum Voo width tramHw 0.2 ms
a. Time required to set the RAMF bit after the detection voltage is detected.
Vop
Operating voltage (MIN.)
Detection voltage (MAX.)
Detection voltage (TYP.)
Detection voltage (MIN.)
tRAMHTH
tRAMHD tRAMHW tRAMHD
Time
149
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9.7.11 Flash Memory Programming characteristics

(Vpp=EVpp=BVpp=MTVpp=SMVpp=AVRero=4.0 to 5.5 V,
Vgs=EVgg=BVg5=MTVgg=SMVgg=AVgg=0 V,
Tp=-40 to +85°C, C, =50 pF)

(1) Basic characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Operating frequency fepu 4 20 MHz
Supply voltage Voo 4.0 5.5 \'
Number of writes Cwr? 100 Times
Input voltage, high Vi FLMDO 0.8EVop EVoo \Y
Input voltage, low Vi FLMDO EVss 0.2EVoo \Y
Programming temperature trra -40 +85 °C

a.The initial write when the product is shipped, any erase — write set of operations, or any programming operation
is counted as one rewrite.

(2) Serial Write Operation Characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
FLMDO setup time from 5000/fx
RESET! tarer ‘o s
Count execution time toount 3 ms
FLMDO high-level width ten 10 100 us
FLMDO low-level width teu 10 100 us
FLMD rise time tr 50 us
FLMD fall time te 50 us

a. o. denotes the oscillation stabilization time

Vop <)()
RESET

Vss tcount « )

tRFCF tcH 2

Vop \
FLMDO

Vss

T tF tR

Vop
FLMD1

Vss L <)(>
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[MEMO]
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Chapter 10 Package Drawings

Figure 10-1: V850ES/DJ2

144-PIN PLASTIC LQFP (FINE PITCH) (20x20)

A

B
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109 72
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144 37
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NOTE
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Each lead centerline is located within 0.08 mm of A 22.0+0.2
its true position (T.P.) at maximum material condition. 20.0+0.2
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0.2240.05
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1.0£0.2
0.5+0.2
0.1778:83

0.08

1.4

0.10+0.05
o+4°

3730

»w| T |0|v|Z| 2 |rX|«|—|T|OMO|O|m

1.5£0.1
S$144GJ-50-UEN
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Chapter 11 Recommended Soldering Conditions

Solder this product under the following recommended conditions.

For details of the recommended soldering conditions, refer to information document Semiconductor
Device:

Mounting Technology Manual (C10535E).

For soldering methods and conditions other than those recommended please consult NEC.

. . . Symbol of Recommended
Soldering Method Soldering Condition Soldering Condition
Infrared reflow Package peak temperature: 235°C IR35-207-3
Partial heating 350°C P350

Caution: Do not use two or more soldering methods in combination (except partial heating
method).
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Revision History

Version Date Remarks
1.1 2005/09/01 Initial release
1.2 2006/12/13 Chapter 1.5.2: new description of internal and external communication via CSIB1

Chapter 3.1: MTCS corrected to CS in MTRC pinout

Chapter 3.2: description of MTCS completed

Chapter 4.6.1: new caution: configuration of PMT34 to PMT37
Chapter 4.6.2: new caution: configuration of PMT34 to PMT37
Chapter 9.6.3: IDD3 condition corrected: PLL Off
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