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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

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

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

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

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

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

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

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

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

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

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

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

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

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

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

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

1. PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

2. HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

3. STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

The related documents in this customer notification may include preliminary versions. However,
preliminary versions may not have been marked as such.

The information in this customer notification is current as of its date of publication. The
information is subject to change without notice. For actual design-in, refer to the latest publications
of NEC’s data sheets or data books, etc., for the most up-to-date specifications of NEC
PRODUCT(S). Not all PRODUCT(S) and/or types are available in every country. Please check
with an NEC sales representative for availability and additional information.

No part of this customer notification may be copied or reproduced in any form or by any means
without prior written consent of NEC. NEC assumes no responsibility for any errors that may
appear in this customer notification. NEC 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
PRODUCT(S) listed in this customer notification or any other liability arising from the use of such
PRODUCT(S).

No license, express, implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of NEC or others. Descriptions of circuits, software and other related
information in this customer notification are provided for illustrative purposes of PRODUCT(S)
operation and/or application examples only. The incorporation of these circuits, software and
information in the design of customer’s equipment shall be done under the full responsibility of
customer. NEC assumes no responsibility for any losses incurred by customers or third parties
arising from the use of these circuits, software and information.

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

The customer agrees to indemnify NEC against and hold NEC harmless from any and all
consequences of any and all claims, suits, actions or demands asserted against NEC made by a
third party for damages caused by one or more of the items listed in the enclosed table of content
of this customer notification for PRODUCT(S) supplied after the date of publication.

Notes:

(1) “NEC” as used in this statement means NEC Corporation and also includes its direct or indirect
owned or controlled subsidiaries.

(2) “PRODUCT(S)” means ‘NEC semiconductor products’ (NEC semiconductor products means
any semiconductor product developed or manufactured by or for NEC) and/or ‘TOOLS’ (TOOLS
means ‘hardware and/or software development tools’ for NEC semiconductor products’ developed,
manufactured and supplied by ‘NEC’ and/or ‘hardware and/or software development tools’
supplied by NEC but developed and/or manufactured by independent 3rd Party vendors worldwide
as their own product or on contract from NEC)
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(A) Features of the Timer7

The µPD78098x subseries incorporates a 10-bit inverter control timer 7 (TM7). This timer can control
the output of three complementary phase pairs, [(U+,U-), (V+,V-), (W+,W-)], and consists of the
following:

10-bit inverter control TM7

•  up/down counter which generates interrupt INTTM7 on underflow

Compare Registers

•  CM3, compare register 3, to set period (frequency) of waveforms (U, V, W)

•  CM2, compare register 2, to set W+ active pulse width

•  CM1, compare register 1, to set V+ active pulse width

•  CM0, compare register 0, to set U+ active pulse width

Buffer registers

•  BFCM3, buffer register 3, transfers to CM3 on TM7 interrupt, INTTM7

•  BFCM2, buffer register 2, transfers to CM2 on TM7 interrupt, INTTM7

•  BFCM1, buffer register 1, transfers to CM1 on TM7 interrupt, INTTM7

•  BFCM0, buffer register 0, transfers to CM0 on TM7 interrupt, INTTM7

Buffer Transfer Control Timer RTM0

•  3-bit down counter which divides occurrence of interrupt INTTM7

Dead time down counters

•  DTM2, 8-bit down counter for dead time between active levels of W+and W-

•  DTM1, 8-bit down counter for dead time between active levels of V+ and V-

•  DTM0, 8-bit down counter for dead time between active levels of U+ and U-

Dead time reload register

•  DTIME, 8-bit reload register, transfers to DTM2, DTM1, DTM0 on TM7
match with CM2, CM1, CM0 respectively.

Outputs

•  TO74 for W+ TO75 for W-

•  TO72 for V+ TO73 for V-

•  TO70 for U+ TO71 for U-

Output Stop Control Options

•  none

•  interrupt from watchdog timer

•  rising/falling edge on Port 0.0 / TOFF7
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(B) Program Description

This program demonstrates inverter operation by setting an output period of 200us and
simultaneously outputting active high pulse widths of 50us on U+, 100us on V+ and 150us on W+.
Outputs U-, V- and W- are simply the inverse waveforms of U+, V+ and W+. The program also sets a
dead time of 10us – note that the effect of this is to shorten the active high pulse width on the
positive phase, and to lengthen its inverse on the negative phase.

Timer 7 (TM7)is first stopped and cleared. An 8.38MHz count clock is selected by writing to Timer
Control register 7, TMC7. The least significant 3-bits (IDEV2, IDEV1, IDEV0) of TMC7 make up the
Buffer Transfer Control Timer, RTM0. By setting RTM0 to zero, INTTM7 is selected to occur once on
every TM7 underflow. An active high level and no output stop control are selected by writing to
Inverter Time Mode register 7, TMM7.

Compare register 3, CM3, is set to 838 which gives a count up interval of 100us (838/8.38MHz).
When TM7 counts up to this value, it reverses and starts counting down until in generates interrupt
INTTM7 on underflow. This gives a period of 200us (2 x 100us) for the U, V, W waveforms.

•  Compare register 2 is set to 629 to set the W+ pulse width to 50us.

•  Compare register 1 is set to 419 to set the V+ pulse width to 100us.

•  Compare register 0 is set to 210 to set the V+ pulse width to 150us.

Note that a smaller value in CM2-CM0 gives a longer pulse width. This is because TM7 switches the
positive phase waveform to its active level when it matches the compare register during its up count.
It does not reset it to its inactive level until it again matches the compare register during its down
count.

The program also writes values to the buffer registers BFCM3-BFCM0, as these will be transferred to
compare registers CM3-CM0 on the first TM7 interrupt. The program writes a value of 84 to the dead
time reload register, DTIME, to set a dead time value of 10us (84/8.38MHz). This is to ensure that
the active levels of the positive and negative phases do not overlap due to the finite switching times
of real world components. The value set here in DTIME will be transferred to dead time down
counters DTM2-DTM0 when there is a respective match between TM7 and compare registers CM2-
CM0.

Timer 7 is then started and interrupts are enabled. The TM7 interrupt routine is used to update the
buffer registers, BFCM3-BFCM0, ready for transfer on the next TM7 interrupt, INTTM7. The dead
time reload register, DTIME, is also updated, ready for transfer to the respective dead time down
counter DTM2-DTM0 on the next TM7 match with CM2-CM0.
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(C) Program Specifications

•  Inverter timer, TM7, count clock: 8.38Mhz

•  Compare register 3, CM3, and its buffer register BFCM3:
838 (200us period)

•  Compare register 2, CM2, and its buffer register BFCM2:
210 (150us W+)

•  Compare register 1, CM1, and its buffer register BFCM1:
419 (100us V+)

•  Compare register 0, CM0, and its buffer register BFCM0:
629 (50us U+)

•  Dead time reload register, DTIME: 84 (10us dead time)

•  Pins used in program

TO74 for W+ TO75 for W-
TO72 for V+ TO73 for V-
TO70 for U+ TO71 for U-
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(D) Software Flow Chart

Flowchart - Main Program
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Flowchart - Interrupt Service Routine
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(E) Software Listing

/*********************************************************************
; Date:      15.07.02
;
; Parameters: - fastest CPU clock (fx=8.3800MHz)
; - up/down counter TM7 count clock: fx (8.38MHz)
; - compare register CM3/BFCM3: 838 (200us period)
; - compare register CM2/BFCM2: 210 (150us W+)
; - compare register CM1/BFCM1: 419 (100us V+)
; - compare register CM0/BFCM0: 629 ( 50us U+)
; - dead time register DTIME:    84 (10us dead time)
;
;********************************************************************/

/*=======================================
; Include Files
;======================================*/
#include <in78000.h>
#include "DF0988.h"

/*=======================================
; Constants/Variables
;======================================*/

#define TRUE  1
#define FALSE 0

/*=======================================
; Main Program
;======================================*/

void main(void)
{
_DI(); /* Disable interrupts */
/* Stack pointer set by compiler */
PCC    = 0x00 /* Set CPU clock to fastest speed */

CE7 = 0; /* Clear and stop timer 7 */
TMC7 = 0x00; /* Select 8.38MHz clock to TM7 */
/* with interrupt on every 1 underflows */
TMM7 = 0x08; /* Set active level high */
/* with no output stop control */

CM3 = 838; /* Set CM3 to 838 (100us x 2 interval) */
CM2 = 210; /* Set CM2 for W+ active width of 150us */
CM1 = 419; /* Set CM1 for V+ active width of 100us */
CM0 = 629; /* Set CM0 for U+ active width of 50us */

BFCM3 = 838; /* Set buffer 3 for 1st interrupt */
BFCM2 = 210; /* Set buffer 2 for 1st interrupt */
BFCM1 = 419; /* Set buffer 1 for 1st interrupt */
BFCM0 = 629; /* Set buffer 0 for 1st interrupt */
DTIME = 84; /* Set dead time reload of 10us */
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CE7 = 1; /* Start timer */
TMIF7 = 0; /* Clear timer interrupt request flag */
TMMK7= 0; /* Clear timer interrupt mask flag */
_EI(); /* Enable interrupts */

while(TRUE) /* Loop here */
{
_NOP();
}

} /* End of function main */

/*=======================================
; Timer 7 ISR
;======================================*/

interrupt[INTTM7_vect] void TM7_ISR(void)
{

BFCM3 = 838; /* Set buffer 3 for next interrupt */
BFCM2 = 210; /* Set buffer 2 for next interrupt */
BFCM1 = 419; /* Set buffer 1 for next interrupt */
BFCM0 = 629; /* Set buffer 0 for next interrupt */
DTIME = 84; /* Set dead time reload for next */
/* TM7 match with CM2-CM0 */

/* Return from interrupt */
}
/********************************************************************/
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Regional Information

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

•  Device availability

•  Ordering information

•  Product release schedule

•  Availability of related technical literature

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

•  Network requirements

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

NEC Electronics Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000
       800-366-9782
Fax: 408-588-6130
        800-729-9288

NEC Electronics Hong Kong Ltd.
Hong Kong
Tel: 2886-9318
Fax: 2886-9022/9044

NEC do Brasil S.A.
Electron Devices Division
Guarulhos-SP, Brasil
Tel: 11-6462-6810
Fax: 11-6462-6829

NEC Electronics Hong Kong Ltd.
Seoul Branch
Seoul, Korea
Tel: 02-528-0303
Fax: 02-528-4411

NEC Electronics Shanghai, Ltd.
Shanghai, P.R. China
Tel: 021-6841-1138
Fax: 021-6841-1137

•  Filiale Italiana
Milano, Italy
Tel: 02-66 75 41
Fax: 02-66 75 42 99

•  Branch The Netherlands
Eindhoven, The Netherlands
Tel: 040-244 58 45
Fax: 040-244 45 80

•  Branch Sweden
Taeby, Sweden
Tel: 08-63 80 820
Fax: 08-63 80 388

•  United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
Fax: 01908-670-290

NEC Electronics Taiwan Ltd.
Taipei, Taiwan
Tel: 02-2719-2377
Fax: 02-2719-5951

NEC Electronics (Europe)
GmbH
Duesseldorf, Germany
Tel: 0211-65 03 01
Fax: 0211-65 03 327

•  Sucursal en España
Madrid, Spain
Tel: 091-504 27 87
Fax: 091-504 28 60

•  Succursale Française
Vélizy-Villacoublay, France
Tel: 01-30-67 58 00
Fax: 01-30-67 58 99

NEC Electronics Singapore Pte.
Ltd.
Novena Square, Singapore
Tel: 253-8311
Fax: 250-3583
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NEC Electronics Hong Kong Ltd.
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Fax: +886-2-2719-5951
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NEC Electronics Inc.
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NEC Electronics (Europe) GmbH
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Fax: +49-211-6503-274

South America
NEC do Brasil S.A.
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