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Notice

All information included in this document is current as of the date this document isissued. 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 atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

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

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou 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 lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou 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 devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

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

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
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 bein 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 heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

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

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

Please contact a Renesas Electronics sdes 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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Cautions

Keep safety first in your circuit designs!

1.

Renesas Technology Corporation puts the maximum effort into making semiconductor products better and more reliable, but
there is always the possibility that trouble may occur with them. Trouble with semiconductors may lead to personal injury, fire
or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate measures such as (i)
placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or (iii) prevention against any malfunction or

mishap.

Notes regarding these materials

1.

These materials are intended as a reference to assist our customers in the selection of the Renesas Technology Corporation
product best suited to the customer's application; they do not convey any license under any intellectual property rights, or any

other rights, belonging to Renesas Technology Corporation or a third party.

Renesas Technology Corporation assumes no responsibility for any damage, or infringement of any third-party's rights,
originating in the use of any product data, diagrams, charts, programs, algorithms, or circuit application examples contained in

these materials.

All information contained in these materials, including product data, diagrams, charts, programs and algorithms represents
information on products at the time of publication of these materials, and are subject to change by Renesas Technology
Corporation without notice due to product improvements or other reasons. It is therefore recommended that customers contact
Renesas Technology Corporation or an authorized Renesas Technology Corporation product distributor for the latest product
information before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology Corporation assumes no responsibility for any damage, liability, or other loss rising from these
inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corporation by various means, including the

Renesas Technology Corporation Semiconductor home page (http://www.renesas.com).

When using any or all of the information contained in these materials, including product data, diagrams, charts, programs, and
algorithms, please be sure to evaluate all information as a total system before making a final decision on the applicability of the
information and products. Renesas Technology Corporation assumes no responsibility for any damage, liability or other loss

resulting from the information contained herein.

Renesas Technology Corporation semiconductors are not designed or manufactured for use in a device or system that is used
under circumstances in which human life is potentially at stake. Please contact Renesas Technology Corporation or an
authorized Renesas Technology Corporation product distributor when considering the use of a product contained herein for
any specific purposes, such as apparatus or systems for transportation, vehicular, medical, aerospace, nuclear, or undersea
repeater use.

The prior written approval of Renesas Technology Corporation is necessary to reprint or reproduce in whole or in part these
materials.

If these products or technologies are subject to the Japanese export control restrictions, they must be exported under a license
from the Japanese government and cannot be imported into a country other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the country of destination is
prohibited.

Please contact Renesas Technology Corporation for further details on these materials or the products contained therein.
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Preface

The SH7046, SH7048, SH7047, SH7049, and SH7101 are high-performance microcomputers with
a 32-bit SH-2 CPU core that uses a RISC (reduced instruction set computer) type instruction set,
and comprehensive on-chip peripheral functions.

On-chip peripherals include a CPU, ROM, RAM, a 16-bit multifunction timer pulse unit (MTU),
serial communication interface (SCI), port output enable (POE), data transfer controller (DTC)
(except for the SH7101), and motor management timer (MMT) (except for the SH7101), enabling
these microcomputers to be used for a wide range of applications covering small to large-scale
systems.

This Application Note includes sample tasks that use the SH7046 Series' on-chip peripheral
functions, which we hope users will find useful as reference material in carrying out software
design.

Although the operation of the task programs in this Application Note has been checked,
operation should be confirmed again before any of these programs are actually used.
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Section 1 Using the SH7046 Series Application Note

This Application Note illustrates the operation of SH7046 Series’ on-chip peripheral functions
based on simple sample tasks.

1.1 Organization of On-Chip I/0 Volume

In the On-Chip I/O Volume, the layout shown in figure 1.1 is employed to describe the use of the
peripheral functions.

On-chip I/O volume Specifications

Functions Used

Operation

Software Modules
Arguments
Internal Registers Used
RAM Used

Flowcharts

Program Listing

Figure 1.1 On-Chip I/O Volume

(1) Specifications
Describes the system specifications for the sample task.

(2) Functions Used

Describes the features of the peripheral function(s) used in the sample task, and peripheral
function assignment.

(3) Operation
Describes the operation of the sample task, using a timing chart.

(4) Software
(a) Modules
Describes the software modules used in the operation of the sample task.

Rev. 1.00, 07/03, page 1 of 160
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(b) Arguments

Describes the input arguments needed to execute the module, and the output arguments
after execution.

(c) Internal Registers Used

Describes the peripheral function internal registers (timer control registers, serial mode
registers, etc.) set by the modules.

(d) RAM Used
Describes the labels and functions of RAM used by the modules.

(5) Flowcharts

Describes the software that executes the sample task, using general flowcharts.

(6) Program Listing
Shows a program listing of the software that executes the sample task.

Rev. 1.00, 07/03, page 2 of 160
RENESAS



Section 2 SH7046 On-Chip I/O Volume

2.1 Pulse High and Low Width Measurement

Pulse High and Low Width Functions Used:
MCU: SH7046/47
Measurement MTU (Input Capture)
Specifications

(1) Pulse high width and low width times are measured and the results are stored in RAM as
shown in figure 2.1.

(2) When operating with on-chip peripheral clock P = 20.0 MHz, the pulse high width and low
width can be measured in a range of 50.0 ns to 3.27 ms in 50.0 ns units.

Pulse

' Pulse high width . Pulse low width '

Figure 2.1 Pulse Width Measurement Timing

Rev. 1.00, 07/03, page 3 of 160
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Functions Used

(1) In this sample task, the high width and low width of a pulse are measured using channel 0
(ch0).

(a) Figure 2.2 shows a block diagram of ch0. This task uses the following functions.

* A function that performs pulse rising edge and falling edge detection, and sets the timer
value at that time in an internal register (input capture)

* A function that clears the timer counter when input capture occurs (counter clearing)

» A function that initiates interrupt handling when a pulse rising edge or falling edge is

detected
Timer I/O control register H_0 Timer control register_0
(TIORH_0) (TCR_0)
(Detection edge (Input capture clearing
specification) specification)
v \ 4
Pulse input Edge detection and .
ulse inpu o capture signal Input capture interrupt A_0
Input capture OA input pin generation circuit (TGI0A)
(TIOCOA)
Timer general register A_0 Timer counter_0
(TGRA_0) (TCNT_0)

Figure 2.2 Block Diagram of MTU/ch0

(2) Table 2.1 shows the function assignments used in this sample task. The high width and low
width of a pulse are measured by assigning MTU functions as shown in the table.

Table 2.1 Function Assignments

Pin or Register Name Function Function Assignment

TCR_O Register Counter clearing source selection

TIORH_O Register Selects input edge of input capture signal

TGRA O Register Stores counter value at pulse rising edge or falling
edge

TGIA_O Register bit Initiates pulse high and low width measurement at

pulse rising edge or falling edge

TIOCOA Pin Inputs pulse to be measured

Rev. 1.00, 07/03, page 4 of 160
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Operation

(1) Figure 2.3 illustrates the principles of operation of this sample task. Pulse high width and low
width measurement is performed by SH7046 hardware and software processing as shown in
the figure.

Immediately
after reset

Input pulse p
(TIOCOA)

Cho
counter value

H'0000 » Time

/ Hardware Processing \

Hardware Processing \ Hardware Processing \

None (1) TGIA_O generation (1) TGIA_O generation
- (2) Transfer TCNT_O value to (2) Transfer TCNT_O value to
Software Processing TGRA 0 TGRA 0
Initialization ) Software Processing Software Processing
(1) Enable pulse input from
TIOCOA TGIA_O processing TGIA_O processing
(2) Set TIOCOA rising edge for (1) TGRA_O value — pulse low (1) TGRA_O value — pulse high
pulse detection edge width width
(3) Enable TGIA_O (2) Set falling edge for pulse (2) Set rising edge for pulse

@ Start count operation / \ detection edge / \ detection edge /

Figure 2.3 Principles of Operation of Pulse Width Measurement
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Software

(1) Modules

Module Name Label Function Assignment

Main routine pwhimn MTU initialization

Pulse high width and low pwhl1 Initiated by TGIA_O. Measures pulse high width
width measurement and low width based on TGRA_0 value, and

stores results in RAM

(2) Arguments

Label or
Register Data Input/
Name Function Assignment Length Module Output
pwh_hdata Used to set timer value for pulse high width 1word  Pulse high Output
Pulse high width is calculated using following width and low
equation: width
measurement
Pulse high width (ns) = timer value x ¢ period
(50.0 ns at 20.0 MHz
operation)
pwh_ldata Used to set timer value for pulse low width 1 word

Pulse low width is calculated using following
equation:

Pulse low width (ns) = timer value x ¢ period
(50.0 ns at 20.0 MHz
operation)

Rev. 1.00, 07/03, page 6 of 160
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(3) Internal Registers Used

Register Name Function Address Set Value

P_PORTE.PECRL2 Enables pulse input from TIOCOA input H'FFFF83BA H'0001
pin

P_MTUO.TCR_O TCNT counter clock selection, and H'FFFF8260 H'20

setting of input capture A as counter
clearing source

P_MTUO.TIORH_O Sets transfer from TCNT_0 to TGRA_0 H'FFFF8262 H'08
on detection of pulse rise or fall

P_MTUO.TIER_O Enables interrupt by TGIA_0 H'FFFF8264 H'41

P_MTUO.TGRA_O TCNT_O values at time of pulse rising H'FFFF8268 pwh_Idata
edge and falling edge are stored, and pwh_hdata
pulse period is calculated from these
values

P_INTC.IPRD Sets 15 as TGIA_O interrupt priority H'FFFF834E H'f000
level

P_STBY.MSTCR2 MTU module standby mode clearing H'FFFF861E H'd2fd

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.

Rev. 1.00, 07/03, page 7 of 160
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Flowcharts

(1) Main routine

MSTCR2 « H'd2fd

TCR_0 « H20

TIORH_0 « H'08

TIER_0 «- H'41

IPRD « H'f000

PECRL2 « H'0001

CST « 1

]

Clear MTU module standby mode

Set input capture A as chO counter clearing source in
TCR_O

Set rising edge as pulse detection edge in TIORH_0

Enable interrupt by TGIA_0 in TIER_O

Set 15 as TGIA_O interrupt priority level in INCT.IPRD

Enable pulse input from TIOCOA input pin in PECRL2

Set CST to 1 to start chO count operation

Rev. 1.00, 07/03, page 8 of 160
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(2) Pulse high and low width measurement

pwhi1

TGFA«— 0  |emm ool Clear interrupt request flag

TIORH_0&&H'0f
=H'08?

............... Rising edge detection?

pwh_hdata < TGRA O | ---------------4--------------- Set pulse width in high width area
[
TIORH_O [z H'01 | ==---===mmmmmmo oo Set falling edge as pulse detection
B edge in TIORH_O

pwh_Idata « TGRA_0

TIORH_O |= H'fe ___ Setrising edge as pulse detection
B edge in TIORH_0

--- Set pulse width in low width area

A

RTE

Rev. 1.00, 07/03, page 9 of 160
RENESAS




Program Listing

IEEEEEE R EEE RS E R ER SRR R R R R R R R R LY

/* I NCLUDE FI LE */
/******************************************************************************I
#i ncl ude <machi ne. h>

#i ncl ude "iodefine_7046. h"

/******************************************************************************/

/* PROTOTYPE */
/******************************************************************************/
void pwhl m(void);

#pragnma i nterrupt(pwhl 1)

/******************************************************************************/

/* RAM ALLOCATI ON */
/******************************************************************************/
#define pwh_hdata (*(unsigned short *)Oxffffd000)
#define pwh_ldata (*(unsigned short *)Oxffffd002)

/******************************************************************************/

/* MAI' N PROGRAM */
/******************************************************************************/
voi d pwhl m(voi d)
{

set _i mask(0xf);

P_STBY. MSTCR2. WORD = Oxd2f d;

P_Mruo. TCR_0. BYTE = 0x20; /* timer clear input capture with TGRA 0 */
/* counter clock = @1 */
P_Mruo. Tl ORH_0. BYTE = 0x08; /* input capture by TIOCOA rising edge */
P_Mruo. Tl ER_O. BYTE = 0x41; /* enable TA A interrupt */
P_I NTC. | PRD. WORD = 0xf 000; /* set initialize level = 15 */
P_PORTE. PECRL2. WORD = 0x0001;
P_Mrus4. TSTR BI T. CST = 1, /* start TCNT_O */
set _i mask(0x0);
while(1);
}
void pwhl 1()
{
P_Mruo. TSR 0. BI T. TGFA = 0; /* clear interrupt flag */

i f((P_MIWo. TI ORH_0. BYTE & 0x0f) == 0x08)
{
pwh_hdata = P_MIu0. TGRA 0. BYTE;
P_Mruo. TIORH 0 | = 0x01;
}
el se
{
pwh_| data = P_MIu0. TGRA 0. BYTE;
P_MIuo. TIORH 0 | = Oxfe;
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2.2 Pulse Output

Pulse Output

MCU: SH7046/47 Functions Used: MTU (Output Compare)

Specifications

(1) Using MTU ch0, a 50% duty pulse with a period set in RAM is output as shown in figure 2.4.

(2) When operating with on-chip peripheral clock P@=20.0 MHz, the output pulse width can be
set arbitrarily in the range 100.0 ns to 3.27 ms.

Pulse output

Pulse period

R

. A

>

A
. A

50% i 50%

Figure 2.4 Pulse Output
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Functions Used

(1) In this sample task, a pulse with a 50% duty is output using MTU channel 0 (ch0).
(a) Figure 2.5 shows a block diagram of MTU/chO as used in this task.
The following ch0 functions are used.
* A function that outputs pulses automatically by hardware without software intervention
(output compare)
» A function that clears a counter when a compare match occurs (counter clearing)

» A function that reverses output each time a compare match occurs (toggle output)

(Toggle output setting)
Timer general Timer I/O
register A_O control register H_0
(TGRA_0) (TIORH_0)
(Input clock)

P¢/1 Compare r

Po/4 A match A 0 . Pulse output
Py/16 Comparator A l_‘> Outputcomparesignal |, 110C0A pin
P¢/64 generation circuit

TCLKA/B/C/D *
v
Timer control register_0 _ Timer counter_0
(TCR_0) " (TCNT_0)

(Counter clearing
source setting)

Figure 2.5 Block Diagram of MTU/ch0

(2) Table 2.2 shows the function assignments used in this sample task. Pulses are output by
assigning MTU functions as shown in the table.

Table 2.2  Function Assignments

Pin or Register Name Function Function Assignment

TIOCOA Pin Pulse output pin

TCR_O Register Selection of counter clearing source and input
clock

TIORH_O Register Pulse output level setting

TGRA_O Register Pulse 1/2 period setting

Rev. 1.00, 07/03, page 12 of 160
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Operation

(1) Figure 2.6 illustrates the principles of operation of this sample task. Pulses are output by
SH7046 hardware and software processing as shown in the figure.

Immediately
after reset

TCNT_O
counter value
TGRA_O 1
1
1
1
!
1
1
1
1
1
1
1
1
1
1
1
1
i
H'0000 *
1
1
1
:
TIOCOA pin |
|
: 1 1
/I /l |
/ Hardware Processing \ / Hardware Processing \ Hardware Processing \
None (1) TGRA_O compare match (1) TGRA_O compare match
- occurrence occurrence
Software Processing (2) Counter clearing (2) Counter clearing
(1) Pin function controller (3) High output from TIOCOA (3) Low output from TIOCOA
initialization Software Processing Software Processing
« Set TIOCOA pin as output
(2) Timer initialization None None

* TCR_O setting

« TIORH_O setting K / K /

« Set 1/2 period in TGRA_0
Q) Start counter operation /

Figure 2.6 Principles of Operation of Pulse Output
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Software

(1) Modules

Module Name Label Function Assignment

Main routine puls_out PFC and pulse output setting

(2) Arguments

Label or

Register Data Input/
Name Function Assignment Length Module Output
pul_cyc Used to set timer value for pulse 1/2 period 1word  Main routine Input

Pulse period is calculated using following

equation:

Pulse period (ns) = timer value x @ period

(50.0 ns at 20.0 MHz)

(3) Internal Registers Used

Register Name Function Address Set Value
P_PORTE.PECRL Sets TIOCOA pin as output H'FFFF83B4 H'0001
P_PORTE.PECRL2 Used to set multiplex pin as TIOCOA H'FFFF83BA H'0001
output
P_MTUO.TCR_O Sets TGRA_0 compare match as H'FFFF8260 H'20
counter clearing source
Sets P@/1 as input clock
P_MTUO.TIORH_O TIOCOA initial output 0, output toggled H'FFFF8262 H'03
on compare match
P_MTUO.TGRA_O Output pulse 1/2 period setting H'FFFF8268 pul_cyc
P_MTUO.TMDR_O Sets MTU/ch0 to normal mode H'FFFF8261 H'cO
P_STBY.MSTCR2 MTU module standby mode clearing H'FFFF861E H'd2fd

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

C

puls_out >

MSTCR2 « H'd2fd

PEIORL « H'0001
PECRL2 « H'0001

TCR_0 « H'20

TIORH_0 «— H'03

Clear MTU module standby mode

Set TIOCOA as timer output

Set counter clearing source in P_MTUO.TCR_0O

Set output toggling by compare match in
P_MTUO.TIORH_O

TGRA_O « pul_cyc

Set 1/2 pulse period in P_MTUO.TGRA_0

TMDR_0 «- H'c0

Set mode to normal operation in
P_MTUO.TMDR_0

CST «1

Set CST to 1 to start chO counter operation

Y
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Program Listing

IR AR E R EEE R R R R R R R R R R LY

/* I NCLUDE FI LE */
/*****************************************************************************I
#i ncl ude<machi ne. h>

#i ncl ude"i odefi ne_7046. h"

/*****************************************************************************/

/* PROTOTYPE */

IR R AR R E R R EE R R R R R R R R R R Ry

voi d pul s_out (void);
/*****************************************************************************/

/* RAM ALLCOCATI ON */

/*****************************************************************************/

#define pul_cyc (*(unsigned short *)Oxffffd000)

IEEEE AR E R EEEE R R R R R R R R R R LY

/* MAI N PROGRAM */
/*****************************************************************************/
voi d pul s_out (voi d)

{
P_STBY. MSTCR2. WORD = 0xd2f d;

P_PORTE. PElI ORL. WORD = 0x0001; /* TIOCOA = Qutput */
P_PORTE. PECRL2. WORD = 0x0001; /* PEO function = TIOCOA */
P_Mruo. TCR_0. BYTE = 0x20; /* Counter cleare by TGRA */
P_Mruo. Tl ORH_0. BYTE = 0x03; /* toggle output */

P_Mruo. TGRA_0 = pul _cyc; /* 1/2 period */

P_Mruo. TCNT_O = 0x0000; /* Cleara timer counter */
P_Mruo. TMDR_0. BYTE = 0xcO; /* Set node */

P_Mrud4. TSTR CST.BIT = 1; /* Start timer counter */
while(l);
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23 PWM 4-Phase Output

PWM 4-Phase Output MCU: SH7046/47

Functions Used: MTU (PWM Mode 1)

Specifications

(1) Using MTU PWM mode 1, 4-phase PWM output is performed based on a set duty value and

period.

(2) In PWM mode 1, an arbitrary period can be set for each channel. Two outputs are possible for
each of ch0, ch3, and ch4, and one output for each of chl and ch2. Thus for ch0, ch3, and ch4,
waveforms can be generated with a different high width within the same period.

(3) A duty of 0% to 100% can be set with a 1/65,535 resolution.

Ch1 PWM period

<& »
»

Ch1 PWM period

A 4

<

TIOC1A pin | | |

Ch2 PWM period‘L Ch2 PWM period |

Ch2 PWM period

|

|

|

< » <
|

| |

| |

|
|
!

| |
| |
»' »
Lafi ] »
| |
| |

TIOC2A pin | | | | | |

Ch3 PWM period

Ch3 PWM period

<

>

TIOC3A pin i |

TIOC3C pin I _l

< >

L | L

1

Figure 2.7 Example of PWM Output
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Functions Used

(1) In this sample task, 4-phase PWM output is performed using MTU chl to ch3.

In PWM mode 1, PWM output is generated with TGRA paired with TGRB, and TGRC paired
with TGRD. By using ch0 to ch4, a maximum of 8-phase PWM output is possible.

(a) Figure 2.8 shows a block diagram of the MTU as used in this sample task.

MTU/ch1, ch2

(Initial output setting)
Timer general )
. Timer I/O control
registers A_1/2, B_1/2 register 1 (TIOR_1)
(TGRA_1/2, TGRB_1/2) —
Compare l
match
\ 4 A_1,B_1 | Output compare signal
CompafaTl »  generation circuit Pulse OUtpm; TIOC1A pin
T TIOC2A pin
Timer counter_1/2 < Timer control register_1/2 | P/
(TCNT_1/2) (TCR_1/2) (Input clock selection) Pg/4
(Counter clearing source P¢/16
Timer mode register_1/2 setting) P/64
(TMDR_1/2) P$/256
P$/1024
TCLKA/B/C
(Input clock)
MTU/ch3
(Initial output setting)
Timer general )
) Timer 1/O control
registers A/B/C/D_3 register 3 (TIOR_3)
(TGRA/B/C/D_3) =
Compare l
match
v A/B/C/D_3 | Output compare signal
— Pul tput .
Comparator |—> generation circuit Lise outpu » 110C3A pin
T TIOC3C pin
Timer counter_3 | Timer control register_3 |4 P/
(TCNT_3) (TCR_3) (Input clock selection) P¢/4
(Counter clearing source Pe/16
Timer mode register 3 setting)g P¢/64
(TMDR_3) P$/256
P¢/1024
TCLKA/B

(Input clock)

Figure 2.8 Block Diagram of MTU/chl, ch2, ch3
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(2) Table 2.3 shows the function assignments used in this sample task. PWM pulses are output by
assigning MTU functions as shown in the table.

Table 2.3  Function Assignments

Pin or Register Name

Function

Function Assignment

TIOC1A
TIOC2A
TIOC3A
TIOC3C

Pins

PWM pulse output pins

TCR_1
TCR_2
TCR_3

Registers

Selection of ch1 to ch3 timer counter clearing sources
and input clocks

TMDR_1
TMDR_2
TMDR_3

Registers

Operation of ch1 to ch3 in PWM mode 1

TGRA_1
TGRA_2
TGRA_3

Registers

PWM period setting

TGRB_1
TGRB_2
TGRB_3
TGRC_3
TGRD_3

Registers

Duty value setting
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Operation

(1) Figure 2.9 illustrates the principles of operation of this sample task. Four-phase PWM output
is performed from the chl to ch3 PWM output pins (TIOC1A, TIOC2A, TIOC3A/C) by
SH7046 hardware and software processing as shown in the figure.

Immediately after reset

TCNT_1 count value +
TGRA 1 ----T----m-mmmmmmmm oo -

TGRB_1 ~=-—f-mmmmmo oo e o
H'0000

TCNT_2 count value
TGRA_2
TGRB_2
H'0000
TCNT_3 count value
TGRA 3 -co e
TGRC 3 oo
TGRB_3 ----4=--=--mmmmmmmom o
TGRD_3 ----
H'0000

=1t 1 r-r-———1-

[RRPU R R DU g -

>
>

[ RN —— Y

>
>

/ \ 4 \

/ Hardware Processing \ %Hardware Processingh /Hardware Processing\
None PWM output pin output PWM output pin output
- level set to "high" by level changed to "low" by
Software Processing compare match compare match A
(1) Pin function controller initialization generation
+ Set TIOC3C and TIOC3A pins as outputs Software Processing Software Processing
« Set TIOC2A and TIOC1A pins as outputs
(2) Timer initialization None None
* TCR_1/2/3 setting
+ TGRA/B_1, TGRA/B_2,TGRA/B/C/D_3 setting K / K J
« TIORH_1/2/3, TIORL_1/2/3 setting

@ Start count operation J

Figure 2.9 Principles of Operation of PWM Waveforms
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Software
(1) Modules

Module Name Label Function Assignment

Main routine pwm_1 PFC and PWM output setting

(2) Arguments

Label or

Register Data Input/
Name Function Assignment Length Module Output
pul_cyc1 Used to set timer value for pulse period 1word  Main routine Input
pul_cyc2 Pulse period is calculated using following

pul_cyc3

equation:

Pulse period (ns) = timer value x ¢ period
(50.0 ns at 20.0 MHz
operation)

pul_duty1b Used to set TIOC pin output waveform
pul_duty2b transition timing

pul_duty3b

pul_duty3c

pul_duty3d

(3) Internal Registers Used

Register Name Function Assignment Address Set Value

P_STBY.MSTCR2 MTU module standby mode clearing H'FFFF861E H'd2fd

P_PORTE.PEIORL Multiplex pins set as timer output pins  H'FFFF83B4 H'0550
P_PORTE.PECRLA1 TIOC1A, TIOC2A, TIOC3A, TIOC3C H'FFFF83B8 H'0011

P_PORTE.PECRL2 H'FFFF83BA H'1100
P_MTU1.TCR_1 Timer counter clearing sources cleared H'FFFF8280 H'20
P_MTU2.TCR_2 by TGRA_1, TGRA 2, TGRA_3 H'FFFF82A0 H'20
P_MTU3.TCR_3 compare matches H'FFFF8200 H'20
P@/1 selected as input clock
P_MTU1.TGRA_1 Channel 1 PWM period setting H'FFFF8288 pul_cyc1
P_MTU1.TGRB_1 Used to set timer counter value causing H'FFFF828A pul_duty1b
high output from TIOC1A
P_MTU2.TGRA_2 Channel 2 PWM period setting H'FFFF82A8 pul_cyc2
P_MTU2.TGRB_2 Used to set timer counter value causing H'FFFF82AA pul_duty2b

high output from TIOC2A
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Register Name Function Assignment Address Set Value
P_MTU34.TGRA_3 Channel 3 PWM period setting H'FFFF8218 pul_cyc3
P_MTU34.TGRB_3 Used to set timer counter value causing H'FFFF821A pul_duty3b
high output from TIOC3A
P_MTU34.TGRC_3 Used to set timer counter value causing H'FFFF8224 pul_duty3c
low output from TIOC3C
P_MTU34.TGRD_3 Used to set timer counter value causing H'FFFF8226 pul_duty3d
high output from TIOC3C
P_MTU1.TIOR_1 Sets TGRA_1 initial output 0, 0 output H'FFFF8282 H'02
on output compare, TGRB_1 initial
output 0, 1 output on output compare
P_MTU2.TIOR_2 Sets TGRA_2 initial output 0, 0 output H'FFFF82A2 H'02
on output compare, TGRB_2 initial
output 0, 1 output on output compare
P_MTU34.TIORH_3 Sets TGRA_3 initial output 0, 0 output  H'FFFF8204 H'02
on output compare, TGRB_3 initial
output 0, 1 output on output compare
P_MTU34.TIORL_3 Sets TGRC_3 initial output 0, 0 output H'FFFF8205 H'21
on output compare, TGRD_3 initial
output 0, 1 output on output compare
P_MTU1.TMDR_1 Used to set PWM mode 1 as operating H'FFFF8281 H'c2
P_MTU2.TMDR_2 mode H'FFFF82A1 H'c2
P_MTU34.TMDR_3 H'FFFF8202 H'c2

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

=

MSTCR2 « H'd2fd

PEIORL « H'0550
PECRL1 « H'0011
PECRL2 « H'1100

TCR_1 « H'20
TCR_ 2 « H'20
TCR_3 « H'20

TGRA_1 « pul_cyc1
TGRA_2 « pul_cyc2
TGRA_3 « pul_cyc3

TGRB_1 « pul_duty1b
TGRB_2 « pul_duty2b
TGRB_3 « pul_duty3b
TGRC_3 « pul_duty3c
TGRD_3 « pul_duty3d

TIOR_1 « H'02
TIOR_2 «— H'02
TIORL_3 « H'21
TIORH_3 « H'02

TMDR_1 « H'c2
TMDR_2 « H'c2
TMDR_3 « H'c2

TSTR « H'46

__________ Clear MTU module standby mode

.......... Perform TIOC1A, 2A, 3A, 3C output settings in
P_PORTE.PECRL1/2

__________ Set TGRA_1/2/3 as TCR counter clearing
sources

__________ Set pulse periods in P_MTU1.TGRA_1,
P_MTU2.TGRA_2, P_MTU3.TGRA_3

__________ Set duty values in P_MTU1.TGRB_1,
P_MTU2.TGRB_2, P_MTU34.TGRB_3,
P_MTU34.TGRB_3, P_MTU34.TGRD_3

__________ Set waveform output values in TIOR

__________ Set PWM mode 1 in TMDR_1/2/3

__________ Enable ch1/2/3 count operation with
P_MTU34.TSTR
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Program Listing

IEEEEEE R EEE RS E R ER SRR R R R R R R R R LY

/* I NCLUDE FI LE */
/******************************************************************************I
#i ncl ude<machi ne. h>

#i ncl ude"i odefi ne_7046. h"

/******************************************************************************/

/* PROTOTYPE */

IEEEEEA RS EEEE SRR R R EREEEEEEEE R E R R R R R R Ry

voi d pwm 1(void);
/******************************************************************************/

/* RAM ALLOCATI ON */
/******************************************************************************/
#define pul_cycl (*(unsi gned short *)Oxffffd0o00)
#define pul _dutylb (*(unsi gned short *)Oxffffd002)
#define pul_cyc2 (*(unsi gned short *)Oxffffd0o04)
#define pul_duty2b (*(unsi gned short *)Oxffffd0o06)
#define pul_cyc3 (*(unsi gned short *)Oxffffd0o08)

#define pul _duty3b (*(unsi gned short *)O0xffffd0Oa)
#define pul _duty3c (*(unsi gned short *)Oxffffd0Oc)
#define pul _duty3d (*(unsi gend short *)OxffffdOOe)

IEEEEEAEEE R EREEEE R R EEE R R R R R R R R R R Ry

/* MAI' N PROGRAM */

/******************************************************************************/

voi d pwm 1(voi d)

{
P_STBY. MSTCR2. WORD = 0xd2f d; /* O ear nodul e standby node */
P_PORTE. PElI ORL. WORD = 0x0550; /* TI OC1A 2A/ 3A/ 3C = out put */
P_PORTE. PECRL1. WORD = 0x0011;

P_PORTE. PECRL2. WORD = 0x1100;

P_Mrul. TCR_ 1. BYTE = 0x20; /* Counter clear by TGRA */
P_MIUl. TGRA_1 = pul _cycl; /* set period */

P_MrUl. TGRB_1 = pul _dutylb; /* set duty */

P_MIUL. TI OR_1. BYTE = 0x02;

P_MrUl. TMDR_1. BYTE = 0xc2; /* PWM nodel */

P_MIUL. TCNT_1 = 0x0000;

P_Mru2. TCR_2. BYTE = 0x20;
P_MIu2. TGRA_2 = pul _cyc2;
P_MIu2. TGRB_2 = pul _duty2b;
P_Mru2. Tl OR_2. BYTE = 0x02;
P_Mru2. TMDR_2. BYTE =0xc2;
P_Mru2. TCNT_2 = 0x0000;

P_Mru34. TCR_3. BYTE = 0x20;

P_Mrus4. TGRA 3 = pul _cyc3;
P_Mrud4. TGRB_3 = pul _dut y3b;
P_Mrud4. TGRC_3 = pul _dut y3c;

P_Mru34. TGRD_3 = pul _dut y3d;
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P_MIU34. TI ORL_3. BYTE = Ox21;
P_MIU34. TI ORH_3. BYTE = 0x02;
P_MIU34. TMDR 3. BYTE = 0xc2;
P_MIU34. TCNT_3 = 0x0000;

P_Mrud4. TSTR. BYTE = 0x46; /* Timer counter start */
while(1);
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24 PWM 7-Phase Output

PWM 7-Phase Output MCU: SH7046/47 Functions Used: MTU (PWM Mode 2)

Specifications

(1) Seven-phase PWM output allowing the pulse high width and duty to be varied is performed as
shown in figure 2.10

(2) When operating with on-chip peripheral clock P@=20.0 MHz, the output PWM period can be
set arbitrarily in the range 100 ns to 3.27 ms.

5 PWM period

TIOCOB pin |

TIOCOC pin I

TIOCOD pin I.

TIOC1A pin I

TIOC1B pin I

TIOC2A pin I

_“ij

TIOC2B pin | |

1]
|

Figure 2.10 Example of PWM Output
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Functions Used

(1) In this sample task, 7-phase PWM output is performed by synchronous operation of MTU ch0
to ch2.

(a) Figure 2.11 shows a block diagram of the MTU as used in this sample task.
This sample task uses the following MTU functions.

* A function that outputs pulses automatically by hardware without software intervention
(output compare)

* A function that clears a counter when a compare match occurs (counter clearing)

» A function that reverses output each time a compare match occurs (toggle output)

MTU/chO (master)

(Setting of TGRA_0 compare match
as counter clearing source)

Synchronous clearing

Timer control register_0 Control logic source generation
(TCR_0) S R R LR EEED

v

(PWM period setting)
| Timer general register A_0 (TGRA_0) |

U

| Comparator ~ fr=====mmmaamann '

0

| Timer counter_0 (TCNT_0) Iq ...... Clear ...

U

| Comparator |

0

Timer general registers Compare match
(TGRB_Oto TGRD_O duty ~ f================------q "3
value settings)

MTU/ch1, ch2 (slaves)

(Setting of synchronous clearing
for counter clearing source)

Timer control register_1/2
(TCR_1/2)

v

Control logic (4=} =

(PWM mode 2 set for ch0 to ch2)

Timer mode registers
(TMDR_O to TMDR_2)

v

Timer general registers E
(TGRA_1 to TGRB_2 duty !
value settings) H

:
'

U ¥
Compare match Pulse 1/0 Pulse output TIOCOB pin
’ Comparator + ---------------- Fromemoy === P control TIOCOC pin
Q ' TIOCOD pin
: TIOC1A pin
Timer counter_1/2 Clear E TIOC1B pin
(TCNT_1/2) L BERRLEEELLLELEL TI0C2A pin
TIOC2B pin

Figure 2.11 Block Diagram of Synchronous Clearing
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(2) Table 2.4 shows the function assignments used in this task. PWM pulses are output by
assigning MTU functions as shown in the table.

Table 2.4 MTU Function Assignments

Pin or Register Name Function Function Assignment

TIOCOB Pins PWM pulse output pins
TIOCOC
TIOCOD
TIOC1A
TIOC1B
TIOC2A
TIOC2B

TSYR Register Ch0/1/2 synchronous operation

TCR_0/1/2 Register Selection of ch0/1/2 timer counter clearing sources
and input clocks

TGRA O Register PWM period setting

TGRB_0 Registers Duty value setting
TGRC_O
TGRD_O0
TGRA_1
TGRB_1
TGRA_2
TGRB_2

TMDR_0/1/2 Register Operation of ch0/1/2 in PWM Mode 2
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Operation

(1) Figure 2.12 illustrates the principles of operation of this sample task. Seven-phase PWM
output is performed from the ch0/1/2 PWM output pins (TIOCOB/C/D, TIOC1A/B,
TIOC2A/B) by SH7046 hardware and software processing as shown in the figure.

Immediately after reset
TCNT_O count value

H'0000

H'0000

TGRB_2 i h \ . i
H'0000 : . " L s :
TIOCOB pin | ' ' ' ' £ i)
' j j j j \ !
TIOCOC pin | ! ! ! f ! 1
H 1 1 i 1 1 !
TIOCOD pin ' : 1 {
' i i i I I '
TIOG1A pin : : o : : v
! . L : : :
TIOC1B pin H ! ! ! ! ! *
i i T T T T
TIOC2A pin H N 1 1 1 1
' \ I I I I '
TIOC2B pin ' ) v
i 1 1 1 1 1 '
4 ' ' ' ' ' |
/ ) ’
A
/ Hardware Processing \ / Hardware Processingh / Hardware Processing A

None

Software Processing

(1) Pin function controller initialization
» Set TIOC pin as output
(2) Timer initialization
* TCR_0/1/2 setting
» TGRA/B/C/D_0, TGRA/B_1, TGRA/B_2 setting
» TIORH/L_O, TIOR_1/2 setting
* TSYR setting

PWM output pin output
level changed to "high"
by compare match
generation

Software Processing

None

@ Start count operation /

(1) PWM output pin
output level changed
to "low" by TGRA_O
compare match

(2) Clear ch0/1/2 timer
counters

.

Software Processing

None

|

Figure 2.12 Principles of Operation of PWM Output (7-Phase)
Using Sawtooth Waveform Generation
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Software

(1) Modules

Module Name Label Function Assignment
Main routine pwm_2 PFC and PWM output setting
(2) Arguments
Label or
Register Data Input/
Name Function Assignment Length Module Output
pul_cycOa Used to set timer value for pulse period 1word  Main routine Input
Pulse period is calculated using following
equation:
Pulse period (ns) = timer value x @ period
(50.0 ns at 20.0 MHz
operation)
pul_dutyOb Used to set TIOC pin output waveform
pul_dutyOc transition timing
pul_dutyOd
pul_duty1a
pul_duty1b
pul_duty2a
pul_duty2b
(3) Internal Registers Used
Register Name Function Assignment Address Set Value
P_STBY.MSTCR2 Module standby mode clearing H'FFFF861E H'd2fd
P_PORTE.PEIORL Used to set multiplex pins as timer H'FFFF83B4 H'00fe
P_PORTE.PECRL2 output pins TIOCOB/C/D, TIOC1A/B, H'FFFF83BA H'5554
TIOC2A/B
P_MTU34.TSYR Synchronous operation set for timer H'FFFF8241 H'07
counters 0/1/2
P_MTUO.TCR_O Used to select TGRA_0 compare match H'FFFF8260 H'20
P_MTU1.TCR_1 set as timer counter clearing source, H'FFFF8280 H'60
P_MTU2.TCR_2 and P@/1 as input clock H'FFFF82A0 H'60
P_MTUO.TGRA O PWM period setting H'FFFF8268 pul_cyc0
P_MTUO.TGRB_O Used to set timer counter value causing H'FFFF826A pul_dutyOb
high output from TIOCOB
P_MTUO.TGRC_O Used to set timer counter value causing H'FFFF826C pul_dutyOc

high output from TIOCOC
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Register Name Function Assignment Address Set Value
P_MTUO.TGRD_0 Used to set timer counter value causing H'FFFF826E pul_dutyOd
high output from TIOCOD
P_MTU1.TGRA_1 Used to set timer counter value causing H'FFFF8288 pul_duty1a
high output from TIOC1A
P_MTU1.TGRB_1 Used to set timer counter value causing H'FFFF828A pul_duty1b
high output from TIOC1B
P_MTU2.TGRA_2 Used to set timer counter value causing H'FFFF82A8 pul_duty2a
high output from TIOC2A
P_MTU2.TGRB_2 Used to set timer counter value causing H'FFFF82AA pul_duty2b
high output from TIOC2B
P_MTUO.TIORH_O Sets TGRA_O initial output 0, 0 output H'FFFF8262 H'20
on output compare, TGRB_O initial
output 0, 1 output on output compare
P_MTUO.TIORL_O Sets TGRC_O initial output 0, 1 output H'FFFF8263 H'22
on output compare, TGRD_0 initial
output 0, 1 output on output compare
P_MTU1.TIOR_1 Sets TGRA_1 initial output O, 1 output  H'FFFF8282 H'22
on output compare, TGRB_1 initial
output 0, 1 output on output compare
P_MTU1.TIOR_2 Sets TGRA_2 initial output O, 1 output  H'FFFF82A2 H'22
on output compare, TGRB_2 initial
output 0, 1 output on output compare
P_MTUO.TMDR_O Used to set PWM Mode 2 as operating H'FFFF8261 H'c3
P_MTU1.TMDR_1 mode of each channel H'FFFF8281 H'c3
P_MTU2.TMDR_2 H'FFFF82A1 H'c3

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note:

RENESAS

SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

e

MSTCR2 « H'd2fd |---------- Clear MTU module standby mode
PEIORL < HOOfe | Set TIOCOB/C/D, TIOC1A/B, TIOC2A/B as
PECRL2 « H'5554 outputs in P_PORTE.PECRL2
I
TCR_0 « H'20
TCR 1« H60  |---------- Set TGRA_O as counter clearing source in
TCR 2 < H'60 P_MTUO.TCR_0, set synchronous clearing in

P_MTU1.TCR_1, P_MTU2.TCR 2

TGRA_ 0« pul_cycO  |-==------- Set pulse period in P_MTUO.TGRA_0

TGRB_0 « pul_dutyOb
TGRC_0 « pul_dutyOc
TGRD_0 « pul_duty0d
TGRA_1 « pul_dutyla  |---------- Set duty values in P_MTUO.TGRB/C/D_0,
TGRB_1 « pul_duty1b P_MTU1.TGRA/B_1, P_MTU2.TGRA/B_2
TGRA_2 « pul_duty2a
TGRB_2 « pul_duty2b

TIORH_0 « H'20
TIORL_0 « H'22
TIOR_1 « H'22
TIOR_2 « H'22

TMDR_0 < H'c3
TMDR 1 HG3  |-oooommen Set PWM Mode 2 in TMDR_0/1/2

TMDR_2 «- H'c3

TSYR <« HO07 = |-==------- Set synchronous operation for ch0/1/2

__________ SET wave output values in TIOR

TSTR « H07 |---------- Enable ch0/1/2 count operation with
P_MTU34.TSTR

A\ 4
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Program Listing

AR R R R R EE R R R R R R R R LRy

/* I NCLUDE FILE */
/****************************************************************************/
#i ncl ude<machi ne. h>

#i ncl ude"i odefi ne_7046. h"

/****************************************************************************/

/* PROTOTYPE */

AR R R R R EE R R R R R R R R LRy

voi d pwm 2(void);
/****************************************************************************/

/* RAM ALLOCATI ON */
/****************************************************************************/
#define pul _cycO (*(unsigned short *)Oxffffd000)

#define pul _dutyOb (*(unsigned short *)Oxffffd002)

#define pul _dutyOc (*(unsigned short *)Oxffffd0oo4)

#define pul _duty0d (*(unsigned short *)Oxffffd006)

#define pul _dutyla (*(unsigned short *)Oxffffd008)

#define pul _dutylb (*(unsigned short *)O0xffffd00Oa)

#define pul _duty?2a (*(unsigned short *)OxffffdoOc)

#define pul _duty2b (*(unsi gned short *)Oxffffd0Oe)

AR AR E R EEEE R R RS R R R R R R LY

/* MAI' N PROGRAM */

/*****************************************************************************/

voi d pwm 2(voi d)

{
P_STBY. MSTCR2. WORD =0xd2f d; /* O ear nodul e standby node */
P_PORTE. PElI ORL. WORD = 0x00f e; /* TI OCOB/ C/ D, TI OCLA/ B, TI OC2A/ B out put */
P_PORTE. PECRL2. WORD = 0x5554;
P_Mruo. TCR_0. BYTE = 0x20; /* Counter clear by TGRA 0 */

P_Mruo. Tl ORH_0. BYTE = 0x20;
P_Mruo. Tl ORL_0. BYTE = 0x22;

P_MIU0. TCNT_O = 0x0000;
P_Mruo. TGRA 0 = pul _cycO; /* Set general register */
P_Mruo. TGRB_0 = pul _dutyOb;

P_Mruo. TGRC 0 = pul _dutyOc;
P_Mruo. TGRD_0 = pul _dutyO0d;
P_Mruo. TMDR_0. BYTE = 0xc3; /* PWM node2 */

P_MIUL. TCR 1. BYTE = Ox60; /* Counter clear by TGRA O */
P_MIUL. TI OR_1. BYTE = 0x22;
P_MIUL. TCNT_1 = 0x0000;

P_MIUl. TGRA_1 = pul _dutyla; /* Set general register */
P_MIUl. TGRB_1 = pul _dutylb;

P_MrUl. TMDR_1. BYTE = 0xc3; /* PWM node2 */

P_Mru2. TCR_2. BYTE =0x60; /* Counter clear by TGRA 0 */

P_MIU2. TI OR 2. BYTE = 0x22;
P_MIU2. TCNT_2 = 0x0000;

Rev. 1.00, 07/03, page 33 of 160
RENESAS



P_MIu2. TGRA 2 pul _duty?2a; /* Set general register */
P_Mru2. TGRB_2 = pul _duty2b;

P_MIuU2. TMDR_2. BYTE = 0xc3; /* PWM node2 */

P_Mrus4. TSYR BYTE = 0x07;

P_Mrud4. TSTR. BYTE = 0x07; /* Start timer counter */
while(1);
}
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2.5 Positive-Phase/Negative Phase PWM 3-Phase Output

Positive-Phase/Negative Phase
PWM 3-Phase Output

MCU: SH7046/47

Functions Used: MTU (Reset-
Synchronized PWM Mode)

Specifications

(1) Positive-phase and negative-phase 3-phase pulse (duty pulse) output is performed that allows
the pulse high width and duty to be varied, as shown in figure 2.13.

(2) When operating with on-chip peripheral clock P@= 20.0 MHz, the output pulse period can be
set arbitrarily in the range 100.0 ns to 3.27 ms.

Pulse period

A

Pulse low width

!
L]

Pulse high width |

d
«

B
L

Pulse high width !

Pulse high width

\ 4

TIOC3B pin '«
TIOC3D pin !

i Pulse low width
TIOC4A pin 51 >
TIOC4C pin !

! Pulse low width
TIOC4B pin i

-
TIOC4D pin !

Pulse high width

Duty =

Pulse period

x 100 (%)

Figure 2.13 Positive-Phase/Negative-Phase PWM 3-Phase Output Waveforms

RENESAS

Rev. 1.00, 07/03, page 35 of 160




Functions Used

(1) In this sample task, MTU ch3 and ch4 are used in combination, and 3-phase PWM waveform
output is performed with one common transition point in the relationship between the positive
phase and negative phase.

In reset-synchronized PWM mode, PWM waveforms are generated using buffer operation,
with TGRA and TGRC operating as a pair, and TRGB and TGRD operating as a pair.

(a) Figure 2.14 shows a block diagram of the MTU as used in this sample task.

Period setting

(Input clock)

Po/1 —p General H General ! (Reset-synchronized
Po/4 Cloc_k register A H register A 1 PWM mode setting)
Pgie  [selection (TGRA4) [i| (TGRA3) |i[ _ :
P/64 circuit : ! Timer mode register
P$/256 y .- -l ------- . Compare : (TMDR_3)
P¢/1024 : | Comparator A I match 2 :
TCLKA/B [y v AR 2
v
! ; > —> — Pulse output
Timer C‘()?g;' rgf"smr—?’ »| Timer counter Output control TIOC3B pin
- ] (TCNT_3) —> TIOC3D pin
(Compare match A TIOCA4A pin
clearing specification) l TIOC4B pin
A | Comparator B I $:OC4C pin
- - Compare OCA4D pin
Counter clearing signal
generation circuit — match B

General registers B
(TGRB_3, TGRB_4)

Timer start register
(TSTR)

(Count operation enabling)

Figure 2.14 Block Diagram of MTU/ch3, ch4
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(2) Table 2.5 shows the function assignments used in this task. PWM pulses are output by
assigning MTU functions as shown in the table.

Table 2.5  Function Assignments

Pin or Register Name Function Function Assignment

TIOC3B Pin PWM output 1

TIOC3D Pin Negative-phase waveform of PWM output 1

TIOC4A Pin PWM output 2

TIOC4B Pin PWM output 3

TIOC4C Pin Negative-phase waveform of PWM output 2

TIOC4D Pin Negative-phase waveform of PWM output 3

TCR_3 Register Selection of ch3 timer counter clearing source and
input clock

TMDR_3 Register Ch3 set to operate in reset-synchronized PWM
mode

TGRA_3 Register PWM period setting

TGRB_3 Registers Duty value setting

TGRA_4

TGRB_4
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Operation

(1) Figure 2.15 illustrates the principles of operation of this sample task. Three-phase PWM
waveforms are output from the PWM output pins (TIOC3B/D, TIOC4A/B/C/D) by SH7046
hardware and software processing as shown in the figure.

Immediately after reset

TCNT_1 count value

H'0000

TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOCA4C pin

\ J

/ Hardware Processing \

None / Hardware Processing \
Software Processing -
Perform output toggling each
(1) Pin function controller initialization time TGRB_3, TGRA_4,
+ Set TIOC3B/D, TIOC4A/B/C/D as output pins TGRB_4 compare match or
(2) Timer initialization timer counter clearing occurs
+ TCR_3 setting -
« TOCR setting Software Processing
* TGR setting None
» TOER setting
+ TMDR setting K /

@ Start timer count /

Figure 2.15 Principles of Operation of Reset-Synchronized PWM Waveforms
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Software
(1) Modules

Module Name Label Function Assignment

Main routine rst_pwm PFC and PWM output setting

(2) Arguments

Label or

Register Data Input/
Name Function Length Module Output
pul_cyc1 Used to set timer value for pulse period 1word  Main routine Input

Pulse period is calculated using following
equation:

Pulse period (ns) = timer value x @ period
(50.0 ns at 20.0 MHz
operation)

pul_duty3b Used to set TIOC pin output waveform
pul_duty4a transition timing
pul_duty4b
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(3) Internal Registers Used

Register Name Function Address Set Value
P_PORTE.PEIORL Used to set multiplex insert as timer H'FFFF83B4 H'fa00
P_PORTE.PECRL1 output pins TIOC3B/D, TIOC4A/B/C/D H'FFFF83B8 H'5544
P_MTU34.TCR_3 Used to select TGRA_3 compare match H'FFFF8200 H'20
as timer counter clearing source, and
P@1 as input clock
P_MTU34.TOCR Enabling of toggle output synchronized H'FFFF820B H'43
with PWM period, and positive-
phase/negative-phase output level
setting
P_MTU34.TGRA_3 PWM period setting H'FFFF8218 pul_cyc1
P_MTU34.TGRB_3 Used to set timer counter value for H'FFFF821A pul_duty3b
toggle output from TIOC3B/D
P_MTU34.TGRA_4 Used to set timer counter value for H'FFFF821C pul_duty4a
toggle output from TIOC4A/C
P_MTU34.TGRB_4 Used to set timer counter value for H'FFFF821E pul_duty4b
toggle output from TIOC4B/D
P_MTU34.TOER Sets enabling of reset-synchronized H'FFFF821E H'ff
PWM output
P_MTU34.TMDR_3 Sets reset-synchronized PWM mode H'FFFF8202 H'c8
P_STBY.MSTCR2 Module standby mode clearing H'FFFF861E H'd2fd

(4) RAM Used

This sample application does not use any RAM apart from the arguments.

Note:
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Flowcharts

(1) Main routine

( rst_pwm )

MSTCR2 « H'd2fd

__________ Clear MTU module standby mode

PEIORL « H'fa00
PECRL1 « H'5544

.......... Set TIOC3B/D, TIOC4A/B/C/D pins as outputs in
P_PORTE.PECRL1

TSTR « H'00

TCR_3 « H"20

TCNT_3 « H'0000
TCNT_4 « H'0000

TGRA_3 « pul_cyc1

TGRB_3 « pul_duty3b
TGRA_4 « pul_duty4a
TGRB_4 « pul_duty4b

TOCR « H'43

TMDR_3 «- H'c8

TOER « H'ff

TSTR « H'40

__________ Stop timer counter

__________ Set TGRA_3 as counter clearing source in TCR

__________ Clear timer counters 3/4

__________ Set pulse period in P_MTU34.TGRA_3

__________ Set duty values in P_MTU34.TGRB_3,
TGRA/B_4

Set enabling of toggle output synchronized with
""""" PWM period, and positive-phase/negative-phase
output level, in P_MTU34.TOCR

__________ Set P_MTU34.TMDR to reset-synchronized
PWM mode

__________ Enable reset-synchronized PWM output with
P_MTU34.TOER

__________ Enable ch3 count operation with

A\ 4

P_MTU34.TSTR
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Program Listing

AR R R R R R EER AR R R R R R R LY

/* I NCLUDE FI LE */
/****************************************************************************/
#i ncl ude<machi ne. h>

#i ncl ude"i odefi ne_7046. h"

/****************************************************************************/

/* PROTOTYPE */

AR R R R RS EERE SRR R R R R R R R R LY

voi d rst_pwr(void);

/****************************************************************************/

/* RAM ALLOCATI ON */
/****************************************************************************/
#define pul _cycl (*(unsigned short *)Oxffffd000)

#define pul _duty3b (*(unsigned short *)Oxffffd002)

#define pul _dutyd4a (*(unsigned short *)Oxffffd0oo4)

#define pul _dutyd4b (*(unsigned short *)Oxffffd006)

/****************************************************************************/

/* MAI N PROGRAM */
/****************************************************************************/
voi d rst_pwr(voi d)
{
P_STBY. MSTCR2. WORD = 0xd2f d; /* O ear nodul e standby node */
P_PORTE. PEI ORL. WORD = 0xf a00; /* TI OC3B/ D, TI OCAA/ B/ C/ D out put */
P_PORTE. PECRL1. WORD = 0x5544;
P_Mru34. TSTR. BYTE = 0x00;

P_Mrud4. TCR_3. BYTE = 0x20; /* Counter clear by TGRA 3 */
P_Mru34. TCNT_3 = 0x0000; /* Clear timer counter3 */
P_Mrud4. TCNT_4 = 0x0000; /* Clear timer counter4 */
P_Mrud4. TGRA_3 = pul _cycl; /* Set period */

P_Mrud4. TGRB_3 = pul _dut y3b; /* Set duty */

P_Mrud4. TGRA_4 = pul _dut y4a;

P_Mru34. TGRB_4 = pul _dut y4b;

P_Mru34. TOCR. BYTE = 0x43; /* Set timer output control register */
P_Mru34. TMDR_3. BYTE = 0xcS8; /* Reset synchroni zed PVWM node */
P_Mrud4. TOER. BYTE = Oxff; /* Timer output enable */

P_Mrud4. TSTR = 0x40; /* Start timer counter */

while(1);
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Complementary PWM 3-Phase Output

2.6

Functions Used: MTU

(Complementary PWM Mode)

MCU: SH7046/47

Complementary PWM 3-Phase

Output

Specifications

(1) Three-phase PWM waveform output is performed with a non-overlapping relationship between

positive and negative phases, as shown in figure 2.16.

(2) The duty can be changed between 0% and 100% by setting an arbitrary value in RAM.

x 100 (%)

Pulse high width
Pulse period

Duty

(3) Toggle waveform output is performed synchronized with the period.

20.0 MHz, the output pulse period can be

(4) When operating with on-chip peripheral clock P@

set arbitrarily in the range 100.0 ns to 3.27 ms.

Period

TIOC3A pin I

TIOC3B pin
TIOC3D pin
TIOC4A pin
TIOCA4C pin
TIOC4B pin
TIOCA4D pin

Figure 2.16 Complementary PWM 3-Phase Output Waveforms
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Functions Used

(1) In this sample task, 3-phase PWM waveform output with a non-overlapping relationship
between positive and negative phases is performed using MTU channels 3 and 4.

(a) Figure 2.17 shows a block diagram of MTU/ch3 and ch4 as used in this sample task.
This sample task uses the following functions.

* A function that performs 3-phase PWM waveform output with a non-overlapping
relationship between positive and negative phases (complementary PWM mode)

* A function that transfers buffer register (TGRC/D_3, TGRC/D_4) contents to compare
registers (TGRA/B_3, TGRA/B_4) when a compare match occurs

* A function that outputs a toggle waveform synchronized with the PWM waveform

period
(Input clock)
Pé/1
Po/4
P¢/16
P¢/64 Timer control Timer mode Timer output master Timer output
P$/256 register register_3 enable register control register
P¢/1024 (TCR_3) (TMDR_3) (TOER) (TOCR)
TCLKA
TCLKB
Pulse output
l A Y v TIOC3A pin
Clock selection Timer counter_3/4 > TIOC3B pin
circuit > (TCNT_3/4) R Output control —» TIOC3D pin
Compare TIOC4A pin
l match signal T TIOC4B pin
TIOCA4C pin
Comparator TIOC4D pin
! 1 ]
Timer general Timer general Timer subcounter Dead time
registers B_3, A/B_4 register A_3 (TCNTS) p— register
(TGRB_3, TGRA/B_4) (TGRA_3) (TDDR)

4 In case of TGR4B setting 4

Timer general Timer general PWM carrier
registers D_3, C/D_4 — register C_3 period register
(TGRD_3, TGRC/D_4) (TGRC_3) (TCDR)

i

Dead time
register
(TCBR)

Figure 2.17 Block Diagram of MTU/ch3, ch4
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(2) Table 2.6 shows the function assignments used in this task. PWM pulses are output by
assigning MTU functions as shown in the table.

Table 2.6  Function Assignments

Pin or Register Name Function Function Assignment

TIOC3A Pin Toggle output synchronized with PWM period

TIOC3C Pin PWM output 1

TIOC3D Pin Negative-phase waveform in non-overlapping
relationship with PWM output 1

TIOC4A Pin PWM output 2

TIOC4B Pin PWM output 3

TIOC4C Pin Negative-phase waveform in non-overlapping
relationship with PWM output 2

TIOC4D Pin Negative-phase waveform in non-overlapping
relationship with PWM output 3

TOCR Register Enabling/disabling of toggle output synchronized
with PWM period

TOER Register Complementary PWM output pin signal output
enabling/disabling

TCR_3 Register Selection of ch3 timer counter clearing source and
input clock

TMDR_3 Register Ch3, ch4 set to complementary PWM mode
operation

TGRA_3 Register Used to set value of 1/2 PWM period + dead time

TGRC_3 Register TGRA _3 buffer register

TGRB_3 Registers Output pulse transition point setting (compare

TGRA 4 register)

TGRB_4

TGRD_3 Register TGRB_3 buffer register

TGRC_4 Register TGRA_4 buffer register

TGRD_4 Register TGRB_4 buffer register

TDDR Register Dead time setting

TCDR Register Setting of 1/2 period

TCBR Register TCDR buffer register
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Operation

(1) Figure 2.18 illustrates the principles of operation. Complementary PWM waveform output is
performed by SH7046 hardware and software processing.

Immediately
after reset

/lﬁ____

el Z2 LY

TCNTS
TGRB_4 |

TDDR

H'0000

RPN R R ¢ (P N —

TIOC4B pin

TIOC4D pin

t

J

/ Hardware Processing \

(1) Compare match
generation
(2) Pulse output

e ok TR B B o b ot

/ Hardware Processing \

(1) Set value in compare register from buffer
register in case of TMDR setting

Software Processing

Initialization

(1) Set same counter clock for ch3, ch4

(2) PWM output level setting

(3) Set non-overlap time in TCNT_3

(4) Set period in TGRA_3, waveform transition
timing in TGRB_4

(5) Buffer register setting

(6) Non-overlap time setting with TDDR

(7) TCNT_4 upper limit value setting with TCDR

(8) Enable TIOC4B/D pin output (1) TCNTS operation (1) Stop TCNTS

(9) Set complementary PWM mode Software Processing Software Processing

(10) Start count operation
/ None \None

Software Processing

\None /

Hardware Processing

Hardware Processing

Figure 2.18 Principles of Operation of Complementary PWM Single-Phase
Waveform Output
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(2) Figure 2.19 shows the PWM waveform output method. When complementary PWM mode is
set, the following rules apply to data transfer and compare operations.

Data Transfer

* Inperiod Ta, data written to a buffer register (at the point at which data is set in TGRD 4)
is transferred to a temporary register.

* Inperiod Tb1, when the transfer mode is set to transfer at the peak, data is not transferred
from a buffer register to a temporary register. In period Tb2, the operation is the same as in
period Ta. Similarly, when a trough setting is made, data is not transferred in period Tb2.

» Data transfer to a buffer register can be performed arbitrarily.

*  When period Tb ends, a value transferred to a temporary register is transferred to a
compare match register. This transfer timing can be selected with timer mode register
(TMDR) bits MD3 to MDO.

Compare Match

* Inperiod Tb, two registers—the temporary register and compare register—and three
counters—TCNT _3/4 and TCNTS—are compared, and the PWM waveform is controlled.

* Inarea (a), pre-change data and compare matches (3) and (4) have priority.
* Inarea (b), post-change data and compare matches (1) and (2) have priority.

Generation of a compare match whereby the output waveform goes to the active level
(compare match (1) or (3)) occurs only after generation of a compare match whereby the
respective output waveform goes to the positive level (compare match (4) or (2)).

Iq
2

Y

i ] QP

Area (a)

v

A

Figure 2.19 Principles of Operation of PWM Waveform Output Method
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(3) Figure 2.20 illustrates the principles of operation. Complementary PWM waveform output is
performed by SH7046 hardware and software processing. The transfer mode selected in this
sample task is the mode in which data is changed at a peak.

Immediately after reset

TGRB_4

TDDR  -----¥fmee fb '

H'0000 : : N\
TIOCA4B pin ; |

Buffer register TGRD_4 A )c B
Temporary register TMP3  Undefined X A X B
Compare register TGRB_4 Undefined x A

/ Hardware Processing \ / Hardware Processing\ ﬂ*ardware Processing \
(1) Set value in compare register from buffer register (1) Transfer data from (1) Transfer data from
in case of TMDR setting buffer register to buffer register to
- temporary register temporary register
Software Processing
Initialization Software Processing Software Processing
(1) Set same counter clock for ch3, ch4
(2) PWM output level setting (1) Setdatain TGRD_4 None
(3) Set non-overlap time in TCNT_3
(4) Set period in TGRA_3, waveform transition timing \ / \ )
in TGRB_4 Note: * This processing also occurs when data is set
(5) Buffer register setting in TGRD_4 in case of 3-phase output.
(6) Non-overlap time setting with TDDR
(7) TCNT_4 upper limit value setting with TCDR
(8) Enable TIOC4B/D pin output
(9) Set complementary PWM mode
10

(\ ) Start count operation /

Figure 2.20 Principles of Operation of Complementary PWM Single-Phase
Waveform Output
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(4) Figure 2.21 illustrates the principles of operation. Three-phase PWM output is performed

from the ch3 and ch4 PWM output pins (TIOC3B/D, TIOC4A/B/C/D) by SH7046 hardware
and software processing as shown in the figure.

Immediately after reset

TCNT_1 count value l

TIOCA4C pin

8

TIOC4B pin

TGRA 3 ----- Tl L
TCDR  ----- SRR C R L PR PR A e P
TGRB_3 -----  EEEEEEEEEEE TR 5 SEETER R CEEaahbia CLL D] CELEEERE P EEEEEED :
TGRA 4 . R g O S S P Y S v A i
TGRB 4 .. RS S N S S IR Vv el
TDDR  —-._. SRS U R RS RSO O U A SO I N
oows.n —L e XX
TIOC3B pin oo b f ! | b A b f
TIOC3D pin oo N |
TIOC4A pin ot IR

TIOC4D pin

/ Hardware Processing wardware Processing \

None TGRA_3 compare match
interrupt generation

Software Processing

Software Processing

Initialization

(1) Set same counter clock for ch3, ch4 (1) Transfer RAM contents
(2) Set waveform output synchronized with PWM period k to buffer register /
(3) PWM output level setting

(4) Set non-overlap time in TCNT_3

(5) Set period in TGRA_3, waveform transition timing in
TGRB_3, TGRB_4

(6) Buffer register setting

(7) Non-overlap time setting with TDDR

(8) TCNT_4 upper limit value setting with TCDR

(9) Enable TIOC3A/B/D and TIOC4A/B/C/D pin output

(10) Set complementary PWM mode

&1) Start count operation /

Figure 2.21 Principles of Operation of PWM Waveforms

Rev. 1.00, 07/03, page 49 of 160
RENESAS




(5) Figure 2.22 illustrates the principles of operation. Toggle output synchronized with the PWM
period is performed by SH7046 hardware and software processing.

Immediately after reset

TGRB_4

TDDR

H'0000

TIOC3A pin

TIOC4B pin

TIOC4D pin

-

Hardware Processing

~

/ Hardware Processing\

Hardware Processing \

(1) Transfer value from buffer register to compare
register in case of TMDR setting

Software Processing

Initialization
(1) Set same counter clock for ch3, ch4
(2) PWM output level setting
(3) Set non-overlap time in TCNT_3
)

in TGRB_4

Buffer register setting

Non-overlap time setting with TDDR

(7) TCNT_4 upper limit value setting with TCDR
(8) Enable TIOC4B/D pin output

(9) Set complementary PWM mode

(10) Start count operation

\

(5
6

(4) Set period in TGRA_3, waveform transition timing

TGRA_3 compare match

generation

(1) Perform toggle output
of PWM waveform
synchronized with
period

Ch4 underflow occurrence
(1) Perform toggle output
of PWM waveform
synchronized with

period

Software Processing

Software Processing

None

/

-/

None

. J

Figure 2.22 Principles of Operation of Toggle Waveform Output Synchronized
with PWM Period
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Software

(1) Modules

Module Name Label Function Assignment
Main routine comple Complementary PWM output setting
Data setting setdata Sets waveform transition timing in buffer register

(2) Arguments

Label or
Register Data Input/
Name Function Length Module Output
pul_cyc1 Used to set pulse 1/2 period + dead time value 1 word  Main routine Input
Pulse period is calculated using following
equation:
Pulse period (ns) = timer value x ¢ period
(50.0 ns at 20.0 MHz
operation)
pul_duty3d Used to set TIOC pin output waveform
pul_duty4c transition timing
pul_duty4d
c_cyc PWM carrier period register value setting
dead_time Non-overlap time setting Main routine
Data setting
(3) Internal Registers Used
Register Name Function Address Set Value
P_STBY.MSTCR2 MTU module standby mode clearing, H'FFFF861E H'd2fd
and setting of MTU to operational status
P_PORTE.PECRH Used to set multiplex pins as MTU timer H'FFFF83BC H'0000
P_PORTE.PECRLA1 output pins TIOC3A, TIOC3B, TIOC3D, H'FFFF83B8 H'5545
P_PORTE.PECRL2 TIOC4A, TIOC4B, TIOC4C, TIOC4D H'FFFF83BA H'0000
P_PORTE.PEIORH H'FFFF83B6 H'0000
P_PORTE.PEIORL H'FFFF83B4 H'fb00
P_MTU34.TCR_3 Selects timer counter clearing source H'FFFF8200 H'00
and input clock
P_MTU34.TCR_4 Selects timer counter clearing source H'FFFF8201 H'00
and input clock
P_MTU34.TIER_3 Enables TGR3A interrupt H'FFFF8208 H'01
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Register Name Function Address Set Value

P_MTU34.TGRA_3 Used to set 1/2 carrier period + dead H'FFFF8218 pul_cyc1
time register value

P_MTU34.TGRC_3 Used to set 1/2 carrier period + dead H'FFFF8224 pul_cyc1
time register value

P_MTU34.TGRB_3 Setting of PWM duty value of waveform H'FFFF821A pul_duty3d
output from TIOC3B, TIOC3D

P_MTU34.TGRD_3 Setting of PWM duty value of waveform H'FFFF8226 pul_duty3d
output from TIOC3B, TIOC3D

P_MTU34.TGRA_4 Setting of PWM duty value of waveform H'FFFF821C pul_duty4c
output from TIOC4A, TIOC4C

P_MTU34.TGRC_4 Setting of PWM duty value of waveform H'FFFF821C pul_duty4c
output from TIOC4A, TIOC4C

P_MTU34.TGRB_4 Setting of PWM duty value of waveform H'FFFF821E pul_duty4d
output from TIOC4B, TIOC4D

P_MTU34.TGRD_4 Setting of PWM duty value of waveform H'FFFF821E pul_duty4d
output from TIOC4B, TIOC4D

P_MTU34.TCNT_3 Dead time value setting H'FFFF8210 dead_time

P_MTU34.TDDR Dead time value setting H'FFFF8216 dead_time

P_MTU34.TCDR Setting of upper limit value of timer H'FFFF8214 c_cyc
counter TCNT_4 (1/2 carrier period)

P_MTU34.TCBR Setting of upper limit value of timer H'FFFF8222 c_cyc
counter TCNT_4 (1/2 carrier period)

P_MTU34.TOCR Enabling of toggle output synchronized H'FFFF820B H'43

with PWM period, and positive-
phase/negative phase output level

setting

P_MTU34.TOER Complementary PWM output enabling H'FFFF820A H'ff
setting

P_MTU34.TMDR_3 Complementary PWM mode setting H'FFFF8202 H'ff

P_INTC.IPRE Sets 15 as MTU channel 3 interrupt H'FFFF8350 H'00f0
priority level

(4) RAM Used

This sample application does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

comple

C )

MSTCR2 « H'd2fd

PECRH « H'0000
PECRL1 « H'5545
PECRL2 « H'0000
PEIORH « H'0000
PEIORL «- H'FB0O

TSTR « H'00

TCR_3 « H'00
TCR_4 « H'00

TCNT_3 « dead_time
TCNT_4 « H'0000

TGRD_3/TGRB_3 « pul_duty3d
TGRC_4/TGRA_4 « pul_dyty4c
TGRD_4/TGRB_4 « pul_dyty4d

TDDR « dead_time
TCBR/TCDR « c_cyc
TGRA_3/TGRC_3 « pul_cyc1

TOCR « H'43

TMDR_3 « H'ff

TOER « H'ff

TIER_3 « H'01

IPRE « H'00f0

TSTR « H'cO

]

Clear MTU module standby mode

Set TIOC3B/D, TIOC4A/B/C/D as MTU output
pins in PECRH, PECRL1, PECRL2, PEIORH,
PEIORL

Stop timer counter operation

Set counter clearing disabling in
P_MTU34.TCR_3/4

Set dead time value in TCNT_3
Clear TCNT_4

Set duty value in duty register and buffer register

Set dead time value in P_MTU34.TDDR, set 1/2
period value in P_MTU34.TCDR and
P_MTU34.TCBR

Set 1/2 period + non-overlap value in
P_MTU34.TGRA/C_3

Set enabling of toggle output synchronized with
PWM period, and positive-phase/negative phase
output level, in P_MTU34.TOCR

Set complementary PWM mode in
P_MTU34.TMDR_3

Enable complementary PWM waveform output
with P_MTU34.TOER

Enable TGIA_3 interrupt request with
P_MTU34.TIER_3

Set 15 as TGIA_O interrupt priority level in
P_INTC.IPRE

Enable ch3/4 count operation with
P_MTU34.TSTR
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Program Listing

/* __________________________________________________________________________ */
/* I NCLUDE FI LE */
/* __________________________________________________________________________ */
#i ncl ude <machi ne. h>
#i ncl ude "iodefine_7046. h"
/* __________________________________________________________________________ */
/* PROTOTYPE */
/* __________________________________________________________________________ */
extern void conpl e(void);
#pragnma i nterrupt(setdata)
/* ___________________________________________________________________________ */
/* RAM ALLOCATI ON */
/* ___________________________________________________________________________ */
#define pul _cycl (*(unsi gned short *)Oxffffd0oo00)
#defi ne pul _duty3d (*(unsi gned short *)Oxffffd002)
#defi ne pul _dutydc (*(unsi gned short *)Oxffffd0oo4)
#defi ne pul _duty4d (*(unsi gned short *)Oxffffd0o06)
#define c_cyc (*(unsi gned short *)Oxffffd0o08)
#define dead_tine (*(unsi gned short *)Oxffffd0Oa)
/* ____________________________________________________________________________ */
/* MAI N PROGRAM */
/* ____________________________________________________________________________ */
voi d conpl e(voi d)
{
P_STBY. MSTCR2 = 0xd2f d; /* MU nodul e stop node cl ear */
P_PORTE. PECRH. WORD = 0x0000; /* TI OC3A/ B/ D, TI OC4A/ B/ C/ D out put

P_PORTE. PECRL1. WORD = 0x5545;
P_PORTE. PECRL2. WORD = 0x0000;
P_PORTE. PEI ORH. WORD = 0x0000;
P_PORTE. PElI ORL. WORD = 0xFBOO;
P_Mrus4. TSTR BYTE = 0x00;

P_Mru34. TCR_3. BYTE = 0x00; /* not clear */

P_Mru34. TCR_4. BYTE = 0xO00; /* not clear */

P_Mrud4. TCNT_3 = dead_ti ne; /* initial data */

P_Mrus4. TCNT_4 = 0x0000;

P_Mrud4. TGRD_3 = pul _dut y3d; /* TGRD_3 buffer register */
P_Mru34. TGRB_3 = pul _dut y3d; /* PWM out putl conpare register */
P_Mrud4. TGRC_4 = pul _dut y4c; /* TGRA 4 buffer register */
P_Mrud4. TGRA 4 = pul _dut y4c; /* PWM out put2 conpare register */
P_Mrud4. TGRD_4 = pul _dut y4d; /* TGRB_4 buffer register */
P_Mrud4. TGRB_4 = pul _dut y4d; /* PWM out put 3 conpare register */
P_Mru34. TDDR = dead_ti ne; /* dead tinme set */

P_Mrud4. TCDR = c_cyc; /* 1/ 2 carrer period */

P_Mru34. TCBR = c_cyc; /* TCDR buffer register */

P_Mrud4. TGRA_3 = pul _cycl; /* 1/2 carrer period + dead time */
P_Mrud4. TGRC_3 = pul _cycl; /* TGRA 3 buffer register */
P_Mrud4. TOCR. BYTE = 0x43; /* timer output control register */
P_Mrud4. TMDR_3. BYTE = Oxff; /* conpl ement ary- pwm node */
P_Mrud4. TOER. BYTE = Oxff; /* timer output enable register */
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}

P_Mrus4. TI ER_3. BYTE = 0x01,;
P_I NTC. | PRE. WORD = 0x00f 0;
set _i mask(0x0);

P_Mrus4. TSTR. BYTE = 0xcO;
while(1);

voi d setdata()

{

P_Mrus4. TSR _3. BYTE &= Oxfe;
P_Mru34. TCBR = c_cyc;
P_Mrus4. TGRC_3 = pul _cycl,;
P_Mrud4. TGRD_3 pul _dut y3d;
P_Mrud4. TGRC 4 pul _dut y4c;
P_Mru34. TGRD_4 = pul _dut y4d;

/* timer interrupt enable register */

/* set interrput
/* set imask |evel
/* timer start

/* loop */

|l evel = 15 */

=0 */

/* interrupt flag clear */

RENESAS
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2.7 2-Phase Encoder Count

Functions Used: MTU (Phase

2-Phase Encoder Count MCU: SH7046/47 Counting Mode)

Specifications

(1) Two external clocks are input to channel 1 (chl), and a counter is incremented or decremented
according to the phase difference of the pulses, as shown in figure 2.23. The chl count is
measured in synchronization with measurement times set in chO (measurement times 1 and 2),
and the result is set in RAM.

(2) H'0000 is set as the timer counter initial value, and counting can be performed from -
2,147,483,648 to 2,147,483,647 using a software counter.

Measurementtime 1 |---------=--=--=------“"--------------o--—-oo—-- - 2
TCNT_O
Measurement time 2 [~~~ """""T T 2~
1 1 ' TCNT_1 . : 1 1 1
| | i Up-count 1 : : 1 Down-count: : :
P T T T T T > T T T T >
T . T i , 'y T
TCLKA pin 1 1 1 1 1 1
1 v 1 1 1 v 1 1
External . ' v v . ' ' ' ' . ' v
clock input H . . i | . A ! . ,
' A [ ' Y ' T '
TCLKB pin | ! ! ! ! !
' N S | B T
1 1 1 Il 1 1 fr——

Figure 2.23 2-Phase Encoder Counter Capture
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Functions Used

(1) In this sample task, measurement times are set in TGRA/B_0 using an MTU chl up/down-
counter.

Using a TGRA/B_0 output compare as a trigger, the TCNT 1 value for the control period is

captured by chl input capture. In addition, the chl counter input clock width is captured using
chO input capture.

(a) Figure 2.24 shows a block diagram of ch0. In ch0, a chl input capture trigger is output
every measurement time using the following functions. In chl, the TCNT 1 value is
measured when an input capture signal is input.

A function that outputs pulses automatically by hardware without software intervention
(output compare)

A function that performs pulse input edge detection, and captures a timer value in an
internal register (input capture)

Cho

(Counter clearing General

source setting) register A_0O

- (TGRA_0)
Timer control 1 Compare match A_0
register_0 (TCR_0) (TGIA_0)
i | Comparator A I — >

P¢/1 f

P/4 Clock Timer counter_0
Py/16 selection [~ (TCNT_0) MTU/eh1
Po/64 circuit — Compare match C_0

TCLKA/BIC/D | v (TGIC_0) -
| Comparator C I >
General
register C_0
(TGRC_0)
Timer 1/O control Timer control
register H_0O )
(TIORH_0) register_0 (TCR_0)
(Detection edge (Input capture clearing
specification) 3 specification)

Edge detection and

Input capture trigger

capture signal
generation circuit

General register B_0
(TGRB_0)

Timer counter_0
(TCNT_0)

Figure 2.24 Block Diagram of MTU/ch0
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(b) Figure 2.25 shows a block diagram of chl. In chl, a timer counter is
incremented/decremented using the following functions. The counter value when an input
capture signal rising edge is detected is taken as the measurement result.

* A function that detects the phase difference between two external clocks, and
increments/decrements a timer counter (phase counting mode)

* A function that performs pulse input edge detection, and captures the timer value at that
point in an internal register (input capture)

* A function that initiates interrupt handling when input capture occurs

* A function that clears the timer counter when a pulse input edge is detected

* A function that initiates interrupt handling when timer counter overflow or underflow is
detected

Compare match
A/C_0 (TGIA/C_0)

Ch1

MTU
ch0

\4

Edge detection and
capture signal
generation circuit =

4+ (Detection edge

specification)

Timer 1/O control
register_1 (TIOR_1)

Timer general register
A_1(TGRA_1)

—

(TIOCA/B_1)

(Phase counting
mode setting)

Timer mode register_1
(TMDR_1)

!

Timer general register
B_1(TGRB_1)

Timer counter_1

(TcNT 1) [

Input capture interrupt A/B

Overflow/underflow
signal generation
circuit

»

Overflow/underflow
interrupts
(TCIU_1, TCIV_1)

TCLKA pin ——
TCLKB pin ——»

Clock
selection
circuit

Figure 2.25 Block Diagram of MTU/ch1
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(2) Table 2.7 shows the function assignments used in this sample task. MTU functions are
assigned as shown in the table to detect the phase difference between two 2-phase encoder
pulses, and increment/decrement a counter.

Table 2.7  Function Assignments

Pin or Register Name Function Function Assignment

TCLKA Pin External clock input pins

TCLKB Pin

TSTR Register Enabling/disabling of chO, ch1 timer counter
operation

TCR_O Register Selection of counter clock and counter clearing
source

TIORH_O Register TIOCOA output compare setting. Setting of
TIOCOB for input capture on ch0 output compare
occurrence

TIORL_O Register TIOCOC output compare setting

TGRA_O Register Measurement time 1 setting

TGRB_0 Register Count result stored on input capture B

TGRC_0 Register Measurement time 2 setting

TMDR_1 Register Phase counting mode setting

TCR_1 Register Selection of counter clock and counter clearing
source

TIOR_1 Register Setting of TIOC1A/C for input capture on ch1
output compare occurrence

TIER_1 Register Enables TIOC1A/B, TCIU_1, TCIV_1 interrupts

TGRA 1 Register Count result storage on input capture A

TGRB_1 Register
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Operation

(1) Figure 2.26 illustrates the principles of operation. A counter is incremented or decremented by
SH7046 hardware and software processing.

Immediately
TCNT 1 N after reset
counter value l
[a il ol e e L L L LR P PP —
H'05 ---% ------------------------------------------------------- ----
H'04 '"f """""""""" Pty I Tt
H'03 '"f """"""" ittt 1 """"""""""""""""" cooe
HO02 |--4------o - oo -] - Rt CEEEE e
e T S S N
HoO — » Time
TCLKB ! E E E E
' i v i y i i v
\ ' \ 1 ! \ 1 ! ' h
N : e e | .
TCLKA © ! ! ! ! !
S — h v | | H \ H
RN J

_—

ﬂ-lardware Processing\

Hardware Processing \

ﬂ-lardware Processingh

ﬂ-lardware Processing \

(1) None

(1) TCNT_1 up-count

(1) TCNT_1 down-count

(1) TCIU_1 generation

Software Processing

Software Processing

Software Processing

Software Processing

Initialization
(1) Set phase counting
mode

\(2) Start count operation /

None

\ y,

None

- /

TCIU_1 processing
(1) Software counter
decremented by

\ underflow

Figure 2.26 Principles of Operation in Phase Counting Mode (1)
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(2) Interrupt handling is executed on external event occurrence by means of SH7046 hardware and
software processing as shown in figure 2.27.

Immediately
after reset

TCNT_O
counter value

HFFFF

H'8004
H'8003
H'8002
H'8001
H'8000
H7FFF
HT7FFE
H7FFD
HT7FFC
H7FFB

H'0000

p Time

Output compare
signal
(MTU/chO)

TCLKB
input signal

TCLKA
input signal

/ Hardware Processing \ / Hardware Processing \

None (1) Ch1 input capture TGIA_1
generation
Software Processing (2) Ch1 input capture TGIB_1
L generation
Initialization
(1) Set P¢/1 as chO counter clock .
(2) Set ch1 input capture signal for chO output compare A, C Software Processing
(3) Set measurement times in chO compare match registers TGIA/B_1 interrupt processing
TGRA_0 and TGRB_0 (1) Set phase counting mode
(4) Set phase counting mode for ch1 count results in RAM on
(5) Set ch0 input capture signal for ch1 up/down-count generation of ch1 input
(6) Enable ch1 input capture A, input capture B, and capture interrupt TGIA/B_1
overflow/underflow interrupts K _ /
(7) Enable ch0 and ch1 count operation /

Figure 2.27 Principles of Operation in Phase Counting Mode (2)
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Software

(1) Modules

Module Name Label Function Assignment

Main routine en2 Initialization of MTU, etc.

Counter value phacnt1 Initiated by TGIA_1. Sets up/down-count result in RAM

measurement 1 based on TGRA value. Sets counter period result in
RAM based on TGRC value

Counter value phacnt2 Initiated by TGIB_1. Sets up/down-count result in RAM

measurement 2 based on TGRB value

Overflow ovf1 Initiated by TCIV_1. Software counter incrementing

Underflow unf1 Initiated by TCIU_1. Software counter decrementing

(2) Arguments

Label or

Register Data Input/

Name Function Assignment Length Module Output

msr_tim1  Used to set timer value for counter Word Main routine Input

msr_tim2  measurement time

Measurement time is calculated using following

equation:

Measurement time (ns) = timer value x @ period

(50.0 ns at 20.0 MHz
operation)

cnt_datal Used to set up/down-count results

cnt_data2

Longword Counter value Output
measurement
1

Counter value
measurement
2

p_cycle Used to set count period result Word Counter value

measurement
2
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(3) Internal Registers Used

Register Name Function Address Set Value
P_STBY.MSTCR2 MTU module standby mode clearing, H'FFFF861E H'd2fd
and setting of MTU to operational status
P_PORTA.PACRL2 Used to set multiplex pins as timer pins H'FFFF838E H'5000
P_PORTA.PACRL3 TCLKA, TCLKB H'FFFF838A H'0000
P_MTUO.TCR_O Selection of counter clock and counter H'FFFF8260 H'20
clearing source
P_MTUO.TIORH_O TIOCOA output compare setting. H'FFFF8262 H'f0
Setting of TIOBCOB for input capture on
ch0 output compare
P_MTUO.TIORL_O TIOCOC output compare setting H'FFFF8263 H'00
P_MTUO.TGRA_O Measurement time 1 setting H'FFFF8268 msr_tim1
P_MTUO.TGRC_O Measurement time 2 setting H'FFFF826C msr_tim2
P_MTU1.TMDR_1 Phase counting mode setting H'FFFF8281 H'04
P_MTUO.TMDR_O Sets buffer operation for GRD H'FFFF8261 H'20
P_MTU1.TIOR_1 Setting of TIOCOA/C for input capture  H'FFFF8282 H'ff
on ch1 output compare occurrence
P_MTU1.TIER_1 Enables interrupts by TGIA/B_1, H'FFFF8284 H'33
TCIU_1, TCIV_1
P_MTU34.TSTR Starts chO, ch1 timer count H'FFFF8240 H'03
P_INTC.IPRD Sets 15 as MTUO, MTU1 interrupt H'FFFF834E H'00ff
priority level
(4) RAM Used
Module Label Function Assignment
Counter value measurement 1, 2 wrk Used as work area for data setting
All modules cnt Software counter
Note: SH7046 header file names are used for register label names.

RENESAS
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Flowcharts

(1) Main routine

en2

MSTCR2 « H'd2fd

TCR_0 « H20

TIORH_0 « H'f0

TIORL_0 «— H'00

TIOR_1 « H'ff

TIER_1 < H'33

TGRA_O « msr_tim1
TGRC_0 < msr_tim2

IPRD « H'00ff

Clear MTU module standby mode

Set P¢/1 as TCNT_O input clock and compare match A
as counter clearing source in P_MTUO.TCR_0

Set TIOCOA for output compare operation and TIOCOB
for input capture operation in P_MTUO.TIORH_O

""""" TIOCOB input capture is initiated by ch1
increment/decrement

__________ Set TIOCOC for output compare operation in
P_MTUO.TIORL_0O

Set TIOC1A/B for input capture operation in

P_MTUO.TIOR_1

TIOC1A input capture is initiated by chO output compare
""""" TGRA_O

TIOC1B input capture is initiated by ch0 output compare

TGRC_0

Enable TGIA/B_1, TCIU_1, TCIV_1 interrupts with
P_MTU1.TIER_1

Set counter measurement times in P_MTUO.TGRA/C_0

Set 15 as interrupt priority level in INTC.IPRD

PACRL2 « 5000
PACRL3 « 0000

Enable pulse input from TCLKA/B pins

TMDR_1 « H'04

Set phase counting mode in P_MTU1.TMDR_1

TMDR_0 « H'20

Set buffer operation for TGRD in P_MTUO.TMDR_0

TSTR «~ H'03

Enable ch0/1 count operation
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(2) Counter value measurement 1 (chl input capture B interrupt)

phacnt1

TSR 1&=Hfe |------------ccmmmmmmmmmmoeeee Clear interrupt request flag

Wk - TGRB 1 | === mmmmm e Capture data capture

No
___________________ Ch1 down-count?

Yes

cnt_data1 « (unsigned long)wrk —
0x010000 + cnt * 0x010000

____________________________ Set ch1 count result in RAM

cnt_datal < (unsignedlong)wrk +| Set ch1 count result in RAM
cnt * 0x010000
p_cycle <« TGRD 0 | =---mmmmmmme Set pulse width in RAM
Capture data capture from buffer register
TGRD_0

TGRD_0 is TGRB_O0 buffer register
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(3) Counter value measurement 2 (chl input capture B interrupt)

phacnt2

wrk < TGRA_1 [T~ 777 7777777777 mmmmmmmmm e

<>No

cnt_data2(unsignedlong)wrk + [.________
cnt * 0x010000

0x010000 + ¢

cnt_data2 « (unsignedlong)wrk —

nt * 0x010000

A

RTE

TSR 18&=Hfd |~"""="===mmmmmmmememsmeoeee- Clear interrupt request flag

Capture data capture

_____ Ch1 up-count?

---- Set ch1 count result in RAM

---- Set ch1 count result in RAM

(4) Ch1 overflow interrupt

TSR 1 &=Hef  [|---------- Clear interrupt request flag
cnt++  |mmmmmmm--- Increment software counter
RTE

Rev. 1.00, 07/03, page 66 of 160

RENESAS




(5) Chl1 underflow interrupt

TSR 1 &= H'df  |---------- Clear interrupt request flag
ent——  |ememmemee- Decrement software counter
RTE
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Program Listing

/* ________________________________________________________________ */
/* I NCLUDE FI LE */
/* ________________________________________________________________ */

#i ncl ude <machi ne. h>
#i ncl ude "iodefine_7046. h"

/* ________________________________________________________________ */
/* PROTOTYPE */
/* ________________________________________________________________ */

voi d en2(void);
#pragnma i nterrupt(phacntl, phacnt 2, ovf 1, unf1)

/* ________________________________________________________________ */
/* RAM ALLOCATI ON */
/* ________________________________________________________________ */
#define nmer_tinl (*(unsi gned short *)Oxffffd0o00)
#define nmer_tinR (*(unsi gned short *)Oxffffd002)
#define cnt_data2 (*(signed long *)Oxffffd00o4)
#define cnt_datal (*(signed long *)Oxffffd008)
#define p_cycle (*(unsi gned | ong *)0xffffdoOc)
#define cnt (*(signed long *)Oxffffd0l0)
#define wrk (*(unsi gned short *)Oxffffd014)
/* ________________________________________________________________ */
/* MAI' N PROGRAM */
/* ________________________________________________________________ */
voi d en2(void)
{
P_STBY. MSTCR2. WORD = 0xd2f d; /* MU nodul e stop node cl ear */
P_Mruo. TCR_0. BYTE = 0x20; /* timer clear output conpare TGRA 0 */
P_Mruo. Tl ORH_0. BYTE = 0xfO; /* output conpare TI OC0A */
/* input capture TIOC0B */
P_Mruo. Tl ORL_0. BYTE = 0xO00; /* output conpare TIOCOC */
P_MrUl. TI OR_1. BYTE = Oxff; /* input capture TICOCLA B */
P_MrUL. TI ER_1. BYTE = 0x33; /* interrupt TIOCLA TIOCLB, TCl UL, TCI V1 */
P_MIuo. TGRC 0 = nsr_tine; /* set position cycle */
P_MIuo. TGRA O = nsr_timi; /* set speed cycle */
I NTC. | PRD. WORD = 0x00ff; /* set interrupt |evel =15 */
P_PORTA. PACRL2. WORD = 0x5000; /* TCLKA, TCLKB sel | ect */

P_PORTA. PACRL3. WORD = 0x0000

P_Mrul. TMDR_1. BYTE = 0x04; /* set phase counting nodel */
P_MTuU0. TMDR_0O. BYTE = 0x20; /* TGRD buffer node */
P_Mru34. TSTR. BYTE = 0x03; /* start timer O, 1*/

set _i mask(0x0); /* set imask |evel =0 */
while(l); /* 1 oop*/
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voi d ovf1(void)

{
P_Mrul. TSR 1. BYTE &= Oxef; /* clear flag */
cnt ++; /* count up */
}
voi d unf 1(void)
{
P_MIUl. TSR 1. BYTE &= Oxdf; /* clear flag */
cnt--; /* count down */
}
voi d phacnt 1(voi d)
{
P_MrUl. TSR 1. BYTE &= Oxfe; /* clear flag */
wk = P_MIUL. TGRB_1;
if(cnt <0) /* count < 0 */
cnt _datal = (unsigned | ong)w k-0x010000+cnt *0x010000; /* set sp */
el se
cnt _datal = (unsigned | ong)w k+cnt*0x010000; /* set sp */
p_cycle = P_MIuo. TGRD_O; /* set width pul se */
}
voi d phacnt 2(voi d)
{
P_MruUl. TSR 1. BYTE &= O0xfd; /* clear flag */
wk = P_MIUL. TGRA 1,
if(cnt <0)
cnt _data2 = (unsigned | ong)w k+cnt*0x010000; /* set po */
el se
cnt _data2 = (unsigned | ong)w k-0x010000+cnt *0x010000; /* set po */
}
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2.8 Externally Triggered Timer Waveform Cutoff

Externally Triggered Timer

Waveform Cutoff MCU: SH7046/47 Functions Used: MTU, POE

Specifications

(1) Timer output waveform cutoff is performed by driving timer output waveforms to the high-
impedance state in synchronization with the falling edge of an external signal, as shown in
figure 2.28.

External signal POEO pin

—

Timer output High-impedance state

»

A
A 4
A

TIOC3B pin _,_I |_| |_| |

TIOC3D pin

s
TIOC4A pin _l | | | | |
|

TIOCA4C pin

TIOC4B pin I_I I_I I_I
TIOC4D pin [] [] []

Figure 2.28 Example of Externally Triggered Waveform Cutoff
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Functions Used

(1) In this sample task, waveforms output by MTU ch3/4 (reset-synchronized PWM mode) are cut
by being driven to the high-impedance state in synchronization with the falling edge of an
external signal.

(a) Figure 2.29 shows a block diagram of MTU/ch3 and ch4, and the POE.

(Input clock)

P/ Period setting
Po/4 e T '
P¢/16 Clock General : General ' (Reset-synchronized
P¢/64 selection|— | register A_4 || registerA_3 |. PWM mode setting)
P¢/256 circuit (TGRA_4) |:| (TGRA_3) : Timer mode
Pei1024 L : t : register_3
TCLKA/B T JETL, et (TMDR 3)
) ) H | Comparator A |_ H
Timer control register_3 : ' Compare
(Tcr.3) || oottt Ao  match A
. X » Timer output master
(Compare match A > T'qﬁ.‘gﬁ#“ge)rj .| Outputcontrol |« enable register
clearing specification) 1 = > (TOER)
Counter clearing l
signal generation [~ | Comparator B |_
circuit Compare
T match B
General Pulse output
Timer start register registers B_3/4
(TSTR) (TGRB_3, TGRB_4)

(Count operation enabling)

) T T « TIOC3B/D,

1 TIOC4A/B/C/D pins
| Input level control/status register (IOCS) |_>| Output decision circuit |

(POE input mode setting) 4

v

POEO pin ) L
—.—>| Input level detection circuit |

Figure 2.29 Block Diagram of MTU/ch3, ch4, and POE
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(2) Table 2.8 shows the function assignments used in this task. Waveform cutoff is performed by
assigning MTU and POE functions as shown in the table.

Table 2.8  Function Assignments

Pin or Register Name Function Function Assignment

TIOC3B Pins Pulse output pins

TIOC3D

TIOC4A

TIOC4B

TIOC4C

TIOC4D

POEO Pin Waveform cutoff external signal input pin

TSTR_3 Register Enabling/disabling of ch3 timer counter operation

TCR_3 Register Selection of ch3 timer counter clearing source and
input clock

TMDR_3 Register Sets reset-synchronized PWM mode for ch3, ch4

TGRA_3 Register PWM period setting

TGRB_3 Registers Output waveform transition timing setting

TGRA_4

TGRB_4

TOER Register Enabling/disabling of TIOC3B/D and
TIOC4A/B/C/D pin timer output

ICSR Register POE input mode selection
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Operation

(1) Figure 2.30 illustrates the principles of operation of this sample task. Waveform cutoff is
performed automatically by hardware. (See section 2.5, Positive-Phase/Negative Phase PWM
3-Phase Output, in this Application Note for the principles of reset-synchronized PWM
operation.)

POEO pin

Immediately y
after reset

Timer output P High-impedance state .

|
|
|
)
>4 >
|
|
|
|
|
|
L
|
|
|
|
|

Hu e B R
TIOC3D pin E—\_, I_I I_I |_|

TIOC3B pin

TIOC4A pin

TIOCA4C pin

TIOC4B pin

TIOCA4D pin

Time

/ Hardware Processing \ / Hardware Processingh

None (1) High-impedance output
- from TIOC3B/D and

Software Processing TIOCA4A/BIC/D pins
Initialization ) Software Processing
(1) Set TGRA_3 compare match as counter clearing

source None

(2) Set reset-synchronized PWM mode k /
(3) Set chopping period in TGRA_3, and waveform

transition timing with TGRB_3, TGRA_4,
TGRB_4
(4) Enable TIOC3B/D and TIOC4A/B/C/D pin output
(5) Set waveform cutoff at POEO fall

@ Start count operation /

Figure 2.30 Principles of Operation of Externally Triggered Waveform Cutoff
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Software
(1) Modules

Module Name

Label Function Assignment

Main routine

down DC motor control waveform generation

(2) Arguments

Label or Input/
Register Name Function Assignment Data Length  Module Output
cycle PWM period setting 1 word Main routine Input
duk1 Used to set TIOC3B/D output

waveform transition timing
duk2 Used to set TIOC4A/C output

waveform transition timing
duk3 Used to set TIOC4B/D output

waveform transition timing
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(3) Internal Registers Used

Register Name Function Address Set Value
P_STBY.MSTCR2 MTU module standby mode clearing, H'FFFF861E H'd2fd
and setting of MTU to operational status
P_PORTE.PEIORL Sets TIOC3B/D, TIOC4A/B/C/D as H'FFFF83B4 H'fa00
output pins

P_PORTE.PECRL1 Sets TIOC3B/D, TIOC4A/B/C/D as H'FFFF83B8 H'5544
MTU output pins

P_PORTB.PBCR2 Sets POEO pin H'FFFF839A H'0020

P_MTU34.TCR_3 Selection of timer counter clearing H'FFFF8200 H'20
source and input clock

P_MTU34.TOCR Enabling of toggle output synchronized H'FFFF820B H'00
with PWM period, and positive-
phase/negative-phase output level
setting

P_MTU34.TGRA_3 PWM period setting H'FFFF8218 cycle

P_MTU34.TGRB_3 Used to set TIOC3B, TIOC3D output H'FFFF821A duk1
waveform transition timing

P_MTU34.TGRA_4 Used to set TIOC4A, TIOC4C output H'FFFF821C duk2
waveform transition timing

P_MTU34.TGRB_4 Used to set TIOC4B, TIOC4D output H'FFFF821E duk3
waveform transition timing

P_MTU34.TOER Sets TIOC3B/D, TIOC4A/B/C/D as MTU H'FFFF820A H'ff
output pins

P_MTU34.TMDR_3 Sets reset-synchronized PWM mode H'FFFF8202 H'c8

P_MTU.ICSR1 Sets high-impedance output H'FFFF83CO0 H'0000
synchronized with falling edge of POEO
pin input signal

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note:

RENESAS

SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

down

MSTCR2 « H'd2fd

ICSR1 « H'0000

PEIORL « H'fa00

PECRL1 « H'5544

PBCR2 « H'0020

TSTR « H'00

TCR_3 « H'20

TCNT_3 « H'0000
TCNT_4 « H'0000

TGRA_3 « cycle

TGRB_3 « duk1
TGRA_4 < duk2
TGRB_4 « duk3

TOCR « H'00

TMDR_3 « H'c8

TOER « H'ff

TSTR « H'40

\ 4

Clear MTU module standby mode

Set high-impedance output in synchronization with fall of
POEO pin input signal in ICSR1

Set TIOC3B/D, TIOC4A/B/C/D as output pins in PEIORL

Set TIOC3B/D, TIOC4A/B/C/D as MTU output pins in
PECRL1

Set POEO enabling in PBCR2

Stop TCNT_3/4

Set TGRA_3 as counter clearing source in TCR_3

Clear TCNT_3/4

Set pulse period in TGRA_3

Set duty values in TGRB_3, TGRA_4, TGRB_4

Set enabling of toggle output synchronized with PWM
period, and positive-phase/negative-phase output
levels, in TOCR

Set reset-synchronized PWM mode in TMDR_3

Set TIOC3B/D, TIOC4A/B/C/D as MTU output pins in
TOER

Enable MTU/ch3 count operation with TSTR
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Program Listing

#i ncl ude <machi ne. h>
#i ncl ude "iodefine_7046. h"

#def i ne
#def i ne
#def i ne
#defi ne

(*(unsi gned
(*(unsi gned
(*(unsi gned
(*(unsi gned

voi d down(voi d)

{
P_STBY. MSTCR2. WORD = Oxd2f

P_PORTE. PEI ORL. WORD = 0xf a00

P_PORTE. PECRL1. WORD = 0x55
P_PORTB. PBI OR. WORD = 0x000
P_PORTB. PBCR1. WORD = 0x000
P_PORTB. PBCR2. WORD = 0x002

P_MTU. | CSR1. WORD = 0x0000
P_Mru. OCSR. WORD = 0x0000

P_Mru34. TSTR BYTE = 0x00
P_MIuU34. TCR 3. BYTE = 0x20

*/
| NCLUDE FI LE */
*/
*/
PROTOTYPE */
*/
*/
RAM ALLOCATI ON */
*/
short *)Oxffffd000)
short *)Oxffffd002)
short *)Oxffffd004)
short *)Oxffffdo06)
*/
MAI N PROGRAM */
*/
d; /* MU nodul e stop node clear */
/* TI OC3B/ D, TI OCAA/ B/ C/ D out put */
44; /* TI OC3B/ D, TI OCAA/ B/ C/ D out put */
0; /* PCE enable */
0; /* PCE enable */
0; /* PCE enable */

P_Mrus4. TCNT_3 = 0x0000;
P_Mrus4. TCNT_4 = 0x0000
P_Mrud4. TGRA_3 = cycl e;
P_Mrus4. TGRB_3 = dukl
P_Mrus4. TGRA_4 = duk2;
P_Mrus4. TGRB_4 = duk3
P_Mrus4. TOCR. BYTE = 0x00
P_Mrus4. TMDR_3. BYTE = 0xc8
P_Mrus4. TOER BYTE = Oxff;
P_Mrus4. TSTR. BYTE = 0x40
whil e(1)

}

/* stop tinmer POEO falling edge */

/* timer clear input caputure TGRA 3 */
/* set timer counter3 0x0000 */

/* set timer counter4 0x0000 */

/* period set */

/* duty set */

/* set output level */

/* reset-synchroni zed pwm node */

/* set timer3,4 output */

/* start tiner3 */

/* loop */
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2.9 DC Motor Control Signal Output

DC Motor Control Signal Output

MCU: SH7046/47

Functions Used: MTU
(Gate Control Register)

Specifications

(1) Waveforms necessary for DC brushless motor control are output as shown in figure 2.31. The
output waveforms are output by chopping the respective pin gate signals and reset-

synchronized PWM output.

input

TIOCOA pin |
Feedback [ !

TIOCOB pin | | I

TIOCOC pin — |

TIOC3B pin | |

TIOC3D pin

]

TIOC4A pin

TIOCA4C pin D |

4

|

TIOC4B pin  —!

TIOC4D pin ' |

|

|:| Chopping output

Figure 2.31 Example of DC Brushless Motor Control Signal Output
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Functions Used

(1) In this sample task, MTU channels 3 and 4 are used in combination, and 3-phase PWM
waveform output is performed with one common transition point in the relationship between
the positive phase and negative phase. Gate signals generated from the generated waveforms
and feedback input are chopped and output.

(a) Figure 2.32 shows a block diagram of the MTU as used in this sample task.

(Input clock)

Po/1 (Period setting)
Po/4 :' """"""" '
P$/16 Clock General : General H (Reset-synchronized
P/64 selection|— | registerA_4 || registerA_3 |. PWM mode setting)
P$/256 circuit (TGRA_4) |[:| (TGRA_3) |[: )
P/1024 —P I : I ' T'r’:geirst’;‘fd;
TCLKA/B T TR et (TMDR 3)
: ' | Comparator A I— H
Timer control ' + Compare
register_3 (TCR_3) e f """""" ™ match A
» i » Timer output master
(Compare match A > T'm‘;r °ﬁ$”ter—3 Output control  |¢—|  enable register
clearing specification) (TCNT_3) » (TOER)
\ 4
Counter clearing l
signal gengratlon = | Comparator B |_
circuit Compare
T match B
General Pulse output
Timer start register registers B_3/4
(TSTR) (TGRB_3, TGRB_4)
(Count operation enabling)
) TIOC3B/D
(DC motor control waveform output enabling) A 4 ’ .
- - - — 1 TIOC4A/BICID pins -
| Timer gate control register (TGCR) |_> Chopping circuit | >
l 'y
1 Gate signal

TIOCOA/B/C pins .
—>| Gate output circuit |

Figure 2.32 Block Diagram of MTU/ch3, ch4
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(2) Table 2.9 shows the function assignments used in this task. DC motor control waveform
output is performed by assigning MTU functions as shown in the table.

Table 2.9  Function Assignments

Pin or Register Name Function Function Assignment

TIOC3B Pins Pulse output pins

TIOC3D

TIOC4A

TIOC4B

TIOC4C

TIOC4D

TIOCOA Pins Feedback signal input pins

TIOCOB

TIOCOC

TSTR Register Enabling/disabling of ch3, ch4 timer counter
operation

TCR_3 Register Selection of ch3 timer counter clearing source and
input clock

TMDR_3 Register Ch3, ch4 set to operate in reset-synchronized
PWM mode

TGRA_3 Register PWM period setting

TGRB_3 Registers Output waveform transition timing setting

TGRA_4

TGRB_4

TOER Register Enabling/disabling of TIOC3B/D and
TIOC4A/B/C/D pin timer output

TGCR Register Enabling/disabling of DC motor control waveform

output
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Operation

(1) Figure 2.33 illustrates the principles of operation of this sample task. DC motor control
waveform output is performed automatically by hardware. (See section 2.5, Positive-
Phase/Negative Phase PWM 3-Phase Output, in this Application Note for the principles of
reset-synchronized PWM operation.)

Immediately
after reset

Y

TIOCOA pin
TIOCOB pin
TIOCOC pin

Feedback
input

TIOC3B pin

TIOC3D pin

TIOC4A pin

TIOC4C pin | | ; ;
TIOC4B pin L [ ] L :
TIOC4D pin ! [ | I E I

t+t tt ¢ttt o4

/

/ Hardware Processing \ / Hardware Processing \

None (1) Output gate signal to TIOC3B/D and
- TIOC4A/B/C/D output pins at rising/falling
Software Processing edge of TIOCOA/B/C
Initialization (2) Perform chopping output of reset-

synchronized PWM output and gate output

(1) Set TGRA_3 compare match as counter e
when output level is high

clearing source

(2) Set reset-synchronized PWM mode

(3) Set chopping period in TGRA_3, and
waveform transmission timing with None
TGRB_3, TGRA_4, TGRB_4

(4) Enable TIOC3B/D and TIOC4A/B/C/D pin K /
output

(5) DC motor control gate signal output

@ Enable start of count operation /

Software Processing

Figure 2.33 Principles of Operation of DC Motor Control Signal Output
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Software
(1) Modules

Module Name

Label

Function Assignment

Main routine

dc_3

DC motor control waveform generation

(2) Arguments

Label or Input/
Register Name Function Assignment Data Length  Module Output
cycle Used to set timer value for PWM 1 word Main routine Input
pulse period
duk1 Used to set TIOC3B/3D output
waveform transition timing
duk2 Used to set TIOC4A/4C output
waveform transition timing
duk3 Used to set TIOC4B/4D output

waveform transition timing
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(3) Internal Registers Used

Register Name Function Address Set Value
P_STBY.MSTCR2 MTU module standby mode clearing, H'FFFF861E H'd2fd
and setting of MTU to operational status
P_PORTE.PEIORL Sets TIOC3B/D, TIOC4A/B/C/D as H'FFFF83B4 H'fa00
output pins

P_PORTE.PECRL1 Sets TIOC3B/D, TIOC4A/B/C/D as MTU H'FFFF83B8 H'5544
input/output pins

P_MTU34.TCR_3 Selection of timer counter clearing H'FFFF8200 H'20
source and input clock

P_MTU34.TOCR Enabling of toggle output synchronized H'FFFF820B H'03
with PWM period, and positive-
phase/negative-phase output level
setting

P_MTU34.TGRA_3 PWM period setting H'FFFF8218 cycle

P_MTU34.TGRB_3 Used to set TIOC3B, TIOC3D output H'FFFF821A duk1
waveform transition timing

P_MTU34.TGRA_4 Used to set TIOC4A, TIOC4C output H'FFFF821C duk2
waveform transition timing

P_MTU34.TGRB_4 Used to set TIOC4B, TIOC4D output H'FFFF821E duk3
waveform transition timing

P_MTU34.TOER Sets TIOC3B/3D, TIOC4A/4B/AC/4D as H'FFFF820A H'ff
MTU output pins

P_MTU34.TMDR_3 Sets reset-synchronized PWM mode H'FFFF8202 H'c8

P_MTU34.TGCR Enables DC motor control waveform H'FFFF820D H'70
output

(4) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.

RENESAS
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Flowcharts

(1) Main routine

MSTCR2 « H'd2fd

PEIORL « H'fa00

PECRL1 « H'5544
PECRL2 « H'0015

TSTR « H'00

TCR 3 « H'20

TGCR « H'70

TCNT_3 «- H'0000
TCNT_4 « H'0000

TGRA_3 « cycle

TGRB_3 « duk1
TGRA_4 « duk2
TGRB_4 « duk3

TOCR_3 « H'03

TMDR_3 « H'c8

TOER « H'ff

TSTR « H'40

Clear MTU module standby mode

Set TIOC3B/D, TIOC4A/B/C/D as output pins in
PEIORL

Set TIOC3B/D, TIOC4A/B/C/D as MTU output
pins in PECRL1, PECRL2

Stop TCNT_3/4

Set TGRA_3 as counter clearing source in
TCR_3

Enable DC motor control output with TGCR

Clear TCNT_3/4

Set pulse period in TGRA_3

Set duty values in TGRB_3, TGRA/B_4

Set enabling of toggle output synchronized with
PWM period, and positive-phase/negative-phase
output levels, in TOCR_3

Set reset-synchronized PWM mode in TMDR_3

Set TIOC3B/D, TIOC4A/B/C/D as MTU output
pins in TOER

Enable ch3 count operation with TSTR
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Program Listing

/* __________________________________________________________________________ */
/* I NCLUDE FI LE */
/* __________________________________________________________________________ */

#i ncl ude <machi ne. h>
#i ncl ude "iodefine_7046. h"

/* __________________________________________________________________________ */
/* PROTOTYPE */
/* __________________________________________________________________________ */
voi d dc_3(void)
/* __________________________________________________________________________ */
/* RAM ALLOCATI ON */
/* __________________________________________________________________________ */
#define cycle (*(unsi gned short *)Oxffffd0oo00)
#defi ne dukl (*(unsi gned short *)Oxffffd002)
#defi ne duk2 (*(unsi gned short *)Oxffffdoo4)
#defi ne duk3 (*(unsi gned short *)Oxffffd0o06)
/* __________________________________________________________________________ */
/* MAI' N PROGRAM */
/* __________________________________________________________________________ */
voi d dc_3(void)
{
P_STBY. MSTCR2. WORD = 0xd2f d; /* MU nodul e stop node clear */
P_PORTE. PElI ORL. WORD = 0xf a00; /* TIOC3B/ D, TI OCAA/ B/ C/ D out put */
P_PORTE. PECRL1. WORD = 0x5544; /* TI OC3B/ D, TI OCAA/ B/ C/ D out put */
P_PORTE. PECRL2. WORD = 0x0015; /* TI OCOA/ B/ C i nput */
P_Mrus4. TSRT. BYTE = 0x00
P_Mrud4. TCR_3. BYTE = 0x20; /* timer clear input capture TGRA 3 */
P_Mrud4. TGCR. BYTE = 0x70; /* set DC notor output */
P_Mrud4. TCNT_3 = 0x0000; /* set timer counter3 0x0000 */
P_Mrud4. TCNT_4 = 0x0000; /* set timer counter4 0x0000 */
P_Mrud4. TGRA_3 = cycl e; /* period set */
P_Mrud4. TGRB_3 = dukl; /* duty set */
P_Mrus4. TGRA 4 = duk2;
P_Mrus4. TGRB_4 = duk3;
P_Mrud4. TOCR. BYTE = 0x03; /* set output level */
P_Mrud4. TMDR_3. BYTE = 0xcS8; /* reset-synchroni zed pwm node */
P_Mrud4. TOER. BYTE = Oxff; /* set timer3,4 output */
P_Mrud4. TSTR. BYTE = 0x40; /* start timer3 */
while(1); /* loop */
}

RENESAS
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2.10  Start of A/D Conversion by MTU

Functions Used:

Start of A/D Conversion by MTU MCU: SH7046/47 MTU, A/D Converter

Specifications
(1) Four channel voltages are input and subjected to A/D conversion as shown in figure 2.34.

(2) Single-cycle scan mode and 4-channel scan mode are used for A/D conversion, with A/D
conversion performed consecutively on channels 8 to 11.

(3) A/D converter activation is performed by an MTU/chO TGRA 0 compare match.

Input voltage ch8

» AN8

Input voltage ch9

» AN9

Input voltage ch10

» AN10

Input voltage ch11

AN11

Figure 2.34 Block Diagram of Voltage Measurement by SH7046
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Functions Used
(1) In this sample task, A/D conversion is started by an MTU compare match.

(a) Figure 2.35 shows a block diagram of ch0. In chO, the A/D converter is activated using the
following functions.

* A function that starts A/D conversion by means of an MTU compare match, without
software intervention

* A function that outputs pulses automatically by hardware without software intervention
(output compare)

Cho
(A/D conversion

< start trigger) Control logic

T

A/D Timer interrupt enable register_0
converter (TIER_0)

Timer I/O control register H_0
(TIORH_0)

Timer general register A_0
(TGRA_0)

A

Output compare
‘E}@—V signal generation circuit

| Timer counter_0 (TCNT_0) |

Figure 2.35 Block Diagram of SH7046 ch0
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(b) Figure 2.36 shows a block diagram of the A/D converter. The A/D converter performs
conversion from analog to digital form using the following function.
* A function that performs A/D conversion once on a number of channels (ch8 to ch11)
(4-channel, single-cycle scan mode)

A/D converter

9]
@
Vref > 03 A/D data register 8 (ADDR8)
2 .
o Z 9 | A/D data register 9 (ADDR9)
AVss iy »| AID data register 10 (ADDR10)
g g A/D data register 11 (ADDR11)
AVcec > N %
o
Q.
Q.
©
[
*
. (AD
ANB g conversion
AN9 . 2 \>'§§'H'_!>—’ conCt/e?sion start
> D L — . tri
! O VL ! control — A/D_ trigger select | rigger) MTU/ch0
AN10 > g E_?'_E_-: circuit register (ADTSR)
AN11 > 4 14
|
A/D control/status register A/D control register
(ADCSR) (ADCR)

Note: * Sample-and-hold circuit

Figure 2.36 Block Diagram of Voltage Measurement by SH7046
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(2) Table 2.10 shows the function assignments used in this sample task.

Table 2.10 Function Assignments

Pin or Register Name Function Function Assignment

ANS8 to AN11 Pins Analog measurement pins

TCR_O Register Selection of counter clearing source

TIER_O Register Enables A/D conversion start request generation

TIORH_O Register Timer pin function setting

TGRA_O Register Sampling period setting

ADCR Register A/D conversion mode and measurement pin
setting

ADCSR Register Selection of conversion time and activation source

ADTSR Register Enables start of A/DO module conversion by MTU
trigger signal

ADDRS to ADDR11 Registers Storage of A/D conversion results
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Operation

(1) Figure 2.37 illustrates the principles of operation of this sample task. As shown in the figure,

the A/D converter is activated by a TGRA 0 compare match and sequentially measures

voltages input to ANS through AN11.

Immediately
after reset

TGRA 0

H'0000 --

A/D start
(ADST)

A/D finish

(ADF)

__—

/ Hardware Processing \

Hardware Processing\

Hardware Processinm

None

Software Processing

Initialization
(1) MTU settings
« Enable A/D activation by TGRA_0 compare
match
« A/D sampling period setting
(2) A/D converter settings
+ Set single-cycle scan mode, 4ch scan mode
as A/D conversion mode
« Set AN8 through AN11 as analog input
channels
(3) Enable start of A/DO module A/D conversion by
MTU conversion start trigger

(1) TGRA_O compare
match occurrence

(2) Start of AID
conversion

(3) Timer counter clearing

Software Processing

None

(1) Execute A/D
conversion of AN8
through AN11

(2) Store conversion
results sequentially
in ADDRS through
ADDR11

@ Start MTU/chO count operation /

.

Software Processing

None

-~/

Figure 2.37 Principles of Operation of A/D Converter Activation by MTU
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Software
(1) Modules

Module Name

Label

Function Assignment

Main routine

main

A/D converter activation by MTU

(2) Internal Registers Used

Register Name Function Address Set Value
P_STBY.MSTCR2 Module standby mode clearing (MTU,  H'FFFF861E H'd2ed
A/D)
P_MTUO.TCR_O Selection of TCNT counter clock, and H'FFFF8260 H'00
setting of output compare A as TCNT_0O
counter clearing source
P_MTUO.TIORH_O Sets TGRA_0 for output compare H'FFFF8262 H'00
P_MTUO.TIER_O Enables A/D conversion start request H'FFFF8264 H'c1
generation
P_MTUO.TGRA_O Sets A/D conversion sampling period H'FFFF8268 H'1000
P_AD.ADCR_0 Sets MTU conversion start trigger as H'FFFF8488 H'87
A/D conversion mode (single-cycle scan
mode) activation source
P_AD.ADCSR_0 Setting of A/D conversion mode (4ch H'FFFF8480 H'5f
scan mode), conversion channels (AN8
to AN11), and conversion time, and
enabling of A/D conversion end interrupt
P_AD.ADTSR Enables start of A/DO module H'FFFF87F4 H'02
conversion by MTU conversion start
trigger signal
(3) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

main

MSTCR2 « H'd2ed

TCR_0 « H'00

TIORH_0 « H'00

TIER_0 « H'ct

TGRA_0 « H'1000
TCNT_0 « H'0000

ADCR « H'87
ADCSR « H'5f

ADTSR « H'02

TSTR « H'01

A 4

Clear MTU and A/D converter module standby
mode

Set output compare A as chO counter clearing
source in P_MTUO.TCR_0

Set TGRA_O as output compare register in
P_MTUO.TIORH_O

Enable A/D conversion start request generation
by TGRA_0 compare match in P_MTUO.TIER_0O

Set A/D conversion sampling period (compare
match period)
Clear timer counter

Set A/D conversion 4ch scan mode and single-
cycle scan mode in P_AD.ADCR and
P_AD.ADCSR

Enable start of A/DO module conversion by MTU
conversion start trigger signal with P_AD.ADTSR

Enable MTU/chO count operation with
P_MTU34.TSTR
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Program Listing

IEEEEEEEEE R E R RS E R LR EE R R R R R R R R LY

/* I NCLUDE FI LE */
/******************************************************************************I
#i ncl ude <machi ne. h>

#i ncl ude "iodefine_7046. h"

/******************************************************************************/

/* PROTOTYPE */

IEEEEEA R EE R RS EEEEE R EEE R R EE R R R R R R LY

voi d mai n(void);
/******************************************************************************/

/* MAI' N PROGRAM */

/******************************************************************************/
voi d mai n(voi d)

{

P_STBY. MSTCR2. WORD = 0OxdZ2ed; /* Cl ear Modul e standby node */
P_Mruo. TCR_0. BYTE = 0x00; /* clock=Pg@ 1 */

P_Mruo. Tl ORH_0. BYTE = 0x00;

P_Mruo. Tl ER_0. BYTE = 0xcl; /* enable TA A interrupt */

P_MIU0. TGRA 0 = 0x1000;
P_MIU0. TCNT_0 = 0x0000;

P_AD. ADCR 0. BYTE = 0x87; /* 1-cycl e scan node */
P_AD. ADCSR 0. BYTE = 0x5f; /* 4-channel scan node */
P_AD. ADTSR. BYTE = 0x02; /* ADstart by MU */
P_Mrud4. TSTR. BYTE = 0x01; /* Start timer counter */

set _i mask(0x0);
while(1);
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2.11 Complementary PWM 3-Phase Output

Complementary PWM 3-Phase

MCU: SH7046/47 Functions Used: MMT
Output

Specifications

(1) Three-phase complementary PWM waveform output is performed with a non-overlap time
(dead time) between positive and negative phases, as shown in figure 2.38.

(2) In this task, duty values are set in a data table, and the duty ratio can be changed by interrupt
handling.

(3) In this task, 2.0 ms is set for the period, and 0.1 ms for the dead time.

Pulse high width
Duty = - x 100 (%)
Pulse period

i Period i —VI I<— Dead time

PUOA pin | |
PUOB pin : | | : |

PVOA pin ! :

A
i 4

PVOB pin

PWOA pin E :

PWOB pin

Figure 2.38 Complementary PWM 3-Phase Output Waveforms
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Functions Used

(1) In this sample task, 3-phase PWM waveforms with a non-overlap time are output from pins
PUOA, PUOB, PVOA, PVOB, PW0A, and PWOB, using the complementary PWM waveform
output function.

(a) Figure 2.39 shows a block diagram of the complementary PWM waveform output function
for the U-phase.

The block diagram of the U-phase complementary PWM waveform output function is
described below.

* The timer counter (MMT_TCNT) is a 16-bit counter that counts up/down on an input
clock.

* The timer period buffer register (TPBR) is a 16-bit readable/writable register that
functions as a buffer register for the timer period data register. A register value of 1/2
PWM carrier period is set. In this task, a setting of 2.0 ms is used.

* The timer period data register (TPDR) is a 16-bit read-only register that is compared
with MMT_CNT in the operating mode. When the TPDR value matches the
MMT _CNT value, MMT_CNT switches direction from up-counting to down-counting,
and the TGFM bit in MMT TSR is set to 1. The TPDR value is [TPBR value + 2Td].

* The timer dead time data register (MMT_ TDDR) is a 16-bit readable/writable register
that is used to set the non-overlap time (dead time) between positive and negative
phases. In this task, a dead time setting of 0.1 ms is used.

* The timer mode register (MMT_TMDR) is an 8-bit readable/writable register that is
used for positive-phase/negative-phase output level selection and operating mode
setting.

» The timer control register (TCNR) is an 8-bit readable/writable register that selects
operation/halting of MMT_ CNT, and, when the TGFM bit in MMT TSR is set to 1,
enables/disables interrupt requests.

* Timer buffer register U is a 16-bit readable/writable register that functions as the TGR
buffer register. A value written to TBR is transferred to TGR at the timing set by MD1
and MDO in MMT_TMDR. However, a value written to the TBR free-operation
register is transferred to TGR immediately. In this task, the free-operation register is
used.

* Timer general register UD (TGRUD) is a 16-bit read-only register to which the TBRU
value is transferred. MMT_ CNT is compared with TGRUD when counting down.

* Timer general register U (TGRU) is a 16-bit read-only register to which the value of
TBRU+Td is transferred. TGRU is constantly compared with MMT_CNT.

» Timer general register UU (TGRUU) is a 16-bit read-only register to which the value of
TBRU+2Td is transferred. MMT_CNT is compared with TGRUU when counting up.

*  The PWM U-phase (positive-phase) output pin (PUOA) outputs the U-phase positive-
phase waveform.
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* The PWM U-phase (negative-phase) output pin (PUOB) outputs the U-phase negative-
phase waveform.

Period and dead time setting T Interrupt request

: TCNR

H TPBR |MMT_TDDR H

! : System clock A

. 6 =20 MHz

1/2 PWM carrier :
period + 2Td x2 !
is set y '

' TPDR .

E ‘ H Compare match

H Comparison circuit !

:_______________‘f ______________ E Interrupt
Switch to request when
down-counter TPDR =TCNT

v
TCNT count value Count operation start
MMT_TCNT <
TCNT count
value

Duty setting it A i
FEEE LR LT P ZEREEE ' Output control H v '
: ) o + Compare match ' |MMT TSR] *
B Comparison circuit o > ' - H
¢ ? ? : MMT_TMDR :
H . Interrupt control
. 3 5 g :
I T I
' = = 2 '
: A A A
I B :
roq + H U-phase U-phase
H : positive-phase negative-phase
H TBRU H output pin output pin
: (PUOA) (PUOB)
Legend:
TGR: Timer general register MMT_TMDR: Timer mode register
TBRU: Timer buffer register U TCNR: Timer control register
MMT_TDDR: Timer dead time data register MMT_TSR:  Timer status register
TPDR: Timer period data register MMT_TCNT: Timer counter
TPBR: Timer period buffer register TDCNT: Timer dead time counter
Td: Dead time

Figure 2.39 MTU U-Phase Block Diagram
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(2) Table 2.11 shows the function assignments used in this task.

Table 2.11 Function Assignments

Pin or Register Name Function Function Assignment

PUOA Pin PWM U-phase output (positive phase)

PUOB Pin PWM U-phase output (negative phase)

TBRU Register TGRUD, TGRU, TGRUU buffer register

MMT_TDDR Register Setting of non-overlap time (Td: dead time)
between positive and negative phases

TPBR Register TPDR buffer register. Value of 1/2 PWM carrier
period is set

TPDR Register 1/2 PWM period + 2Td

MMT_TSR Register Indicates TCNT/TPDR, 2Td compare match
occurrence

TCNR Register Interrupt request enabling/disabling control

Register access enabling/disabling selection

Counter operation/halting selection

MMT_TMDR Register Operating mode setting, PWM output level
selection
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Operation

(1) Figure 2.40 illustrates the principles of operation of complementary PWM waveform output by
SH7046 hardware and software processing.

Immediately
after reset
4.0 ms ' 2.0ms ! 0.1ms
< b »
TPDR t

1
)
1
1 1
1 1
1 1
1 1
1 1
: :
TGRUU : : :
1 1
TGRU E ; ! E it N
TGRUD A 1INC-- i i
: ' [l 1 H 1
| b P i
! o | ! 1
! Lo | ! |
! [ | ! |
! o | ! 1
2Td : o — |
! T T :
_____________________ | g, A
| o D | F i T
H'0000 1 a— — * —
! b Lo Bk
' | 1 1 |
; B o B
PUOA pin : I ! ! !
: ! i :
1
PUOB pin H I I I_
i
1
/ Hardware Processing \ Hardware Processing \
(1) Transfer value from buffer register to compare (1) Set TGFM to 1in MMT_TSR
register (2) Transfer value from buffer
- register to compare register
Software Processing
. Software Processing
Initialization
(1) Set 2Td (Td: dead time) in MMT_CNT (1) Clear TGFM bit
(2) Set output PWM duty in TBR (2) Transfer value from data table to
(3) Set dead time (Td) in MMT_TDDR \ buffer register /
Set 1/2 carrier period in TPBR
Set TPBR value + 2Td in TPDR
(4) Set PWM output level in MMT_TMDR

@ Set CST bit to 1 in TCNR to start count operati?

Figure 2.40 Principles of Operation of Complementary PWM Waveform Output
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(2) Figure 2.41 shows the PWM waveform output method. When complementary PWM mode is
set, the following rules apply to data transfer and compare operations.

Data Transfer

In the operating mode, a buffer register is used when updating compare register data. The
update data is fetched from a data table.

Regarding the timing of data transfer from the data table to the buffer register, transfer is
performed by interrupt handling when TGFM is set to 1 by a compare match between
MMT _TCNT and TPDR.

In this sample task TBRU free operation addresses are used, and therefore buffer register
data is transferred to the compare register immediately.

Compare Output Waveform (for U-Phase)

Regarding the compare output waveform, MMT TCNT is compared with TGRU,
TGRUU, and TGRUD, and a PWM waveform is generated.

U-phase A
* Inperiod T1 (during TCNT up-counting), MMT TCNT and TGRUU are compared.
* Inperiod T2 (during TCNT down-counting), MMT TCNT and TGRU are compared.

U-phase B
* Inperiod T1 (during TCNT up-counting), MMT TCNT and TGRU are compared.
* Inperiod T2 (during TCNT down-counting), MMT_TCNT and TGRUD are compared.

Period Setting

In case of 20 MHz operation:
Set while 1/2 period (TPBR) = H'0000 to H'FFFF (3.27675 ms) — 4Td.
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Figure 2.41 Principles of Operation of PWM Waveform Output Method
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(3) Figure 2.42 illustrates the principles of operation. Complementary PWM waveform output is
performed by SH7046 hardware and software processing. In this sample task TBRU free
operation addresses are used.

Immediately
after reset
i‘ - T 3 T - i 0.1ms

B s 3 &
A

L3

PO

RS ¥ A,

RPN S RN E - S —

RN S N ) E

et ittt ek T EER

— -l -

[N X R U R | A E

>

Hardware Processing \

(1) Set TGFM to 1in MMT_TSR
(2) Transfer value from buffer
register to compare register

Software Processing

(1) Clear TGFM bit
(2) Transfer value from data table to

K buffer register /

Figure 2.42 Principles of Operation of Complementary PWM U-Phase Waveform
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Software

(1) Modules

Module Name Label Function Assignment

Main routine mmt MMT initialization

Duty change routine call uUpP Calls U-phase/V-phase/W-phase duty switching
routine when TGFM interrupt occurs

U-phase duty change set_u Changes U-phase duty ratio each time TGFM
interrupt occurs

V-phase duty change set_v Changes V-phase duty ratio each time TGFM
interrupt occurs

W-phase duty change set_w Changes W-phase duty ratio each time TGFM

interrupt occurs

(2) Arguments

This sample task does not use any arguments.

(3) Internal Registers Used

Register Name Function Address Set Value

P_STBY.MSTCR2 MTU module standby mode clearing H'FFFF861E H'b2fd

P_PORTE.PECRH Sets port E pins as MMT output pins H'FFFF83BC H'0555

P_PORTE.PEIORH Sets port E pins as output pins H'FFFF83B6 H'003f

P_MMT.MMT_TCNT  2Td (Td: dead time) is set H'FFFF8A06 H'0fa0

P_MMT.TBRU_F Used to set U-phase PWM duty H'FFFF8A1C H'2710
(PWM duty — Td)

P_MMT.TBRV_F Used to set V-phase PWM duty H'FFFF8A2C H'55f0
(PWM duty — Td)

P_MMT.TBRW_F Used to set W-phase PWM duty H'FFFF8A3C H'84b0
(PWM duty — Td)

P_MMT.MMT_TDDR  Dead time setting H'FFFF8AOC H'07d0

P_MMT.TPBR Setting of 1/2 PWM carrier period H'FFFF8AOA H'9c40

P_MMT.MMT_TMDR  Operating mode setting H'FFFF8A00 H'0e

P_MMT.TCNR Enables TGFM interrupts H'FFFF8A02 H'41
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(4) RAM Used

Label Function Address Module
X U-phase duty change counter H'FFFFD0O00 set_u
Y V-phase duty change counter H'FFFFDO001 set_v
Y W-phase duty change counter H'FFFFDO002 set_ w

(5) Data Table

In this task, a data table (t_data) is referenced and the PWM duty ratio of each phase is changed by
interrupt handling.
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Flowcharts

(1) Main routine

P_PORTE.PEIORH.WORD = 0x003F;
P_PORTE.PEIORH.WORD = 0x003F;

X« 4
Y « 10
Z<«+ 16

MSTCR2 « Hb2fd ~ [----------

0fa0 e Set 2Td as timer count (P_MMT.MMT_CNT)
MMT_TCNT « H0fa0 (P_MMT.MMT_CNT = 0.2 ms)

TBRU_F « H2710  |__________ Set output PWM duty initial values - Td in buffer
TBRV_F « H'55f0 registers (TBRU_B, TBRV_B, TBRW_B)
TBRW_F « H'84b0

Set dead time (Td = 0.1 ms) in dead time register
MMT_TDDR « H'07d0  [---------- (P_MMTMMT TDDR)

__________ Assign initial values to software counters

Clear MTT module standby mode

| Set timer period data register (P_MMT.TPDR)
TPBR < H'9c40 |-ccooooooo (When 1/2 PWM carrier period is set in timer
period buffer register (P_MMT.TPBR) (TPBR =
| 2.0 ms), TPDR = TPBR + 2TD is set)

MMT TMDR < H'0e  |---------- Set positive-phase/negative-phase output levels
- in operating mode in OLSN and OLSP bits of
| timer mode register (P_MMT.MMT_TMDR)

IPRI « H'000f  [------em- Set 15 as TGFM interrupt priority level
PECRH « H0555 | Setting of MMT timer pins PUOA/B, PVOA/B,
PEIORH « H'003F PWOA/B

| Set TGIEM bit to 1 in timer control register
TCNR «~H41  |---------- (P_MMT.TCNR) to enable TGFM interrupts
Set CST bit to 1 to start count operation
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(2) Interrupt routine

v

Yes

MMT_TSR &= Oxfe

set_u()

set_v()

set_w()

RTE

Clear interrupt flag TGFM

Go to U-phase duty change routine

Go to V-phase duty change routine

Go to W-phase duty change routine

(3) U-phase output

set_u

8

X++

Yes

No

Increment software counter "X"

------------------ X less than or equal to 197

TBRU_F « t_data[X]

TBRU_F « t_data[X]

..... Transfer X'th data in data
table (t_data) to TBRU_F

P
«

RTS
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(4) V-phase output

set v

Increment software counter "Y"

Y++

No
Y less than or equal to 197

Yes

TBRV_F « t_data[Y] ----- Transfer Y'th data in data
table (t_data) to TBRV_F

TBRV_F <« t_data[Y]

>
«

RTS

(5) W-phase output

set_ w

f

Increment software counter "Z"

Z++

No
Z less than or equal to 19?

Yes

TBRW_F « t_data[Z] ----- Transfer Z'th data in data
table (t_data) to TBRW_F

TBRW_F « t_data[Z]

>
«

RTS

Rev. 1.00, 07/03, page 106 of 160
RENESAS



Program Listing

/* ________________________________________________________________ */
/* I NCLUDE FI LE */
/* ________________________________________________________________ */

#i ncl ude <machi ne. h>
#i ncl ude "iodefine_7046. h"

/* ________________________________________________________________ */
/* PROTOTYPE */
/* ________________________________________________________________ */

void mt (voi d);

voi d set _u(void);

voi d set _v(void);

voi d set_w(void);
#pragma i nterrupt (UP)

/* ________________________________________________________________ */
/* MAI N PROGRAM */
/* ________________________________________________________________ */

const short t_data[20] = {0x07d0, 0x1770, 0x2710, 0x36b0,

0x4650, 0x55f 0, 0x6590, 0x7530,
0x84d0, 0x9470, Oxa410, 0x9470,
0x84d0, 0x7530, 0x6590, 0x55f 0,
0x4650, 0x36b0, 0x2710, 0x1770
b

unsi gned char X ;

unsi gned char Y ;

unsi gned char Z ;

voi d mmt (voi d)

{
X=4 ;
Y=10 ;
Z=16 ;
P_STBY. MSTCR2. WORD = 0xb2f d; /* MMI nodul e stop node clear */
P_MMVI. MMT_TCNT = OxOFAQ;
P_MMI. TBRU_F = 0x2710;
P_MMVIT. TBRV_F = 0x55FO0;
P_MMVIT. TBRW F = 0x84B0;
P_MMVI. MMT_TDDR = 0x07DO0;
P_MMI. TPBR = 0x9CA40;
P_MMI. MMT_TMDR. BYTE = OxOE; /* output |evel H gh, node2 */
P_I NTC. | PRI . WORD = 0x000f ; /* set interrupt |evel =15 */
P_PORTE. PECRH. WORD = 0x0555; /* PUQA B, PVOA/ B, PWDA/ B out put */
P_PORTE. PEI ORH. WORD = 0x003F; /* PUQA/ B, PVOA/ B, PWOA/ B out put */
P_MMI. TCNR. BYTE = 0x41,; /* timer counter start, TGFMinterrupt enable */
set _i mask(0x0); /* set imask |evel =0 */
while(l); /* loop */

}
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voi d UP()

{
P_MMI. MMT_TSR. BYTE &= Oxfe; /* TGFM flag clear */
set _u(); /* change duty Phase U */
set_v(); /* change duty Phase V */
set_wW(); /* change duty Phase W?*/
}
voi d set _u()
{
X++; /* increnent software counter X */
if(X <= 19){ [* X<=19? */
P_MMT. TBRU_F = t_data[ X]; /* Phase U duty = t_data[ X */
}
el se{
X =0; /* Cear software counter X */
P_MMT. TBRU F = t_data[ X]; /* Phase U duty = t_data[X] */
}
}
voi d set_v()
{
Y++; /* increnent software counter Y */
if(Y <= 19){ [* Y<=19? */
P_MMT. TBRV_F = t_data[Y]; /* Phase V duty = t_data[Y] */
}
el se{
Y = 0; /* Cear software counter Y */
P_MMTI. TBRV_F =t _data[VY]; /* Phase V duty = t_data[Y] */
}
}
voi d set_w()
{
Z++; /* increnent software counter Z */
if(z <= 19){ [* Z<=19? */
P_MMI. TBRWF = t_datal Z]; /* Phase Wduty = t_data[Z] */
}
el se{
Z =0; /* Cear software counter Z */
P MMI. TBRWF = t_data[Z]; /* Phase Wduty = t_data[Z] */
}
}
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2.12  Start of A/D Conversion by MMT

Start of A/D Conversion by MMT | MCU: SH7046/47

Functions Used: MMT, A/D
Converter

Specifications

(1) Four channel voltages are input and subjected to A/D conversion as shown in figure 2.43.

(2) Single-cycle scan mode and 4-channel scan mode are used for A/D conversion, with A/D

conversion performed consecutively on channels 8 to 11.

(3) A/D converter activation is performed by a compare match between MTT TCNT and TPDR.

Input voltage ch8
P J o Ang

Input voltage ch9
P J » AN9

Input voltage ch10
» AN10

Input volt h11
nput voltage c o AN11

Figure 2.43 Block Diagram of Voltage Measurement by SH7046
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Functions Used
(1) In this sample task, A/D conversion is started by an MMT compare match.

(a) Figure 2.44 shows a block diagram of ch0. In chO, the A/D converter is activated using the
following functions.

* A function that starts A/D conversion by means of an MMT compare match, without
software intervention

* A function that outputs pulses automatically by hardware without software intervention
(output compare)

Cho
(A/D conversion

< start trigger) Control logic

T

A/D Timer control register
converter (TCNR)

Timer period data register
(TPDR)

A

Compare match
‘E}@—V signal generation circuit

| Timer counter (MMT_TCNT) |

Figure 2.44 Block Diagram of SH7046 ch0
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(b) Figure 2.45 shows a block diagram of the A/D converter. The A/D converter performs
conversion from analog to digital form using the following function.
* A function that performs A/D conversion once on a number of channels (ch8 to chl1)
(4-channel, single-cycle scan mode)

A/D converter

o]
Vref > ° % A/D data register 8 (ADDRS)
) > & A/D data register 9 (ADDR9)
AVss p10-bitj— 3 5 | A/D data register 10 (ADDR10)
D/A 8T A/D data register 11 (ADDR11)
AVce > @ X
o
a
(0]
I
ANS >
o] ,S&H L% AD )
AN9 g O \D: :-!>_’ conversion (A/D conversion start trigger)
! v L ! control < MMT
AN10 » g i.?-{?-.i circuit
AN11 > ¢ 3
|
A/D control/status register A/D control register
(ADCSR) (ADCR)
Note: * Sample-and-hold circuit
Figure 2.45 Block Diagram of Voltage Measurement by SH7046
(2) Table 2.12 shows the function assignments used in this sample task.
Table 2.12 Function Assignments
Pin or Register Name Function Function Assignment
ANS8 to AN11 Pins Analog measurement pins
ADDRS8 to ADDR11 Registers Storage of A/D conversion results
TCNR Register Enables A/D conversion start request generation
TPDR Register Sampling period setting
ADCR Register A/D conversion mode and measurement pin
setting
ADCSR Register Selection of conversion time and activation source
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Operation

(1) Figure 2.46 illustrates the principles of operation of this sample task. As shown in the figure,
the A/D converter is activated by a compare match between MMT TCNT and TPDR, and
sequentially measures voltages input to ANS through AN11.

Immediately
after reset

LD R ey R e e e
2Td . e
H'0000 - L e L LT PP
A/D start I
(ADST) | |
A/D finish ,_|
(ADF) -
/ Hardware Processing \ Hardware Processingh Hardware Processing \
None (1) Occurrence of compare (1) Execute A/ID
- match between conversion of AN8
Software Processing MMT_TCNT and TPDR through AN11
Initialization (2) Start of A/D conversion (2) Stor(let conversi(t)'nII .
(1) MMT settings Software Processin e e cJuen ey in
+ Enable A/D activation by compare match 9 ADDRS through
between MMT_TCNT and TPDR None ADDR11
» A/D sampling period setting Software Processin
(2) A/D converter settings K / 9
« Set single-cycle scan mode, 4ch scan mode None
as A/D conversion mode \
« Set AN8 through AN11 as analog input
channels
+ Select MMT A/D conversion start trigger

Q) Start count operation /

Figure 2.46 Principles of Operation of A/D Converter Activation by MMT
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Software
(1) Modules

Module Name

Label Function Assignment

Main routine

main A/D converter activation by MMT

(2) Internal Registers Used

Register Name

Function Address

Set Value

P_STBY.MSTCR2

Module standby mode clearing H'FFFF861E
(MMT, A/D)

H'b2ed

P_MMT.TCNR

Enables A/D conversion start H'FFFF8AQ02
request generation by compare

match between TPBR and

MMT_TCNT

H'c1

P_MMT.TPBR

Sets A/D conversion sampling H'FFFF8AOA
period

H'61a8

P_AD.ADCR_0

Sets MMT conversion start trigger as H'FFFF8488
A/D conversion mode (single-cycle
scan mode) activation source

H'87

P_AD.ADCSR_0

Setting of A/D conversion mode (4ch H'FFFF8480
scan mode), conversion channels

(AN8 to AN11), and conversion time,

and enabling of A/D conversion end

interrupt

H'5f

P_AD.ADTSR

Selects start of A/D conversion by H'FFFF87F4
MMT trigger signal

H'3f

(3) RAM Used

This sample task does not use any RAM apart from the arguments.

Note: SH7046 header file names are used for register label names.
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Flowcharts

(1) Main routine

MSTCR2 « H'b2ed

ADTSR « H'3f

ADCR_0 « H'87

ADCSR_0 « H'5f

TPBR « H'4e20

TCNR « H'ct

A 4

Clear MMT and A/D converter module standby
mode

Select start of A/D conversion by MMT trigger
signal

Set single-cycle scan mode as A/D conversion
mode, and MMT A/D conversion start trigger as
activation source

Setting of A/D conversion mode (4ch scan
mode), conversion channels (AN8 to AN11), and
conversion time

Set A/D conversion sampling period

Set enabling of A/D conversion start request
generation by compare match between TPBR
and MMT_TCNT
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Program Listing

IEEEEEEEEE R E R RS E R LR EE R R R R R R R R LY

/* I NCLUDE FI LE */
/******************************************************************************I
#i ncl ude <machi ne. h>

#i ncl ude "iodefine_7046. h"

/******************************************************************************/

/* PROTOTYPE */

IEEEEEA R EE R RS EEEEE R EEE R R EE R R R R R R LY

voi d mai n(void);
/******************************************************************************/

/* MAI'N PROGRAM */

/******************************************************************************/
voi d mai n(voi d)

{

P_STBY. MSTCR2. WORD = 0Oxb2ed; /* C ear Mdul e standby node */
P_AD. ADTSR. BYTE = 0x3f; /* AID start by MMI */

P_AD. ADCR 0. BYTE = 0x87; /* 1-cycl e scan node */

P_AD. ADCSR_0. BYTE = 0x5f; /* 4ch scan node */

P_MMI. TCNR. BYTE = 0x00;

P_MMI. TPBR = 0x4e20; /* Sanpling period=1lns */
P_MMI. TCNR. BYTE = Oxcl; /* Start timer counter */
set _i mask(0x0);

while(1);
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Section 3 Appendix

Header File MCU: SH7046/47 Functions Used: ——

Program Listing

/***********************************************************************/

/* 7046/ 47 Include File */
/***********************************************************************/
struct st_sci { /* struct SC */
uni on { /* SMR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char CA: 1; /* c A x|

unsi gned char CHR 1, /* CHR */

unsi gned char PE: 1, /* PE */

unsi gned char OCE: 1, /* QO E */

unsi gned char STOP: 1; /* STOP x|

unsi gned char M 1; /* MP x|

unsi gned char CKS: 2; /* CKS x|

} BT, /* */

} SMR /* */

unsi gned char BRR; /* BRR */
uni on { /* SCR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TIE: 1, /* TIE */

unsi gned char R E 1, /* R E */

unsi gned char TE: 1, /* TE */

unsi gned char RE: 1; /* RE x|

unsi gned char MPIE: 1; /* MPI E x|

unsi gned char TEIE: 1; /* TEI E x|

unsi gned char CKE: 2; /* CKE */

} BT, /* */

} SCR /* */

unsi gned char TDR; /* TDR x|
uni on { /* SSR */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */

unsi gned char TDRE: 1; /* TDRE */

unsi gned char RDRF: 1; /* RDRF */

unsi gned char ORER: 1; /* ORER x|

unsi gned char FER 1; /* FER x|

unsi gned char PER 1; /* PER x|

unsi gned char TEND: 1; /* TEND */

unsi gned char MPB: 1, /* MPB */

unsi gned char MPBT: 1; /* MPBT */

} BIT, /* */
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} SSR
unsi gned char
uni on {

RDR,;

b

unsi gned char BYTE

struct {
unsi gned char
unsi gned char
unsi gned char
} BIT;

} SDCR

struct st_ntu34 {

uni on {

unsi gned char BYTE

struct {
unsi gned char
unsi gned char
unsi gned char
} BT,

} TCR S;

uni on {

unsi gned char BYTE

struct {
unsi gned char
unsi gned char
unsi gned char
} BIT;

} TCR 4;

uni on {

unsi gned char BYTE

struct {
unsi gned char
unsi gned char
unsi gned char
unsi gned char
} BT,

} TMDR_3;

uni on {

unsi gned char BYTE

struct {
unsi gned char
unsi gned char
unsi gned char
unsi gned char
} BIT;

} TMDR 4;

uni on {

unsi gned char BYTE
struct {
unsi gned char
unsi gned char
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DR 1;
1 3;

CCLR: 3;
CKEG. 2;
TPSC: 3

CCLR: 3;
CKEG. 2;
TPSC: 3

BFB: 1;
BFA: 1;
MD: 4;

. 2;
BFB: 1;
BFA: 1;
MD: 4;

1 OB: 4;
1 QA: 4;
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/*
/*
/*
/*
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/*
/*
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

RDR

SDCR
Byte Access
Bit Access

D R

struct Mru34
TCR 3
Byte Access
Bit Access
CCLR
CKEG
TPSC

TCR 4
Byte Access
Bit Access
CCLR
CKEG
TPSC

TMDR_3
Byte Access
Bit Access

BFB
BFA
MD

TMDR_4
Byte Access
Bit Access

BFB
BFA
VD

TI ORH_3
Byte Access
Bit Access
1 0B
1 OA

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/



} BIT; /* *)

} TIORH 3; /* */

uni on { /* TIORL_3 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char 10D 4, /* 1 0D */

unsi gned char 10C: 4, /* I oC */

} BT, /* */

} TIORL_3; /* */

uni on { /* TIORH 4 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char |10B: 4, /* 1 OB */

unsi gned char | OA 4; /* | CA x|

} BT, /* */

} TIORH 4; /* */

uni on { [* TIORL_4 */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */

unsi gned char 10D 4; /* | OD x|

unsi gned char 10C: 4; /* | OC x|

} BT, /* */

} TIORL_4; /* */

uni on { /* TIER 3 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TTCGE: 1; /* TTGE x|

unsi gned char :2; /* x|

unsi gned char TClIEV: 1; /* TCl EV */

unsi gned char Td ED: 1; /* Td ED */

unsi gned char Td EC. 1; /* Td EC */

unsi gned char Td EB: 1; /* TAE EB x|

unsi gned char Td EA: 1; /* TAE EA x|

} BT, /* */

} TIER 3; /* */

uni on { /* TIER 4 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TTCGE: 1; /* TTGE x|

unsi gned char :2; /* x|

unsi gned char TCIEV: 1; /* TCl EV */

unsi gned char Td ED: 1; /* Td ED */

unsi gned char Td EC. 1; /* Td EC */

unsi gned char Td EB: 1; /* TAE EB x|

unsi gned char Td EA: 1; /* TAE EA x|

} BT, /* */

} TIER 4; /* */

uni on { /* TCER */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :2; /* x|
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unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} TCER

uni on {

unsi gned char

struct {

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} TCCR

unsi gned
uni on {

unsi gned char

char wkO[1];

struct {

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} TR

unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
uni on {

char wkl1[2];
short TCNT_3;
short TCNT_4;
short TCDR

short TDDR

short TGRA 3;
short TGRB_3;
short TGRA 4;
short TGRB_4;
short TCNTS

short TCBR,;

short TGRC 3;
short TGRD 3;
short TGRC 4;
short TGRD 4;

char
char
char
char
char
char

BYTE;

char
char
char
char
char

BYTE;

char
char
char
char
char
char
char
char

unsi gned char BYTE
struct {
unsi gned char TDFD: 1
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CE3B:
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01,
PSYE: 1;
14,
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/*
/*
/*
/*
/*
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/*
/*
/*
/*
/*
/*
/*
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/*
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OE4D
OE4C
OE3D
CE4B
CE4A
CE3B

TOCR
Byte Access
Bit Access

PSYE

OLSN
oLSsP

TCGCR
Byte Access
Bit Access

BDC
N

P
FB
WF
VF
UF

TCNT_3
TCNT_4
TCDR
TDDR
TGRA 3
TGRB 3
TGRA 4
TGRB 4
TCNTS
TCBR
TGRC 3
TGRD 3
TGRC 4
TGRD 4
TSR 3
Byte Access
Bit Access
TDFD

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
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*/
*/
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*/
*/
*/
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*/
*/
*/
*/
*/
*/
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unsi gned char :2; /* */

unsi gned char TCFV: 1; /* TCFV x|

unsi gned char TGFD: 1; /* TGFD x|

unsi gned char TGFC: 1; /* TGFC x|

unsi gned char TGFB: 1; /* TG-B */

unsi gned char TGFA: 1; /* TGFA */

} BT, /* */

} TSR 3; /* */

uni on { /* TSR 4 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TDFD: 1; /* TDFD */

unsi gned char :2; /* */

unsi gned char TCFV: 1; /* TCFV x|

unsi gned char TGFD: 1; /* TGFD x|

unsi gned char TGFC: 1; /* TGFC x|

unsi gned char TGFB: 1; /* TG-B */

unsi gned char TGFA: 1; /* TGFA */

} BIT; /* */

} TSR 4; /* */

unsi gned char wk2[18]; /* */
uni on { /* TSTR */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */

unsi gned char CST4:1; /* CST4 */

unsi gned char CST3:1; /* CST3 x|

unsi gned char :3; /* x|

unsi gned char CST: 3; /* CST x|

} BT, /* */

} TSTR /* */

uni on { /[* TSYR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char SYNC4: 1; /* SYNC4 x|

unsi gned char SYNC3: 1; /* SYNC3 */

unsi gned char :3; /* */

unsi gned char SYNC2: 1; /* SYNC2 */

unsi gned char SYNCL: 1; /* SYNC1 x|

unsi gned char SYNCO: 1; /* SYNCO x|

} BIT, /* */

} TSYR /* */

}; | * */
struct st_ntu0O { [* struct MIUO */
uni on { /* TCR O */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char CCLR: 3; /* CCLR */

unsi gned char CKEG 2; /* CKEG */

unsi gned char TPSC: 3; /* TPSC */

} BT, /* */

} TCR 0; /* */
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uni on { /* TNMDR_O */

unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :2; /* x|

unsi gned char BFB: 1; /* BFB */

unsi gned char BFA: 1, /* BFA */

unsi gned char MD: 4, /* MD */

} BIT; /* */

} TMDR_O; /* */

uni on { /* TIORH O */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char 10B: 4; /* 1 0B */

unsi gned char | OA 4; /* | CA x|

} BIT, /* */

} TIORH O; /* */

uni on { /* TIORL_O */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char 10D 4; /* | OD x|

unsi gned char 10C: 4; /* | OC x|

} BT, /* */

} TIORL_O; /* */

uni on { /* TIER O */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TTCGE: 1; /* TTGE x|

unsi gned char :2; /* x|

unsi gned char TCIEV: 1; /* TCl EV */

unsi gned char Td ED: 1; /* Td ED */

unsi gned char Td EC. 1; /* Td EC */

unsi gned char Td EB: 1; /* TG EB x|

unsi gned char Td EA: 1; /* TAE EA x|

} BT, /* */

} TIER_O; /* */

uni on { /* TSR O */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :3; /* x|

unsi gned char TCFV: 1; /* TCFV x|

unsi gned char TGFD: 1; /* TGFD */

unsi gned char TGFC: 1; /* TG-C */

unsi gned char TGFB: 1; /* TG-B */

unsi gned char TGFA: 1; /* TGFA x|

} BIT, /* */

} TSR 0; /* */

unsi gned short TCNT_O; [* TCNT_O */
unsi gned short TGRA O; /* TGRA O */
unsi gned short TGRB_O; /* TGRB_O */
unsi gned short TGRC O; /* TGRC O */
unsi gned short TGRD O; /* TGRD_O */
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struct st_ntul { [* struct Mruir */
uni on { /* TCR 1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :1; /* */

unsi gned char CCLR: 2; /* CCLR */

unsi gned char CKEG 2; /* CKEG x|

unsi gned char TPSC: 3; /* TPSC x|

} BIT, /* */

} TCR 1; /* */

uni on { /* TMDR_ 1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :4; /* x|

unsi gned char MD: 4; /* MD x|

} BT, /* */

} TMDR_1; /* */

uni on { /* TIOR 1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char 10B: 4; /* 1 OB x|

unsi gned char | OA: 4, /* 1 OA */

} BT, /* */

} TIOR 1, /* */

unsi gned char wkO0[1]; /* */
uni on { /* TIER 1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char TTCE: 1; /* TTGE */

unsi gned char :1; /* */

unsi gned char TCl EU: 1; /* TCl EU x|

unsi gned char TClIEV: 1; /* TCl EV x|

unsi gned char :2; /* x|

unsi gned char Td EB: 1; /* Td EB */

unsi gned char Td EA: 1; /* Td EA */

} BT, /* */

} TIER 1; /[ * */

uni on { /* TSR 1 */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */

unsi gned char TCFD: 1; /* TCFD */

unsi gned char :1; /* */

unsi gned char TCFU: 1; /* TCFU x|

unsi gned char TCFV: 1; /* TCFV x|

unsi gned char :2; /* x|

unsi gned char TGFB: 1; /* TG-B */

unsi gned char TGFA: 1; /* TGFA */

} BT, /* */

} TSR 1; /* */

unsi gned short TCNT_1; /* TCNT_1 */
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unsi gned short TGRA_
unsi gned short TGRB_

b
struct st_ntu2 {
uni on {
unsi gned char
struct {

1
1

BYTE;

unsi gned char
unsi gned char
unsi gned char
unsi gned char

} BT,
} TCR 2;
uni on {
unsi gned char
struct {

BYTE;

unsi gned char
unsi gned char

} BT,
} TMDR 2;
uni on {
unsi gned char
struct {

BYTE;

unsi gned char
unsi gned char

} BIT;
} TIOR 2;
unsi gned char wkO[ 1]
uni on {
unsi gned char
struct {

’

BYTE;

unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char

} BIT;
} TIER 2;
uni on {
unsi gned char
struct {

BYTE;

unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char

} BIT;
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/*
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/*
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TGRA 1
TGRB_ 1

struct MIU2
TCR 2
Byte Access
Bit Access

CCLR
CKEG
TPSC

TMDR_2
Byte Access
Bit Access

MD

TIOR 2
Byte Access
Bit Access
1 0B
1 OA

TIER 2
Byte Access
Bit Access
TTGE

TCI EU
TC EV

TG EB
TA EA

TSR 2
Byte Access
Bit Access
TCFD

TCFU
TCRFV

TGFB
TGFA

*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
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*/
*/
*/
*/
*/
*/
*/
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*/



} TSR 2; I * *)

unsi gned short TCNT_2; [* TCNT_2 */
unsi gned short TGRA 2; /* TGRA 2 */
unsi gned short TGRB_2; /* TGRB_2 */
}; | * */
struct st_intc { [* struct INTC */
uni on { /* | PRA */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short | RQO: 4; /* | RQD */

unsi gned short | RQL: 4; /* | RQL */

unsi gned short | RQ2: 4; /* | RQ2 */

unsi gned short | RQB: 4; /* | R@B */

} BT, /* */

} | PRA; /* */

unsi gned char wkO0[4]; /* */
uni on { /* | PRD */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short Td _0: 4; /* TAd 0 */

unsi gned short TCl _0: 4; /* TCl 0 */

unsi gned short Td _1:4; /* TAd 1 */

unsi gned short TC _1: 4; /* TCl _1 */

} BT, /* */

} 1 PRD /* */

uni on { /* | PRE */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short Td _2:4; /* A _2 */

unsi gned short TCl _2: 4; /* TCl _2 */

unsi gned short Td _3:4; /* A _3 */

unsi gned short TCl _3: 4; /* TCl _3 */

} BT, /* */

} | PRE /| * */

uni on { /* | PRF */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short Td _4:4; /* TA _4 */

unsi gned short TCl _4: 4; /* TCl 4 */

unsi gned short :8; /* x|

} BT, /* */

} I PRF; /* */

uni on { /* 1 PRG */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short ADO1: 4; /* A DO, 1 x|

unsi gned short DTC: 4; /* DrC */

unsi gned short CMIO: 4; /* CMT0 */

unsi gned short CMI1: 4; /* cMri */

} BT, /* */

} I PRG /* */
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uni on { /* | PRH */

unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short \WDT: 4; /* WDT x|

unsi gned short | OMIU: 4; /* /My */

unsi gned short :8; /* */

} BT, /* */

} | PRH; /| * */
uni on { /* 1 CRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short NML:1; /* NM L */

unsi gned short :6; /* */

unsi gned short NM E: 1; /* NM E x|

unsi gned short | RQOS: 1; /* | RQDS */

unsi gned short | RQLS: 1; /* | RQLS */

unsi gned short | RQRS: 1; /* | RS */

1; /* I R@BS */

unsi gned short | RQBS:

unsi gned short :4; /* */

} BT, /* */

} 1 CRL; /* */

uni on { /* 1SR */
unsi gned short WORD, /* Wrd Access */
struct { /[* Bit Access */

unsi gned short :8; /* */

unsi gned short | RQOF: 1; /* | RQOF */

unsi gned short | RQLF: 1; /* | RQLF */

unsi gned short | RQF: 1; /* | RQRF */

unsi gned short | RQBF: 1; /* | R@BF */

unsi gned short :4; /* */

} BT, /* */

} ISR /* */

uni on { /* 1 PRI */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short SCl 2: 4; /* SCI 2 */

unsi gned short SC 3: 4; /* SCI 3 */

unsi gned short SC 4: 4; /* SCl 4 x|

unsi gned short MMIT: 4; /* MVIT x|

} BIT, /* */

} IPR; /* */

uni on { /* 1 PRI */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short AD2: 4; /* A D2 x|

unsi gned short :12; /* x|

} BT, /* */

} 1 PRJ; /* */

uni on { /* | PRK */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
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unsi gned short | OVWM: 4; /* I/Quwmvr)  */

unsi gned short :4; /* x|

unsi gned short HCAN2: 4; /* HCAN1 x|

unsi gned short :4; /* x|

} BT, /* */

} 1 PRK; /* */

unsi gned char wkl[4]; /* */
uni on { /* |1 CR2 */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short | RQOES: 2; /* | RQOES */

unsi gned short | RQLES: 2; /* | RQLES */

unsi gned short | RQRES: 2; /* | RQRES */

unsi gned short | RQBES: 2; /* | RBES */

unsi gned short :8; /* x|

} BT, /* */

} 1 CR2; /* */

}; | * */
struct st_porta { [* struct PORTA */
uni on { /* PADRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short PA15DR 1; /* PA15DR */

unsi gned short PA14DR 1, /* PA14DR */

unsi gned short PA13DR 1; /* PA13DR */

unsi gned short PA12DR: 1; /* PA12DR x|

unsi gned short PA11DR 1; /* PA11DR x|

unsi gned short PAL1ODR 1; /* PA10DR x|

unsi gned short PA9DR 1; /* PA9DR */

unsi gned short PA8DR 1; /* PASDR */

unsi gned short PA7DR 1; /* PA7DR */

unsi gned short PA6DR 1; /* PA6DR x|

unsi gned short PAS5DR: 1; /* PA5DR x|

unsi gned short PAADR 1; /* PA4DR x|

unsi gned short PA3DR 1; /* PA3DR */

unsi gned short PA2DR 1; /* PA2DR */

unsi gned short PALDR 1; /* PA1DR */

unsi gned short PAODR 1; /* PAODR x|

} BT, /* */

} PADRL; /* */

unsi gned char wkO[ 2] ; /* */
uni on { /* PAI ORL */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

/* PA15I OR  */
/* PAL4IOR  */
/* PAL13IOR  */
/* PAL12IOR  */

unsi gned short PA151 OR:
unsi gned short PA141 OR:
unsi gned short PA13I OR
unsi gned short PA12I OR:
unsi gned short PA11ll OR /* PAL11IOR  */
unsi gned short PA10l OR: 1; /* PA10I OR  */
unsi gned short PA9I OR 1; /* PA9I OR x|
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unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} PAI ORL
unsi gned char wk1l[2];
uni on {

short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} PACRL3
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;

} PACRL1;

uni on {

short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
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PA8I OR
PA71 OR
PAGI OR
PA5] OR
PA41 OR
PA31 OR
PA2] OR
PA1l OR
PAOI OR

P RRPRRPRRERR

PA15MD2:
PA14NMD2:
PA13MD2:
PA12MD2:
PA11MD2:
PA1OMD2:
PAOMD2: 1
PASMD2: 1
PA7MD2: 1
PAGMD2: 1
PASMD2: 1;
1
1
1
1
1

PR R R RER

PA4AND2:
PA3NMD2:
PA2NVD2:
PA1MD2:
PAOMD2:

PA15MD
PA14ND
PA13MD
PA12ND
PA11NMD
PA1ONMD
PAOMD: 2;
PASNMD: 2;

NN

PA7MD: 2;
PAGND: 2;

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

PA8I OR
PA71 OR
PAGI OR
PA5]1 OR
PA41 OR
PA3l OR
PA2] OR
PA1l OR
PAOI OR

PACRL3

Word Access

Bit Access
PA15MD2
PA14ND2
PA13NVD2
PA12NVD2
PA11MD2
PA10NMD2
PA9NMD2
PASND2
PA7NMD2
PA6NMD2
PA5SMD2
PA4AND2
PA3NMD2
PA2NMD2
PA1MD2
PAONMD2

PACRL1

Word Access

Bit Access
PA15MD
PA14ND
PA13MD
PA12MD
PA11NMD
PA10MD
PA9ND
PASND

PACRL2
Word Access
Bit Access
PA7MD
PAG6ND

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned short PASMD: 2; /* PASNMD */

unsi gned short PAAMD: 2; /* PA4ND x|

unsi gned short PA3MD: 2; /* PA3ND x|

unsi gned short PA2MD: 2; /* PA2ND x|

unsi gned short PALMD: 2; /* PA1NMD */

unsi gned short PAOMD: 2; /* PAOND */

} BT, /* */

} PACRL2; /* */

}; | * * [
struct st_portb { /* struct PORTB */
uni on { /* PBDR */
unsi gned short WORD, /* Word Access */
struct { /[* Bit Access */

unsi gned short :10; /* x|

unsi gned short PB5DR: 1; /* PB5DR x|

unsi gned short PB4DR: 1; /* PB4DR x|

unsi gned short PB3DR 1; /* PB3DR */

unsi gned short PB2DR 1; /* PB2DR */

unsi gned short PB1DR 1; /* PB1DR */

unsi gned short PBODR: 1; /* PBODR x|

} BT, /* */

} PBDR; /* */

unsi gned char wkO[ 2] ; /* */
uni on { /* PBIOR */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :10; /* x|

unsi gned short PB5IOR 1; /* PB5I OR x|

unsi gned short PB4l OR 1; /* PB4l OR */

unsi gned short PB3IOR 1; /* PB3I OR */

unsi gned short PB2I OR 1; /* PB2I OR */

unsi gned short PB1lIOR 1; /* PB1lI OR x|

unsi gned short PBOI OR 1; /* PBOI OR x|

} BT, /* */

} PBIOR /* */

unsi gned char wkl[2]; /* */
uni on { /* PBCRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short :2; /* x|

unsi gned short PB5MD2: 1; /* PB5MD2 */

unsi gned short PB4MD2: 1; /* PB4ND2 */

unsi gned short PB3MD2: 1; /* PB3NMD2 */

unsi gned short PB2MD2: 1; /* PB2NMD2 x|

unsi gned short PB1MD2: 1; /* PB1NMD2 x|

unsi gned short :9; /* x|

} BT, /* */

} PBCR1; /* */

uni on { /* PBCR2 */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
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unsi gned short :4; /* */

unsi gned short PB5MD: 2; /* PB5NMD x|

unsi gned short PBAMD: 2; /* PB4ND x|

unsi gned short PB3MD: 2; /* PB3NMD x|

unsi gned short PB2MD: 2; /* PB2NMD */

unsi gned short PB1MD: 2; /* PB1MD */

unsi gned short PBOMD: 2; /* PBONMD */

} BIT; /* */

} PBCRZ; /* */

}; | * * [
struct st_portd { [* struct PORTD */
uni on { /* PDDRL */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :7; /* x|

unsi gned short PD8DR: 1; /* PDSDR x|

unsi gned short PD7DR 1; /* PD7DR */

unsi gned short PD6DR 1; /* PD6DR */

unsi gned short PD5DR 1; /* PD5DR */

unsi gned short PDADR 1; /* PD4DR x|

unsi gned short PD3DR: 1; /* PD3DR x|

unsi gned short PD2DR: 1; /* PD2DR x|

unsi gned short PD1DR 1; /* PD1DR */

unsi gned short PDODR 1; /* PDODR */

} BT, /* */

} PDDRL; /* */

unsi gned char wkO0[2]; /* */
uni on { /* PDI ORL */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :7; /* */

unsi gned short PD8I OR 1; /* PD8I OR x|

unsi gned short PD71 OR 1; /* PD71 OR x|

unsi gned short PD6I OR 1; /* PD6I OR x|

unsi gned short PD5I OR 1; /* PD5I OR */

unsi gned short PD4IOR 1; /* PD4l OR */

unsi gned short PD3IOR 1; /* PD3I OR */

unsi gned short PD2I OR 1; /* PD2I OR x|

unsi gned short PD1l OR 1; /* PD1I OR x|

unsi gned short PDOI OR 1; /* PDOI OR x|

} BT, /* */

} PDI ORL; /* */

unsi gned char wkl[4]; /* */
uni on { /* PDCRL1 */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short :7; /* */

unsi gned short PD8MDO: 1; /* PD8NMDO */

unsi gned short PD7MDO: 1; /* PD7NMDO */

unsi gned short PD6MDO: 1; /* PD6MDO x|

unsi gned short PD5MDO: 1; /* PD5MDO x|
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unsi gned short PD4MDO: 1; /* PD4MDO */

unsi gned short PD3MDO: 1; /* PD3NMDO x|

unsi gned short PD2MDO: 1; /* PD2MDO x|

unsi gned short PDLMDO: 1; /* PD1MDO x|

unsi gned short PDOMDO: 1; /* PDONMDO */

} BT, /* */

} PDCRLZ; /* */

uni on { /* PDCRL2 */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short :7; /* */

unsi gned short PD8MD1: 1, /* PD8SMDL */

unsi gned short PD7MD1: 1, /* PD7NMDL */

unsi gned short PD6MD1: 1; /* PD6MD1 x|

unsi gned short PD5MD1: 1; /* PD5NMD1 x|

unsi gned short PDAMDI: 1; /* PD4NMD1 x|

unsi gned short PD3MD1: 1; /* PD3MDL */

unsi gned short PD2MD1: 1; /* PD2MDL */

unsi gned short PDLMD1: 1; /* PD1MDL */

unsi gned short PDOMD1: 1; /* PDOND1 x|

} BT, /* */

} PDCRLZ2; /* */

}; | * */
struct st_porte { [* struct PORTE */
uni on { /* PEDRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short PEL5DR 1; /* PE15DR x|

unsi gned short PE14DR 1, /* PE14DR */

unsi gned short PE13DR 1; /* PE13DR */

unsi gned short PE12DR 1; /* PE12DR */

unsi gned short PE11DR 1; /* PE11DR x|

unsi gned short PEL1ODR 1; /* PE10DR x|

unsi gned short PE9DR 1; /* PE9DR x|

unsi gned short PESDR 1; /* PESDR */

unsi gned short PE7DR 1; /* PE7DR */

unsi gned short PE6DR 1; /* PE6DR */

unsi gned short PESDR: 1; /* PE5DR x|

unsi gned short PEADR 1; /* PE4DR x|

unsi gned short PE3DR 1; /* PE3DR x|

unsi gned short PE2DR 1; /* PE2DR */

unsi gned short PELDR 1; /* PE1DR */

unsi gned short PEODR 1; /* PEODR */

} BT, /* */

} PEDRL; /* */

unsi gned char wkO0[2]; /* */
uni on { /* PElI ORL */
unsi gned short WORD, /* Word Access */
struct { /[* Bit Access */

unsi gned short PE151 OR: 1; /* PE15I OR  */

unsi gned short PE14l OR: 1; /* PE141 OR  */
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unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} PEI ORL;
uni on {

short PE13I OR 1;
short PE12I OR 1;
short PE11I OR 1;
short PE10I OR 1;
short PE9IOR 1;
short PE8I OR
short PE7I OR
short PE6I OR
short PE5I OR
short PE4I OR
short PE3IOR
short PE2I OR
short PE1llI OR
short PEOI OR

PRRPRRRPRRERRREPR

unsi gned short WORD,

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;

} PEI ORH,

uni on {

short :10;

short PE21l1 OR
short PE20I OR
short PE191 OR
short PE18I OR
short PE171 OR
short PE161 OR

PR R RRE R

unsi gned short WORD,

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;

} PECRLI;

uni on {

short PE15MD: 2;
short PE14MD: 2;
short PE13MD: 2;
short PE12MD: 2;
short PE11MD: 2;
short PE10OMD: 2;
short PEOND: 2;

short PESMD: 2;

unsi gned short WORD,

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

PE13I OR
PE12] OR
PE11l OR
PE10I OR
PE9I OR
PE8I OR
PE71 OR
PE6I OR
PES5I OR
PE4I OR
PE3I OR
PE2] OR
PE1l OR
PEOI OR

PEI ORH
Word Access
Bit Access

PE211 OR
PE201 OR
PE191 OR
PE18I OR
PE171 OR
PE161 OR

PECRL1

Word Access

Bit Access
PE15MD
PE14MD
PE13MD
PE12NMD
PE11NMD
PE10NMD
PE9ND
PESND

PECRL2

Word Access

Bit Access
PE7MD
PE6ND
PE5SNMD
PE4ND
PE3ND
PE2MD
PE1MD

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned short PEOMD: 2; /* PEOND */

} BIT; /* */

} PECRL2; /* */

uni on { /* PECRH */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :4; /* */

unsi gned short PE21MD: 2; /* PE21NMD x|

unsi gned short PE20MD: 2; /* PE20NMD x|

unsi gned short PEL19MD: 2; /* PE19MD x|

unsi gned short PE18MD: 2; /* PE18MD */

unsi gned short PEL7MD: 2; /* PE17NMD */

unsi gned short PEL16MD: 2; /* PE16NMD */

} BT, /* */

} PECRH /* */

uni on { /* PEDRH */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :10; /* */

unsi gned short PE21DR 1; /* PE21DR x|

unsi gned short PE20DR 1; /* PE20DR x|

unsi gned short PE19DR 1; /* PE19DR x|

unsi gned short PE18DR 1; /* PE18DR */

unsi gned short PE17DR 1, /* PE17DR */

unsi gned short PE16DR 1; /* PE16DR */

} BT, /* */

} PEDRH, /* */

}; | * */
struct st_portf { [* struct PORTF */
uni on { /* PFDR */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short PF15DR 1; /* PF15DR x|

unsi gned short PF14DR 1; /* PF14DR x|

unsi gned short PF13DR 1; /* PF13DR */

unsi gned short PF12DR 1; /* PF12DR */

unsi gned short PF11DR 1; /* PF11DR */

unsi gned short PF10DR 1; /* PF10DR x|

unsi gned short PFODR: 1; /* PFODR x|

unsi gned short PF8DR: 1; /* PF8DR x|

unsi gned short PF7DR 1; /* PF7DR */

unsi gned short PF6DR 1; /* PF6DR */

unsi gned short PF5DR 1; /* PF5DR */

unsi gned short PF4DR 1; /* PF4DR x|

unsi gned short PF3DR 1; /* PF3DR x|

unsi gned short PF2DR: 1; /* PF2DR x|

unsi gned short PF1DR 1; /* PF1DR */

unsi gned short PFODR 1; /* PFODR */

} BT, /* */

} PFDR; /* */

}; | * */
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struct st_ntu {
uni on {

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;

} 1 CSRi;

uni on {

short
short
short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} OCSR
b
struct st_mmt {
uni on {

short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} 1 CSR2;

short
short
short
short
short
short
short
short
short
short

unsi gned char wkO0[ 1594] ;

uni on {

unsi gned char BYTE

struct {
unsi gned
unsi gned
unsi gned
unsi gned
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char
char
char
char
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POE3F: 1;
POE2F: 1;
PCELF: 1;
PCEOF: 1;

PIE: 1;

PCE3M 2;
PCE2M 2;
PCELM 2;
PCEOM 2;

A E: 1,
.8

PCE6GF: 1;
POESF: 1;
PCEAF: 1;
: 3

PIE: 1;
12
PCE6M 2;
PCE5M 2;
PCE4M 2;

CKS: 4;
CLSN: 1;
QLSP: 1;
MD: 2;

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

struct MIU

| CSR1

Word Access

Bit Access
POE3F
POE2F
PCEL1F
POEOF

Pl E

POE3M
POE2M
PCELIM
POEOM

OCSR
Word Access
Bit Access
OSF

OCE
aE

struct MMVI

| CSR2

Word Access
Bit Access

POE6F
POE5F
POEAF

PI E

POEGM
POESM
POE4AM

MMI_TNMDR
Byte Access
Bit Access

CKS
OLSN
QLSP
VD

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



} BIT; /* *)

} MMI_TMDR, /* */
unsi gned char wkl1[1]; /* */
uni on { /* TCNR */

unsi gned char BYTE; /* Byte Access */

struct { /* Bit Access */
unsi gned char TTCE: 1; /* TTGE */
unsi gned char CST: 1; /* CST x|
unsi gned char RPRO 1; /* RPRO x|
unsi gned char :3; /* x|
unsi gned char TG EN: 1; /* Td EN */
unsi gned char TG EM 1; /* TA EM */
} BT, /* */

} TONR /* */
unsi gned char wk2[1]; /* */
uni on { /* MMI_TSR */

unsi gned char BYTE; /* Byte Access */

struct { /* Bit Access */
unsi gned char TCFD: 1; /* TCFD */
unsi gned char :5; /* x|
unsi gned char TGFN: 1; /* TGFN x|
unsi gned char TGFM 1; /* TGFM x|
} BT, /* */

} MVT_TSR; /* */
unsi gned char wk3[1]; /* */
unsi gned short MMTI_TCNT; [* MMT_TCNT */
unsi gned short TPDR; /* TPDR x|
unsi gned short TPBR; /* TPBR x|
unsi gned short MVI_TDDR; /* MMI_TDDR */
unsi gned char wk4[2]; /* */
unsi gned short TBRU_B; /* TBRU_B */
unsi gned short TGRUUY, /* TGRUU x|
unsi gned short TGRU; /* TGRU x|
unsi gned short TGRUD; /* TGRUD x|
unsi gned short TDCNTO; /* TDCNTO */
unsi gned short TDCNTZ1; /* TDCNT1 */
unsi gned short TBRU_F; /* TBRU_F */
unsi gned char wk5[2]; /* */
unsi gned short TBRV_B; /* TBRV_B */
unsi gned short TGRVU, /* TGRW x|
unsi gned short TGRV; [* TRV */
unsi gned short TGRVD; /[* TGRVD */
unsi gned short TDCNT2; [ * TDCNT2 */
unsi gned short TDCNT3; /* TDCNT3 x|
unsi gned short TBRV_F; /* TBRV_F */
unsi gned char wk6[2]; /* */
unsi gned short TBRWB; /* TBRWB */
unsi gned short TGRWJ, [* TCGRW */
unsi gned short TGRW [* TCRW */
unsi gned short TGRWD; /* TGRWD x|
unsi gned short TDCNT4; /* TDCNT4 x|
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unsi gned short TDCNT5;
unsi gned short TBRWF;

}
struct st_portg {
uni on {
unsi gned char BYTE;
struct {
unsi gned char :4;
unsi gned char PGDR 1;
unsi gned char P&DR: 1;
unsi gned char PGLDR 1;
unsi gned char PGODR 1;
} BT,
} PGDR
}
struct st_cnt {
uni on {
unsi gned short WORD;
struct {
unsi gned short :14;
unsi gned short STR: 2;
} BIT;
} CVBTR
uni on {
unsi gned short WORD,
struct {
unsi gned short :8;
unsi gned short CM: 1;
unsi gned short CME: 1;
unsi gned short :4;
unsi gned short CKS: 2;
} BIT;
} CMCSR 0;
unsi gned short CMCNT_O;
unsi gned short CMCOR_O;
uni on {
unsi gned short WORD,
struct {
unsi gned short :8;
unsi gned short CM: 1;
unsi gned short CME: 1;
unsi gned short :4;
unsi gned short CKS: 2;
} BIT;
} CMCSR 1;
unsi gned short CMCNT_1;
unsi gned short CMCOR_1;
b
struct st_ad {

uni on {
unsi gned short WORD;
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

TDCNT5
TBRW F

struct PORTG
PCGDR

Byte Access
Bit Access

PG3DR
PG2DR
PGLDR
PQAIDR

struct CMI

CMBTR

Word Access
Bit Access

STR

CMCSR_0
Word Access
Bit Access

CVF
CM E

CKS

CMCNT_0
CMCOR_0
CMCSR_1
Word Access
Bit Access

CVF
CM E

CKS
CMCNT 1
CMOOR 1
struct AD

ADDRO
Wrd Access

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/



struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* x|

} BYTE; /* */
struct { /* Bit Access */
unsi gned short AD: 10; /* AD */

unsi gned short :6; /* */

} BT, /* */

} ADDRO; /* */
uni on { /* ADDRL */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */
unsi gned char ADH, /* AD H */

unsi gned char wk; /* x|

} BYTE; /* */
struct { /* Bit Access */
unsi gned short AD: 10; /* AD */

unsi gned short :6; /* */

} BT, /* */

} ADDRI; /* */
uni on { /* ADDR2 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */
unsi gned char ADH, /* AD H */

unsi gned char wk; /* */

} BYTE; /* */
struct { /* Bit Access */
unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* */

} BT, /* */

} ADDRZ; /* */
uni on { /* ADDR3 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */
unsi gned char ADH, /* AD H */

unsi gned char wk; /* */

} BYTE; /* */
struct { /* Bit Access */
unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* x|

} BT, /* */

} ADDR3; /* */
uni on { /* ADDR4 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */
unsi gned char ADH, /* AD H x|

unsi gned char wk; /* */

} BYTE; /* */
struct { /[* Bit Access */
unsi gned short AD: 10; /* AD x|

unsi gned short : 6; /* x|
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} BIT; /* *)

} ADDRY4; /* */

uni on { /* ADDR5 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H */

unsi gned char wk; /* */

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* */

} BT, /* */

} ADDR5; /* */

uni on { /* ADDR6 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H */

unsi gned char wk; /* */

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* x|

} BT, /* */

} ADDRG; /* */

uni on { /* ADDR7 */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* */

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* x|

} BT, /* */

} ADDR7; /* */

uni on { /* ADDR8 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* x|

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD */

unsi gned short :6; /* x|

} BIT, /* */

} ADDRS; /* */

uni on { /* ADDR9 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* x|
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} BYTE /* *)

struct { /* Bit Access */

unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* x|

} BT, /* */

} ADDRY; /* */

uni on { /* ADDR1O */
unsi gned short WORD; /* Wrd Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* */

} BYTE; /* */

struct { /[* Bit Access */

unsi gned short AD: 10; /* AD x|

unsi gned short :6; /* x|

} BT, /* */

} ADDRI1O0; /* */

uni on { /* ADDR11 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* x|

} BYTE; /* */

struct { /[* Bit Access */

unsi gned short AD: 10; /* AD */

unsi gned short :6; /* x|

} BT, /* */

} ADDR11; [ * */

uni on { /* ADDR12 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H x|

unsi gned char wk; /* x|

} BYTE; /* */

struct { /[* Bit Access */

unsi gned short AD: 10; /* AD */

unsi gned short :6; /* */

} BT, /* */

} ADDR12; /* */

uni on { /* ADDR13 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H */

unsi gned char wk; /* x|

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD */

unsi gned short :6; /* */

} BT, /* */

} ADDR13; /* */

uni on { /* ADDR14 */
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uni on

uni on

uni on

uni on

unsi gned short WORD,

struct {
unsi gned char ADH,
unsi gned char wk;
} BYTE;

struct {
unsi gned short AD: 10;
unsi gned short :6;

} BIT;

} ADDR14;

{

unsi gned short WORD,

struct {
unsi gned char ADH,
unsi gned char wk;
} BYTE;

struct {
unsi gned short AD: 10;
unsi gned short : 6;
} BIT;

} ADDR15;

{

unsi gned short WORD,

struct {
unsi gned char ADH,
unsi gned char wk;
} BYTE;

struct {
unsi gned short AD: 10;
unsi gned short :6;
} BT,

} ADDR16;

{

unsi gned short WORD;

struct {
unsi gned char ADH,
unsi gned char wk;
} BYTE;

struct {
unsi gned short AD: 10;
unsi gned short :6;
} BT,

} ADDRL7;

{

unsi gned short WORD;

struct {
unsi gned char ADH,
unsi gned char wk;
} BYTE;

struct {

unsi gned short AD: 10;
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Wrd Access
Byte Access
AD H

Bit Access
AD

ADDR15

Word Access

Byte Access
AD H

Bit Access
AD

ADDR16

Word Access

Byte Access
AD H

Bit Access
AD

ADDR17

Wrd Access

Byte Access
AD H

Bit Access
AD

ADDR18

Word Access

Byte Access
AD H

Bit Access
AD

*/
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*/
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unsi gned short :6; /* */

} BIT; /* */

} ADDRI1S; /* */

uni on { /* ADDR19 */
unsi gned short WORD, /* Word Access */
struct { /* Byte Access */

unsi gned char ADH, /* AD H */

unsi gned char wk; /* x|

} BYTE; /* */

struct { /* Bit Access */

unsi gned short AD: 10; /* AD */

unsi gned short :6; /* */

} BT, /* */

} ADDR19; /* */

unsi gned char wkO[ 56] ; /* */
uni on { /* ADCSR_0 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char ADF: 1, /* ADF */

unsi gned char ADIE: 1; /* ADI E x|

unsi gned char ADM 2; /* ADM x|

unsi gned char :1; /* x|

unsi gned char CH: 3; /* CH */

} BT, /* */

} ADCSR 0; /* */

uni on { /* ADCSR 1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char ADF: 1, /* ADF */

unsi gned char ADIE: 1; /* ADI E */

unsi gned char ADM 2; /* ADM */

unsi gned char :1; /* x|

unsi gned char CH: 3; /* CH x|

} BT, /* */

} ADCSR 1; /* */

uni on { /* ADCSR_2 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char ADF: 1; /* ADF x|

unsi gned char ADIE: 1; /* ADI E x|

unsi gned char ADM 2; /* ADM */

unsi gned char :1; /* */

unsi gned char CH: 3; /* CH */

} BT, /* */

} ADCSR 2; /* */

unsi gned char wkl1[5]; /* */
uni on { /* ADCR_O */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */

unsi gned char TRCE: 1; /* TRGE x|

unsi gned char CKS: 2; /* CKS x|
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char
char
char

char
char
char
char
char

char
char
char
char
char

char
char
char
char

char
char
char
char
char
char
char
char

unsi gned
unsi gned
unsi gned
} BIT;
} ADCR 0;
uni on {
unsi gned char BYTE
struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} ADCR 1;
uni on {
unsi gned char BYTE
struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} ADCR 2;
unsi gned char wk2[873];
uni on {
unsi gned char BYTE
struct {
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} ADTSR
b
struct st_flash {
uni on {
unsi gned char BYTE
struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} FLMCRL;
uni on {
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ADCS: 1;

TRCGE: 1;
CKS: 2;
ADST: 1;
ADCS: 1;
1 3;

TRCGE: 1;
CKS: 2;
ADST: 1;
ADCS: 1;
1 3;
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TR&2S: 2
TRGLS: 2
TRA)S: 2

FWE: 1;
SVE: 1;
ESU: 1;
PSU: 1;
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

ADST
ADCS

ADCR_1
Byte Access
Bit Access
TRGE
CKS
ADST
ADCS

ADCR 2
Byte Access
Bit Access
TRGE
CKS
ADST
ADCS

ADTSR
Byte Access
Bit Access

TR&S
TRGLS
TRAXS

struct FLASH
FLMCR1
Byte Access
Bit Access
FWE
SVE
ESU
PSU

PV

FLMCR2

*/
*/
*/
*/
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*/
*/
*/
*/
*/
*/
*/
*/
*/
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unsi gned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsi gned char FLER: 1; /* FLER x|

unsi gned char :7; /* x|

} BT, /* */

} FLMCRZ; /* */

uni on { /* EBR1 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char EB: 8; /* EB x|

} BT, /* */

} EBRI1; /* */

uni on { /* EBR2 */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :4; /* x|

unsi gned char EB11:1; /* EB11 */

unsi gned char EB10: 1; /* EB10 */

unsi gned char EB9: 1, /* EB9 */

unsi gned char EBS: 1; /* EB8 x|

} BT, /* */

} EBR2; /* */

unsi gned char wkO[ 164]; /* */
uni on { /* RAMER */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short :12; /* x|

unsi gned short RAMS: 1; /* RANMS x|

unsi gned short RAM 3; /* RAM */

} BT, /* */

} RAMER /* */

}; | * * [
struct st_ubc { /* struct UBC */
unsi gned short UBARH; /* UBARH x|
unsi gned short UBARL; /* UBARL */
uni on { /* UBAMRH */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short UBMB1: 1; /* UBMB1 x|

unsi gned short UBMO: 1; /* UBMBO x|

unsi gned short UBM29: 1; /* UBMR29 */

unsi gned short UBM2S: 1; /* uBMR 8 */

unsi gned short UBM27:1; /* uBMR 7 */

unsi gned short UBM26: 1; /* UBMR6 x|

unsi gned short UBM25: 1; /* UBMR5 x|

unsi gned short UBM24: 1; /* uBWR4 x|

unsi gned short UBM23: 1; /* uBMR 3 */

unsi gned short UBM22: 1; /* uBMR 2 */

unsi gned short UBM21:1; /* uBwR 1 */

unsi gned short UBM2O: 1; /* UBMRO x|

unsi gned short UBMLY: 1; /* UBML9 x|
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unsi gned
unsi gned
unsi gned
} BIT;
} UBAMRH
uni on {

short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} UBAMRL;
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} UBBR

uni on {

short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
} BT,
} UBCR
}
struct st_wdt {
uni on {

short
short
short

unsi gned char BYTE

struct {

uBMLS8: 1;
UBML7: 1;
UBMLG: 1;

UBML5

UBMLA4:
UBML3:
UBML2

uBML1

UBMLO:
UBMB:
UBMB:
UBM7:
UBMB:
UBMG:
UBMY:
UBMS:
uBMR:
UBML:
UBMD:

ToRRERERRRE

Ul ol e s s

.8

CP: 2;
1D 2;
RW 2;
SZ: 2;

1 13;
CKS: 2;
uBI D: 1;

unsi gned char OVF: 1;
unsi gned char WII T: 1
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UBML8
uBML7
UBML6

UBAMRL

Word Access

Bit Access
UBMLS
uBML4
UBML3
uUBML2
uBML1
UBMLO
UBMVD
UBMB
uBMrY
UBMG
UBMb
uBMv4
UBMB
UBMR
uBML
UBMD

UBBR
Wrd Access
Bit Access

cP
I D
RW
SZ

UBCR
Wrd Access
Bit Access

CKS
UBI D

struct WDT
TCSR
Byt e Access
Bit Access
OVF
W/ 1T

*/
*/
*/
*/
*/
*/
*/
*/

*/

*/

*/
*/
*/
*/



unsi gned char TME: 1, /* TMVE */

unsi gned char :2; /* x|

unsi gned char CKS: 3; /* CKS x|

} BT, /* */

} TCSR /* */

unsi gned char TOCNT; [* TCNT */
uni on { /* RSTCSR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char WOVF: 1; /* WOVF x|

unsi gned char RSTE: 1; /* RSTE */

unsi gned char RSTS: 1; /* RSTS */

unsi gned char :5; /* */

} BT, /* */

} RSTCSR /* */

}; | * * [
struct st_sthy { [* struct STBY */
uni on { /* SBYCR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char SSBY: 1; /* SSBY x|

unsi gned char H Z: 1; /* H 2z x|

unsi gned char :5; /* */

unsi gned char | RQEL: 1; /* | RQEL */

} BT, /* */

} SBYCR /* */

unsi gned char wkO[ 3]; /* */
uni on { /* SYSCR */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char :6; /* */

unsi gned char AUDSRST: 1; /* AUDSRST x|

unsi gned char RAME: 1; /* RAME x|

} BT, /* */

} SYSCR /* */

unsi gned char wk1[3]; /* */
uni on { /* NMSTCR1 */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short :4; /* x|

/* MBTP27 */
/* MBTP26 */

unsi gned short MSTP27:
unsi gned short MSTP26:
unsi gned short MSTP25: /* MBTP25 */
unsi gned short MSTP24: /* MBTP24 */
unsi gned short :3; /* x|

e e

unsi gned short MSTP20: 1; /* MSTP20 x|
unsi gned short MSTP19: 1; /* MBTP19 */
unsi gned short MSTP18: 1; /* MBTP18 */
unsi gned short :2; /* */
} BT, /* */
} MSTCRY; /* */
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uni on {

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} MSTCRZ;
b
struct st_bsc {
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} BCR1;

uni on {

short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,

} BCRZ;

uni on {

short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
} BT,
} VCRL;
b

struct st_dtc {
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01,
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MSTP2:
01,
MSTPO: 1;

PRERERR

01,
MMIRVE: 1;
MIURME: 1;
1 12;
AO0SZ: 1,

I W 2;
: 3
aw: 1

SW: 1

1 12;
W 4;
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MSTCR2
Wrd Access
Bit Access

MBTP14
MBTP13
MBTP12

MBTP9
MBTP6
MBTP5
MBTP4
MBTP3
MBTP2

MBTPO

struct BSC
BCR1

Word Access
Bit Access

MVITRVE
MIURVE

A0SZ

BCR2

Wrd Access

Bit Access

W

o)

SW

WCR1

Wrd Access

Bit Access

w

struct DTC
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uni on { /* DTEA */

unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */
unsi gned char Td 4A: 1; /* x|

unsi gned char T4 4B: 1; /* */

unsi gned char Td 4C. 1; /* */

unsi gned char Td 4D: 1; /* */

unsi gned char Td 4V: 1; /* x|

unsi gned char Td 3A: 1; /* x|

unsi gned char Td 3B: 1; /* x|

unsi gned char Td 3C. 1; /* */

} BT, /* */

} DTEA /* */
uni on { /* DTEB */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */
unsi gned char Td 3D: 1; /* */

unsi gned char Td 2A: 1; /* */

unsi gned char Td 2B: 1; /* */

unsi gned char Td 1A: 1; /* x|

unsi gned char Td 1B: 1; /* x|

unsi gned char Td 0A: 1; /* x|

unsi gned char TG 0B: 1; /* */

unsi gned char T4 0C. 1; /* */

} BT, /* */

} DTEB; [ * *]
uni on { /* DTEC */
unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */
unsi gned char T4 0D: 1; /* */

unsi gned char ADIO: 1; /* */

unsi gned char | RQ: 1; /* */

unsi gned char | RQL: 1; /* */

unsi gned char | RQ: 1; /* */

unsi gned char | RQ3: 1; /* */

unsi gned char bil: 1, /* */

unsi gned char bO0: 1, /* */

} BT, /* */

} DTEC /* */
uni on { /* DTED */
unsi gned char BYTE; /* Byte Access */
struct { /[* Bit Access */
unsi gned char b7: 1, /* */

unsi gned char b6: 1; /* x|

unsi gned char CM 0: 1; /* x|

unsi gned char CM 1:1; /* x|

unsi gned char b3: 1, /* */

unsi gned char b2: 1, /* */

unsi gned char b1l: 1, /* */

unsi gned char bO0: 1; /* x|

} BT, /* */
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} DTED,
unsi gned char wkO0[2];
uni on {

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} DTCSR
unsi gned short DTBR
unsi gned char wkl1[6];
uni on {

short
short
short
short
char
char
char
char
char
char
char
char

unsi gned char BYTE

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;

} DTEE;

uni on {

char
char
char
char
char
char
char
char

unsi gned char BYTE

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} DTEF;
b
struct st_hudi {
uni on {

char
char
char
char
char
char
char
char

unsi gned short WORD;
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NM F: 1;
AE: 1;

SWDTE
DTVECY:
DTVEGCE:
DTVEGCS:
DTVEC4
DTVECS:
DTVEC2:
DTVECL:
DTVEQO:

PRERERRRRERR

b7:1;
b6: 1;
ADI 1:1;
ADI 2: 1;

RX

TXI

RX
TXI

_2:1;
I _
RXI _
311

2:1;

_4:1,

4:1;

TGN 1;
TGM 1;
b3:1;
RML: 1;
bl:1;
b0: 1;

/*
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/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

DTCSR
Wrd Access
Bit Access

NM F
AE
SWOTE
DTVECY
DTVEC6
DTVECS
DTVECA
DTVEC3
DTVEC2
DTVEC1
DTVECO

DTBR

DTEE
Byte Access
Bit Access

DTEF
Byte Access
Bit Access

struct HUDI
SDI R
Wrd Access
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b

struct

struct {
unsi gned short
unsi gned short
} BIT;
} SDR
uni on {
unsi gned short WORD
struct {
unsi gned short
unsi gned short
} BT,
} SDSR,
unsi gned short SDDRH
unsi gned short SDDRL;

st _hcan2 {
uni on {
unsi gned short WORD
struct {
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
} BIT;
} MR
uni on {
unsi gned short WORD
struct {
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
} BIT;
} GSR
uni on {
unsi gned short WORD
struct {

unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short
unsi gned short

RENESAS

TS: 4;

1 12;

. 15;

SDTRF: 1;

TSGL:

o1,

TSG2:

12

13

PR RR

4;

3,

SIW 2;

BSP: 1;

/* Bit Access */

/* TS */
/* */
/* */
/* */
/* SDSR */

/* Word Access */
/* Bit Access */

/* */
/* SDTRF x|
/* */
/* */
/* SDDRH */
/* SDDRL */
/* */
/* struct HCAN2 */
/* MCR */

/* Word Access */
/* Bit Access */

/* */
/* MCR7 */
/* */
/* MCR5 */
/* */
/* MCR2 */
/* MCR1 */
/* MCRO */
/* */
/* */
/* GSR */

/* Word Access */
/* Bit Access */

/* */
/* GSR5 */
/* GSR4 */
/* GSR3 */
/* GSR2 */
/* GSR1 */
/* GSRO */
/* */
/* */

/* HCAN2_BCR1 */
/* Word Access */
/* Bit Access */

/* TSGL */
/* */
/* TS& */
/* */
/* SIW */
/* */
/* BSP */
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} BIT; /* *)

} HCAN2_BCR1; /* */

uni on { /* HCAN2_BCRO */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */

unsi gned short :8; /* */

unsi gned short BRP: 8; /* BRP */

} BT, /* */

} HCAN2_BCRO; /* */

uni on { /* IRR */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short | RR15: 1; /* | RR15 */

unsi gned short | RR14: 1; /* | RR14 x|

unsi gned short | RR13: 1; /* | RR13 x|

unsi gned short | RR12: 1; /* | RR12 x|

unsi gned short :2; /* */

unsi gned short | RR9: 1; /* | RR9 */

unsi gned short | RR8:1; /* | RR8 */

unsi gned short | RR7:1; /* | RR7 x|

unsi gned short | RR6:1; /* | RR6 x|

unsi gned short | RR5:1; /* | RR5 x|

unsi gned short | RR4: 1; /* | RR4 */

unsi gned short | RR3:1; /* | RR3 */

unsi gned short | RR2:1; /* | RR2 */

unsi gned short | RR1: 1; /* | RR1 x|

unsi gned short | RRO: 1; /* | RRO x|

} BT, /* */

} IRR /* */

uni on { /* 1 MR */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */

unsi gned short | MR15: 1; /* | MR15 x|

unsi gned short | MR14: 1; /* | MR14 x|

unsi gned short | MR13: 1; /* I MR13 */

unsi gned short | MR12: 1; /* I MR12 */

unsi gned short :2; /* */

unsi gned short | MR9: 1; /* | MR9 x|

unsi gned short | MR8: 1; /* | MR8 x|

unsi gned short | MR7: 1; /* | MR7 x|

unsi gned short | MR6: 1; /* | MR6 */

unsi gned short | MR5: 1; /* | MRS */

unsi gned short | M4: 1; /* | MR4 */

unsi gned short | MR3: 1; /* | MR3 x|

unsi gned short | MR2: 1; /* | MR2 x|

unsi gned short | MR1L: 1; /* | MR1 x|

unsi gned short :1; /* */

} BIT; /* */

}IMR /* */

unsi gned char TEC, /* TEC x|
unsi gned char REC, /* REC x|
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unsi gned char wkO[ 18] ; /* */

uni on { /* TXPRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short TXPR31: 1; /* TXPR31 */

unsi gned short TXPR30: 1; /* TXPR30 */

unsi gned short TXPR29: 1; /* TXPR29 */

unsi gned short TXPR28: 1; /* TXPR28 x|

unsi gned short TXPR27: 1; /* TXPR27 x|

unsi gned short TXPR26: 1; /* TXPR26 x|

unsi gned short TXPR25: 1; /* TXPR25 */

unsi gned short TXPR24: 1, /* TXPR24 */

unsi gned short TXPR23: 1; /* TXPR23 */

unsi gned short TXPR22: 1; /* TXPR22 x|

unsi gned short TXPR21: 1; /* TXPR21 x|

unsi gned short TXPR20: 1; /* TXPR20 x|

unsi gned short TXPR19: 1; /* TXPR19 */

unsi gned short TXPR18: 1; /* TXPR18 */

unsi gned short TXPRL7: 1, /* TXPR17 */

unsi gned short TXPR16: 1; /* TXPR16 x|

} BT, /* */

} TXPR1; [ * */
uni on { /* TXPRO */
unsi gned short WORD, /* Word Access */
struct { /[* Bit Access */
unsi gned short TXPR15: 1; /* TXPR15 x|

unsi gned short TXPR14: 1; /* TXPR14 x|

unsi gned short TXPR13: 1; /* TXPR13 x|

unsi gned short TXPR12: 1, /* TXPR12 */

unsi gned short TXPR11: 1; /* TXPR11 */

unsi gned short TXPR1O0: 1; /* TXPR10 */

unsi gned short TXPR9: 1; /* TXPRO x|

unsi gned short TXPR8: 1; /* TXPR8 x|

unsi gned short TXPR7:1; /* TXPR7 x|

unsi gned short TXPR6: 1; /* TXPR6 */

unsi gned short TXPR5: 1; /* TXPR5 */

unsi gned short TXPR4: 1; /* TXPR4 */

unsi gned short TXPR3:1; /* TXPR3 x|

unsi gned short TXPR2:1; /* TXPR2 x|

unsi gned short TXPR1: 1; /* TXPR1 x|

unsi gned short :1; /* */

} BT, /* */

} TXPRO; /* */
unsi gned char wkl1[4]; /* */
uni on { /* TXCRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short TXCR31: 1; /* TXCR31 */

unsi gned short TXCR30: 1; /* TXCR30 */

unsi gned short TCR29:1; /* TCR29 x|

unsi gned short TXCR28: 1; /* TXCR28 x|
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unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} TXCR1;
uni on {

short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} TXCRO;
unsi gned char wk2[4];
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
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short
short
short
short
short
short
short
short
short
short
short
short
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TXCR27
TSCR26
TXCR25
TXCR24:
TXCR23
TXCR22
TXCR21
TXCR20
TXCR19
TXCR18
TXCR17
TXCR16

PR RPRRRPRRPRRERRRR

TXCR15: 1,
TXCR14: 1,

TCR13: 1;

TXCR12: 1;
TXCR11: 1;
TSCR10: 1;

TXCRO:
TXCRS:
TXCRY7:
TXCR6:
TXCR5:
TXCR4
TXCRS:
TXCR2:
TXCRL:
01,

EERERRRERERR

TXACK31:
TXACK30:
TXACK29:
TXACK28:
TXACK27:
TXACK26:
TXACK25:
TXACK24:
TXACK23:
TXACK22:
TXACK21:
TXACK20:

RPRRPRRPRRPRPRRPRRPERRRER

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

TXCR27
TSCR26
TXCR25
TXCR24
TXCR23
TXCR22
TXCR21
TXCR20
TXCR19
TXCR18
TXCR17
TXCR16

TXCRO

Word Access

Bit Access
TXCR15
TXCR14
TCR13
TXCR12
TXCR11
TSCR10
TXCR9
TXCR8
TXCR7
TXCR6
TXCR5
TXCR4
TXCR3
TXCR2
TXCR1

TXACK1
Wrd Access
Bit Access
TXACK31
TXACK30
TXACK29
TXACK28
TXACK27
TXACK26
TXACK25
TXACK24
TXACK23
TXACK22
TXACK21
TXACK20

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned short TXACK19: 1; /* TXACK19 */

unsi gned short TXACK18: 1; /* TXACK18 x|

unsi gned short TXACK17: 1; /* TXACK17 x|

unsi gned short TXACK16: 1; /* TXACK16 x|

} BT, /* */

} TXACK1; /* */
uni on { [ * TXACKO */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short TXACK15: 1; /* TXACK15 x|

unsi gned short TXACK14: 1; /* TXACK14 */

unsi gned short TXACK13: 1; /* TXACK13 */

unsi gned short TXACK12: 1; /* TXACK12 */

unsi gned short TXACK11: 1; /* TXACK11 x|

unsi gned short TXACK10: 1; /* TXACK10 x|

unsi gned short TXACK9: 1; /* TXACK9 x|

unsi gned short TXACKS: 1; /* TXACK8 */

unsi gned short TXACK7: 1; /* TXACK7 */

unsi gned short TXACKG6: 1; /* TXACK6 */

unsi gned short TXACKS5: 1; /* TXACK5 x|

unsi gned short TXACK4: 1; /* TXACK4 x|

unsi gned short TXACK3: 1; /* TXACK3 x|

unsi gned short TXACK2: 1; /* TXACK2 */

unsi gned short TXACK1: 1; /* TXACK1 */

unsi gned short :1; /* */

} BIT, /* */

}  TXACKO; /* */
unsi gned char wk3[4]; /* */
uni on { /* ABACK1 */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */
unsi gned short ABACK31: 1; /* ABACK31 x|

unsi gned short ABACK30: 1; /* ABACK30 x|

unsi gned short ABACK29: 1; /* ABACK29 x|

unsi gned short ABACK28: 1; /* ABACK28 */

unsi gned short ABACK27: 1, /* ABACK27 */

unsi gned short ABACK26: 1; /* ABACK26 */

unsi gned short ABACK25: 1; /* ABACK25 x|

unsi gned short ABACK24: 1; /* ABACK24 x|

unsi gned short ABACK23: 1; /* ABACK23 x|

unsi gned short ABACK22: 1, /* ABACK22 */

unsi gned short ABACK21: 1, /* ABACK21 */

unsi gned short ABACK20: 1; /* ABACK20 */

unsi gned short ABACK19: 1; /* ABACK19 x|

unsi gned short ABACK18: 1; /* ABACK18 x|

unsi gned short ABACK17: 1; /* ABACK17 x|

unsi gned short ABACK16: 1; /* ABACK16 */

} BT, /* */

} ABACK1; /* */
uni on { /* ABACKO */
unsi gned short WORD; /* Wrd Access */
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struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} ABACKO;
unsi gned char wk4[4];
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} RXPR1;
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
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short
short
short
short
short
short
short
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ABACK15:
ABACK14:
ABACK13:
ABACK12:
ABACK11:
ABACK10:

ABACK9
ABACK8
ABACK?7:
ABACK6
ABACKS5
ABACKA4:
ABACK3
ABACK2:
ABACK1:
01,

RXPR31
RXPR30
RXPR29
RXPR28
RXPR27
RXPR26
RXPR25
RXPR24:
RXPR23
RXPR22
RXPR21
RXPR20
RXPR19
RXPR18
RXPR17
RXPR16

RXPR15
RXPR14:
RXPR13
RXPR12
RXPR11
RXPR10
RXPR9: 1

R e e e e o

PR RPRRPRRERR

RPRRPRRPRRPRRPRRPRPRPRPRREPRPRRERRRBR

PR R RRE R

’

1

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

Bit Access
ABACK15
ABACK14
ABACK13
ABACK12
ABACK11
ABACK10
ABACK9
ABACKS8
ABACK7
ABACK6
ABACK5
ABACK4
ABACK3
ABACK2
ABACK1

RXPR1

Wrd Access

Bit Access
RXPR31
RXPR30
RXPR29
RXPR28
RXPR27
RXPR26
RXPR25
RXPR24
RXPR23
RXPR22
RXPR21
RXPR20
RXPR19
RXPR18
RXPR17
RXPR16

RXPRO

Word Access

Bit Access
RXPR15
RXPR14
RXPR13
RXPR12
RXPR11
RXPR10
RXPR9

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned short RXPR8:1; /* RXPR8 */

unsi gned short RXPR7:1; /* RXPR7 x|

unsi gned short RXPR6: 1; /* RXPR6 x|

unsi gned short RXPR5: 1; /* RXPR5 x|

unsi gned short RXPR4:1; /* RXPR4 */

unsi gned short RXPR3:1; /* RXPR3 */

unsi gned short RXPR2:1; /* RXPR2 */

unsi gned short RXPR1:1; /* RXPR1 x|

unsi gned short RXPRO: 1; /* RXPRO x|

} BT, /* */

} RXPRO; /* */
unsi gned char wk5[4]; /* */
uni on { /* RFPRL */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short RFPR31: 1; /* RFPR31 x|

unsi gned short RFPR30: 1; /* RFPR30 */

unsi gned short RFPR29: 1; /* RFPR29 */

unsi gned short RFPR28: 1; /* RFPR28 */

unsi gned short RFPR27: 1; /* RFPR27 x|

unsi gned short RFPR26: 1; /* RFPR26 x|

unsi gned short RFPR25: 1; /* RFPR25 x|

unsi gned short RFPR24: 1, /* RFPR24 */

unsi gned short RFPR23: 1; /* RFPR23 */

unsi gned short RFPR22: 1; /* RFPR22 */

unsi gned short RFPR21: 1; /* RFPR21 x|

unsi gned short RFPR20: 1; /* RFPR20 x|

unsi gned short RFPR19: 1; /* RFPR19 x|

unsi gned short RFPR18: 1; /* RFPR18 */

unsi gned short RFPRL7: 1, /* RFPR17 */

unsi gned short RFPR16: 1; /* RFPR16 */

} BT, /* */

} RFPR1; /* */
uni on { /* RFPRO */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */
unsi gned short RFPR15: 1; /* RFPR15 */

unsi gned short RFPR14: 1; /* RFPR14 x|

unsi gned short RFPR13: 1; /* RFPR13 x|

unsi gned short RFPR12: 1; /* RFPR12 x|

unsi gned short RFPR11: 1, /* RFPR11 */

unsi gned short RFPR1O: 1; /* RFPR10 */

unsi gned short RFPR9: 1; /* RFPR9 */

unsi gned short RFPR8: 1; /* RFPR8 x|

unsi gned short RFPR7:1; /* RFPR7 x|

unsi gned short RFPR6:1; /* RFPR6 x|

unsi gned short RFPR5:1; /* RFPR5 */

unsi gned short RFPR4:1; /* RFPR4 */

unsi gned short RFPR3:1; /* RFPR3 */

unsi gned short RFPR2:1; /* RFPR2 x|

unsi gned short RFPR1:1; /* RFPR1 x|
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unsi gned
} BIT;
} RFPRO;
unsi gned char wk6[4];
uni on {

short

unsi gned short WORD

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BT,
} MBI MRL
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD;

struct {
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
unsi gned
} BIT;
} MBI MRO
unsi gned char wk7[4];
uni on {

short
short
short
short
short
short
short
short
short
short
short
short
short
short
short
short

unsi gned short WORD

struct {
unsi gned
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short
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RFPRO: 1

MBI VR31:
MBI MR30:
MBI MR29:
MBI MR28:
MBI MR27:
MBI MR26:
MBI VR25:
MBI VR24:
MBI MR23:
MBI MR22:
MBI MR21:
MBI MR20:
MBI MR19:
MBI MR18:
MBI VR17:
MBI MR16:

MBI MR15:
MBI MR14:
MBI MR13:
MBI MR12:
MBI VR11:
MBI MR10:

MBI MR9
MBI MR8
MBI MR7:
MBI VR6
MBI MRS
MBI VR4
MBI MR3
MBI MR2:
MBI MR1:
MBI VRO

UVBR31

PR RPRRPRRPRRPRRPRPRRPRPRRPRRERRER

PR R R R R

PRRPRRRPRRERRRER

1;

/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*
/*

RFPRO

MBI MR1

Word Access

Bit Access
MBI MR31
MBI MR30
MBI MR29
MBI MR28
MBI MR27
MBI MR26
MBI MR25
MBI MR24
MBI MR23
MBI MR22
MBI MR21
MBI MR20
MBI MR19
MBI MR18
MBI MR17
MBI MR16

MBI MRO

Wrd Access

Bit Access
MBI MR15
MBI MR14
MBI MR13
MBI MR12
MBI MR11
MBI MR10
MBI MR9
VBl MR8
MBI MR7
VBl MR6
MBI MR5
MBI MR4
MBI MR3
MBI MR2
MBI MR1
MBI MRO

UMVSR1

Word Access

Bit Access
UVSR31

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned short UMBR30: 1; /* UVSR30 */

unsi gned short UVBR29: 1; /* UVBR29 x|

unsi gned short UVBR28: 1; /* UVBR28 x|

unsi gned short UMBR27: 1; /* UVBR27 x|

unsi gned short UMBR26: 1; /* UVSR26 */

unsi gned short UMBR25: 1; /* UVSR25 */

unsi gned short UMBR24: 1; /* UVSR24 */

unsi gned short UVBR23: 1; /* UVBR23 x|

unsi gned short UMBR22: 1; /* UVBR22 x|

unsi gned short UVBR21: 1; /* UVBR21 x|

unsi gned short UMBR20: 1; /* UVSR20 */

unsi gned short UMBR19: 1; /* UVSR19 */

unsi gned short UMBR1S: 1; /* UVSR18 */

unsi gned short UVBRL7: 1; /* UVBR17 x|

unsi gned short UVBR16: 1; /* UVBR16 x|

} BT, /* */

} UMBRI; /* */
uni on { /* UMBRO */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */
unsi gned short UMBRLS: 1; /* UVBR15 x|

unsi gned short UVBR14: 1; /* UVBR14 x|

unsi gned short UMBR13: 1; /* UVSR13 */

unsi gned short UMBR12: 1; /* UVSR12 */

unsi gned short UMBR11: 1; /* UVSR11 */

unsi gned short UVMBR1O0: 1; /* UVBR10 x|

unsi gned short UVBRO: 1; /* UVSBR9 x|

} BT, /* */

} UMBRO; /* */
unsi gned char wk8[ 36]; /* */
unsi gned short TCNTR; [* TCNTR */
uni on { /* TCR */
unsi gned short WORD; /* Wrd Access */
struct { /* Bit Access */
unsi gned short TCR15: 1; /* TCR15 */

unsi gned short TCR14:1; /* TCR14 */

unsi gned short TCR13:1; /* TCR13 */

unsi gned short TCR12:1; /* TCR12 x|

unsi gned short TCR11:1; /* TCR11 x|

unsi gned short TCR10: 1; /* TCR10 x|

unsi gned short TCR9: 1; /* TCRO */

unsi gned short TCR8: 1; /* TCR38 */

unsi gned short TCR7:1; /* TCR7 */

unsi gned short :1; /* x|

unsi gned short TPSC. 6; /* TPSC x|

} BT, /* */

} TCR; /* */
uni on { /* TSR */
unsi gned short WORD, /* Word Access */
struct { /* Bit Access */
unsi gned short :13; /* x|
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unsi gned short TSR2:1;
unsi gned short TSR1:1;
unsi gned short TSRO: 1;

} BIT;
} TSR
unsi gned short TDCR
unsi gned short LOSR;
unsi gned char wk9[2];
unsi gned short HCAN2_I CRO
unsi gned short HCAN2_ | CR1
unsi gned short TCMRO;
unsi gned short TCMRL;
unsi gned char wk10[ 108];
struct st_nb {
uni on {
unsi gned char BYTE
struct {
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
} BIT;
} MBO;
uni on {
unsi gned char BYTE
struct {
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
} BT,
} MBI,
uni on {
unsi gned char BYTE
struct {
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
unsi gned char
} BT,
}oMB2;
uni on {
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01,
STDI D10: 1;
STDI D9:
STDI D8:
STDI D7:
STDI D6:
STDI D5:
STDI D4

PRERERRR

STDI D 4;
RTR 1;

| DE: 1;
EXTI D17: 1;
EXTI D16: 1;

EXTI D15:
EXTI D14:
EXTI D13:
EXTI D12:
EXTI D11
EXTI D10:
EXTI DO: 1;
EXTI D8: 1;

PR R R R R
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/* TSR2
/* TSR1
/* TSRO
/*
/*
/* TDCR
/* LOSR
/*
/* HCAN2_| CRO
/* HCAN2_| CR1
/* TCVRO
/* TCVRL
/*

/* NMBO
/* Byte Access
/* Bit Access
/*
/* STDI D10
/* STDI D9
/* STDI D8
/* STDI D7
/* STDI D6
/* STDI D5
/* STDI D4
/*
/*
/* MB1
/* Byte Access
/* Bit Access
/* STDI D
/* RTR
/* | DE
/* EXTI D17
/* EXTI D16
/*
/*
/* NMB2
/* Byte Access
/* Bit Access
/* EXTI D15
/* EXTI D14
/* EXTI D13
/* EXTI D12
/* EXTI D11
/* EXTI D10
/* EXTI D9
/* EXTI D8
/*
/*
/* NMB3

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/

*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/
*/



unsi gned char BYTE; /* Byte Access */
struct { /* Bit Access */

unsi gned char EXTI D7: 1; /* EXTI D7 x|

unsi gned char EXTI D6: 1; /* EXTI D6 x|

unsi gned char EXTI D5: 1; /* EXTI D5 */

unsi gned char EXTI D4: 1; /* EXTI D4 */

unsi gned char EXTI D3: 1; /* EXTI D3 */

unsi gned char EXTI D2: 1; /* EXTI D2 x|

unsi gned char EXTID1: 1; /* EXTI D1 x|

unsi gned char EXTI DO: 1; /* EXTI DO x|

} BT, /* */

} MBS3; /* */

uni on { /* NB4 */

unsi gned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsi gned char CCM 1; /* cCcM x|

unsi gned char TTE: 1, /* TTE */

unsi gned char NMC: 1; /* NMC */

unsi gned char ATX 1, /* ATX */

unsi gned char DART: 1; /* DART x|

unsi gned char MBC: 3; /* MBC x|

} BT, /* */

} MB4; /* */

uni on { /* MBS */

unsi gned char BYTE; /* Byte Access */

struct { /* Bit Access */

unsi gned char PTE: 1; /* PTE x|

unsi gned char TCT: 1; /* TCT x|

unsi gned char CBE: 1, /* CBE */

unsi gned char :1; /* */

unsi gned char DLC: 4, /* DLC */

} BT, /* */

} MB5; /* */

unsi gned char TI ME_STAWP; /* TI ME_STAWP  */

unsi gned char wk11[1]; /* */

unsi gned char MSG_DATA[ 8] ; [ * NMSG_DATA */

unsi gned char LAFM[ 2]; /* LAFMD */

unsi gned char LAFML[ 2]; /* LAFML */

unsi gned char wk12[12]; /* */
}b[32];

}; | * */

#define P_SCI2 (*(volatile struct st_sci *)O0xFFFF8100) /* SCl 2 Address */
#define P_SCI3 (*(volatile struct st_sci *)O0xFFFF81D0) /* SCl 3 Address */
#define P_SCl4 (*(volatile struct st_sci *)O0xFFFF81EO) /* SCl 4 Address */
#define P_MIU34 (*(volatile struct st_ntu34 *)0xFFFF8200)/* MIru34 Address */
#define P_MIUWO (*(volatile struct st_ntuO *)OxFFFF8260) /* MrU0 Address */
#define P_MIUL (*(volatile struct st_ntul *)OxFFFF8280) /* MrUL Address */
#define P_MIU2 (*(volatile struct st_ntu2 *)OxFFFF82A0) /* MrU2 Address */
#define P_INTC (*(volatile struct st_intc *)OxFFFF8348) /* |NTC Address */
#define P_PORTA (*(volatile struct st_porta *)OxFFFF8382)/* PORTA Address */
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#define P_PORTB (*(volatile struct st_portb *)OxFFFF8390)/* PORTB Address */
#define P_PORTD (*(volatile struct st_portd *)OxFFFF83A2)/* PORTD Address */
#define P_PORTE (*(volatile struct st_porte *)0OxFFFF83B0)/* PORTE Address */
#define P_PORTF (*(volatile struct st_portf *)OxFFFF83B2)/* PORTF Address */
#define P_MIU (*(volatile struct st_ntu *)OxFFFF83C0) /* MIU Address */
#define P_MMI (*(volatile struct st_mmt *)OxFFFF83C4) /* MMTI Address */
#define P_PORTG (*(volatile struct st_portg *)OxFFFF83CD)/* PORTG Address */
#define P_CMI (*(volatile struct st_cnt *)O0xFFFF83D0) /* CMTI Address */
#define P_AD (*(volatile struct st_ad *)OxFFFF8420) /* AD Address */
#define P_FLASH (*(volatile struct st_flash *)0xFFFF8580)/* FLASH Address */
#define P_UBC (*(volatile struct st_ubc *)O0xFFFF8600) /* UBC Address */
#define P_WDT (*(volatile struct st_wdt *)OxFFFF8610) /* WDT Address */
#define P_STBY (*(volatile struct st_stby *)OxFFFF8614) /[/* STBY Address */
#define P_BSC (*(volatile struct st_bsc *)0xFFFF8620) /* BSC Address */
#define P_DTC (*(volatile struct st_dtc *)0xFFFF8700) /* DTC Address */
#define P_HUDI (*(volatile struct st_hudi *)OxFFFF8A50) /* HUDI Address */
#define P_HCAN2 (*(volatile struct st_hcan2 *)OxFFFFBO0OO)/* HCAN2 Address */

Note: The header file shown here is the file generated automatically by Renesas Technology
Integrated Development Environment (High-performance Embedded Workshop) C/C++
Compiler Ver. 6. Please refer to development environment upgrade information for
details of modifications and amendments.
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