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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

1 Overview
1.1 Configuration

This application note describes a setting example of AD detection timing synchronized with PWM output and examples
of using built-in programmable gain amplifiers (hereinafter referred to as PGA) and built-in comparators on the basis of
a motor control board using one shunt current detection method (Figure 1).

Settings for S/W registers in this application note are generated by using Renesas Electronics’ free tool, ‘Peripheral 1/0
driver generator tool: Peripheral Driver Generator V.2 (hereinafter called PDG2) Ver2.02’. For details of register setting
values, refer to PDG2 User’s Manual.
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Figure 1. System Configuration Diagram
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RX62T Group

Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

1.2 List of Used Functions

Table 1 shows a list of RX62T functions used in this application note.

Table 1. List of Functions Used by S/W

Function Name Content
- Sine wave output using the complementally PWM mode by MTU3
Three-phase output MTU3 (ch3, 4)
P P (ch3,4) - Input two times at any given timing of three-phase PWM using AD
delayed trigger generator function
Current input for 12-bit ADA - Support one shunt current detection method with AD 1 ch (double
shunt (ANOOO) data registers)
Shun.t.cur.rent PGA - The shunt current is amplified twice by using a built-in PGA.
amplification
. 12-bit ADA . . N
Bus voltage input (AN0D3) AD input by trigger from MTU3 synchronization
- Shutdown of three-phase outputs upon detecting the “falling” edge of
. ; POE :
Fault signal input POE10 overcurrent signal when a fault occurs from IPM.
( ) (High impedance)
Overcurrent detection Comparator -Shutdown of three-phase outputs upon detecting positive and
in 12-bit ADA negative overcurrents by using the window comparator function.

RO1ANO0821EJ0100 Rev.1.00

2012.02.17

2 Page 3 of 21
KENESAS




RX62T Group

Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

2 Contents of Control

2.1 Port Assignment
Table 2. Port Assignment

RX62T RX62T-RSK
Purpose of Use I/O ]EJse . Pin No JA J
unction

Vce HW | Vcc 14,42,60 | JA1-1,JA6-23 J1-1,J2-17,J3-10

Vss HW | Vss 3,12,44,62 | JA1-2,4,JA2-4,JA6-24 | J1-3,12,J2-19,J3-12

VCL HW | VCL 5 - -

AVcc HW | AVCCO 92 JA1-5 J4-17

AVss HW | AVSS0 95 JA1-6 J4-20

PLLVss HW PLLVss 31 - -

EXTAL HW EXTAL 13 - J1-13

XTAL HW | XTAL 11 - J1-11

MD1 HW MD1 6 - J1-6

RESET HW RES# 10 JA2-1 J1-10

ASEMDO HW | MDO 7 - J1-7

Fault signal input IN POE10#-A | 15 JA2-3 J1-15

Motor UP-phase output OUT | MTIOC3B 56 JA2-13 J3-6

Motor UN-phase output OUT | MTIOC3D 53 JA2-14 J3-3

Motor VP-phase output OUT | MTIOC4A 55 JA2-15 J3-5

Motor WP-phase output OUT | MTIOC4B 54 JA2-17 J3-4

Motor VN-phase output OUT | MTIOCA4C 52 JA2-16 J3-2

Motor WN-phase output OUT | MTIOC4D 51 JA2-18 J3-1

AD input for bus voltage IN ANOO03 88 JA1-12 J4-13

AD input for 1-shunt current | IN ANOO0O 91 JA1-9 J4-16
RO1ANO0821EJ0100 Rev.1.00 Page 4 of 21
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RX62T Group

Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

2.2 Timing Diagram

Figure 2 is a diagram showing one carrier of PWM and timing to capture AD values.
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Figure 2. AD Conversion Timing Diagram
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

2.3 12-bit AD Converter (S12ADA)
(1) AD Detection Items

Table 3 lists items detected by the AD conveters.

Table 3. AD Detection Items

ltem A/D input port
Shunt current 1 ANOOOA
Shunt current 2 ANO00OB
Bus voltage ANOO03

(2) AD Converter Settings

Table 4 shows settings for the 12-bit AD converters.

Table 4. AD Conversion Mode Setting

Item Content
Conversion mode 2-channel scan mode
Conversion pin Group 0: ANOOOA, ANOOOB
Group 1: ANOO1 to AN003
Trigger select Group 0: MTU3 TRG4AN or TRG4BN
Group 1: MTU3 TRGA4N (carrier trough)
Bit select 12 bits (right aligned)
Sampling method Sample-and-hold function + dedicated sample-and-hold for each
channel
Frequency select PCLK = 50MHz, ADCLK = 50MHz
A/D conversion time 1.82ps (4 cycles - PCLK + 88 cycles - ADCLK)
A/D conversion interrupt Unused
PGA Amplification rate: 2 times (ANOOOA, ANOOOB)
Comparator function select | Window comparator (High: 6/8AVCC, Low: 1/8AVCC)
Noise cancellation filter Comparator detection results are sampled 16 times with PCLK/8
Comparator interrupt Used as a POE interrupt request

(3) How to Calculate the AD Conversion Time

To use PGA, it is necessary to use a dedicated sample-and-hold circuit set for each channel of 12-bit AD
converters (excluding ANOO3 and AN103).

The AD conversion time can be calculated by a below formula which is described in Section 27.3.3, p.1225 i
n RX62T Group Hardwar Manual Rev1.10 .

* When a dedicated sample-and-hold circuit for the channel is used and self diagnosis function is not used:
tSCAN =tD + tSPLSH + (tCONV x n) + tED

RO1ANO821EJ0100 Rev.1.00 Page 6 of 21
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

24 Port Output Enable 3 (POE3)
(1) Item Detected by Port Output Enable 3
Table 5 shows an item detected by Port Output Enable 3.

Table 5. Item Detected by Port Output Enable 3

Item Port Content
Fault signal input POE10 Detect a fault signal from IPM

(2) Settings for Port Output Enable 3
Table 6 shows settings for POE3.
Table 6. Settings for POE3

ltem Content
Target Three-phase output ports (6 pins)
» Comparator detection (AN0OO)
High-impedance * POE10 input level detection
conditions * When upper and lower arms in any phase of the three-phase
PWM outputs have simultaneously reached an active level
Interrupt POE10: priority level 15
Interrupt source A request is accepted at the falling edge of POE10 pin.

2.5 Multi-Function Timer Unit 3 (MTU3)

(1) Settings for the multi-function timer unit 3
Table 7 shows settings for the multi-function timer unit 3.

Table 7. Setting Items in Multi-Function Timer Unit 3

Item Content
Used channel MTUS3 ch3, 4
Operating mode Complementary PWM mode
Frequency select ICLK = 100MHz
Dead time 2us
Buffer transfer timing Buffer transfer at counter trough
Interrupt skipping None
Interrupt Interrupts at MTU3_4 underflow (priority level 10)
RO1ANO0821EJ0100 Rev.1.00 Page 8 of 21
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

3 PDG2 Setting

Sample S/W registers for this application note are generated and set by using PDG2. This chapter illustrates settings
to configure an operation environment in user system by using PDG2.

*Note

The sample S/W is adjusted to operate on a PC in which PDG2 has not been installed. Therefore, settings according
to displays shown below do not mean that a project built on the High-performance Embedded Workshop (HEW) has
the same configuration as the sample S/W.

There is no difference in operations.

3.1 System Setting

= @ System
A Clock Generation Circuit ¥ ;i I——‘
Q Fn Main clack [EXTAL input] frequency: 125/f008 (7]
i~ Frequency setling
Clock source Frequency
System clock [ICLKE | EXTAL=8 | | 100.000000 MHz
Peripheral module clock (PCLK): IEXT.&L =4 El | 50.000000 .,
On-chip oscillator clock (JCOCLK): [On-chip oscilator | 0125 ..
i Dscillation stop detection
™ Enable the main clock oscillation stop detection function Q
Figure 4. System Setting Display
RO1AN0821EJ0100 Rev.1.00 Page 9 of 21
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method
3.2 MTU3ch3 Setting

When the complementary PWM mode is selected as operation mode for MTU3ch3, ch4 is automatically set in
accordance with ch3 setting.

— n n T TN T T T T L T Tl R T
= @ HJM;:‘::.I‘;T Times Puise Link 3 (MTLI3) l:ma?]m.p PY/M modes (1 to 3) and reset-synchionized PWM mode: MTU3Z_3 (paited with MTLI3_4) and MTUIZ_6 (paired vith
| MTILI3.
o MTua 1 MTU3_1 and MTU3_2 can act a3 & 32-bit times wivan MTUI3 1 it used for counting overfiows of MTU3_2
0 MTUa 2 MTUZS has dedicated U. V. and W courters for dead-ime compensation.
@ MIu33
[ MTU3 4 MTU3LO0| MTU3T | MTU32 MTU33 | MTua 4| MTU3 S| MTU3 6| MTU3 7|
O MIu3s
o MIu3s 7 Wise this
@z
1~ Timet synchecnous operation

I~ Inchude this charnel in the synchroncus opersticn @

Operation mode

Mode selsction | Complementany Pwhd mode =]

Drescnplion:

Thiee phases of nor-averdapping positive and negative P wavelorms (se phases in totsl] can be output, PwM wavefoms
without r:rruwdm;; nberval are also avadable.

MTUI_ATCNT, MTUZ_4.TCNT, MTUZ_E.TCNT, and MTUZ_ 7. TCNT funclion as up/dosn-courters.

~ Count selings —
Counter clearing source: IDi:able counber chas ﬂ
Count soasce: | ICLE fsystem clock) =l |Rising edge =l
7 Spoctp the eutemal clock requency
Count zource frequency: | 100000000 pHz
Times opecating peiod | 100000000 [usec x|  Actuslvakse: 100.000000sec
Ence: (0. 000000
Cyche register vakee: [ 5000
Complameantany WM mode sethngs
Dead fime [non-overapping intervall | Genserated |
Diead time: 200000 [eec =]
Actual vabie 2 000000usec
Einor. 0, 000000
Vabe of dead time data register (TDDR] | 200
Irstio vk sm rf renaral reisies & (TRRAT | 5200
Figure 5. MTUS3 Setting Display 1
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method
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It vishore: of Brtfes

Figure 6. MTU3 Setting Display 2
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method
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Figure 7. MTU3 Setting Display 3
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Figure 8. MTUS3 Setting Display 4
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3.3 POE3 Setting
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Figure 9. POE3 Setting Display 1

RO1ANO0821EJ0100 Rev.1.00
2012.02.17

2 Page 14 of 21
KENESAS



RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

Figure 10. POE3 Setting Display 2
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Figure 11. POE3 Setting Display 3
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method
3.4 12-Bit ADA Setting

= B 12k AD Corrveites |5124004)

L0 5128081

ATD e ey et A8 TS RGN/ TG |

Mﬂmhwﬂﬁuﬂﬂﬂ_&uuﬂwwﬂnwmmﬂml

Figure 12. 12-Bit AD Setting Display
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

4 S/W Descriptions

This chapter describes settings of modules which are not supported by PDG2 and control flows.

4.1 Register Settings

Register Initial Content

value
MTU4.TIER.BIT.TTGE 1 Enable to generate an AD conversion start request
MTU4.TIER.BIT.TTGE2 1 Enable an AD conversion request at trough
MTU4. TADCOBRA 5200 Set a cycle for AD conversion start request (buffer)
MTU4.TADCOBRB 5200 Set a cycle for AD conversion start request (buffer)
MTU4.TADCORA 5200 Set a cycle for AD conversion start request
MTU4.TADCORB 5200 Set a cycle for AD conversion start request
MTU4. TADCR.WORD 0x4050 Buffer transfer at TCNT4 peak

As for TRG4AN and TRG4BN, AD converter start requests are enabled when TCNT4
decrements.
Not link the transfer with interrupt skipping function

S12AD.ADCMPFR.BIT.CO00FLAG | 0

Clear the comparator detection flag for ANOOO

S12AD.ADCMPMDO0.BIT.CENO0O 3

Use ANOOO as the window comparator (Low/High)

S12AD.ADCMPMD1.WORD 0x0661

REFL: AVCCO0 x 1/8, REFH: AVCCO x 6/8
Use a signal before amplified by the PGA as a comparator input with reference to
REFH/REFL

S12AD.ADCMPNRO0.BIT.CO0ONR 10

Sample the comparator result 16 times at PCLK/2

S12AD.ADCMPSEL.WORD 0x0301

Use the detection in the comparator as an interrupt or POE request

POE.POECR4.BITCMADDMT34ZE | 1

Add the S12ADA.ADCMPFR.CjFLAG (j = 0 to 2 and 4 to 6) flag to high-impedance
conditions of MTU3_3 and MTU3_4

IR (S12AD,CMPI) 0 Clear the interrupt request flag (comparator IR)

IPR (S12AD,CMPI) 0x0c Comparator interrupt priority level = 12

IEN (S12AD,CMPI) 1 Enable comparator interrupts

POE.ICSR4.BIT.POE10F 0 Clear the POE10 interrupt request flag

POE.OCSR1.BIT.OSF1 0 Clear the output short flag

4.2 Settings of Variables

Defined name (Type) Initial value Content

du (float) O Variable to store the U-phase output value

dv (float) 5200/ 3 Variable to store the V-phase output value

dw (float) 5200/ 3 x 2 Variable to store the W-phase output value

AD_data [5] (short) 0 Variable to store the AD conversion result (For details, refer to the section about 12-
bit A/D converter in PDG2 reference manual.)

t c1 (int) 0 Counter to prevent chattering (for SW1)

t c2 (int) 0 Counter to prevent chattering (for SW2)

4.3 Settings of Constants

Defined name Value Content

CARR_CNT 10000 Carrier cycle

DTT_CNT 200 Dead time

CMP_TIMING_1 5 Constant to generate a timing for AD conversion start trigger
CMP_TIMING_2 15 Constant to generate a timing for AD conversion start trigger
PWM_CHANGE_VAL 0.1 Constant to control changes in PWM output
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

4.4 Main Function Flow

C =

Clock setting (PDG2)

MTUS3 setting (PDG2)

POES setting (PDG2)

Delayed AD trigger setting

12bitADA setting (PDG2)

Timer start (PDG2)
Y
Was SW1 pushed?
N PWM output is disabled (PDG2)
dl I
Y
Was SW2 pushed?
N Comparator setting
PWM output is enabled (PDG2)
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RX62T Group Usage Example of 12-Bit AD Converter in One Shunt Current Detection Method

4.5 MTUS Interrupt Flow

( MTUS interrupt )

Interrupt flag clear

PWM timer value setting

A/D conversions results reading

= D

4.6 Error Interrupt Flow

( Error interrupt )

PWM output is disabled (PDG2)

Setting high-impedance state (PDG2)

Comparator interrupts flag clear

POES interrupts flag clear

Comparator
Detection Flag clear

C = D
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Website and Support

e Renesas Electronics Website
http://www.renesas.com/

e Inquiries
http://www.renesas.com/inquiry

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to al MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that
have been issued for the products.

1. Handling of Unused Pins
Handle unused pins in accord with the directions given under Handling of Unused Pins in the manual.
— The input pins of CMOS products are generally in the high-impedance state. In operation with an
unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of LSI, an
associated shoot-through current flows internally, and malfunctions occur due to the false
recognition of the pin state as an input signal become possible. Unused pins should be handled as
described under Handling of Unused Pins in the manual.
2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.
— The states of internal circuits in the LSI are indeterminate and the states of register settings and
pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states of pins
are not guaranteed from the moment when power is supplied until the reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on reset function
are not guaranteed from the moment when power is supplied until the power reaches the level at
which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access

these addresses; the correct operation of LSl is not guaranteed if they are accessed.
4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.

When switching the clock signal during program execution, wait until the target clock signal has

stabilized.

— When the clock signal is generated with an external resonator (or from an external oscillator)
during a reset, ensure that the reset line is only released after full stabilization of the clock signal.
Moreover, when switching to a clock signal produced with an external resonator (or by an external
oscillator) while program execution is in progress, wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to a product with a different part number, confirm

that the change will not lead to problems.

— The characteristics of an MPU or MCU in the same group but having a different part number may
differ in terms of the internal memory capacity, layout pattern, and other factors, which can affect
the ranges of electrical characteristics, such as characteristic values, operating margins, immunity
to noise, and amount of radiated noise. When changing to a product with a different part number,
implement a system-evaluation test for the given product.




Notice

be disclosed by Renesas Electronics such as that disclosed through our website.

others.

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

use of these circuits, software, or information.

prohibited under any applicable domestic or foreign laws or regulations.

personal electronic equipment; and industrial robots.

designed for life support.

use of Renesas Electronics products beyond such specified ranges.

please evaluate the safety of the final products or system manufactured by you.

o

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.
1

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.

1. All information included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas

Electronics products listed herein, please confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to additional and different information to

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

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the

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

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

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools;

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically

"Specific": Aircraft; p equipment; st i nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

Because the evaluation of microcomputer software alone is very difficult,

. 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

. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.
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