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Notice

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 or any other use of the circuits,
software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and
damages incurred by you or third parties arising from the use of these circuits, software, or information.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and
application examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas
Electronics or others.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics
disclaims any and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification,
copying or reverse engineering.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended

applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication
equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other

Renesas Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a

direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious

property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military

equipment; etc.). Renesas Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising

from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’s manual or other

Renesas Electronics document.

When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General
Notes for Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the
ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of
the use of Renesas Electronics products outside of such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products
have specific characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless
designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing
safety measures to guard against the possibility of bodily injury, injury or damage caused by fire, and/or danger to the public in the event
of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are responsible for evaluating the safety of
the final products or systems 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. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate
the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or
losses occurring as a result of your noncompliance with applicable laws and regulations.

Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control
laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or
transactions.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or
otherwise sells or transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this
document.

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

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

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly

controlled subsidiaries.

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

(Rev.4.0-1 November 2017)




General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit 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. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time 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 time 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 time 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 time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance 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
the 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.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is 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. Additionally, 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.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSI is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of 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.
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Intended for use with a single-phase excitation input and two-phase output type resolver sensor
Frequency of the excitation signal is selectable from 5 kHz, 10 kHz, and 20 kHz.

Features

Intended for use with the host MCU, this IC chip
converts signals (electrical angle information)
detected by the resolver sensor (angle sensor) to
digital signals.
Connectable to a transformer-type or current-
detection type resolver sensor of single-phase
excitation input and two-phase output structure
Integrated exciter amplifier (excitation frequency:
5 kHz, 10 kHz, or 20 kHz)
Resolution of the angle signal (electrical
angle):16,000 pulses/rotation
(excitation frequency: 5 kHz; operating frequency

of the host MCU timer: 80 MHz)

Correction of errors in the detected signals from the
resolver
Correction of the residual carrier in the signals
detected by the resolver sensor
Analog filters to eliminate the resolver's magnetic

noise and PWM noise from motor control

Error detection
Detection of disconnection from the resolver

sensor

PLQP0048KB-B (7 x 7 mm, 0.5-mm pitch)
=3
l
5 Iﬁ

Power-saving function
Single power source operating between 4.5 V to
55V
Circuits not in use can be placed in the power-

saving state to save power

Motor control
Two shunt current amplifiers

Gain: x10 or x25

Serial interface
Communications with the host MCU (clock

synchronous, up to 1-MHz clock)

Clock and reset signals
Frequency of the externally-input clock:
Up to 4 MHz
Three types of reset: Reset by the RESET# pin,

voltage detection, or software

Operating ambient temperature

®  -40°C to +85°C (RAA3064002GFP)
Detection of an excessive temperature within the
®  -40°C to +105°C (RAA3064003GFP)
IC chip
Application
- @ - _I ®  Applications using motors that require high-
- I resolution angle information, excluding those for
T AT automotive use
S g
e — :___L
p— L‘T_I i | HT
Loy rﬁ, ,II: [
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RAA3064002GFP/RAA3064003GFP 1. Overview

1. Overview

The RAA3064002GFP and RAA3064003GFP (hereinafter together referred to as “this IC”) are resolver-to-digital
converters which are intended for use with single-phase excitation, two-phase output type resolver sensors (angle sensors).
The resolver sensor outputs analog signals (electrical angle information) which are proportional to the angle of the
mechanical rotation of the resolver. This IC converts these analog signals to digital signals.

This IC can be connected to either of two types of resolver sensor. Figure 1.1 shows the configurations of the connectable
resolvers. In this user’s manual, we define the configurations of transformer-type and current-detection type resolver
sensors as shown in (a) and (b) in figure 1.1, respectively.

This IC outputs a single-phase excitation signal to the resolver sensor. The signal is triggered by the excitation clock signal
(rectangular excitation wave) input from the host MCU. This IC then generates an angle signal (rectangular wave) from the
two-phase signals (electrical angle information) detected by the resolver sensor, and outputs the angle signal to the host
MCU. Angle information can be obtained by using the host MCU to measure the phase difference between the rectangular
excitation wave and angle signal. ot !

The frequency of the excitation signal input to the resolver sensor is selectable as 5 kHz, 10 kHz, or 20 kHz. Select a
frequency that suits the characteristics of the resolver.

This IC incorporates amplifiers that are configured with noise filters to eliminate noise in the signals detected by the resolver
sensor, and a circuit to correct errors in the detected signals from the resolver. This IC also has functionality for detecting

an excessive temperature within the chip and two shunt current amplifiers for use in general motor control circuits.

Note 1. See Basic Operation for Conversion of Signals from Resolver.

SIN+ 0° 90° 180° 270°
+ + +
Positive | L\j
excitation
SIN-
COS+
Negative[
excitation JJ;,
1 COS-
(a) Transformer-type (b) Current-detection type
resolver sensor resolver sensor

Figure 1.1 Configurations of the Connectable Types of Resolver Sensor

RO3UZ0002EJ0100 Rev.1.00 .IENESAS Page 2 of 51
Nov 20, 2019




RAA3064002GFP/RAA3064003GFP

1. Overview

1.1 Features

® Integrated exciter amplifier (excitation frequency: 5 kHz, 10 kHz, or 20 kHz; host MCU: RX24T)

® Resolution of the angle signal (electrical angle): 16,000 pulses/rotation (excitation frequency: 5 kHz; operating

frequency of the host MCU timer: 80 MHz)
®  Correction of errors in the detected signals from the resolver
® Detection of an excessive temperature within the IC chip

5-V single power supply

1.2 Application

Applications using motors that require high-resolution angle information, excluding those for automotive use

1.3 Part Number

Table 1.1 lists the part numbers.

Table 1.1 List of Part Numbers

Package Operating Temperature Range Order Code
48-pin plastic LQFP -40°C to +85°C RAA3064002GFP#BAO
48-pin plastic LQFP -40°C to +105°C RAA3064003GFP#BAO
RO3UZ0002EJ0100 Rev.1.00 .QENESAS Page 3 of 51

Nov 20, 2019



RAA3064002GFP/RAA3064003GFP

1. Overview

1.4 Overview of Functions

Table 1.2 lists the overview of functions.

Table 1.2 Overview of Functions

Item

Function

Resolver

actuator

Excitation input

AC signal: 5,10, or 20 kHz (when the host MCU is RX24T)

Excitation output

AC current: +/- 35 mA (Max.)

Resolver signal

detection block

Input of the signal

detected by the resolver

Variable gain: Gain of 2, 4, 8, or 16.5

Signal conversion

Correction of errors in the detected signals from the resolver

Angle signal output

The angle signal with its phase delayed in proportion to the resolver angle is

output in response to the excitation signal.

Shunt current
amplification

circuit

Differential amplifier

Two amplifiers

Variable gain: Gain of 10 or 25

Control block

Operating frequency

Up to 4 MHz

Serial communication

circuit

Clock synchronous serial communications (max. 1 MHz)

chip’s internal

state

Detection of the

Detection of the input

level

Detection of the input level of the signals from the resolver

Detection of a

temperature

Detection of an excessive internal temperature

Output of the selected

internal signal

Output of the detected temperature, and selected internal signal in the resolver

signal detection block

Power supply voltage

AVpp=EVpp=10Vpp=4.5t05.5V

Power supply current

Operating current: 20 mA (typ.) (other than the excitation output current)

During a reset: 420 pA (typ.)

Operating ambient temperature

RAA3064002GFP: -40 to +85°C
RAA3064003GFP: -40 to +105°C

Package

48-pin plastic LQFP (7 x 7 mm, 0.5-mm pitch)

RO3UZ0002EJ0100 Rev.1.00

Nov 20, 2019
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RAA3064002GFP/RAA3064003GFP 1. Overview

1.5 Pin Assignment

Figure 1.2 shows a pin assignment.

N —
0 = =
s 2 £ » £ 5 & 5
= S o L = a LL o T O
S 358335 £8¢ 92 ¢g
& &4 T o O ©o g 4 o 4O a o
(] L < ™ N — o [« [ee] N~ © wn
™ ™ ™ ™ 2] ™ ™ N N N N N
CLKO—»{ 37 24 |<«——O XAN
CS#O—»{ 38 23 [+—0O XAP
SCLK O—»{ 39 22 —»O APFAR
SDI O—=] 40 21 [-=———O APFAC
SDO O=—41 20 [-«——O APFBC
IOVgs O— 42 19 —»O APFBR
TP2O—»{ 43 18 [+——O XBP
TP1O—{ 44 17 [«——O XBN
NC O———45 16 ——O AVpp
CARRIER O—»{ 46 15 —»0O AOUT
CCO—» 47 O 14 —»0O FAMPOUT
MNTOUT O--——48 13 [+——O FAMPIN
- o~ ™ < 0 © ~ © o S o N
E E Z z o Lwooa oz 5
2 3 2 2 £ 2 43 & 2 2 3
8 o =2 = 8§ & T 9 & § I
m © 92 p
NC: Not connected internally. To prevent malfunctions due to noise, do not connect anything to these pins.

Figure 1.2 Pin Assignment (Top View)

RO3UZ0002EJ0100 Rev.1.00 .QENESAS Page 5 of 51
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RAA3064002GFP/RAA3064003GFP

1. Overview

1.6 List of Pin Functions

Table 1.3 lists the pin functions.

Table 1.3 List of Pin Functions (1/2)

Pin No. | Pin Name Input/ Function Type Power During and
Qutput Supply |after a Reset

1 120UT Output  |Signal amplified by differential amplifier 2 in the shunt Analog AVpp Hi-Z
current amplification circuit

2 110UT Output |Signal amplified by differential amplifier 1 in the shunt Analog AVpp Hi-Z
current amplification circuit

3 I1INN Input  |Negative input to differential amplifier 1 in the shunt Analog AVpp Hi-Z
current amplification circuit

4 I1INP Input  |Positive input to differential amplifier 1 in the shunt Analog AVpp Hi-Z
current amplification circuit

5 I2INN Input  |Negative input to differential amplifier 2 in the shunt Analog AVpp Hi-Z
current amplification circuit

6 I2INP Input  |Positive input to differential amplifier 2 in the shunt Analog AVpp Hi-Z
current amplification circuit

7 AVss — Ground for analog circuits GND — —

8 REGC Output |Capacitor connection pin for reference voltage (pulling Analog AVpp Hi-Z
down to GND by 0.1 pF is recommended.)

9 BIAS2P5 Output |Reference voltage (2.5 V) Analog AVpp Hi-Z

10 BPFINP Input  [Positive signal input to the amplifier of filter 2 Analog AVpp Hi-Z

11 BPFINN Input  [Negative signal input to the amplifier of filter 2 Analog AVpp Hi-Z

12 BPFOUT Output  |Output from the amplifier of filter 2 Analog AVpp Hi-Z

13 FAMPIN Input  |Input to the amplifier of filter 1 Analog AVpp Hi-Z

14 FAMPOUT | Output [Output from the amplifier of filter 1 Analog AVpp Hi-Z

15 AOUT Output |Output from the synthesizer circuit Analog AVpp Hi-Z

16 AVpp — Power supply for analog circuits Power — —

supply

17 XBN Input  [Negative cosine signal from the resolver Analog AVpp Hi-Z

18 XBP Input  [Positive cosine signal from the resolver Analog AVpp Hi-Z

19 APFBR Output |Amplified cosine resolver detection signal Analog AVpp Hi-Z

20 APFBC Input  |Filtered cosine resolver detection signal Analog AVpp Hi-Z

21 APFAC Input  |Filtered sine resolver detection signal Analog AVpp Hi-Z

22 APFAR Output |Amplified sine resolver detection signal Analog AVpp Hi-Z

23 XAP Input  |Positive sine signal from the resolver Analog AVpp Hi-Z

24 XAN Input  |Negative sine signal from the resolver Analog AVpp Hi-Z

25 EVss — Ground for the constant-current excitation circuit GND — —

26 EXCOUT1 | Output |Positive excitation current Analog EVop Hi-Z

27 EXCFBN Input  |Excitation current filter input Analog EVoo Hi-Z

28 EXCOUT2 Output |Negative excitation current Analog EVop Hi-Z

29 EXCFBP Input  |Excitation reference current Analog EVpp Hi-Z

30 EVop — Power supply for the constant-current excitation circuit Power — —

supply
RO3UZ0002EJ0100 Rev.1.00 RENESAS Page 6 of 51

Nov 20, 2019




RAA3064002GFP/RAA3064003GFP

1. Overview

Table 1.3 List of Pin Functions (2/2)

Pin No. | Pin Name Input/ Function Type Power During and
Qutput Supply after a Reset
31 10Vpp — Power supply for digital circuits Power — —
supply
32 CouT Output |Angle signal Digital I0OVpp Hi-Z
33 RESET# Input  |Reset Digital IOVpp Hi-Z
34 ALARM# Qutput |Alarm detection signal Digital IOVpp Hi-Z
If an abnormality is not being detected, the level on the
pin becomes high in response to clock input.

35 PWMINB Input  |Adjustment signal input for phase adjustment circuit B Digital IOVpp Hi-Z
36 PWMINA Input  |Adjustment signal input for phase adjustment circuit A Digital I0OVpp Hi-Z
37 CLK Input  |Reference clock (4 MHz) Digital IOVpp Hi-Z
38 Cs# Input  |Serial communications enable Digital IOVpp Hi-Z
39 SCLK Input  |Serial communications clock Digital IOVpp Hi-Z
40 SDI Input  |Data for serial reception Digital IOVpp Hi-Z
41 SDO Output |Data for serial transmission Digital IOVpp Hi-Z
42 IOVss — Digital ground GND — —
43 TP2 Input  |Fixed to low level (pulling down by a resistor is Digital IOVpp Hi-Z
44 TP1 Input |recommended.)

45 |NC — = — — —
46 CARRIER Input Rectangular excitation wave signal Analog AVpp Hi-Z
47 CcC Input  |Correction signal for the resolver detection signal Analog AVpp Hi-Z
48 MNTOUT Output |Monitoring of the selected internal signal Analog AVpp Hi-Z

RO3UZ0002EJ0100 Rev.1.00 RENESAS Page 7 of 51
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RAA3064002GFP/RAA3064003GFP 2. Circuit Configuration

2. Circuit Configuration

2.1 Example of a System Configuration

Figures 2.1 and 2.2 show examples of system configurations. For the specifications of the recommended
peripheral components, see the application note Guide to Selecting Peripheral Components for Use with the

Resolver-to-Digital Converters (RO3ANO012EJ).

This IC
EVoo Tc 5-V power
EVes source
AVop
c
Timer output pinQ) Control block AVss
Serial interface pin 10Vop
c
Serial interface pin. 10Vss
Serial interface pin.
REGC
Serial interface pin.
General-purpose 4 Shunt current
port output pin amplification Reference
circuit Yoltage
ADC input pint M
Reference
j voltage
ADC input pin: -
ADC input pin
ADC input pin
Tc
& Resolver actuator
EXCFBN
EXCOUTL c
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Figure 2.1 Example of a System Configuration with a Transformer-Type Resolver Sensor and Multiple-
Feedback First-Order Band-Pass Filters 1 and 2
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Figure 2.2 Example of the System Configuration with a Current-Detection Type Resolver Sensor,
a Multiple Feedback Second-Order High-Pass Filter 1, and
a Multiple-Feedback First-Order Band-Pass Filter 2
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2. Circuit Configuration

2.2

Internal Block Diagram

Figure 2.3 shows an internal block diagram.
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Figure 2.3 Internal Block Diagram
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2.3 Internal Circuit

2.3.1 Resolver Actuator

The resolver actuator is configured by a constant-current excitation circuit. Figure 2.4 shows an actuator and its external
circuit. The current that drives the resolver can be controlled by the amplitude of the excitation clock signal applied on the

CARRIER pin and a current limiting resistor R connected between EXCOUT1 and EXCFBP.

l_C_on_st;n?-cTJr?e;t_ T _-i EXCFBN
1 e_xcitation : CA
I CARRIER N | circuit | |
/\/\/\/ Reference > i . : EXCOUTL R R |
voltage : : EXCEBP esolver sensor
: i
| E - | EXCOUT2 7
! I
i | [
Figure 2.4 Resolver Actuator
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2.3.2 Resolver Signal Detection Block

The resolver signal detection block consists of the following circuits.
— Differential amplifiers A and B
— Phase adjustment circuits A and B
— A synthesizer circuit
— Filters
— A waveform shaping circuit

Figure 2.5 shows the resolver signal detection block and its external circuit.
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Figure 2.5 Resolver Signal Detection Block

The two-phase signals from the resolver sensor are input to the resolver signal detection block through the XAP and
XAN pins, and the XBP and XBN pins. The respective pairs of signals are amplified by differential amplifiers A and B.
The gain should be set to suit the type and modulation rate of the resolver.

The respective amplified two-phase signals are then adjusted by adjustment circuits A and B so that their phase
differential is 90 degrees. The adjustment is handled in accord with the PWMINA and PWMINB signals.

The phase-adjusted two-phase signals are then synthesized in the synthesizer circuit. By synthesizing the correction
signal input to the CC pin at the same time, the carrier errors generated by errors in the coils of the resolver sensor can
be corrected.

The synthesized signal is filtered to eliminate the resolver’'s magnetic noise and PWM noise from motor control. This
block includes filters 1 and 2 for a double-filter configuration. The filtered signal, with the noise eliminated, is then passed
to the waveform shaping circuit and is shaped to form an angle signal. This angle signal is then output through the COUT
pin as a rectangular waveform.

Figure 2.5 shows an example of a system configuration with the two multiple-feedback first-order band-pass filters.
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The angle signal with its phase delayed in proportion to the resolver angle is output from the waveform shaping circuit in
response to the excitation signal. Angle information can be obtained by using the host MCU to measure the phase

between the rectangular excitation wave and the angle signal.
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2.3.3 Shunt Current Amplification Circuit

The shunt current amplification circuit consists of two differential amplifiers. The differential amplifiers amplify the

differential voltage between the InINP and InINN pins and outputs the results through InOUT (n = 1 or 2). The bias
voltage and gain of the differential amplifiers are specifiable.

Figure 2.6 shows an example of usage of the shunt current amplifiers connected to motor drivers and shunt resistors.

Shunt current amplification circuit

Differential

R Reference
A I1INP_ voltage Note amplifier 1
WA

110UT

Reference
voltage

Differential
Note amplifier 2

120UT

Note: Gains of 10 or 25

1AW Gy 1621

Figure 2.6  Shunt Current Amplification Circuit

Connecting the shunt resistors for use in current detection may lead to the generation of noise by the surge voltage of
the MOSFET motor driver. The external components that configure low-pass filters are required to eliminate this noise.
Note that, when resistors for the filter circuits (RA, RB, RC, and RD) are connected in series to the InINN and InINP pins

(n =1 or 2), the value should be no greater than 100 Q.

Relatively larger resistances may increase the input impedance, with the result of failure to attain a value for current gain
that is in the specified range.
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2.3.4 Control Block

The control block consists of a reset generating circuit, an SPI interface, and registers. Operations are triggered by the
clock signal input through the CLK pin.

This block can be reset by any from among the following reset sources: RESET#, voltage detection reset, or software
reset. Table 2.1 shows the types of resets and sources. The reset generating circuit conveys the reset signals generated
by each type of reset within the IC.

The SPI interface has four signal pins, one each for the serial communications clock (SCLK), reception and transmission
of data in serial communications (SDI and SDO), and serial communications enable (CS#). Read and write access to
registers in this IC by an external device is handled through these pins.

For setting and reading the data in the registers, see 3.3 Access to the Registers.

Table 2.1 Types of Reset and Sources

Type of Reset Source
Reset by the RESET# pin Signal on the RESET# pin being driven low
Voltage detection reset Excessive dropping of AVDD or IOVDD
Software reset Setting of the given bit in the SWRST register
RO3UZO0002EJO100 Rev.1.00 .QENESAS Page 15 of 51
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2.3.5 Detection of the Internal State

This IC can detect the levels of the signals being input to the differential amplifiers and excessive temperatures within the
chip. A signal from among these can be selected for output, allowing the external monitoring of the IC’s internal state.
The signal from monitoring can be handled in two ways: as an AC signal or as a DC signal following half-wave
rectification and filtering by an external low-pass filter. The signal to be monitored is output from the MNTOUT pin.

The internal signal to be output is specified by using the monitor output selection register (MNTSL). The output mode is
specified by using the monitor output mode selection register (MDCACSEL). Figure 2.7 shows an example of the

monitoring circuit and external connections.

This IC
T
: Monitoring circuit |
I
: M |
I
I
: b—O/O—{ >‘7 |
| r——— NN——9
. Swi :
I
I
Internal signals————\M\\—s |
! \:I> * | LN —e— MW —2s— Monitoring as a DC signall
| Reference =
| Vvoltage :
: | Monitoring as an AC signal
| Sw2 :

Figure 2.7 Example of the Monitoring Circuit and External Connections

Detecting whether inputs to the XAP and XAN pins and XBP and XBN pins are within the allowable voltage range is
possible by reading the output from the ALARM# pin. The ALARM# pin outputs the low level when a differential signal is
out of the allowable range. This function is not applicable to the inputs to the I1INN and I1INP pins and I2INN and I12INP
pins.

Detection of an excessive temperature within the chip is also possible by reading the output from the ALARM# pin.

The ALARM# pin outputs the low level when the temperature exceeds the specified upper limit.
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2.3.6 Power Supply Circuit

This IC has three pairs of power supply pins. EVDD and EVSS are exclusively used for the constant-current excitation
circuit. AVDD and AVSS are used for the other analog circuits. The reference voltage used for the analog circuits and
2.1-V power supply used for the logic circuits in the controller are generated by an on-chip regulator having AVDD as the
reference voltage. IOVDD and IOVSS are used for the digital I/O and 5-V logic circuits of the controller.

Use a single +5-V + 10% power source with this IC. Connect 0.1-uF multilayer ceramic capacitors creating the shortest
possible closed loops between the pairs of pins for each of the power supplies as a measure against noise.

The REGC pin is used to connect the stabilizing capacitor for the on-chip regulator. Connect a multilayer 0.1-uF ceramic
capacitor in the vicinity of the REGC pin and ground it to AVSS.

Figure 2.8 shows an example of handling of the power supply pins.
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= EV. cu_rrent
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N I I
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Figure 2.8 Example of Handling of the Power Supply Pins
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3. Control Registers

3.1 List of Registers

Table 3.1 List of Registers

Register Name Symbol Number of R/W Address Value After
Bits a Reset

Power-saving control register 1 PS1 8 R/W 02H 00H
Power-saving control register 2 pPS2 8 R/W 04H 00H
Power-saving control register 3 PS3 8 R/W 0AH 00H
Software reset register SWRST 8 R/W 06H O00H
Differential amplifier input range monitoring register DDMNT 8 R OEH 00H
Alarm state register ALMST 8 R/W 12H FFH
ALARM# output setting register ALMOUT 8 R/W 16H O00H
Monitor output selection register MNTSL 8 R/W 20H 00H
Monitor output mode selection register MDCACSEL 8 R/W 28H 00H
Differential amplification circuit gain selection register GCGSL 8 R/W 2EH 00H
Phase adjustment circuit gain adjustment value DLCGSL 8 R/W 30H 00H
selection register

Correction circuit gain selection register CCGSL 8 R/W 36H O00H
Shunt current amplification circuit control register CSACTL 8 R/W 42H 00H
Differential amplifier input level detection resetting INITERR 8 R/W 54H 00H
register
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3.2 Register Descriptions

3.21 Power-Saving Control Register 1 (PS1)

The PS1 register is used to control the power-saving state of the IC other than the control block and temperature detection

circuit.

Address: 02H Value after areset: 00H R/W: R/W

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 PSALL
Bit Bit Name Function
7tol — Reserved
0 PSALL Power-saving control of the IC other than the control block and temperature detection circuit
0: Placed in the power-saving state
1: Released from the power-saving state
Remark  Bits 7 to 1 are read as 0. The write value should also be 0.
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3.2.2 Power-Saving Control Register 2 (PS2)

The PS2 register is used to control the power-saving state of individual circuits.
The settings in this register has no effect when the PSALL bit in the PS1 register is set to 0 (placing the IC in the power-

saving state).

Address: 04H Value after areset: 00H R/W: R/W

7 6 5 4 3 2 1 0
PSCAR PSDLC PSDS PSGC PSBPF2 PSB2P5 0 PSREF
Bit Bit Name Function
7 PSCAR Power-saving control of the correction circuit

0: Placed in the power-saving state

1: Released from the power-saving state

6 PSDLC Power-saving control of phase adjustment circuit
0: Placed in the power-saving state

1: Released from the power-saving state

5 PSDS Power-saving control of the circuit to detect the level of voltage input to the differential amplifiers
0: Placed in the power-saving state

1: Released from the power-saving state

4 PSGC Power-saving control of the differential amplifiers
0: Placed in the power-saving state

1: Released from the power-saving state

3 PSBPE2 Power-saving control of the filter 2
0: Placed in the power-saving state

1: Released from the power-saving state

2 PSB2P5 Power-saving control of the reference voltage circuit
0: Placed in the power-saving state

1: Released from the power-saving state

1 — Reserved

0 PSREF Power-saving control of the reference current circuit
0: Placed in the power-saving state

1: Released from the power-saving state

Remark Bit 1is read as 0. The write value should also be 0.
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3.2.3 Power-Saving Control Register 3 (PS3)

The PS3 register is used to control the power-saving state of individual circuits.
The settings in this register has no effect when the PSALL bit in the PS1 register is set to 0 (placing the IC in the power-

saving state).

Address: 0AH Value after a reset: 00H R/W: R/W

7 6 5 4 3 2 1 0
PSEXC PSCBUF PSMON PSCOMP PSDITH PSGA PSBPF1 PSADD
Bit Bit Name Function
7 PSEXC Power-saving control 1 of the excitation circuit

0: Placed in the power-saving state

1: Released from the power-saving state

6 PSCBUF Power-saving control 2 of the excitation circuit
0: Placed in the power-saving state

1: Released from the power-saving state

5 PSMON Power-saving control of the monitoring circuit
0: Placed in the power-saving state

1: Released from the power-saving state

4 PSCOMP Power-saving control 1 of the waveform shaping circuit
0: Placed in the power-saving state

1: Released from the power-saving state

3 PSDITH Reserved

2 PSGA Power-saving control 2 of the waveform shaping circuit
0: Placed in the power-saving state

1: Released from the power-saving state

1 PSBPF1 Power-saving control of the filter 1
0: Placed in the power-saving state

1: Released from the power-saving state

0 PSADD Power-saving control of the synthesizer circuit

0: Placed in the power-saving state

1: Released from the power-saving state

Remark Bit 3is read as 0. The write value should also be 0.

RO3UZ0002EJ0100 Rev.1.00 .IENESAS Page 21 of 51
Nov 20, 2019



RAA3064002GFP/RAA3064003GFP
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3.24 Software Reset Register (SWRST)

The SWRST register is used to reset the IC by software at desired times after operation has started.

Address: 06H Value after a reset: 00H R/W: R/W

7 6 5 4 3 0
0 0 0 0 0 SWRST
Bit Bit Name Function
7t0l — Reserved
0 SWRST Software reset

1: Placed in the reset state

0: Released from the reset state

After writing 1, write 0 to release from the reset state.

Remark Bits 7 to 1 are read as 0. The write value should also be 0.
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3.25 Differential Amplifier Input Range Monitoring Register (DDMNT)

The DDMNT register indicates whether inputs to the differential amplifiers are within the allowable range.

Address: OEH Value after areset: FFH R/W: R

7 6 5 4 3 1 0
0 0 0 0 XB1 XAl 1
Bit Bit Name Function
7t04 — Reserved
3 XB1 Differential amplifier B input signal level detection flag
0: The input voltage between the XBP and XBN pins is within the Vi« range.
1: The input voltage between the XBP and XBN pins is out of the V\yx range.
2 — Reserved
1 XAl Differential amplifier A input signal level detection flag
0: The input voltage between the XBP and XBN pins is within the Vi« range.
1: The input voltage between the XBP and XBN pins is out of the V\yx range.
0 — Reserved

3.2.6 Alarm State Register (ALMST)

The ALMST register indicates the source of the ALARM# output.

The bit corresponding to the source is set to 0. After checking the source, clear the bit by writing 1. Writing 0 has no effect.

Address: 12H Value after areset: FFH R/W: R/W

7 6 5 4 3 1 0
1 1 1 BWCN 1 1 TSD
Bit Bit Name Function
7to5 — Reserved
4 BWCN Differential amplifier A or B input signal level detection flag
0: At least one input voltage is out of the V\yx range.
1: Both input voltages are within the V\yx range.
3tol — Reserved
0 TSD Internal excessive temperature (125°C or above) detection flag
0: Excessive temperature is detected.
1: Excessive temperature is not detected.

Remark Bits 7to 5 and 3 to 1 are read as 1. The write value should also be 1.
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3.2.7 ALARM# Output Setting Register (ALMOUT)

The ALMOUT register is used to specify the source of the ALARM# output.

Address: 16H Value after a reset: 00H R/W: R/W

7 6 5 4 3 0
0 0 0 DDAN 0 TSDAN
Bit Bit Name Function
7t05 — Reserved
4 DDAN 0: The active level of the ALAMR# signal is not output on detection of the input signals to a
differential amplifier being out of the V\yx range.
1: The active level of the ALAMR# signal is output on detection of the input signals to a
differential amplifier being within the V\yx range.
3to1l — Reserved
0 TSDAN 0: The active level of the ALARM# signal is not output on detection of an excessive
temperature (125°C or above).
1: The active level of the ALARM# signal is output on detection of an excessive temperature
(125°C or above).
Remark Bits 7to 5 and 3 to 1 are read as 0. The write value should also be 0.

When the DDAN and TSDAN bits are set to 1, the reason for the output of the active level of ALARM# can be checked

by reading the ALMST register (see Differential Amplifier Input Range Monitoring Register (DDMNT)).
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3. Control Registers

3.2.8 Monitor Output Selection Register (MNTSL)

The MNTSL register is used to select the signal to be output to the MNTOUT pin.

Address: 20H Value after a reset: 00H R/W: R/W

7 6 5 4 3 1 0
0 0 0 0 0 MNT[2:0]
Bit Bit Name Function
7t03 — Reserved
2to0 MNT[2:0] Selection of MNTOUT output
000: Temperature sensor output
001: Filter 1 output
010: Phase adjustment circuit A output
011: Phase adjustment circuit B output
100: Differential input circuit A output
101: Differential input circuit B output
110: Reference voltage for shunt current amplifier 1
111: Reference voltage for shunt current amplifier 2
Remark  Bits 7 to 3 are read as 0. The write value should also be 0.
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3. Control Registers

3.2.9

Monitor Output Mode Selection Register (MDCACSEL)

The MDCACSEL register is used to select the waveform mode of the signal output from the MNTOUT pin.

Address: 28H Value after a reset: 00H R/W: R/W

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 DCAC
Bit Bit Name Function
7t0l — Reserved
0 DCAC Output waveform mode select
0: Half-wave rectification
1: AC output
Remark Bits 7 to 1 are read as 0. The write value should also be 0.
3.2.10 Differential Amplification Circuit Gain Selection Register (GCGSL)
The GCGSL register is used to select the gain of the differential amplification circuits A and B.
Address: 2EH Value after a reset: 00H R/W: R/W
7 6 5 4 3 2 1 0
0 0 0 0 0 0 GCG[1:0]
Bit Bit Name Function
7t02 — Reserved
1,0 GCGJ[1:0] Select the gain of the differential amplification circuits
00: 2
01:4
10: 8
11:16.5
Remark Bits 7 to 2 are read as 0. The write value should also be 0.
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3.2.11 Phase Adjustment Circuit Gain Adjustment Value Selection Register (DLCGSL)

The DLCGSL register is used to select the gain adjustment value of the phase adjustment circuits.

Address: 30H Value after a reset: 00H R/W: R/W

7 6 5 4 3 2 1 0
0 0 0 DLCGI[4:0]
Bit Bit Name Function
7t05 — Reserved
4100 DLCG[4:0] Select the gain adjustment value of the phase adjustment circuits
00000: 0
00001: 1
00010: 2
11101: 29
11110: 30
11111: 31
Remark  Bits 7 to 5 are read as 0. The write value should also be 0.

3.2.12

Correction Circuit Gain Selection Register (CCGSL)

The CCGSL register is used to select the gain of the correction circuit.

Address: 36H Value after areset: 00H R/W: R/W

7 6 5 4 3 2 1 0
0 0 0 0 0 CCG[2:0]
Bit Bit Name Function
7t03 — Reserved
2t00 CCGJ[2:0] Select the gain of the correction circuit
000: 2/25
001: 4/25
010: 8/25
011: 1/100
100: 2/100
101: 4/100
Others: Setting prohibited
Remark  Bits 7 to 3 are read as 0. The write value should also be 0.
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3.2.13 Shunt Current Amplification Circuit Control Register (CSACTL)

The CSACTL register is used to control the shunt current amplification circuit.

Address: 42H Value after a reset: 00H R/W: R/W

7 6 5 4 3 2
MSLP 0 0 0 0 SW_CSREF SHUTSL[1:0]
Bit Bit Name Function
7 MSLP Control of the shunt current amplification circuit

0: Stops operation

1: Starts operation

6to3 — Reserved
2 SW_CSREF | Switching of the reference voltage
0: Internal VREF
1: IOVvDD

1,0 SHUTSL[1:0] |Set the gain of the shunt current amplification circuit
00: 10
01: 25

Others: Setting prohibited

Remark Bits 6 to 3 are read as 0. The write value should also be 0.
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3.2.14 Differential Amplifier Input Signal Level Detection Resetting Register (INITERR)

The INITERR register is used to reset the differential amplifier input signal level detection circuit.

Address: 54H Value after a reset: 00H R/W: R/W

7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 INITERR
Bit Bit Name Function
7tol — Reserved
0 INITERR 0: Placed in the reset state
1: Released from the reset state
After writing 1, write O to release from the reset state.

Remark Bits 7 to 1 are read as 0. The write value should also be 0.
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3.3 Access to Registers

Reading and writing to registers in this IC is handled by a host MCU via SPI communications where the MCU is the master
and this IC is a slave. Four lines are used for the interface: serial clock input (SCLK), serial data input and output (SDI and
SDO), and chip select input (CS#).

The SPI communications format is as follows. Communications that are not in this format are invalid.
« Communication direction: Full-duplex transmission and reception
« Data length: 16 bits (1 bit for R/W, 7 bits for the address, and 8 bits for transfer data)

« Bit order: MSB first

Figure 3.1 shows the timing chart of writing to register (data input). Figure 3.2 shows the timing chart of reading registers

(data output).
cs# | [
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SCLK
SDI---H-i:-Z---\RIW:OI A6 X a5 Y a4 T A3 Y A2 Y A1 Yao=o0)Y b7 Y o6 Y ps Y b4 Y b3 Y b2 Y b1 | po )--H-i-'E
A A A A A A A A A A A A A A A A
SDO L
An: Register address [6:0]
Dn: Write data [7:0]
A Sampling timing
Figure 3.1 Timing Chart of Writing to Registers
cs# | [
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SCLK
ol -HE R _As Y A5 Y A4 ] As ] A2 AL JA0-0) Hiz
N A A A A A A A
SDO [ b7 Y b6 X ps Y pa J o3 Y b2 ¥ b1 | po \
An: Register address [6:0]
Dn: Read data [7:0]
A Sampling timing
Figure 3.2 Timing Chart of Reading Registers
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4. Operation

4.1 Basic Operation for Conversion of Signals from Resolver

This IC can be used to drive a single-phase excitation input and two-phase output type resolver sensor, and to convert
the signals from the resolver sensor to digital signals.

Angle information can be obtained from the signal output by a resolver by using this IC with a host MCU.

A rectangular excitation wave is output by the host MCU to drive the resolver. The rectangular excitation wave is
converted to a sine wave by an external low-pass filter and input to this IC. The constant-current excitation circuit then
outputs a constant current in accord with the period of the cycle for driving the resolver. Driven by the excitation signal,
the resolver outputs the two-phase signals it has detected to this IC. Connection between the resolver sensor and this IC

varies with the type of resolver sensor. Figures 4.1 and 4.2 show examples of the connections.

EXCFBN

EXCOUT1

CARRIER| Constant:
o > current

pd b4 excitation
circuit

EXCOUT2
w F——»C

Rectangular excitation wave

EXCFBP

I+
+

Positive
excitation

Negative
excitation

(with a duty of 50%)
Resolver signal
detection block
XAP SIN+
Differential é Sine resolver
amplifier A XAN ‘? detection signal
)
XBP COs+
Differential (; Cosine resolver
amplifier B XBN 7 detection signal
< O

™

Transformer-type
resolver sensor

Figure 4.1 Example of Connection to a Transformer-Type Resolver Sensor

EXCFBN

EXCOUT1

Constant-
CARRIER current EXCFBP

—m—e—9—m—e—O——F  oycitation
ok

circuit

EXCOUT2
—w— F———»C

Rectangular excitation wave
(with a duty of 50%)

3

Resolver signal
detection block

XAP
Differential
amplifier A XAN
XBP
Differential
amplifier B XBN

Current-detection type
resolver sensor

Figure 4.2 Example of Connection to a Current-Detection Type Resolver Sensor
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The signal detected by the resolver sensor is converted to an angle signal in the resolver signal detection block.
Figure 4.3 shows the flow of signal waveforms. The signals detected by the resolver sensor are amplified by the
differential amplifier circuits. The gain should be set to suit the type and modulation rate of the resolver. The amplified
signals are then input to phase adjustment circuits A and B, which adjust their phase difference to be 90 degrees.

In synthesizing the angle signal, the carrier correction signal is added to correct the residual carrier in the phase-
adjusted two-phase signals and the revolver detection signal.

The synthesized angle signal is filtered by the band-pass filter configured by filter circuits 1 and 2 to eliminate the
resolver’'s magnetic noise and PWM noise from motor control.

The filtered signal is then shaped to produce the angle signal, which is output as a rectangular waveform.

Resolver signal detection block
| Correction circuit |
I I
cc ! I
T > |
TU =33 —
Rectangular | voliage b 1
wave input b ! |Phase adjustment circuit A | | Differential amplifier A 1
,,,,,,,,,,,, | [ I Resolver sensor
,,,,,,,,,,,, | Synthesizer circuit | i i
[Waveform shaping circuit | 1 ! ! 3 Sine resolver
cout } | } i detection signal
Angl | ‘ ] VW i L b
nglesignal | 1 T w0 T T L Lt eterence
(rectangular } _ fflf";g | W | Fiovage” | Lvotage  °______
wave output) b patiiva
PWMINA
Rommamar lowne | [Fhase s e o i s ]
wave input ! Filter 1 | | Filter 2 | ! | I !
(for phase | [ | ! j | ! 3 Cosine resolver
adjustment) ‘ L ! : ‘ I ' detection signal
=+ I
e b : I -ged-ed -
I 5 O 2 Loage _ _ ____]
5
z Da]
2 g &2 5 8 g g £
s z 2z ¢} & g & [
S s @& < < 4 <
SR SV
E E
T T
Multiple-feedback Multiple-feedback
first-order first-order
band-pass filter band-pass filter
Figure 4.3 Flow of Waveforms in the Resolver Signal Detection Block
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The angle signal is generated as a rectangular wave with its phase delayed in proportion to the resolver angle.
Angle information can be obtained by using the MCU to measure the phase difference between the rectangular excitation
wave and angle signal. Figure 4.4 shows the relation of the phase difference between the excitation signal and angle

signal, to the resolver angle.

MCUoutput — | — 1 1

(rectangular excitation wave)

CARRIER input

Constant 6 ¢ (adjusted by the correction function)

EXCOUT2 output

EXCOUTL1 output

XAN input Vpp/2

XAP input Voo/2

XBN input Vpp/2

XBP input Vpp/2

FAMPOUT output

COUT output 1 — —. 1 1 r

(angle signal)

Resolver angle 6 + 0o

Figure 4.4 Relation between the Excitation Signal and Angle Signal
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4.2 Detection of Disconnection from the Resolver Sensor

Connection of this IC to a resolver sensor can be detected by monitoring the levels of the internal signals. The selected
internal signal can be output through the MNTOUT pin to an A/D converter of the host MCU for detection of the signal
level.

For details on the detection of disconnection from the resolver sensor, see the application note Guide to Selecting

Peripheral Components for Use with the Resolver-to-Digital Converters (RO3ANO012EJ).

4.3 Power-up Sequences and Reset Operation

This IC has three pairs of power supply pins: those for the analog circuits (AVDD and AVSS), for the constant-current
excitation circuit (EVDD and EVSS), and for the digital circuits (IOVDD and IOVSS). Connect them to a single power
source. Power to these pins should be turned on or off at the same time. The sequence following the release of the reset
signal varies with the type of reset. For the types of reset, see section 2.3.4, Control Block. Figure 4.5 shows the
sequence of the reset operation when power is turned on, and figure 4.6 shows the sequence of a reset while power is
being supplied. In the case of a reset by the signal on the RESET# pin, assertion should be over the time specified in the
electrical characteristics. The internal circuits of this IC are in the power-saving state following release from the reset
state. After release from the reset state, wait for the time required for the internal circuits to become stable, and release
this IC from the power-saving state by setting the internal power-saving control registers. Wait for another 30 ms before
using this IC.

Figure 4.7 shows the sequence of a reset on detection of the voltage falling to or below the specified level. This type of
reset is triggered on detection of an excessive drop in the power supply voltage. See section 5, Electrical Characteristics
for the voltage level that triggers a reset. Release from the reset state depends on the power supply voltage rising to the
required level. The internal circuits of this IC will also be in the power-saving state following release from this type of
reset. After release from the reset state, wait for the time required for the internal circuits to become stable, and release
this IC from the power-saving state by setting the internal power-saving control registers. Wait for another 30 ms before
using this IC.

Figure 4.8 shows the sequence of a software reset. A software reset is triggered by writing 1 to the SWRST register.
Release from the reset state is initiated by writing 0 to the SWRST register. After release from the reset, release this IC

from the power-saving state, and then wait for another 30 ms before using it.
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AVpp, EVpp, I0Vpp

oV——~

RESET#

SPI communications

State of the internal circuits

18 V*Z

treswP

Min. 1 ms

Communications disabled

Communications enabled

A 4

Release from the power-saving state (by register settings)

Power-saving state

Release from the
power-saving state

Resolver signals
can be converted.

Min. 30 ms

Figure 4.5 Sequence of a Reset when Power is Turned On

RESET#

SPI communications

State of the internal circuits

\_/

N

tresw

»

Min. 1 ms

Communications
enabled

Communications

disabled

Communications enabled

A 4

Release from the power-saving state (by register settings)

Resolver signals
can be converted.

Power-saving state

Release from the
power-saving state

Resolver signals
can be converted.

Min. 30 ms

Figure 4.6 Sequence of a Reset while Power is being Supplied

AVpp, EVpp, I0Vpp

RESET#

SPI communications

State of the internal circuits

V X

DET

Vbet + VpeTH

Min. 1 ms

Communications
enabled

Communications
disabled

Communications enabled

v Release from the power-saving state (by register settings)

Resolver signals
can be converted.

Power-saving state

Release from the
power-saving state

Resolver signals
can be converted.

Min. 30 ms

Figure 4.7 Sequence of a Reset on Detection of the Voltage Falling to or Below the Specified Level
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SPI communications

State of the internal circuits

Communications enabled

Writing 1 to the Writing O to the
SWRST register SWRST register

(applying the reset) | (releasing the reset)
\ 4 A\ 4

Release from the power-saving state

(by register settings)

Resolver signals
can be converted.

Power-saving state

Release from the
power-saving state

Resolver signals
can be converted.

Min. 30 ms

Figure 4.8 Sequence of a Software Reset

4.4 Calibration of the Errors

This IC is capable of calibration in the following three ways to correct the corresponding types of error.

1. Gain calibration to correct the relative errors in gain between the combination of differential amplifier A
and phase adjustment circuit A, and between the combination of differential amplifier B and phase

adjustment circuit B

2. Phase calibration to adjust the phase difference between phase adjustment circuits A and B to be 90°

3. Carrier error calibration to correct for errors due to the coils of the resolver sensor

For the usage of calibrations, see the application notes Using the Driver for Resolver-to-Digital Converter
Control (RO3ANO013EJ) and Usage Notes on Correcting Errors in Angles Detected by the Resolver-to-
Digital Converter (RO3ANOO15EJ).
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5. Electrical Characteristics

5.1 Absolute Maximum Ratings

Table 5.1 Absolute Maximum Ratings

Conditions: AVss = EVss = I0Vss =0 V

Item Symbol Condition Rating Unit
Power supply voltage N°t¢ AVpp, -0.5t0 +6.5 Vv
EVop,
10Vpp
Input voltage on analog pins Nt V, -0.3t0 AVpp+ 0.3 Vv
Input voltage on digital pins N°te 10V, -0.3t0 I0Vpp + 0.3
Junction temperature T, RAA3064002GFP -40to +105 °C
T, RAA3064003GFP -40 to +125 °C
Storage temperature Tsig -55 to +125 °C

Note AVss, EVss, and I0Vss are reference values.

Caution  Permanent damage to the IC may result if absolute maximum ratings are exceeded.
To prevent any malfunctions caused by noise interference, insert capacitors that have stable
characteristics over awide range of frequency between the AVpp and AVss pins, EVpp and EVss pins,
and IOVpp to 10Vss pins. Place capacitors of approximately 0.1 pF as close as possible to each

power supply pin and use the shortest and thickest possible patterns for the connections.

5.2 Recommended Operating Conditions

Table 5.2 Recommended Operating Conditions

Iltem Symbol Condition Min. Typ. Max. Unit

Power supply voltage AVpp, 4.5 5 5.5 \%
EVop,
10Vpp

AVss, 0 — \%
EVss,
I0Vss

Operating ambient temperature Topr | RAA3064002GFP -40 — +85 °C

RAA3064003GFP -40 +105 °C
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5.3 DC Characteristics

Table 5.3 DC Characteristics (1)
Conditions: Ta = -40 to +105°C, AVpp = EVpp = 10Vpp =4.5t0 5.5V, AVss = EVss = I0Vss =0 V

Iltem Symbol Condition Min. Typ. Max. Unit
High-level input RESET#, CLK, SDI, SCLK, Vin 0.8 x IOVpp — IOVpp + 0.3 \Y
voltage CS#, PWMINA, PWMINB
Low-level input voltage | RESET#, CLK, SDI, SCLK, Vi -0.3 — 0.2 x IOVpp \%
CS#, PWMINA, PWMINB
Input leakage current | RESET#, CLK, SDI, SCLK, I — — 1.0 MA
CS#, PWMINA, PWMINB
High-level output ALARM#, SDO, COUT Vou |lon=-2mA I0Vpp - 0.8 — — \%
voltage
Low-level output ALARM#, SDO, COUT Voo |loo=2mA — — 0.8 \%
voltage
High-level output ALARM#, SDO, COUT lon — — -2 mA
current
Low-level output ALARM#, SDO, COUT loL — — 2 mA
current
Input capacitance RESET#, CLK, SDI, SCLK, C — — 15 pF
CS#, PWMINA, PWMINB
Bias pin output voltage | BIAS2P5 Vaias 25 \%
Bias pin output current | BIAS2P5 lgias — — 100 MA
Note  Pin output currents (load-dependent) are not included.
Table 5.4 DC Characteristics (2)
Conditions: Ta = -40 to +105°C, AVpp = EVpp = |OVpp = 4.5t0 5.5V, AVss = EVss = IOVss =0 V
Item Symbol Condition Min. Typ. Max. Unit
Power-saving state lps Initial state of the registers after the o 420 650 pA
release from the reset state.
A 4-MHz clock is being input to the
CLK pin. Digital input pins other than
the CLK pin are fixed to the low
level. The analog input pins are left
open-circuit, with the exception of
those for the excitation current.
During operation lec A 4-MHz clock is being input to the o 20 40 mA
CLK pin. Digital input pins other than
the CLK pin are fixed to the low
level. The analog input pins are left
open-circuit, with the exception of
those for the excitation current.
Supply current for the shunt les _ 20 28 mA
current detection block

Note

Pin output currents (load-dependent) are not included.
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5.4 AC Characteristics

Vin/ Vou " . Vin/ Vou
IOV 2 > oints | < I0Vop/ 2
Vin/ Vou Vin/ Vou

Figure 5.1 AC Timing Measurement Points

Table 5.5 Clock Timing
Conditions: Ta = -40 to +105°C, AVpp = EVpp =10Vpp =4.5t0 5.5V, AVss = EVss = IOVss =0 V

Iltem Symbol Condition Min. Typ. Max. Unit
CLK frequency fx 4 — MHz
CLK cycle txcy — 250 ns
CLK high-level width txn 70 — — ns
CLK low-level width txe 70 — — ns
CLK rising time txr — — 5 ns
CLK falling time txr — — 5 ns

txcy
txH | e

CLK / /

txr i“ txr

Figure 5.2 Clock Timing
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Table 5.6 Reset Input Timing

Conditions: Ta = -40 to +105°C, AVop = EVop = IOVbp = 4.5t0 5.5V, AVss = EVss =I0Vss =0 V

Item Symbol Condition Min. Typ. Max. Unit
RESET# low-level width treswp When power is turned on 100 — — us
tresw Other than above 350 — — ns
Waiting time after release from|treswr Period between release of the reset 1 — — ms
the reset state and SPI communications become
possible
Waiting time after release from | tpswr Period between release of the power- 30 — — ms
the power-saving state saving mode and conversion of
resolver signals becomes possible
AVpp /N
RESET# f
tRESWF’
Figure 5.3 Reset Input Timing (1)
RESET# : !
treSW
Figure 5.4 Reset Input Timing (2)
Table 5.7 Voltage Detection Reset
Conditions: Ta = -40 to +105°C, AVss = EVss = I0Vss =0V
Item Symbol Condition Min. Typ. Max. Unit
Voltage detection level Vet 11 1.7 2.3 \%
Hysteresis VpeTH — 100 — mV
i . treswT Period between release of the reset 1 — — ms
Waiting time after release from L
and SPI communications become
the reset state )
possible
Waiting time after release from | tpswr Period between release of the power- 30 — — ms
the power-saving state saving mode and conversion of
resolver signals becomes possible
VpeTH
AV,
eP Vet

Figure 5.5 Timing of the Voltage Detection Reset
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Table 5.8 SPI Timing
Conditions: Ta = -40 to +105°C, AVpp = EVop = IOVop =4.5t0 5.5V, AVss = EVss = IOVss =0 V

Item Symbol Condition Min. Typ. Max. Unit
SCLK cycle tskey 4 — _ tyey
SCLK high-level width tskn 375 — — ns
SCLK rising/falling time tskr, tske — — 20 ns
SDI input setup time tspi 60 — — ns
(to the rising edge of SCLK)
SDI input hold time thor 20 — — ns
(from the rising edge of SCLK)
Delay from the falling edge of SCLK to valid topo Load capacitance on the — — 40 ns
SDO SDO pin: 20 pF
tskn
tskr - tskr
SCLK \ \_/—\
S
tspi thoi | tskey
o X X X
topo

S X X

Figure 5.6 SPI Timing
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Table 5.9 Phase Adjustment Signal Input Timing

Conditions: Ta = -40 to +105°C, AVpp = EVpp =10Vpp =4.5t0 5.5V, AVss = EVss = IOVss =0 V
Item Symbol Condition Min. Typ. Max. Unit
PWMINA/PWMINB period trwmF 2.5 — — us
PWMINA/PWMINB duty topo 10 — 90 %
trwmr ,
tPwmH

PWMINA/PWMINB 7

topo = tewmr / trwiir

Figure 5.7 Phase Adjustment Signal Input Timing
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5.5 Analog Characteristics

Table 5.10 Resolver Actuator

Conditions: Ta = -40 to +105°C, AVpp = EVop = IOVpp = 4.5t0 5.5V, AVss = EVss = I0OVss =0 V

Item Symbol Condition Min. Typ. Max. Unit

Input voltage on the CARRIER pin VincAR 0.35 — AVDD - \
0.85

Frequency of the input signal on the fincar 5 — 20 kHz
CARRIER pin
Input resistance on the CARRIER pin Zincar 130 190 — kQ
Output current on the EXCOUTL1 and loutexc | Load impedance: 10 to — +30 +35 mA
EXCOUT2 pins 100 Q
Output voltage on the EXCOUT1 and Voutexc | Load impedance: 10 to — — 3.3 Vpp
EXCOUT2 pins 100 Q

Table 5.11 Resolver Signal Detection Block
Conditions: Ta = -40 to +105°C, AVop = EVop = IOVpp = 4.5t0 5.5V, AVss = EVss = I0Vss =0 V

Item Symbol Condition Min. Typ. Max. Unit
Input voltage on the XAP, XAN, XBP, and Vinx 1.0 — AVDD - \%
XBN pins 15
Carrier frequency of the input signal on the finx 5 — 20 kHz
XAP, XAN, XBP, and XBN pins
Input resistance on the XAP, XAN, XBP, Zinx Gyx=2 60 90 — kQ
and XBN Gy=4 30 50 — kQ
Gx=8 20 30 — kQ
Gx=16.5 10 15 — kQ
Differential input circuit gain setting Gx — 2 — Gain
Gy — 4 — Gain
Gx — 8 — Gain
Gx — 16.5 — Gain
Input voltage on the CC pin Vince 0.2 — AVDD - \
0.2
Frequency of the input signal on the CC pin fince 5 — 20 kHz
Input resistance on the CC pin Zinx 140 200 — kQ
Jitter of the COUT output (RMS) Jitter When output from the — 4.0 — ns
FAMPOUT pin is 3.1 Vp-p
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Table 5.12 Detection of IC Internal State
Conditions: Ta = -40 to +105°C, AVpp = EVop = IOVop =4.5t0 5.5V, AVss = EVss = I0Vss =0V

Item Symbol Condition Min. Typ. Max. Unit
Output voltage on the MNTOUT pin Voutm Rectification mode Vaias — 35 \
Voutm Inverted output mode 0.2 — 4.3 \
Permissible load capacitance on the Cwm — — 30 pF
MNTOUT pin
Output current loutm — — 100 UuA

Table 5.13 Shunt Current Amplification Circuit
Conditions: Ta = -40 to +105°C, AVpp = EVpp =10Vpp =4.5t0 5.5V, AVss = EVss = I0OVss =0 V

Item Symbol Condition Min. Typ. Max. Unit
Input voltage on the I1INN, I1INP, I12INN, Vini -0.2 0.2 \
and I2INP pins
Input resistance on the I1INN, I1INP, I2INN, Zini 5 — kQ
and I2INP pins
Amplification circuit gain G — 10 — Gain

G — 25 — Gain
Relative error between the amplifiers Gerri 0.1 %
land 2
Output voltage on the ILOUT and [120UT Vour 0.2 — AVDD - \
pins 0.2
Permissible load capacitance on the 110UT C — — 20 pF
and 120UT pins
Slew rate of the I10OUT and I120UT pins SR, C,=20 pF 1.6 — — V/us
Qutput current on the 110UT and 120UT louT — — 100 UuA
pins
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6. Characteristics of Circuits

6.1 Drift in Phase with Temperature

Conditions: AVpp = EVpp = IOVpp = 5.0 V, AVss = EVss = I0Vss =0 V

600

500

400

300

200

100

Drift in phase [ns]

-100

-200

-50 -30 -10 10 70 90 110 130

0 50
Ta [°C]

—— 5 kHz**; gain*? = x 16.5 ——10 kHz*"; gain** = x 8 —e— 20 kHz*'; gain** = x 4

Notes 1: Frequency of the excitation signal
2: Gain of the differential amplifier

Figure 6.1 Drift in Phase with Temperature

6.2 Output Jitter (Histogram)

Conditions: AVpp = EVop = I0Vpp = 5.0 V, AVss = EVss = 10Vss = 0 V, FAMPOUT=3.1 Vpp

Frequency of the excitation signal: 5 kHz ~ Frequency of the excitation signal: 10 kHz Frequency of the excitation signal: 20 kHz

Gain of the differential amplifier: x 16.5 Gain of the differential amplifier: x 8 Gain of the differential amplifier: x 4
Peak-peak 26.8 ns Peak-peak 24.3 ns Peak-peak 23.8 ns
Cout Cout Cout
fermr e A e e —————_ s
-30ns -20ns -10ns Ons -10 ns -20ns -30ns -30ns -20ns -10ns Ons -10 ns -20ns -30ns -30ns -20ns -10ns Ons -10 ns -20ns -30ns
Figure 6.2 Output Jitter (Histogram)
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6.3  Diriftin the Offset of Operational Amplifiers in the Shunt Current Amplifier Circuits with
Temperature

Conditions: AVpbp = EVpp = IOVpp = 5.0 V, AVss = EVss = I0Vss =0V

110UT
Gain x 10

3 —e—Sample 1
—eo— Sample 2
2 Sample 3

Sample 4
—e—Sample 5

P ———

Input referred offset voltage [mV]
o

-1

-2

-3

-4

-50 -25 0 25 50 75 100 125 150
Temperature [°C]
Gain x 25
1.5

S —e— Sample 1
E 1 —e— Sample 2
% Sample 3
= 0.5 Sample 4
> —e— Sample 5
o 0 & -
5 —
B -0.5
2
o -1
3
IS -1.5

-2

-50 -25 0 25 50 75 100 125 150

Temperature [°C]

Figure 6.3 Drift in the Offset of Operational Amplifiers in the Shunt Current Amplifier Circuits
with Temperature (1/2)
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Conditions: AVpp = EVpp = IOVpp = 5.0 V, AVss = EVss = I0OVss =0 V

Gain x 10
120UT 4
3 —e— Sample 1
—e— Sample 2
2 Sample 3
1 Sample 4

—o— Sample 5

Input referred offset voltage [mV]

0 — * —
-1
-2
-3
-4
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Temperature [°C]
Gain x 25
15
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>
E,
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2 0
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o
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L
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Temperature [°C]

Figure 6.3 Drift in the Offset of Operational Amplifiers in the Shunt Current Amplifier Circuits
with Temperature (2/2)
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Appendix 1. Resolution of the Angle Signal

This IC outputs a single-phase excitation signal to the resolver sensor. The signal is triggered by the excitation clock signal
(rectangular excitation wave) input from the host MCU. This IC then generates an angle signal (rectangular wave) from the
two-phase signals (electrical angle information) detected by the resolver sensor, and outputs the angle signal to the host
MCU. Angle information can be obtained by using the host MCU to measure the phase difference between the rectangular
excitation wave and angle signal.

The frequency of the excitation signal input to the resolver sensor is selectable as 5 kHz, 10 kHz, or 20 kHz. Select a
frequency that suits the characteristics of the resolver.

The host MCU generates the rectangular excitation wave and handles sampling of the angle signal by using a timer.

The timer’s operating frequency and the excitation signal frequency determine the resolution of the angle signal. See figure
A for the relation of the timer operating frequency to the cycle of sampling the angle signal. Figure A shows how raising
the operating frequency of the timer shortens the cycle of sampling the angle signal, i.e. increases the resolution. The cycle
of the rectangular excitation wave also affects the resolution. The points where the angle signal is sampled depend on the
cycle of the rectangular excitation wave. Table A shows how the resolution varies with the timer operating frequency and

the excitation frequency.

Points for sampling the angle signal

I

Operating clock
for the timer | | | I -T=- mm

(40 MHz)

Rectangular | |
excitation wave

Angle signal | |

Operating clock

Egg tflcﬂthizr;”ler HJ'“ _______ mm

Rectangular |
excitation wave

Angle signal |

A
v

One cycle of the rectangular excitation wave is
equivalent to an electrical angle of 360 degrees

Figure A Relation of the Timer Operating Frequency to the Cycle of Sampling the Angle Signal
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Table A Resolution by Timer Operating Frequency in Relation to the Excitation Frequency

Excitation Frequency

Timer operating frequency 5 kHz 10 kHz 20 kHz
40 MHz 8,000 4,000 2,000
80 MHz 16,000 8,000 4,000

Note that the actual motor angle information (mechanical angle) varies with the number of pole pairs of the resolver that is

in use.
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Appendix 2. Package Dimensions

For the latest information on package dimensions and mounting, see “Packaging Information” on the
Renesas website.

JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LFQFP48-7x7-0.50 PLQPO048KB-B — 0.29
HD
=1 D
36 25
AHAHRARARAH .
37 1T T 24
o | o
o | o
—— ——
o -
o | o W w
- - o -
- - *
- -
—— ——
o | o
48 I o .
TERRTRRAnInE ~ R
1 12 NOTE 4
Index area
NOTE 3
F NOTE)

1. DMENSONS *»T AND "<2" DO NOT INCLUDE MOLD FLASH.
2. DMENSON *x3* DOES NOT INCLUDE TRIM OFFSET.
3. PIN 1 VISUAL NDEX FEATURE MAY VARY, BUT MUST BE

LOCATED WITHN THE HATCHED AREA.

4 CHAMFERS AT CORNERS ARE OPTIONAL; SIZE MAY VARY,
Reference] Dimension in Millmeters

Symeol 1 in Nom | Max

D 6.9 7.0 7.4

E 6.9 7.0 71

A2 —_— 14 —

HD 8.8 8.0 8.2

( \ 0 ve | 88 | 90 | 9z

<| & 7 ! S A — | — | 7

8]

jC A 4 i - Al 0.05 — 0.15

ﬁ? bp 0.17 0.20 0.27

< c 009 | — | 0.20

Lp o 0" | 35 | 8’

L1 El — 05 —

Detail F X _— | — 0.08

v _— | — 0.08

Lp 0.45 086 0.75

L1 —_— 1.0 —
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