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Amplifier Selection - Example Implementation:
Connection of Differential Amplifier (Configuration 3) and MR Sensor

Introduction

This application note provides an example implementation for connecting Smart Analog | C 500 to a Magneto-Resistive
(MR) sensor.

Operation Verified Devices
Smart Analog |C 500 (RAA730500)
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Amplifier Selection - Example Implementation:
Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

1. Overview

1.1 General

This application note provides an example implementation showing how to connect a differential amplifier, whichisone
of the amplifier configurations (configuration 3) introduced in the application note Smart Analog Selecting Amplifiers
Based on Sensor Type (RO2ANOOOSE), to an MR sensor. In this example, the Smart Analog 1C 500 eval uation board (on
which Smart Analog |C 500 and the RL78/G1A are mounted) is used as the hardware, and Smart Analog Easy Starter
("Easy Starter") is used as the software.

At first, the mechanism and characteristics of the sensor (MR sensor in this document) are checked, and the ideal
configuration of the configurable amplifier is selected based on characteristics of the sensor. And next, the connection
between the sensor pins and the Smart Analog | C 500 pinsis determined. After that, the analog circuit parameters, such as
the configuration of the configurable amplifier, gain, and reference voltage from D/A converter, are specified. Finally, the
waveforms are checked to verify the operation of the circuits.

The analog circuit parameters can be specified and the circuit operation verified by using Easy Starter. For information on
the selection of the configurable amplifier and the use of Easy Starter, refer to the application notes listed in 1.3 Related
Application Notes.

1.2 Conditions for Verifying Operation

The operation of the hardware and software described in this application note has been verified under the conditions
shown below.

Table 1-1 Conditions for Verifying Operation

Item Description
Devices used Smart Analog IC 500 (model number: RAA730500)
RL78/G1A (model number: R5F10ELE)
Evaluation board used ROK027801D000BR (MCU Firmware - 21 Mar 2012)
External devices used KG0823 made by KOHDEN Co., Ltd.
Software Smart Analog Easy Starter Ver 1.3

1.3 Related Application Notes
Related application notes are shown below. Also refer to these documents when using this application note.

e Smart Analog Evaluating Sensors By Using Smart Analog Easy Starter (RO2ANOOQO7E)
e Smart Analog Selecting Amplifiers Based on Sensor Type (RO2ANOOOSE)
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Amplifier Selection - Example Implementation:
Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

2. Sensor

In this section, the sensing mechanism of regular MR sensorsis described and the characteristics and specifications of the
KG0823 MR sensor made by KOHDEN Co., Ltd. are also shown below.

2.1 Sensing Mechanism

MR (magneto resistance) sensors are atype of magnetic sensor used to measure the size and direction of a magnetic field.
These sensors are mainly configured by using elements made of a magnetic material whose electrical resistance changes
according to the magnetic field intensity. (This is known as the magnetoresistance effect.) This changein resistanceis
used to detect a magnetic field.

2.2 Characteristics and Specifications

In this application note, the mold type high-resistance MR sensor KG0823 made by KOHDEN Co., Ltd. isused for an
example implementation. The sensor characteristics which are required to select the best amplifier configuration have
been excerpted from the KG0823 datasheet and are shown in Table 2-1 below. When eval uating the sensor, be sure to
download the latest datasheet from the KOHDEN website.

Table 2-1 MR Sensor KG0823 Extracted Electrical Characteristics
(Ta=25°C,Vcc=5V)

Parameter Conditions Min. Typ. Max. Unit
Input resistance Between Vcc and 450 550 650 KQ
GND
Median potential oT 2470 2500 2530 mV
Output voltage 16 kA/m 25 35 45 mV
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Amplifier Selection - Example Implementation:
Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

3.  Amplifier Configuration

Usetheamplifier configuration selection flowchart in Figure 3-1 to decide which amplifier configurationin Smart Analog
IC 500 to use based on the sensing mechanism and characteristics of the sensor. In this application note, the mold type
high-resistance MR sensor KG0823 made by KOHDEN Co., Ltd. is connected to adifferential amplifier (configuration
3).

The reason of selecting this differential amplifier (configuration 3) is explained below.

e  Based on the mechanism described in 2.1 Sensing Mechanism, the resistance of the MR sensor changes
according to the magnetic field intensity. By supplying power to the sensor, this change in resistance is output as
achange in voltage. "Voltage output" was therefore selected in the amplifier selection flowchart.

e Asanexample of the system requirements, the measurement range of the magnetic field intensity is defined as
+16 kA/m vertically and horizontally in this application note. This means that the output voltage range of the
sensor is+45 mV max., requiring the signal to be amplified by approximately 30 dB to fall within the input
voltage range to the A/D converter. Also, because the output impedance is 325 kQ max., a differential amplifier
that uses two D/A converter channels and has high impedance was selected in the amplifier selection flowchart.

The route by which the differential amplifier (configuration 3) was selected in this application note is highlighted in
Figure 3-1. For adetailed description of the amplifier configuration selection flowchart, refer to the relevant application
notein 1.3 Related Application Notes.

It is needed, however, to change the value of branch condition depending on the requirement for the systems. Note that
this flowchart is one of the examples to select the amplifier configuration.

Yes _One output pin?~_Yg
S ?
Voltage output? Single ended

No

Configuration 1
Non-inverting amplifier

Configuration 2
Differential amplifier
(using two D/A converter channels)

Configuration 3
Differential amplifier (using two D/A converter
channels, high input impedance)

No or not sure

v

wo output pins? Yes Configuration 4 B
(Differential) Instrumentation amplifier
No - -
Current output? Yes vvoe?tt?'s‘gnc‘ilgg o Yee ’l C?S;?slil:sggaice amplifier
No No

Configuration 6
Non-inverting amplifier
(with load resistor)

utphf\ Yes Convert output signal into
passive element voltage or current signal and
change? return to Start.
No ;
Reconsider

Figure 3-1 Amplifier Configuration Selection Flowchart
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Amplifier Selection - Example Implementation:
Connection of Differential Amplifier (Configuration 3) and MR Sensor

4. Connecting Smart Analog IC 500 to the Sensor

Figure 4-1 shows an example of connecting Smart Analog | C 500 to the MR sensor. The output pin of the MR sensor is
connected to the non-inverted input pin of a configurable amplifier in Smart Analog 1C 500. In this application note,
configurable amplifier Ch2 is used, so the MPXIN40 pin is used as the non-inverted input pin.

MPXIN40

Smart Analog IC 500

___ Configurable amplifier

open —

Ch2

Ch3

717 MR sensor
(KG0823)

=p

DA

___ Configurable amplifier

open — -
DAC1 +
K

Chi
AF

N

— Configurable amplifier _

AMP3_OUT

N

Generates
cancel the

the voltage used to Generates a bias voltage

offset voltage

T

Used as differential
amplifiers

Figure 4-1 Example of Connecting Smart Analog IC 500 to the MR Sensor
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Amplifier Selection - Example Implementation:
Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

5. Setting Procedure

Once the amplifier configuration and pins to be used for connection have been determined, the analog circuit parameters
must be specified. In this application note, an exampl e of the settings specified when connecting the differential amplifier
(configuration 3) to the MR sensor is provided below. The settings of the analog circuit parameters are specified in the
Chip Config window of Easy Starter. For how to use Easy Starter to evaluate the sensor, refer to the relevant application
notein 1.3 Related Application Notes, which describes the setting procedure in detail.

5.1 Analog Circuit Parameters to Set

The analog parameters which should be specified in the Chip Config window are summarized below in the
implementation exampl e of this application note.

o  Amplifier configuration: Differential amplifier (using two D/A converter channels and with high impedance)
Thisisthe configuration selected by using the amplifier selection flowchart.

e  Amplifier gain: 30 dB
When the measured magnetic field intensity is +16 kA/m, which is the requirement of the system, the maximum
output voltage is+45 mV. The input voltage to the A/D converter is needed to set not to exceed the reference
voltage for A/D converter of 3.3 V, which is supplied by a variable output voltage regulator of Smart Analog
IC500. Therefore, it isnecessary to specify a gain that does not cause the input voltage to the A/D converter over
3.3V. The gainistherefore set to 30 dB.

e  DJ/A converter Chl output voltage: 2.50 V
The sensor's output voltage when the sensor is not in a magnetic field is 2.5 V typ. To cancel thisvoltage, 2.5V
isapplied to one of the inputs of the differential amplifier.

e  D/A converter Ch3 output voltage: 1.65 V
An output voltage from the sensor that fluctuates up and down around the middle of output voltage according to
the direction of the magnetic field. The input voltage range of the A/D converter is0 to 3.3 V, so the middle of
output voltage of the sensor is set to 1.65 V, which is the middle point in this range from 0 to 3.3 V.

o  Amplifier input pin: MPXIN40 pin
The amplifier input pinisthe pin to which the sensor output pin is connected.

e Variable output voltage regulator: 3.3V
Thisisused as the reference voltage for A/D converter.
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Smart Analog

Connection of Differential Amplifier (Configuration 3) and MR Sensor

5.2 Settings in Chip Config Window

The parameters of the analog circuitsin Smart Analog |C 500 are specified in the Chip Config window.

An example of the setting procedure used in this application note is shown below.

Open the AM P1 Config window to specify detailed settings for configurable amplifier Chl.

— Set SW12 and SW13 to "short".

— Set MPX1t0"3" (open) and MPX2to"2" (DACL).
— Set D/A converter Chlto "128" (2.51 V).

— Set D/A converter Chlto "ON".

— Set configurable amplifier Chl to "ON".

o' AMP1 Config - Smart Analog Easy Starter
Amplifier Chil
3 MPX1
3]
MPXINT0 IO ==
MPXINT! B—O———H

Swit Gain control register
[open ~ o+

(9]

Open —|

MPXINZD —C
MPXINZ| IO

L
Open —

MPX2 _ Swi3

Ll Ll
M
!
E",

1

SWo1

o
AMP1.OUT

O——l DAC1.OUT

[oa > 251V
o & orF| L2

128

S0 OlOpen -

Amplifier Ch2

[ Close |

Figure 5-1 Settings in AMP1 Config Window

Open the AM P2 Config window to specify detailed settings for configurable amplifier Ch2.

— Set SW22 to "short" and SW23 to "open".
— Set MPX31t0"3" (open) and MPX4 to"0" (MPXIN40).
— Set configurable amplifier Ch2 to "ON".

"ol AMP2 Config - Smart Analog Easy Starter
Amplifier Ch1
S0 }D{bpen =
Amplifier Ch2
MPX;
.é—a [ sw21 : Gain control register 2
J’ Open = ==
MPXIN30 B—C> g = = il
MPXINS | —O———LD L [open +]
2 Vi—e—e —
EDQ/ [sten AMP2 OUT
Open — ) A
Short =
MPXINAD B—O 0 Shotts] T
MPXINS | l—O>- 1
e | ]
Open 3¢ Open b
o™ o
[0~ [Open ~]
O——l DAG2.0UT
2.49v
on Do [ (ckea)

Figure 5-2 Settings in AMP2 Config Window
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Amplifier Selection - Example Implementation:
Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

o  Specify "differential amplifier" as the configuration of configurable amplifier Ch3.
e  Setthe gain of configurable amplifier Ch3to "30 dB".

e  Set the output voltage of D/A converter Ch3to "84" (1.65 V).

o  Specify "configurable amplifier Ch2 output signal” for the inverted input pin.

e  Specify "configurable amplifier Chl output signal” for the non-inverted input pin.
e  Set configurable amplifier Ch3 to "ON".

e  Set the output voltage of the variable output voltage regulator to "3.3 V".
e  Set the variable output voltage regulator to "ON".

This completes setting the analog circuit parameters.

=

a7 Chip Config - Smart Analog Easy Starter = =2 =
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Z Amplifier Chl g o AP OUT
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Figure 5-3 Settings in Chip Config Window
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Smart Analog Connection of Differential Amplifier (Configuration 3) and MR Sensor

5.3

Checking the Circuit Configuration in Smart Analog IC 500

After the analog circuit parameters have been specified, the internal circuit configuration can be reviewed. The internal
circuit configuration of Smart Analog | C 500 as specified in this application note is described below.

Amplifier configuration: Differential amplifier (using two D/A converter channels and with high impedance)

Configurable amplifier Chl is used as a voltage follower.

— SWillissetto"0" (open) and SW12 and SW13 are set to "1" (short) in the CONFIG1 register.

— MPX11, MPX10, and MPX21 are set to "1" and MPX20 is set to "0" in the MPX1 register.

— AMPILOF isset to"1" (operation enabled) in the PC1 register.

Configurable amplifier Ch2 is used as a voltage follower.

— SW21 and SW23 are set to "0" (open) and SW22 isset to "1" (short) in the CONFIG1 register.

— MPX31 and MPX30 are set to "1" in the MPX1 register.

— AMP20OF isset to "1" (operation enabled) in the PC1 register.

Configurable amplifier Ch3 is used as a differential amplifier.

— SW3land SW32 are set to "0" (open) and SW33isset to "1" (short) in the CONFIG2 register.

— MPX52, MPX62, and MPX60 are set to "0" and MPX51, MPX50, and MPX61 are set to "1" in the MPX2
register.

— AMP30OF isset to "1" (operation enabled) in the PC1 register.

Amplifier gain: 30 dB
The amplifier gain setting is specified as follows:
— The GC3 register is set to "OCH".

D/A converter Chl output voltage: 128 (2.51 V)

The D/A converter Chl setting is specified as follows:

— VRTL, VRTO, VRB1, and VRBO are set to "0" in the DACRC register.
— The DACIC register is set to "80H".

— DACI1OF issetto"1" (operation enabled) in the PC1 register.

D/A converter Ch3 output voltage: 84 (1.65 V)

The D/A converter Ch3 setting is specified as follows:

— VRTL, VRTO, VRB1, and VRBO are set to "0" in the DACRC register.
— The DACIC register is set to "54H".

— DAC30OFissetto"1" (operation enabled) in the PC1 register.

Amplifier input pin: MPXIN40 pin
The amplifier input pin setting is specified as follows:
— MPX41 and MPX40 are set to "0" in the MPX1 register.

Variable output voltage regulator: 3.3V

The variable output voltage regulator setting is specified as follows:

— LDO3, LD0O2, and LDOO are set to "1" and LDO1 is set to "0" in the LDOC register.
— LDOOF isset to "1" (operation enabled) in the PC2 register.

RO2AN0011EJ0110 Rev.1.10 Page 9 of 13
Sep. 30, 2013 RENESAS



Smart Analog

Amplifier Selection - Example Implementation:

Connection of Differential Amplifier (Configuration 3) and MR Sensor
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Figure 5-4 Circuit Configuration of Smart Analog IC 500
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5.4

List of Register Settings

Figure 5-5 shows the values of the SPI control registersin Smart Analog IC 500. For details of each register, see the
RAA730500 Monolithic Programmable Analog |C Datasheet (R02DS0008E).

-

9 Register List - Smart Analog Easy Starter = =R
Font Size 9 ~ RegisterReload £ C source output |3
| | Data
Address Register RAW ; - - HEX
D7 Db D& D4 D3 D2 DI D
ot Configuration register 1 'W' - SWIl | SWi2 swig | - SW21 SW22 SW23 -
(CONFIG1) 0 0 1 1 0 0 1 0
Configuration register 2 - Swal | Swa2 swis | - SWo2 SWol SWoo
0th RAW ! ! 1ok
{CONFIG2) 0 0 0 1 0 0 0 0
MPX setting register 1 [ MPX1[1:0] MPX2[1:0) MPX3[1:0] MPX4[1:0]
0sh RAW - - - ECh
(MPX1) 1 1 1 ] 1 1 ] 0
MPX setting register 2 L. - MPX5[2:0] - MPX6[20]
04k RAW | . - 132k
(MPX2) 0 0 1 1 0 0 1 0
MP setti ister 3 0 0 SCF[21 SCFO MPX?[20
i setting register b [21] _ [20] Lk
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(AOMG) 0 0 0 0 0 ] ] 0
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(Gee) ] 0 0 ] o | o | o 0|
LDO control register [ : 1] 0 0 ] LDO[3:D]
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80 DAC reference voltage control register 0 0 0 0 VRTL1:0] VRB[1:0] o
{DACRC) ] 0 0 0 0 [0 ] 0
DAG control register 1 [ ] DAG1[7:0]
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(DACIC) 1 0 0 ] 0 0 0 0
ok DAC control register 2 o DAC2[T:0] sth
{DAG2C) 0 1 1 1 1 1 1 1 '
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Figure 5-5 List of Registers
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6. Operation Verification Results

Finally, the operation of the circuit of Smart Analog | C500 with the sensor connected isverified. To verify that the circuits
are operating correctly, check the waveformsin the ADC Graph window. For instructions on the use of Easy Starter,
refer to the application notes listed in 1.3 Related Application Notes.

The procedure for verifying operation used in this application note is described below.

It was verified that the output voltage changed according to the distance between the sensor and a magnet when a magnet
was brought closer to the sensor from above and from the side. The A/D conversion interval was set to 100 ms.

Computer P~ >~ S LT
USB cable
Evaluation :
board v
Magnet

Figure 6-1 Operation Verification Environment

The measurement waveforms obtained from the ADC Graph window are shown in Figure 6-2.

Measurement started with no magnetic field applied to the sensor. As a magnet was brought closer to the sensor from
above, it was observed that the output voltage rose above the initial state of no magnetic field applied. As a magnet was
brought closer to the sensor from the side, it was observed that the output voltagefell below theinitial state of no magnetic
field applied.

No magnetic field Magnetic S Magnetic
9 field applied I field applied
from above from the side
] ] ]

& ADC Graph - Smart Ansiog Essy Starter = = ADC Gragh - Smart Ansiog Easy Starter &y == #/ ADC Graph - Smart Ansiog Easy Starter =SS

i sze S0

A\ A comersion vake

PlotsWindom |08 ] Grid s Plots/Wndom 108 =] Orid st

Figure 6-2 Operation Verification Waveforms
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Website and Support

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

Inquiries
http://www.renesas.com/contact/

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 all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautionsin the Handling of MPU/MCU Products and in the body of the manual differ from each other, the description
in the body of the manual takes precedence.

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
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 LSI 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
areset, 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 one with a different part number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different part numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different part numbers, implement a system-evaluation test for each of the products.




Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.
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4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
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5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on

the product's quality grade, as indicated below.

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

equipment; and industrial robots etc.

"High Quality": Trar equipment , trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.). 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 for which it is not intended. 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 which the product is not intended by Renesas Electronics.

6. You should use the Renesas products i in this within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage

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

7. 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

fire control and lion prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,

please evaluate the safety of the final products or systems manufactured by you.
8. 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 with all i laws and that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

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

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or 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. When exporting the Renesas Electronics 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.

10.

1)

Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

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

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

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