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Magnetic Field Sensor Type 3R

m Overview

The YAS532B is a 3-axis geomagnetic sensor device with the following circuits integrated on one
chip: a buffer amplifier, an AD converter, a clock generator circuit, and a serial data interface circuit
(compliant with 1°C bus interface).

The YAS532B allows a compact electronic compass with high sensitivity and low power consumption
in mobile phones or mobile GPS systems.
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B Features

YAS532B

m Features

High sensitivity geomagnetic sensors
Supports the 1°C bus interface (100kbps/400kbps, slave mode)

Small footprint with the small-sized package

3-axis magnetic sensors and peripheral circuits integrated on one chip

Automatic power-down control after the acquisition, and low-power consumption

Reduced communication load with a host controller via deferred acquisition and interrupt outputs

Magnetic Sensor

Package Lead-free 6-ball WLCSP (YAS532B-PZ)

Size 1.46mm x 1.46mm

Power SWPIY it it erace supply vollage (16VDD) | LTV 10 VDD

Operating

Temperature TG o9sC

Current 4mA (VDD=2.6 V, during the acquisition)

Consumption | 32uA (Average consumptioningHz) |
Manufacturing process CMOS + Magnetic Sensor
Maximum measurable magnetic field 1200 uT

Magnetic field sensitivity (X, Y)

0.15 pT/count

Magnetic field sensitivity (2)

0.25 uT/count

Acquisition Time

1ms
(Magnetic sensor acquisition +

Temperature acquisition)
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Bl Pin Assignments

YAS532B

m Pin Assignments

The figure below shows the pin assignment and its description:

< 6-pin WLCSP Top View >

Pin No. Pin Name 110 Function

1A INT @] Interrupt output pin
1B VSS - GND
1C SDA Is/Od Serial data
2A IOVDD - Interface power supply (Typ. 1.8V)
2B SCL Is Serial clock
2C VDD - Core power supply (Typ. 2.6V)

Is : Schmitt trigger input

Od : Open-drain output

O : Output
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B Pin Descriptions YAS532B

m Pin Descriptions

® Power supply pins (VDD, IOVDD, VSS)
These are power supply pins:

VDD : Core power supply (Typ. 2.6V)
IOVDD : Interface power supply (Typ. 1.8V)
VSS :GND

® Interface pins (SCL, SDA, INT)
SCL  : Serial clock input pin

Pull up this pin externally.

SDA  : Serial data input and output pin
Pull up this pin externally.

INT - Interrupt output pin. An interrupt signal is sent through this output pin when the acquisition
is completed. A high or low level output can be select with the configuration registers.
Leave this pin open when not used.
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Three magnetic sensors are on the chip.

Magnetic Sensor

Block Diagram

B Block Diagram YAS532B
Block Diagram
Magnetic IPowerdown VDD
Sensor 1 Control IOVDD
Magnetic INT
Sensor2 | ‘@ AD < Serial
>e Data
Magnetic | i Interface SCL
Sensor 3 .
> |SDA
Clock <« |Registers)
Reset Coils Generator | p|
Temperature
Test Coils Sensor
Power-on
Reset VSS

The supply voltage is supplied only to the sensor corresponding to the axis to be measured.

Buffer Amplifier

The buffer amplifier, operating only when measuring the magnetic field, amplifies the magnetic

sensor output.

Temperature Sensor

The temperature sensor, operating only when measuring the temperature, can be used to compensate

for the temperature characteristics of the sensor.

A/D Converter (ADC)

The ADC, operating only when measuring the magnetic field, transforms the magnetic sensor output

amplified with the buffer amplifier or the temperature sensor output, to the digital form.
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B Block Diagram YAS532B

Clock Generator

The clock generator, operating only when measuring the magnetic field or the temperature, supplies
clocks to the ADC and the digital circuits.

Power-on Reset Circuit

The power-on reset circuit detects the ramp-up of the core supply voltage and resets the internal

circuit.

Reset Coils

The Reset coils are used to restore the function of a damaged magnetic sensor because of the high
magnetic field received.

Generating magnetic field with the reset coils restores the magnetic sensor characteristics.

Serial Data Interface

The YAS532B serial data interface is compliant with 1°C bus interface and operates in slave mode.
Data are transferred via the following pins:

SCL— Serial clock input pin

SDA— Serial data input and output pin
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B Electrical Characteristics YAS532B

m Electrical Characteristics

® Absolute Maximum Ratings

Item Symbol Min. Typ. Max. Unit
Core Supply Voltage VDD -0.3 4.2 \
Interface Supply Voltage IOVDD -0.3 4.2 \%
(Dsigii"j"s'g%t Pin Voltage VINDL | -03 42 v
Storage Temperature Tstg -50 125 °C
Maximum Applicable Magnetic Field Hmax 500 mT

® Recommended Operating Conditions

Item Symbol Min. Typ. Max. Unit
Core Supply Voltage VDD 1.7 2.6 3.6 \%
Interface Supply Voltage IOVDD 1.7 1.8 VDD \Y
Operating Ambient Temperature Top -40 25 95 °C

® Drawn Currents

Item Min. Typ. Max. Unit
Standby Current (TOP=25°C, 1 HA
SCL=SDA= I0VDD=VDD=3.0V)
Standby Current (TOP=95°C, 10 uA
SCL=SDA= I0VDD=VDD=3.0V)
Current drawn from 10VDD during communication 1 HA
Current drawn from VDD during magnetic field 4.0 mA
acquisition * See Note.
Current drawn from VDD during temperature acquisition 20 mA
* See Note.
Current drawn from VDD (Reset coil is ON) 50 mA

Note: After the acquisition the device automatically powers down to enter the standby state.
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B Electrical Characteristics YAS532B

® Magnetic Sensor Characteristics
(Conditions: TOP = 25°C, VDD = 2.6 V)

Item Min. Typ. Max. Unit
Maximum Measurable Magnetic Field 1200 uT
Magnetic Field Sensitivity (X,Y) 0.15 uT/count
Magnetic Field Sensitivity (2) 0.25 uT/count
Sensitivity Axis Deviation 15 deg

Note: Y and Z sensitivities are for Y1-Y2 and Y1+Y2, respectively. And, the sensitivity axis deviation is for the

value corrected with CAL register values. For details, see the application manual.

® Temperature Sensor Characteristics

(Conditions: see “Recommended Operating Conditions”)

Item Min. Typ. Max. Unit
Temperature Acquisition Range -40 95 °C
Temperature Resolution 0.18 °Cl/count

® Acquisition Time
(Conditions: see “Recommended Operating Conditions”)

ltem Min. Typ. Max. Unit

Acquisition Time 1.0 15 ms
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B Electrical Characteristics

YAS532B

DC Characteristics

Serial Data Interface: SCL, SDA

(Conditions: see “Recommended Operating Conditions”)

Symbol Min. Max. Unit
“L” level input voltage Vi -0.3 0.3x10VvDD Vv
“H” level input voltage Vin 0.7xI0VvDD | I0VvDD+0.3 Vv
“L” level output voltage (sink current 3mA) VoL 0 0.2x10VDD \Y/
Input leakage Current at the input voltage of 0.1 ) 1 L WA
x |OVDD to 0.9 x IOVDD
Input Capacitance Ci 10 pF

Interrupt Output
(Conditions: see “Recommended Operating Conditions”)
Symbol Min. Typ. Max. Unit
“L” level output voltage (IOL=1mA) VoL 0.2xI0vDD| V
“H” level output voltage (IOH=-1mA) Von |0.8xIOVDD V
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B Electrical Characteristics YAS532B

® AC Characteristics
The table below shows the rules on the power supply power-on sequence.

(Conditions: see “Recommended Operating Conditions™)

Item Symbol Min. Max. Unit

Power Supply Ramp Up Time TVON 10 ms

Time from when all the power supplies are
completely powered up till when the 1°C interface TDOP 4 ms

becomes available

When applying 10VDD first, and then VDD:
- Access to the I1°C bus is not allowed while IOVDD is ramping up to its operating range.
- Access to the I1°C bus is not allowed while VDD is ramping up to its operating range.

Otherwise, there are no restrictions on the 1°C bus access.
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B Electrical Characteristics YAS532B

Serial Data Interface: SCL, SDA

(Conditions: see “Recommended Operating Conditions”)

Item Symbol Min. Max. Unit
SCL Clock Frequency fscL 0 400 kHz
Hold Time (repeat) Start Condition thp:sTA 0.6 us
SCL Clock “L” Time fLow 1.3 us
SCL Clock “H” Time thicH 0.6 us
Setup Time of the repeat start conditions tsu:sTa 0.6 us
Data Hold Time tho:paT 0 0.9 us
Data Setup Time tsu:par 0.1 us
SDA and SCL signals rise time (input) t 300 ns
SDA and SCL signals fall time (input) t; 300 ns
SDA signal fall time (output) tof 20+0.1xCy 250 ns
Stop Condition Setup Time tsu:sto 0.6 us
Bus Free Time between stop and start conditions tsur 1.3 us
SDA and SCL Capacitive Load Cy 400 pF

Cy: Load capacitance for each bus line (pF)

SCL \

> hnsta thppatie

[ C

Start Repeated Stop
Start

o\

BUF i

SDA

Serial Data Interface Timing Specification

[Notes]
- YAS532B serial data interface is compliant to 1°C bus as far as described in this document.

+ Spike noise with the width of about 50ns can be suppressed.
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Bl System Configuration Examples YAS532B

m System Configuration Examples

The figure below shows an example of the application.
Leave the INT pin open (N.C.) when not used.

Note: For a geomagnetic sensor to deliver its performance, its placement on the board needs to be carefully designed.
Contact Yamaha sales staff for details.

1.8V
2.6V O—I— VDD
INT
SCL ® Host
GND vss YAS532B CPU
SDA ¢ (I2C Master)
1.8V O——|Q——IOVDD
¢ ® 1 12CDevice
I2C Device
Example 1 (INT pin used)
1.8V
2.6V VDD
I INT-N.C. Host
0s
GNDO—% vss YAS532B SCL . ? CPU
SDA (I2C Master)
1.8V O—I—IOVDD
° ' I12C Device
I2C Device

Example 2 (INT pin not used)
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B Package Information YAS532B

m Package Information

Caution
The product of the WLCSP package should be used under light-shielded conditions.
Since the WLCSP package has a structure that a silicon wafer is exposed, if light (such as sunlight) hits the wafer,

the device may malfunction (leak current increase etc.) due to electric charge internally generated by the photoelectric
effect.

U-PKOPP1-0/-1

010 P-0.50TYP.
22 S0 © 0O 2
T il -
O = O Q O
l
A C B A
6 ¢0.27+0.05
! \
|
U CEVAVE
chel] =2 Z 8

Ny IROTEEBRBZEET B,
The value parenthesized is
nat specified.

Wt UsEAET,

Dimensions include burr.

UNIT: mm

) 1 REELELSIE REEHE. LU FHEMFITOVTORFINGRENBDETT,
2. M TIHICEKY, TEOBRGENELGDIGENHYET .
FHLLEYTNAREBEETESEVLEHETZEL,
Note: 1. Special attention needs to be paid to the storage conditions and soldering method of the
surface mount IC.

2. Dimension, form, etc. may differ depending on assembly plants.
For details, please contact your local Yamaha agent.
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YAS532B

PRECAUTIONS AND INSTRUCTIONS FOR SAFETY

Do not use the device under stresses beyond those listed in Absolute Maximum Ratings.
= Such stresses may become causes of breakdown, damages, or deterioration, causing explosion
Prohibited | or jgnition, and this may lead to fire or personal injury.

/A warnING
Y

Do not mount the device reversely or improperly and also do not connect a supply voltage in

® wrong polarity. Otherwise, this may cause current and/or power-consumption to exceed the
absolute maximum ratings, causing personal injury due to explosion or ignition as well as causing

Prohibited | preakdown, damages, or deterioration.

And, do not use the device again that has been improperly mounted and powered once.

® Do not short between pins.
= In particular, when different power supply pins, such as between high-voltage and low-voltage
Prohibited pins, are shorted, smoke, fire, or explosion may take place.

As to devices capable of generating sound from its speaker outputs, please design with safety of

your products and system in mind, such as the consequences of unusual speaker output due to a
0 malfunction or failure. A speaker dissipates heat in a voice-coil by air flow accompanying
Instructions | Vibration of a diaphragm. When a DC signal (several Hz or less) is input due to device failure,
heat dissipation characteristics degrade rapidly, thereby leading to voice-coil burnout, smoking or
ignition of the speaker even if it is used within the rated input value.

/A caution

® Do not use Yamaha products in close proximity to burning materials, combustible substances, or
= inflammable materials, in order to prevent the spread of the fire caused by Yamaha products, and
Prohibited | to prevent the smoke or fire of Yamaha products due to peripheral components.

Generally, semiconductor products may malfunction and break down due to aging, degradation,
0 etc. It is the responsibility of the designer to take actions such as safety design of products and
Instructions | the entire system and also fail-safe design according to applications, so as not to cause property
damage and/or bodily injury due to malfunction and/or failure of semiconductor products.

The built-in DSP may output the maximum amplitude waveform suddenly due to malfunction from
disturbances etc. and this may cause damage to headphones, external amplifiers, and human
Instructions | Pody (the ear). Please pay attention to safety measures for device malfunction and failure both in
product and system design.

©

As semiconductor devices are not nonflammable, overcurrent or failure may cause smoke or fire.
_ Therefore, products should be designed with safety in mind such as using overcurrent protection
Instructions | ¢ijrcuits to control the amount of current during operation and to shut off on failure.

©

Products should be designed with fail safe in mind in case of malfunction of the built-in protection
circuits. Note that the built-in protection circuits such as overcurrent protection circuit and
_ high-temperature protection circuit do not always protect the internal circuits. In some cases,
Instructions | depending on usage or situations, such protection circuit may not work properly or the device
itself may break down before the protection circuit kicks in.

Use a robust power supply.
_ The use of an unrobust power supply may lead to malfunctions of the protection circuit, causing
Instructions | device breakdown, personal injury due to explosion, or smoke or fire.

e

Product's housing should be designed with the considerations of short-circuiting between pins of
the mounted device due to foreign conductive substances (such as metal pins etc.). Moreover,
Instructions | the housing should be designed with spatter prevention etc. due to explosion or burning.
Otherwise, the spattered substance may cause bodily injury.

0 The device may be heated to a high temperature due to internal heat generation during
Instructions | operation. Therefore, please take care not to touch an operating device directly.

v02
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YAS532B
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IMPORTANT NOTICE

YAMAHA RESERVES THE RIGHT TO MAKE CHANGES TO ITS PRODUCTS AND TO THIS DOCUMENT WITHOUT
NOTICE. THE INFORMATION CONTAINED IN THIS DOCUMENT HAS BEEN CAREFULLY CHECKED AND IS
BELIEVED. HOWEVER, YAMAHA SHALL ASSUME NO RESPONSIBILITIES FOR INACCURACIES AND MAKE NO
COMMITMENT TO UPDATE OR TO KEEP CURRENT THE INFORMATION CONTAINED IN THIS DOCUMENT.

THESE YAMAHA PRODUCTS ARE DESIGNED ONLY FOR COMMERCIAL AND NORMAL INDUSTRIAL
APPLICATIONS, AND ARE NOT SUITABLE FOR OTHER USES, SUCH AS MEDICAL LIFE SUPPORT EQUIPMENT,
NUCLEAR FACILITIES, CRITICAL CARE EQUIPMENT OR ANY OTHER APPLICATION THE FAILURE OF WHICH
COULD LEAD TO DEATH, PERSONAL INJURY OR ENVIRONMENTAL OR PROPERTY DAMAGE. USE OF THE
PRODUCTS IN ANY SUCH APPLICATION IS AT THE CUSTOMER'S OWN RISK AND EXPENSE.

YAMAHA SHALL ASSUME NO LIABILITY FOR INCIDENTAL, CONSEQUENTIAL OR SPECIAL DAMAGES OR INJURY
THAT MAY RESULT FROM MISAPPLICATION OR IMPROPER USE OR OPERATION OF THE PRODUCT.

YAMAHA MAKES NO WARRANTY OR REPRESENTATION THAT THE PRODUCTS ARE SUBJECT TO INTELLECTUAL
PROPERTY LICENSE FROM YAMAHA OR ANY THIRD PARTY, AND YAMAHA MAKES NO WARRANTY OR
REPRESENTATION OF NON-INFRINGEMENT WITH RESPECT TO THE PRODUCTS. YAMAHA SPECIFICALLY
EXCLUDES ANY LIABILITY TO THE CUSTOMER OR ANY THIRD PARTY ARISING FROM OR RELATED TO THE
PRODUCTS INFRINGEMENT OF ANY THIRD PARTY'S INTELLECTUAL PROPERTY RIGHTS, INCLUDING THE
PATENT, COPYRIGHT, TRADEMARK OR TRADE SECRET RIGHTS OF ANY THIRD PARTY.

EXAMPLES OF USE DESCRIBED HEREIN ARE MERELY TO INDICATE THE CHARACTERISTICS AND
PERFORMANCE OF PRODUCTS. YAMAHA SHALL ASSUME NO RESPONSIBILITY FOR ANY INTELLECTUAL
PROPERTY CLAIMES OR OTHER PROBLEMS THAT MAY RESULT FROM APPLICATIONS BASED ON THE
EXAMPLES DESCRIBED HEREIN. YAMAHA MAKES NO WARRANTY WITH RESPECT TO THE PRODUCTS, EXPRESS
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR USE AND TITLE.

YAMAHA MAKES EVERY EFFORT TO IMPROVE THE QUALITY AND RELIABILITY OF ITS PRODUCTS. HOWEVER,
ALL SEMICONDUCTOR PRODUCTS FAIL WITH SOME PROBABILITY. THEREFORE, YAMAHA REQUIRES THAT
SUFFICIENT CARE BE GIVEN TO ENSURING SAFE DESIGN IN CUSTOMER PRODUCTS SUCH AS REDUNDANT
DESIGN, ANTI-CONFLAGRATION DESIGN, AND DESIGN FOR PREVENTING MALFUNCTION IN ORDER TO
PREVENT ACCIDENTS RESULTING IN INJURY OR DEATH, FIRE OR OTHER SOCIAL DAMAGE FROM OCCURRING
AS A RESULT OF PRODUCT FAILURE.

INFORMATION DESCRIBED IN THIS DOCUMENT: APPLICATION CIRCUITS AND ITS CONSTANTS AND
CALCULATION FORMULAS, PROGRAMS AND CONTROL PROCEDURES ARE PROVIDED FOR THE PURPOSE OF
EXPLAINING TYPICAL OPERATION AND USAGE. THEREFORE, PLEASE EVALUATE THE DESIGN SUFFICIENTLY AS
WHOLE SYSTEM UNDER THE CONSIDERATION OF VARIOUS EXTERNAL OR ENVIRONMENTAL CONDITIONS AND
DETERMINE THEIR APPLICATION AT THE CUSTOMER'S OWN RISK. YAMAHA SHALL ASSUME NO
RESPONSIBILITY FOR CLAIMS, DAMAGES, COSTS AND EXPENSES CAUSED BY THE CUSTOMER OR ANY THIRD
PARTY, OWING TO THE USE OF THE ABOVE INFORMATION.

~

J

Notice

All specifications are subject to change for product improvement without notice.

-

AGENT Address Inquiries to :

Semiconductor Sales & Marketing Department

M Head Office 203, Matsunokijima, Iwata,
Shizuoka, 438-0192, Japan

H Tokyo Office 2-17-11, Takanawa, Minato-ku,
Tokyo, 108-8586, Japan

W Osaka Office Universal City Wako Bldg.
6-2-82, Shimaya, Konohana-ku,
Osaka, 554-0024, Japan

~  — YAMAHA CORPORATION ————

Tel. +81-539-62-4918 Fax.+81-539-62-5054

Tel. +81-3-5488-5431 Fax.+81-3-5488-5088

j Tel. +81-6-6465-0325 Fax.+81-6-6465-0391

Copyright © 2012 Yamaha Corporation

Printed in Japan
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