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High-stability Gyro Sensor: XV7011BB

Features

SPI/ FC serial interface

Angular rate output (16/24bit)

Excellent bias stability over temperature
Embedded temperature sensor
Integrated user-selectable digital filter
Wide supply voltage range 2.7 to 3.6V
Low power consumption 0.9mA

Rate range £10€'s

Pb free

EU RoHS compliant

Applications

Anti-vibration and attitude control for industrial
applications etc.
Motion detection for man machine interface

Description

The XV7011BB feature superior bias output stability
and low noise. Epson achieves this performancesimgu
quartz substrates manufactured based on our pragyrie
QMEMS technology.

In addition to compatibility for digital output ietfaces
(SPI, EC), these sensors allow for independent interface
power supply voltage settings to enable commurnati
with various interfaces. User-selectable low-péter$
and high-pass filters enable a wide range of dut-of
frequencies. Designed for low power consumptioesé¢h
sensors are suitable for a wide range of uses, from
wearable devices and other consumer electronics to
industrial equipment.
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mAbout the symbols used in this catalog

Pb
ﬁ e Alead-free product.
Free

RoHS e Compliant with the EU RoHS directive.
ﬁ * About products without the Pb-Free label

i, Product terminals are lead-free but the internatponents of the product contain lead (high meltin
point solder lead as well as the lead containgtl@rglass of an electronic component are both not
applicable under the EU RoHS directive).

e Indicatesa product intended for usein an automobile (body, infor mation systems, etc.). The
product has been designed and manufactured in accordance with a quality assurance program
suited for the on-board environment of an automobile.

e Indicatesa product intended for useto further the safe operation of an automabile (driving,
stopping, turning). The product has been designed and manufactured in accordance with a
quality assurance program suited for the on-board safety of an automobile.

Automotive Safety

The following provisions shall apply to the usetig Application Manual.

(1) The manual provides summary information to sexs reference during your consideration of thiglpct. This
manual does not guarantee any product specification

(2) The content of this manual may be changed withotification at any time.

(3) The unauthorized reproduction, copying, or feseny other purposes of any parts of this marsustrictly
prohibited.

(4) The circuit examples and usage methods indidatéhis manual are merely reference informatite. make no
guarantees whatsoever concerning the possibilitgfahgement or damages involving third party tigh
(including industrial property rights) resultingpfn the use of this information. Furthermore, thanomal grants
no permission concerning licensing in relationte industrial property rights of Epson or any ttpatity.

(5) This manual does not constitute delivery spediions. The use of this product shall requiredfiieial exchange
of delivery specifications between the company Bpsgon. In some cases, the information indicateti
manual may vary from actual delivery specifications

(6) Of the products indicated in this manual, tRpagt of products defined as regulated substanadenthe Foreign
Exchange and Foreign Trade Control Act requiresxort permit issued in accordance with said law.

(7) This product was designed for use in genemasemer products. Prior approval by Epson is reduiveuse this
product in the following special applications raing a particularly high level of reliability. Wehall bear no
liability whatsoever if this product is used forcbupurposes without approval.

Space equipment (artificial satellites, rockets,)etnedical equipment used to maintain life, sutimea
repeaters, power plant controllers, fire and thedtvention equipment, transportation equipment,ahdr
similar applications requiring a high degree ofafgility.
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1) Block diagram
The block diagram is indicated below.
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2) Functional explanation
2-1) Detecting direction
This product detects the angular rate of rotatiomaement. The correlation between the angular rate
detection axis direction and the detection polasitshown in the diagram below.

Detection rotational axis

Direction of the detectable
angular rates +

#1 Terminal mark

2-2) Interface

Compatibility for SPI (4-wire, 3-wire) andQ. As an SPI 4-wire mode expansion function, thisser
includes a multi-slave function for use in systeha detect two or more axes at once. This makes it
possible to reduce 1/O ports and board circuityeSehsensors allow for interface power supply veltag
settings (VDDI) that are independent of the powsgpdy voltage (VDDM) to enable communications with

interfaces of various logic levels. The multi-slduaction is available only through factory setsng
implemented by Epson.

2-3) Angular rate output
Angular rate data is output in a 2's complimentrfat. 16bit or 24bit can be selected from the regist
settings. The AD converter sample rate is 13.779 &Hrequency code H and 14.160 kHz at frequency

code J. Angular rate data also can be output pifteressing using the low-pass filter (LPF) or tighfpass
filter (HPF).

LPF: The order is 2nd/3rd/4th, the cutoff frequenan be selected from the following 14 stages.
(10/35/45/50/70/85/100/140/175/200/285/345/400/H{X])

HPF: The order is 1st. When enabled, the cutoffifemcy can be selected from the following 7 stages.
(0.01/0.03/0.1/0.3/1/3/10 [Hz])

2-4) Temperature sensor output

Temperature data is output in a 2's compliment &r®bit/10bit/12bit can be selected from the regis
settings.
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3) Electrical characteristics
3-1) Absolute maximum ratings

Table 3.1 Absolute maximum ratings

Standar .
Parameter Symbol i, Tvp. Nax. Unit Comment
Supply voltag VDDM -0.3 4 V GND =0V
Supply voltage for VDDI 0.3 4 Vv GND = 0V
interface
Storage temperatt Tstc -40 85 °C
Condition for solderin 35C°C 3¢
3-2) Operating conditions
Table 3.2 Operating conditions
Standar .
Parameter Symbol Min. Tvp. Max. Unit Comment
Supply voltae VDDM 2.7 3.6 V GND=0V
Supply voltage for VDDI 1.65 3.6 Vv GND=0V
interface
Operating temperatu Torr -40 +85 °C
Supply "t‘i)r'rt%ge startup | yp, 0.01 100 ms | VDDN%— 90%
SPI clock frequenc 10 MHz VDDI =2.4t0 3.tV
SPI clock frequecy 5 MHz VDDI =1.6510 2..V
I°C clock frequenc 40( kHz

<Notes>

1. Using the drive frequency integral multiplier agroaunications clock may result in fluctuations ie #ngular

rate output.

2. Acquiring angular rate data as a frequency thatfisction of the integer for the drive frequeneycesult in

fluctuations in the angular rate output.
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3-3) DC Characteristics

Table 3.3 DC Characteristics
(VDDM =2.71t0 3.6 V, VDDI = 1.65 t0 3.6 V, GND =\ Ta = -40 to +85 °C)

Standar .
Parameter Symbo Min, Typ. Mao Unit Note
. VIH VDDI x 0.7 - Y
Logic input voltage
VIL - VDDI x 0.3 \%
i VOH VDDI - 0.4 - \Y Load =1 mA
Logic output voltage
VOL - 0.4 \Y Load =1 mA

3-4) Operating sequence at Sart-up

Table 3.4 Operating sequence at Start-up
(VvDDM =2.71t0 3.6 V, VDDI = 1.65 t0 3.6 V, GND =\9 Ta = -40 to +85 °C)

" Standar .

Parameter Symbal Condition Min. | Typ. | Max. Unit

Serial communication wait tim tIF - 1 - - ms

Temperature sensor data read startt | tTSEN - - - 8C ms

Star-up time tSTA Output cod +1°/< - - 20( ms
<Notes>

1. Conduct serial communication after tIF.
2. Conduct temperature sensor data acquisition afEN.
3. Conduct angular rate data acquisition after tSTA.

--¥--VDDM X 90%
VDDM
GND

0.01~100ms

Xpor Registel !
(Internal node name)  reset |

—>
1
Serial communication ,
wait time
1

; Start temperature
i tTSEN

» sensor data read

temp sensor
(Internal node name)

tSTA

Output code

+1°/s

Angular rate
output code :

Fig. 3.4 Operating sequence at Starf-up
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3-5) Characteristics

Table 3.5 Characteristics

(Unless otherwise specified, VDDM = 2.7 10 3.6 DBl = 1.65t0 3.6 VGND =0V, Ta = -40 to +85 °C)

" Standar .
Parameter Symbol Condition Min. Typ. Max. Unit
Frequency symbol: H 49.000 49.575 50.150 kHZ
Drive frequency Fd
Frequency symbol: J 50.45(Q 51.025 51.600 kHz
Detuning frequenc Df 0.7 0.€ 1.1 kHz
16bi 28C o
Scale factor So >abil 71680 LSB/(°/s)
Scale factotoleranc St Ta=+25°C -2 +2 %
1ati - - 0
Scale factor variation Spt VDDM =3V, Ta=+25°C 3 +3 %
over temperatu standar
Bias ZRL | Ta=+2E°C 0 LSB
Biastoleranc: ZRL | Ta=+2E°C -1 +1 °ls
i iati = = 0
Bias variation over ZRL, VDDM =3V, Ta=+25°C 1 +1 ofs
temperatur standar
Rate rang I -10C +10( °/s
Non linearity NI Ta=+2E°C -0.E +0.5 %F<
Cross axis sensitivi Cs Ta=+2E°C -5 +5 %
Current consumptic lopl 90C 130( A
Stanc-by curren lop2 16C 34C A
Sleep currel lop3 3 25 uA

8 /40
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3-6) Temper ature sensor

Table 3.6 Temperature sensor
(Unless otherwise specified, VDDM = 2.7 t0 3.6 DB = 1.65t0 3.6 VGND =0V, Ta = -40 to +85 °C

" Standar .
Parameter Symbal Condition Min. Typ. Max. Unit
Output code 8bit mode, T=+2E°C 2C 25 3C
Tout | 10bit mode, T=+25°C 8C 10C 12(C LSB
12bit mode, T=+2E°C 32C 40C 48(
Temperature output Tace | Ta= 425 0C 5 5 oC
accurac
Temperature coefficient 8bit mode 0.9 1 1.1
Tsen | 10bit mode 3.6 4 4.4 LSB/°C
12bit mode 14.4 16 17.6
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4) Dimensions

4-1) Outlinedimensions

Top View Bottom View

#10 #9 #8 #7 #6
SCLK MISO VDDI ReseVDDM VDDM Rese VDDI MISO SCLK

rved?2 /SAO /SCL
/SCL /sA0 5 040 V€02 1.3£0.2 ‘ Pix4=4 ‘ SJ
|

0.85

S
(P R
=

3
=
&
s
S
o=
o

1
10

3.240.2

#1  #2 #3 #4 #5

MOSI SS VDDL Rese GND - T
/SDA rvedl GND Rese VDDL SS MOSI

rvedl /SDA
r 1
7 b Terminal electrode material: W
7 7 2 Y
% % g é % Terminal electrode treatment: Ni/Au plating
S 10_0.32

10

Fig. 4.1 Outline dimensions

4-2) Pin name and description

Table 4.2 Pin name and description

Pin Pin name I/1O Pin Description
numbel
MOSI/ 4-wire SPI communications mode: serial data input
#1 I/O: Input/Output | 3-wire SPI communications mode: serial data injufpfot
SDA 2 L oo .
1°C commuiications moe: serial data input/outy
4-wire SPI communications mode: slave select
#2 SS I: Input 3-wire SPI communications mode: slave select
I°C communications mode: connect to VDI
. Internal regulator voltage output
#3 VDDL O: Output Connect to the bypass capacitor 1uF.
#4 Reserved] I: Input Connect to GND.
#5 GND - GND
#6 VDDM - Power supply voltage

Logic "L" level output

#7 ReservedZ O: Output Do notconnec

#8 VDDI - Power supply voltage for digital interiac
4-wire SPI communications mode: serial data output
#9 MISO/ VO: Input / Output 32—wire: SPI c_om_munications mode: Do not_connect.
SAO ’ 1“C communications mode: select lowest bit of slaldress
Default status set to pull down (approx. kQ).
#10 Sgéllf/ I: Input Serial clock (4-wire/3-wirelC)
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4-3) Soldering pattern
An example of the recommended foot pattern is shioviine following diagram. During actual board
design, give due consideration to design aspects @i mounting density and solder mount reliabidty
ensure optimal design.

4.7
10_0.7 —+8_0.3

10_1.1

1

Fig. 4.3 Soldering pattern
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5) Serial interface
Access to the sensor is conducted via serial cormation. You can select from three methods forsiegal
interface: 4-wire SPI, 3-wire SPI, HC.
4-wire SP1 communication is enabled by turning fva power supply VDDM, waiting for the serial
communication wait time tIF noted in Section 3-4tapse, and then setting the slave select si§®Ito
logic level "L" (because register name SPISel nateSection 6-16 has a default value of "0": 4-w&el).
I2C communication is enabled by setting the SS to lteyiel "H" (because register natf€_EN noted in
Section 6-16 has a default value of "€ enable). 3-wire SPI communication is enabled bijrgpregister
name SPISel to "1": 3-wire SPI and setting the®IBdic level "L". However, setting register namelSel
to "1": 3-wire SPI will disablé’C communication.

When the multi-slave function indicated in Secti®4 is enabled via factory settings, the 4-wire, SPkire
SPI, and?C functions noted in this section cannot be used.

5-1) 4-wire SPI

4-wire SPI communication is 8-bit width serial coomitation based on the SS, clock signal (SCLK)adat
input signal (MOSI), and data output signal (MISSgt register name SPISel (register for selectingrd
SPI/3-wire SPI) indicated in Section 6-16 to "0Ygtdefault value is "0": 4-wire SPI). To use 4-w&el
communication, set register nati€ EN (register for enablintfC) to "0" disable (default value is "1";
enable).

The SS falls and the initial byte becomes the axfdi@uring serial data transfer, the SS must bataiaed
at logic level "L." If the SS is set to logic levél,"” the serial data transfer will be canceled.

The initial address bit (MSB) is the write/read tohbit. Set as "0" to write data to the regisiad set as
"1" to read data from the register.

The subsequent bit 2 (A[6: 5]) is the slave deyiggro) address when the multi-slave function isbded
Refer to Section 5-4(Multi-Slave Function) and sf@n the address of the slave device (Gyro) you ¥zan
access. Set to "00" when the multi-slave funct®disabled.

Bit 5 (A<4: 0>) on the LSB side of the addresdis tegister address. Set the address of the negisie
want to access. The 2nd byte is the settings falueach register. Refer to the register map inpe
and transfer the values you want to set.

s T\ Vo

SCLK %%%%%5 z%gg%%

most OO0\ w A a6 X as X as X a3 X a2 X a1 X a0 X 07 X b6 X 05 X b4 X b3 X p2 X b1 X o XJ0000X

High-Z | ogic level “L” High-Z
Miso ——— Log —

Fig. 5.1.1 Writing to a Register

The register write sequence is shown in Fig. 5\Write data is transferred after the address. Mairthe
SS at logic level "L" during the period between@s$d and data transfer. During the write sequehee,
MISO logic level is output as "L." X is "1" or "0."
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]
ss T\ S

SCLK %%%%%5 Q%Xg%%

most X000 R X as Xas X ae X as X a2 X ar X a0 XXXOOO0O000COGGAAA0O0000000COARACACANNX

miso —2rZ | Logic level "L" A 07 X 06 X 05 X 04 X 03 X 02 X b1 X 00—t
Fig. 5.1.2 Reading a Register

The register read sequence is shown in Fig. SAft@r the address transfer is complete, data ipudut
simultaneously with SCLK fall beginning from the®hyte. Similar to the write sequence, during data
non-output, the MISO logic level is output as "K'ls "1" or "0." Angular rate data reads are based
16-bit output (or 24-bit output based on the angrdte data format selection indicated in ChapjeAfier
reading the angular rate data from the 1st bytétaia logic level "L" for the SS and continue diaoput
via the SCLK until the desired bit is read (the sapplies to reading the temperature sensor data).

ss T\ /S

mosi YOOO0N W L a6 X as X ae X as X Az X a1 X a0 XXOO0X

High-Z | ogic level “L” High-Z
MIsO ————— =09 —

Fig. 5.1.3 Specifying an Address (Command)

The sequence for only the address transfer (commsistiown in Fig. 5.1.3. The register map indidate
Chapter 6 includes the items for only a partialrads transfer (command). Similar to the registétewr
sequence, set the first bit (MSB) of the addres§1oBit 5 (A<4: 0>) on the LSB side of the addses the
register address (command). Set the address (cot)ryan want to execute. After transferring the addr
(command), set the SS from logic level "L" to loggeel "H" and end the serial communication. Durihg
address tranfer sequence, the MISO logic leveliipud as "L." X is "1" or "0."

The timing chart is indicated below.

Table 5.1.1 4-wire SPI1_AC characterisitc
(VDDM =2.7t0 3.6 V, GND =0V, Ta = -40 to +85fC

Standar
Parameter Symbol| Condition VDDI =1.65t0 2..V VDDI =2.4to 3.tV Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
SS setup time tSS¢ 15 - - 15 - - ne
SS hold time tSSF 10C - - 10C - - ns
SS high pulse width tSSHW 3C - - 3C - - ns
Clock cycle tSCYC 20C - - 10C - - ns
Clock high pulse width | tSHW 9C - - 40 - - ns
Clock low pulse width | tSLW 9C - - 40 - - ns
Data setup time tSDS 1C - - 1C - - ns
Dat a hold time tSDH 1C - - 1C - - ns
Read access time tSACC Max CL=3CpF | - - 10C - - 5.C ns
Output disable time tSOF - - 30 - - 30 ns
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; tScYc ; | ISSHW ,
ss \ i) i ! ) /N
i ‘ tSSS ‘ tSHW : tSLW ‘ tSSH M i !
ScLK 'mm o WL/ o \JYXXXXXXXX
(S ‘ tSDH
—>

oo TR, v (5 S S N TR

Miso _eh-Z | ogic level “L” i o High-Z
Writing to the 4-wire SPI Register
: . tscyc : | tSSHW ,
s\ v iy /N
§ ‘ tSSS § tSHW | tSLW 1 tSSH ; i :
SCLK XNM o \_/—\_/—\_/ﬂ M“NONW
tSIZi’; ‘ tSDH ;
MOS! XXXXXXXV XA K ia X o X XXXXXXXXXXXJI 'ONNNNNNW
i i i ! ! tSACC tSOH § '
Miso _eh=Z | ogic level “L” I /< 07 >C I Y Do High—z

Reading the 4-wire SPI Register
(Note) X is "1" or "0."
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5-2) 3-wire SPI

3-wire SPI communication is 8-bit width serial coommication based on the slave select signal (S&jkcl
signal (SCLK), and data input/output signal (MOSIgt register name SPISel (register for selectingr@

SPI/4-wire SPI) indicated in Chapter 6 (Table 6SB8ial Interface Settings) to "1" (the default \eais "0":

4-wire SPI). Setting SPISel to "1" will disabf€lcommunication.

Similar to 4-wire SPI, the SS falls and the inibgte becomes the address. During serial datafératise
SS must be maintained at logic level "L." If the iSSet to logic level "H," the serial data tramsfdl be
canceled.

The initial address bit (MSB) is the write/read tohbit. Set as "0" to write data to the regisiad set as
"1" to read data from the register. Bit 5 (A<4: @¥) the LSB side of the address is the registeresdd Set
the address of the register you want to access2itidyte is the settings value for each regiRefer to
the register map in Chapter 6 and transfer theegayou want to set.

ss o\ /S

most YOO W A a6 X A5 X as X a3 X a2 X a1 X a0 X7 X 06 X 05 X pa X 03 X 02 X b1 X Do X)XXXX

Fig. 5.2.1 Writing to a Register

The register write sequence is shown in Fig. 5\8/te data is transferred after the address. Mairthe
SS at logic level "L" during the period between @dd and data transfer. X is "1" or "0."

ss 0\ /S

mosi YOO/ = X a6 X as X a4 X a3 X a2 X At X a0 X7 X ps X b5 X b4 X 03 X b2 X b1 X bo X)XXX

Fig. 5.2.2 Reading a Register

The register read sequence is shown in Fig. 542t@r the address transfer is complete, data ipudut
simultaneously with SCLK fall beginning from the®?hyte. Angular rate data reads are based on 16-bit
output (or 24-bit output based on the angular data format selection indicated in Chapter 6). Aféading
the angular rate data from the 1st byte, mainteen3S at logic level "L" and continue clock inpi# the
SCLK until the desired bit is read. The same apptereading the temperature sensor data. X isr'10."

ss 0\ /T

Most YXXXN\ W /<A6XA5XA4XA3XA2XA1XAOXXXXX
Fig. 5.2.3 Specifying an Address (Command)
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The sequence for only the address transfer (comnisuistiown in Fig. 5.2.3. The register map indidate
Chapter 6 includes the items for only a partialrads transfer (command). Similar to the registetewr
sequence, set the first bit (MSB) of the addres9.1oBit 5 (A<4: 0>) on the LSB side of the addses the
register address (command). Set the address (cot)ryan want to execute. After transferring the addr
(command), set the SS from logic level "L" to lotgeel "H" and end the serial communication. X8 or
no."

The timing chart is indicated below.

Table 5.2.1 3-wire SPI_AC characterisitc
(VDDM =2.71t0 3.6 V, GND =0V, Ta = -40 to +85fC

Standar
Paramter Symbol Condition VDDI =1.651t0 2..V VDDI =2.4to 3.tV Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
SS setup time tSSE 15 - - 15 - - ns
SS hold time tSSH 10C - - 10C - - ns
SS high pulse width tSSHW 30 - - 3C - - ns
Clock cycle tSCYC 20C - - 10C - - ne
Clock high pulse width tSHW 90 - - 40 - - ns
Clock low pulse width tSLW a0 - - 40 - - ns
Data setup time tSDS 10 - - 1C - - ns
Dat a hold time tSDH 10 - - 1C - - ns
Read access time tSACC | Max CL=3CpF - - 10C - - 5.C ns
Output disable time tSOF - - 3C - - 3C ns
: tSCYC ; ; 1SSHW:
ss ~ \ i} | | i} SN
i : tSSS § tSHW : tSLW § tSSH ; 3 :
Xxm ST m /ffmffm
1524 i tSDH

vosi YOOI, o s X s Effj ro X or X (o0 XXKKKRK

Fig. 5.2.4 Writing to the 3-wire SPI Register

; tscyc ; \ tSSHW |
SS \ I 3 3 Ir /:/—L
1355 tSHW | W, tsLw | tsLW tSSH SH 1
Mﬁmﬁ\ ﬁ
tSDS ' 1 tSDH ' i . tSACC tSOH 1

o TR Wﬁj o X5 X5 X5 XXX

Fig. 5.2.5 Reading the 3-wire SPI Register
(Note) Xis"1"or"0."
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5-3) 1°C

I2C communication is 8-bit width serial communicatteased on the clock signal (SCL) and data address
signal (SDA). Set register nartfC_EN (register enabling fdfC) indicated in Chapter 6 (Table 6.16 Serial
Interface Settings) to "1" (the default value i&:'Bnable). To us¢’C communication, fix the slave select
signal (SS) used in 4-wire/3-wire SPI communicatmfogic level "H" (interface power supply voltage
VDDI).

I°C communication is initiated by issuing the stamdition (ST, with SCL status at logic level "H", 8
changed from logic level "H" to logic level "L")dm the master. Or, communication is stopped byrigsu
the stop condition (SP, with SCL status at logieleH", SDA is changed from logic level "L" to laglevel
"H") from the master.

To access the internal register, read (Read="1i)¢wWrite="0") the slave device address (ADR, asidr
that adds the SAO "0" or "1" to "110101") to/frohetmaster and transmit the total 1 byte that iredut bit
ID signal. After ADR receipt, the slave will chettksee if the address matches its own addresattfhimg,
the slave returns an ACK (acknowledge), after witimmmunication is possible. If the address does not
match, the slave returns to idle mode and wait ambther ST is issued.

Internally, the SAO terminal is set to pull dowpgaox. 100 K2). If the SAO terminal is set to "0," then
connect to N.C. or GND. Or, if the SAO terminaset to "1," then connect to VDDI. In this caseparent

of approximately 30 uA @VDDI = 3V will flow to th8A0 terminal. To reduce the current, add a desired
resistor to the VDDI and SAO terminal. Alternatiyeyou can change the terminal setting from pulddo
pull up by rewriting the register name SelMISO[}ir@licated in Section 6-15 after turning the povt
and once the serial communication wait time tIRdated in Section 3-4 has elapsed. Refer to Sebtion
MISO/SAO Terminal Control Methods for details omtol methods.

Next, send the internal register address (SUB-ADiput "0" for the first bit (MSB) of the addredbére is
not function allocation). The remaining LSB-sidbi# (A<6: 0> are the register address (for detafer to
register map in Chapter 6). After transferring dldelres of the register you wish to access, retufGK.

The following sequence differs between registeteynegister read, and address (command) trarfsééer
to the sequences in Table 5.3.1 through 5.3.3.

Angular rate data reads are based on 16-bit o(tp@4-bit output based on the angular rate datado
selection indicated in Chapter 6). After reading dimgular rate data from the 1st byte, set theentst

return an ACK (acknowledge) instead of an NACK (@@mknowledge) and then read the 2nd byte or the 3rd
byte. The same applies to reading the temperatunsos data.

Table 5.3.1 Writing to a Register
Master | [ ST]_ADR | W ] [ pATA | [sp]

Slave ACK ACK ACK

Table 5.3.2 Reading a Register

Master [sT] ADR | w ] | suB-ADR | [st] Aabr | R ]
Slave ACK ACK
Table 5.3.3 Specifying an Address (Command)

Master [stT] ADR [ w ] [ sus-ADR] [sp]

Slave ACK ACK
ST : start condition
SP : stop condition
ADR : slave device address (110101+SA0)
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R/W : Read = “1", Write = “0”
SUB-ADR . internal register address

DATA : internal register read/write data
ACK : “Low”

NACK : “High,” send at read complete.

As an example of a waveform, register write, registad, and address (command) transfer are shrown i
Fig. 5.3.4 through 5.3.6.

\
SS High (VDDI) Fixed
scL ]
roa
! 1
! 1
SDA-Master P\ !
! 1
! 1
! 1
SDA-Slave T High-Z ACK High-Z ACK
Lo J
Start
SS High (VDDI) Fixed
ap—
scL _| |_| vl
roa
! 1
High-z 1
soamaser XX oo X X o X oo X o X o X0 e
1
roa
! 1
SDA-Slave / High-2 ack /1,
! 1
Stop
Fig. 5.3.4 Writing to a Register
\
SS High (VDDI) Fixed
scL !
1 1
1 1
1 1
SDA-Master | !
1 1
1 1
1 1
SDA-Slave 5 ' High-Z ACK High-Z ACK
L0 J
Start
ss

SDA-Master R High-Z NACK\_._/_'_
|
Restart Stop

Fig. 5.3.5 Reading a Register
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SS High (VDDI) Fixed

SCL

SDA-Master

SDA-Slave

High-Z ACK High-Z ACK

Fig. 5.3.6 Specifying an Address (Command)

The timing chart is indicated below.

Table 5.3.1 4C_AC characteristic
(VDDM = 2.7 t0 3.6 V, GND = 0 V, Ta = -40 to +85PC

START

. Stendarc .
Parameter Symbol Conditions - = Unit
Min. Typ. Max.
Clock cycle tSCL 2.5 - - us
Clock high pulse width tWH 0.€ - - us
Clock low pulse width tWL 1.2 - - us
Data setup time DS 0.1 - - us
Data hold time tDH 0.C - - us
START condition hold time tSH 0.€ - - us
Time restart condition setup time tRE 0.€ - - us
STOP condition setup time tPS 0.€ - - us
Between STOP and START condition tWS 1.2 - - us
, v tWH o tWL , \
scL \ / \
—  (SH DS > e— DH / Y
! ! : (RS s
START
soa N/ i 0o e [

Fig. 5.3.7 1C timing
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5-4) Multi-slave function

The multi-slave function is an extended functiorséfl 4-wire mode that is available only throughdac
settings implemented by Epson. The multi-slave tioncallows you to reduce 1/O ports and board étrgu
by connecting multiple (maximum of 3) slave devi{@gro) to a single master device (MPU). When the
multi-slave function is enabled via factory settingther serial communication (4-wire SPI, 3-wird,&nd
I2C communication) cannot be used.

SS

SCLK

MPU VOS] 1% axis gyro
(Master device) (Slave device)

MISO

2" axis gyro
(Slave device)

3% axis gyro
(Slave device)

Fig. 5.4.1 Connection Examples

A connection example using 3 slave devices is shHowig. 5.4.1. Three slave devices (Gryo) shaseral
communications port connection on a single masteicd (MPU).

Each slave device (Gryo) is assigned the respeatideess shown in Table 5.4.1. Setting the adéEs$]
indicated in Chapter 5 enables serial communicatiitim the desired slave device.

Table 5.4.1 Slave Device Addresses

A[6] A[5] Selected slave devic
0 0 All slave devices
0 1 1st axis Gyro (frequency code
1 0 2nd axis Gyro (frequency code
1 1 3rd axis Gyro (frequency code

(Note) When the maximum 3 slave devices are comdect

Furthermore, when the address A[6: 5] is set td,"@0egister write command will write the sameadiat
all slave devices but register read commands greamamon to all devices. Even if the read/writetooin
bit (first bit of address: MSB) indicated in Chapleis mistakenly set to "1" (read), the MISO vaisie
"High-Z" (excluding global angular rate reads).
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_—
ss T\ /T

mosi OO0\ W A s X as X a4 X as X a2 X a1 X a0 X 07 X 06 X 05 X b4 X 03 X b2 X D1 X D0 X)Y)XXXX

High-Z

MISO
Fig. 5.4.2 Writing to a Register

The register write sequence when using the mutiesfunction is shown in Fig. 5.4.2. Write data is
transferred after the slave device address andteezgiddress. Maintain the SS at logic level "Lfimythe
period between address and data transfer. Durengitite sequence, the MISO value is "High-Z". X18§
or"0".

ss T\ Vo

wos1 TR XA X e Y X X X X e XXX

Miso —eZ <D7XDGXD5XD4XDSXD2XD1XDO)ﬂ
Fig. 5.4.3 Writing to a Register

The register read sequence when using the muig $lanction is shown in Fig. 5.4.3. After the slalevice
address and register address transfer is compigiejs output simultaneously with SCLK fall begimn
from the 2nd byte. Similar to the write sequencgirgd) data non-output, the MISO setting is "High-X"is
"1" or "0". Angular rate data reads are based chifléutput (or 24-bit output based on the angrdée data
format selection indicated in Chapter 6). Afterdieg the angular rate data from the 1st byte, raairibgic
level "L" for the SS and continue clock input MieetSCLK until the desired bit is read (the samdiappo
reading the temperature sensor data).

ss T\ Vo

SCLK %%X%%é QX%%%%

most YOOO0\ w L as X as X as X as X a2z X a1 X a0 XX000K

High-Z

MISO
Fig. 5.4.4 Specifying an Address (Command)

The sequence for only the address transfer (comméathe multi-slave function is shown in Fig. 3.4
Maintain the SS at logic level "L" during addressnsfer. During the address transfer sequence/t8©
value is "High-Z". X is "1" or "0".
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i i L A
The timing chart is indicated below.

Table 5.4.2 4-wire SPI multi slave_AC charactarist
(VDDM =2.7t0 3.6 V, GND =0V, Ta = -40 to +85fC

Standar
Parameter Symbol Condition VDDI =1.6510 2..V VDDI =2.41t0 3.tV Unit
Min Typ Max Min Typ Max
SS setup time tSSE 15 - - 15 - - ne
SS hold time tSSk 10C - - 10C - - ns
SS high pulse width tSSHW 3C - - 30 - - ne
Clock cycle tSCYC 20C - - 10C - - ne
Clock high pulse width tSHW 9C - - 40 - - ns
Clock low pulse width tSLW 9C - - 40 - - ns
Data setup time tSDS 1C - - 10 - - ns
Data hold time tSDH 1C - - 10 - - ns
Read access time tSACC | Max CL=3C pF - - 10C - - 5.C ne
Output disable time tSOF - - 30 - - 30 ns
i ; tSCYC ; ; 1SSHW:
ss ‘\ I i) /—L
§ i tSSS i tSHW : tSLW § tSSH ' § :
Xxxm SN ﬁ\ /ffmffufwzzxxxxxx
ISEA | tSDH

s XD v (T ST S G - S8

High-Z

MISO ) i)
Fig. 5.4.5 Writing to a Register
ss ﬂ i) ) /—L
§ i tSSS iISHW : ISLW? tSSH : § ‘
SCLK XXXXXA /N N\ / \_/ & \_/—\_/—\_/ﬂ MQNNNM
Mos| XXXXXXXV N >< >< o_ X XXXXXXXXXXXH 'NNNNNONN'
miso ez I ( o X & X DO? >7 High=2

Fig. 5.4.6 Reading a Register

(Note 1) Xis"1" or "0".
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5-5) Angular rate data read

5-5-1) When multi-save function is disabled

The angular rate read function is conducted usiegegister name DatAccOn indicated in Chaptera®lér
6 User Command Register). Angular rate data ugeg'shcompliment expression and has a data widil of
bit or 24 bit (switch using the register name Datafat indicated in Table 6.11). During serial
communication, after reading the angular rate ffata the 1st byte, maintain logic level "L" for ti&S and
continue clock input via the SCLK until the desitgtis read.

Table 5.1 Angular rate data output control

Al6: 5] Data Data output order
) Format lbyte 2byte 3byte
0C 0 D[15: 8] D[7: 0]
1 1 D[23: 16] D[15: 8] D[7: 0]

(Note) Register name DataFormat is the angularfdatzat (DataFormat = 0: 16bit output/1: 24bit aup
indicated in Chapter 6 (Table 6.11 Angular ratexdaad control)

5-5-2) When multi-slave function is enabled

The angular rate read function is conducted usiegegister name DatAccOn indicated in Chaptera®lér
6. User Command Register). Angular rate data Uee's compliment expression and has a data width o
16 bit or 24 bit (switch using the register namedbParmat indicated in Table 6.11). There are tvemire
methods, global angular rate read and normal ancatia read.

ss \ N _ B N

sCLk 410400 I I I I I I V020

A6 A5 A4 A3 A2 Al A0
TR N2 A2 a0/ 1\ 1\ o AR~ TR - T T

MISO_2* axis gyro High—2 N:)@ ~ ~ High-Z
MISO_2Yaxis gyro High-2 P o ~:>@ ~ High-Z
MISO_3" axis gyro _High=Z ~ ~ YD D ) D) High-Z

Fig. 5.5.2.1 Global angular rate read

Global angular rate read is shown in Fig. 5.5.2alconduct a global angular rate read, set theeslavice
address A[6: 5] to "00". After the angular rateadfatr the 1st axis gyro, the angular rate for the @yro and
then the 3rd gyro are output. During serial comrmoation, maintain logic level "L" for the SS and tione
clock input via the SCLK until the desired bit &ad. If the logic level for the SS is changed ffirhto

"H" before the desired bit is read, then no furthegular rate data is output. Redo the angulardatie read
command (DatAccOn).

If the SCLK is stopped with the SS level maintairsédevel "L" before the desired bit is read, timguwar
rate data read can be output by restarting the Si@hit.
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e  iiiibiiib;AkMiiiibiiiéiiiiiiiiiiiiiiiiiiiiiiiniiiie
SS \ / \ —_—

mosi 0000 R X_addres XXQ000000Q0O000QQXQQCOO00Q00Y = X_Addres:  XX)000000000OOQQCOXOO000XXXX

High-Z - - - - - -
MISO < 1¥' axis gyro X 2" axis gyro X 3 axis gyro ) < 1% axis gyro X 2" axis gyro X 3% axis gyro )—

Fig. 5.5.2.2 Global angular rate read operatiorhoubtl

Global angular rate read operation method 1 is shiowrig. 5.5.2.2. After the angular rate datathar 1st
axis gyro, the angular rate for the 2nd gyro amahtthe 3rd gyro are output. After the desiredsoiead,
raise the SS from logic level "L" to logic level "HRun the angular rate data read command (DatALe®n
read the angular rate data again.

ss  \

most XXX R X_Addres: 000000000000 X XXX XX

High-Z /

MIsO 1% axis gyrc 2™ axis gyr 1% axis gyrc 2™ axis gyr¢ 1% axis gyrc 2™ axis gyr

1% ordel 2" orde 3%ordel

Fig. 5.3.2.3 Global angular rate read operatiorhow® (2-axis setting)

ss T\

sew 00N LML~ LI~ 1ML~ UL~ LML~ LML~ L

most XXX R X_Addres XX)0000Q0OQCOOCOXQCOOXXXIKOOQXXXXXCOONX

High-Z
MISO ( 1° axis gyrc X 2™ axis gyr X 3" axis gyrc X 1% axis gyr X 2" axis gyrc X 3" axis gyrc
| J L ]

1% orde: 2" orde

Fig. 5.3.2.4 Global angular rate read operatiorhow® (3-axis setting)

Table 5.5.2.1 Global angular rate read operatiothaak?2 - Data output order

Epson factory settingg Data output order
2-axis setting 1st order 2nd order 3rd order
1staxis gyr | 2nd axis gyr 1st axis gyr 2nd axis gyr 1staxis gyr | 2nd axis gyr
3-axis setting - 1st qrde - 2nd qrder -
istaxisgyr | 2ndaxisgyr | 3rdaxsgyrc | 1staxisgyr | 2ndaxis gyr | 3rd axis gyr

For the global angular rate read operation meth@aXis settings (Epson factory settings) are shiow
Fig. 5.5.2.3 and 3-axis settings (Epson factoriirggt) are shown in Fig. 5.5.2.4. The data outpdépis
shown in Table 5.5.2.1. After the angular rate datahe 2-axis or 3-axis gyro is output, input 8E6LK
with the SS logic level at "L" to output the 2ndier angular rate data (1st - 2nd gyro or 1st g3rd). This
angular rate data read can be repeated in the oir@ed, 4th until the SS logic level is set to "H"
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The read angular rate data update is conductedgdtire read period for the lower 8 bits of the dagrate
data of the previous axis (ex: when using a 3-s&ing, the angular rate data for 1st axis gyrthef2nd
order is updated during the read period for theslo8vbits of angular rate data from the 3rd axi®@f the
1st order).

There are two global angular rate read types, 2 sefting and 3-axis setting (both Epson factottyrggs).
Mistakenly mixing the gyro for the 2-axis and 3sagettings will result in a conflict in the outartgular
rate data.

A6 A5 AL A3 A2 AL A
wosi TR N/ TS/ T/ T\ AR XK
I
MISO High-z  Specify desired slave device _ y N
MISO_E axis gyro 222 Q@iosiXpioay_~ High-Z
MISO_2" axis gyro High-Z
High-Z

MISO_3¢ axis gyro

Fig. 5.5.2.5 Normal angular rate read

Normal angular rate read is shown in Fig. 5.5.Bd@.the slave device address A[6: 5] used durirrgiab
angular rate read, set a desired slave device ssil(aay of the Gyro addresses for the 1st througjlages)
from the addresses indicated in Chapter 5 (Taldld Slave Device Addresses). During serial
communication, maintain logic level "L" for the &8d continue clock input via the SCLK until the ides
bit is read. If the logic level for the SS is chaddrom "L" to "H" before the desired bit is redlden no
further angular rate data is output. Redo the argate data read command (DatAccOn).

If the SCLK is stopped with the SS logic level mained at "L" before the desired bit is read, thgudar
rate data output can be continued by restarting@ieK input.

After all angular rate data is output, no additicaragular rate data is output even if the SCLKnjsuit with
the SS logic level maintained at "L" (MISO is outptilogic level "L".) To read angular rate dataiag set
the SS logic level to "H" (MISO is set to "High-Z4hd execute the angular rate data read command
(DatAccOn) again.

The angular rate data output control for both glalogular rate read and normal angular rate read ar
indicated in Table 5.5.2.2.

Table 5.5.2.2 Angular rate data output control

. Data Data output order
Read method Al6: 5] Format 1byte 2byte 3byte 4byte Sbyte 6byte Tbyte 8byte 9byte
2-axis o] D1[15: 8] D1[7: 0] D2[15: 8] D2[7: 0]
Gilobal setting 1 D1[23:16] | DI[15: 8] D1[7: 0] D2[23:16] | D2[15:8]| D2[7: 0]
Angular rate - 00
Read 3-axis o] D1[15: 8] D1[7: 0] D2[15: 8] D2[7: 0] D3[15: 8] D3 0]
setting 1 D1[23:16] | D1[15: 8] D1[7: 0] D2[23:16] | D2[15:8]| D2[7:0] | D3[23:16] | D3[15:8] | D3[7:0]
Normal angular rate read Other than 0 oS- 8 oI 0
00 1 D[23: 16] D[15: 8] D[7: 0]
(Note 1) The two types of global angular rate r&adxis setting and 3-axis setting, are both Efaotory
settings.

(Note 2) The address A[6: 5] is the slave deviadress indicated in Table 5.4.1.
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(Note 3) Register name DataFormat is the angutardata format (DataFormat=0: 16bit output/1: 24bit
output) indicated in Chapter 6 (Table 6.11 Anguéde data read control)

(Note 4) D1 is the angular rate data for the 1& gyro (frequency signal H), D2 is the angulae rddta
for the 2nd axis gyro (frequency signal J), andi©®e angular rate data for the 3rd axis gyro
(frequency signal K).

(Note 5) D is the angular rate data for the slaexdad (any of the 1st through 3rd axis gyro) spedifvith
the address A[6: 5].

(Note 6) Set the register name OutCtl[1: 0] indéckin Chapter 6 (Table 6.11 Angular rate Data Read
Control) to "01" (angular rate data output).

(Note 7) With global angular rate read, all slaegides are selected. After D1, the angular rate fiaitthe
1st axis gyro, the angular rate data for D2 anchi23output. Mistakenly specifying a separate
angular rate data format (DataFormat=0: 16bit aiip@4bit output) for each slave device will
result in a conflict in the output angular ratead@ts such, make sure the angular rate data format
setting is the same for each slave device.

Ex: Inthe case of 1st axis gyro DataFormat=1 (Rdbiput) and 2nd axis gyro DataFormat=0
(16bit output), the angular rate data output in3reebyte will result in a conflict.

(Note 8) Global angular rate read (address A[6'@)- can be repeated in the order of 2nd, 3rdl timei
SS logic level is set to "H".

(Note 9) During the global angular rate read (as&lAg6: 5]="00"), if there is no slave device onetain
axis, then the angular rate data for that axietiscs"High-Z". To perform the angular rate data
read on an axis with no slave device, use SCLKpat the clock with the SS logic level
maintained at "L" and run an empty angular rata dead for the axis you want to read.

Ex 1: Gyro on 1st axis does not exist > D1[15:10P&[23: 0] is set to "High-Z".
Ex 2: Gyro on 2nd axis does not exist > D2[15:10D&[23: 0] is set to "High-Z".
Ex 3: Gyro on 3rd axis does not exist > D3[15: OP3[23: 0] is set to "High-Z".
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5-6) Temperature sensor output read

The temperature sensor data read is conducted ismggister name TempRd indicated in Chapter 6
(Table 6 User Command Register). Temperature selaaruses the 2's compliment expression and has a
data width of 8 bit, 10 bit, or 12 bit (switch ugithe register name TsDataFormat indicated in Taldlg,

the default value is 12 bit). Similar to the angukte data read function, continue the serial camioation
until the desired bit is read. Temperature senata & updated in intervals of approximately 2.4 ms

Table 5.6 Temperature sensor data output control

Data output orde

TsDataFormat[1] TsDataFormat[O 1 byte 2 byte
0 0 D[7: O]
0 1 D[9: 2] D[1: O] (Note 1)
1 0 D[11: 4] D[3: 0] (Note 2)
1 1

(Note 1) Logic level "L" is output at LSB-side &.bi
(Note 2) Logic level "L" is output at LSB-side 4 .bi

27 1 40
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5-7) Control MI1SO/SAO
MISO/SAO terminal status as indicated in Tabledai be changed by rewriting register name SelMISO[1
0] indicated in Section 6-15.

Table 5.7 MISO/SAO Terminal Control Method

Mode SPISel *C_EN SelMISO[1]| SelMISO[0] SS MISO/SAO
. X X X X 0 Output (Note 2)
Multi-slave X X X X 1 High-Z
0 (4-wire) 0 (I°C Disable) X X 0 Output
. 0 0 0 0 1 Output Level "L’
4-wire SPI 0 0 0 1 1 Output Level "H’
0 0 1 X 1 High-Z
1 (Z-wire) X 0 0 X Output Level "L’
3-wire SPI 1 X 0 1 X Output Level "H’
1 X 1 X X High-Z
0 1 (°C Enable) 0 0 1 Input
2c 0 1 0 1 1 High-Z (Note 3)
0 1 1 0 1 Input (pul-dowr)
0 1 1 1 1 Input (pul-up)

(Note 1) The default value for SelMISO[1] is "1"dat0" for SelMISOIQ].
(Note 2) The status is output during data readhHigluring other times.
(Note 3) SAO is fixed at "0" within the IC.
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6) User command register

Table 6 User command register

Addres: Registe | RIW | Functior
0x0C Reserve
0x01 DspCitl] R/W DSP Settings
0x0z DspCitlz R/W DSP Settings
0x0z DspCitl: R/W DSP Settings
0x04 StsR«( R Status reac
0x0~ Slpin C Sleef-in
0x0€ SIpOu C Sleej-out
0x07 Stby C Standby
Ox0¢ TempR« R Temperature sensor data re
0x0¢ SWRs C Software reset (user command register reset)
0x0¢ DatAccOr R Angular rati data read
0x0k OutCtll1 R/W Angular ratidata read contro
0x0c¢ AutoC C Zero rate levecalibration ccmmand
0x0c DspRe C Digital filter reset
0x0e Reserve
0xOf Reserve
0x1C Reserve
0x11 Reserve
Ox1z Reserve
Ox1: Reserve
0x14 Reserve
Ox1t Reserve
Ox1€ Reserve
Ox17 Reserve
Ox1¢ Reserve
Ox1¢ Reserve
Ox1le Reserve
0x1k MemLoac C Reference data register res
0x1c TsDataFormat R/W Temperature sensor data formn
Ox1c Reserve
Ox1e Reserve
Ox1f IFCtl | R/W | Serial interface setting
R : register read
R/W : register read and register write
C : Specify address (command)

(Note) Reserved resister must not be changed.ngyiti those registers may cause permanent damage to
the device.
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6-1) DSP Settings 1
Table 6.1 DSP Settings 1

Addres: bit Registe Defaul R/W Functior Setting:
7 Reserve 0 R Reserve Resevec
HpfFc[2: 0]
6 HpfFc[2] 0 R/W 000: 0.01 Hz
001: 0.03 Hz
HPE 010: 0.1 Hz
5 HpfFc[1] 1 R/W fc select 011: 0.3 Hz
100: 1 Hz
0x01 101: 3 Hz
4 HpfFc[O] 0 R/W 110: 10 Hz
111: Nct-available
3 Reserve 0 R Reserve Reserve
2 Reserve 0 R Reserve Reserve
1 EnableHpf 0 R/W HPF 0: Disable, 1: Enable
Enable
0 Reserve 1 R Reserve Reserve

(Note 1) Perform a reset to change settings olfar to change the bit.
If the bit is within the same register (same adslethen settings can be changed simultaneously.
(Note 2) Reserved resister must not be changedtHgsagefault settings.
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6-2) DSP Settings 2
Table 6.2 DSP Settings 2

Addres: bit Registe Defaul R/W Functior Setting:

7 Reserve 0 R Reserve Reserve
6 Reserve 0 R Reserve Reservel
LpfOrder[1: 0]
5 LpfOrder[1] 0 R/W 00: 2nd order

LPForder 01: 3rd order
select

4 LpfOrder[0] 0 R/W 10: 4th order
11: Nct Available

LpfFc[3: 0]
3 LpfFc[3] 0 RIW 8882; ;2:;
0010: 45Hz
0011: 50Hz
0100: 70Hz
2 LpfFc[2] 1 R/W LPF 0101: 85Hz
e select 0110: 100Hz
0111: 140Hz
1000: 175Hz
1 LpfFc[1] 1 R/W 1001: 200Hz
1010: 285Hz
1011: 345Hz

0 LpfFc[0] 0 RIW 1100: 400Hz
1101: 500H

0x02

(Note 1) Perform a reset to change settings ottaer to change the bit.
If the bit is within the same register (same adslethen settings can be changed simultaneously.
(Note 2) Reserved resister must not be changedthdsgefault settings.
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6-3) DSP Settings 3
Table 6.3 DSP Settings 3

Addres: bit Registe Defaul R/W Functior Setting:
7 Reserve 0 R Reserve Reserve
6 EnCalibCmd 0 RIW Zero_rate_ level 0: Disable, 1:‘ Enable
calibratior (Note 2
5 Reserve 0 R Reserve Reserve
4 Reserve 0 R Reserve Reserve
3 Reserve 0 R Reserve Reserve
SelFs[2: 0] (Note 3)
0x03 2 SelFs[2] 0 R/W 000: fs
Select angular 001:1s/2
rate output |  O10- s/
1 SelFs[1] 0 R/W . 011: fs/8
sampling 100: fs/16
rate fds 101: fs/32
0 SelFs[0] 0 R/W 110: fs/64
111: fs/12i

(Note 1) Perform a reset to change settings ottzer to change the bit.
If the bit is within the same register (same adslethen settings can be changed simultaneously.
(Note 2) To carry out zero rate level calibratiarSiection 6-12, setting should be Enable.
(Note 3) fs is the AD converter sample rate. ttiea out down sampling of the angular rate output.
(Note 4) Reserved resister must not be changedthdsgefault settings.
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Addres: bit Registe Defaul R/W Functior Setting:
7 Reserve R Reserve Reserve
6 Reservd R Reserve Reserve
5 Reserve R Reserve Reserve
4 Reserve R Reserve Reserve
Temperature 0: Data output not
3 ProcOK R sensor data output available
flag 1: Data output availabl
0x04
2 preStsPOR R Bit[2: O] (Note 1)
100: After turning
1 reStsStb R power ON
P Y Status flag 010: Stand-by
000: Sleep
0 preStsSIpOut R 001: Sleep out

(Note 1) Only indicated combinations allowed.

6-5) Sleep-in

Specify address as "0x05". No data read or write.

During sleep, only register access is possible.

Status for angular rate data and temperature sdasmis "0".
Conduct the sleep-out command in Section 6-6 tbilissleep mode.

6-6) Sleep-out

Specify address as "0x06". No data read or write.

Returns to normal operations from sleep mode odétamode.
This resets the DSP.

6-7) Sandby

Specify address as "0x07". No data read or write.

During standby, the detection circuit is set tabls.

Status for angular rate data and temperature seasmis "0".

Conduct the sleep-out command in Section 6-6 tabiissstandby mode.
However, you cannot transition from sleep modedadby mode.

6-8) Temperature sensor dataread
Specify address as "0x08". Only data read (no wdte).

Refer to Section 5-6(Temperature Sensor Data Regdjding the temperature sensor data read function

6-9) Softwarereset
Specify address as "0x09". No data read or write.

The user command register indicated in Table 6gstr(set to the default value).

6-10) Angular ratedataread
Specify address as "0x0a". Only data read (nowéta).

Refer to Section 5-5(Angular rate Data Read) raggrthe angular rate data read function.
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6-11) Angular ratedataread control

Table 6.11 Angular rate data read control

Addres: bit Registe Defaul R/W Functior Setting:
7 Reserve 0 R Reserve Reserve
6 Reserve 0 R Reserve Reserve
5 Reserve 0 R Reserve Reserve
4 Reserved 0 R Reserve Reserved
3 Reserve 0 R Reserve Reserve
Angular rate 0: 16bit output
0x0b 2 DataFormat 0 RIW date forma 1: 24bit output
OutCtl[1: O]
1 OutCtl[1] 0 R/W | Angular rate 00: Reserved
data output 01: Angular rate data outpu
0 OutCti[0] 1 R/W selection 10: Reserved
11:Reserve

(Note 1) Perform a reset to change settings ottaer to change the bit.
If the bit is within the same register (same adgleben settings can be changed simultaneously.
(Note 2) Reserved resister must not be changedthdsgefault settings.

6-12) Zeroratelevel calibration command

Specify address as "0x0c". No data read or write.

Zero rate level calibration is carried out at thenment command conducted.

To issue this command, enable register name EnCralibindicated in Table 6.1.4.

To disable the calibration value, disable registane EnCalibCmd indicated in Table 6.1.4.

6-13) Digital filter reset
Specify address as "0x0d". No data read or write.
This command conducts a reset of the digital filter

6-14) Referencedataregister reset

Specify address as "0Ox1b". No data read or write.

This command loads the reference data registeréete data register: sensitivity settings, sefitgitand
temperature correction value during standby outgtot) from the non-volatile memory indicated inapter
1 (Block diagram) and resets the reference datatezg\Wwhen powered on, the internal sequenceitircu
conducts the data load automatically and the reterelata register is reset. Separate from thelakadaat
power on, this command conducts the data load esets the reference data register based on thegtimi
specified by the user.
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6-15) Temperature sensor data format
Table 6.15 Temperature sensor data format

Addres: bit Registe Defaul R/W Functior Setting:
7 Reserve 0 R Reserve Reserve
TsDataFormat[1: 0]
6 TsDataFormat[1] 1 RW | Temperature 00: 8 bit output
sensor data 01: 10 bit output
5 TsDataFormat{0] 0 R/W format 10: 12 bit output
Ox1c 11: Nct Available
4 Reserve 0 R/W Reserve Reserve
3 SelMISO[1 1 R/W MISO/SAO
terminal (Note 3)
2 SelMISO[0] 0 RIW status selectior
1 Reserve 1 R Reserve Reserve
0 Reserve 1 R Reserve Reserve

(Note 1) Perform a reset to change settings ottaer to change the bit.
If the bit is within the same register (same adslethen settings can be changed simultaneously.
(Note 2) Reserved resister must not be changedthdsgefault settings.
(Note 3) Refer to Section 5-7(MISO/SAO Terminal @ohMethods) indicated in Chapter 5 for details on
settings.

6-16) Serial interface settings
Table 6.16 Serial interface settings

Addres: bit Registe Defaull | R/W Functior Setting:
7 Reserve 0 R Reserve Reserve
6 Reserve 0 R Reserve Reserve
5 Reserve 0 R Reserve Reserve
4 Reserve 0 R Reserve Reserve
Ox1f 3 Reserve 0 R Reserve Reserve
2 Reserve 0 R Reserve Reserve
4-wire/3-wire 0: 4-wire SPI,
1 SPISel (Note 3) 0 RIW SPI selec 1: 3-wire SP
0 I°C_EN (Note 3) 1 R/W I°C enabl 0: Disable , 1: Enab

(Note 1) Perform a reset to change settings ottzer to change the bit.
If the bit is within the same register (same adslethen settings can be changed simultaneously.
(Note 2) The mode indicated in Table 6.16 can l@ghkd only when using SPI communication.
(Note 3) Register settings are not set when theisslalve function is enabled via factory settings.
(Note 4) Reserved resister must not be changedtidsgefault settings.
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7)  Connection diagram
VDDI VDDM
-
P VDDI VDDM
SS j SS Reserved2 — N.C.
MPU MISO j MISO Gyro GND €
MOSI j MOSI Reserved1
SCLK SCLK VDDL J7
c3 c4 c5 c2 4 1 ct
0.01u~0.1uF g g Tu~10uF 1uF $ lu~10uF —— g 0.01u~0.1uF
Fig. 7.1 Example of 4-wire SPI connection
VDDI VDDM
- -
VDDI VDDM
ss € ss Reserved2 — N.C.
MPU NC. «— MISO Gyro GND €
MOSI S MOSI Reserved1
SCLK < SCLK VDDL J7
c3 I 4 c4 c5 c2 4 1 ct
0.01u~0.1uF$ —T1— 1u~10uF 1uF g lu~10uF —— g 0.01u~0.1uF
Fig. 7.2 Example of 3-wire SPI connection
VDDI VDDM
- —-o—
VDDI VDDM
’ SS Reserved2 —> N.C
SA0=0:N.C. or GND
MPU % %1k~$0k§? SAO=1:VDDI sio Gyro  vss €
SDA : \l 5 SDA Reservedt
scL € ScL VDDL 1 J7
c3 J_ £ ca cs c2 L l ct
0.01u~0.1uF 1u~10uF 1uF 1u~10uF 0.01u~0.1uF

Fig. 7.3 Example ofC connection
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VDDI VDDM
-0 —?—
VDDI VDDM
SS S SS Reserved2 — N.C.
MPU  miso j miso Gyro—A GND €
MOSI j MOSI Reserved1
SCLK \] SCLK VDDL 1 %
c3 AL l c4 C5 C2 J_ 1 C1
0.01u~0A1uF$ $ Tu~10uF 1uF —Iv' Tu~10uF $ $0.01U~OA1UF

VDDM

—?—

VDDI VDDM

<
TU
=)
»
173

Reserved2

—> N.C.
j miso Gyro—B enp €
j MOSI Reserved1
gl SCLK VDDL %
C3 l l Cc4 01 C2 J_ 1 C1
$ 1u~10uF 1uF

1u~10uF g $0.01u~0.1uF

VDDM

—?—

0.01u~0.1uF$

<+

VDDI VDDM

<
Téc
=4
»
7

Reserved2—> N.C.

Miso Gyro—C GND <

MOSI Reserved1

SCLK VDDL %
Cc3 l Cc4 C5 C2 J_ 1 (e3]
0.01u~0A1uF$ $ 1u~10uF 1uF —Iv' Tu~10uF $ $0.01U~OA1UF

Fig. 7.4 Example of Multi-slave connection

|__r\_r\_r\_r
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8) Soldering profile

Solder heat resistance verified under the air veflornace conditions below.

Temperature [ °C ]

300 | o
TP . +260°C
+255°C tp ;30 s Max
250 I~ TL 217 °C Avg. Ramp-up i
 t ° 3°C /s Max
R -d
200 |- Tsmax;+200-°C Fe o 50N N 6°C 15 Max.
(+217 °C over)
Ts min ; +150 °C ts
150 - 60s to 120 s
(+150 °C to +200 °C)
100 |-
50 | Time +25 °C to Peak
480s Max.
| | | | | | | | | | | |
0 60 120 180 240 300 360 420 480 540 600 660 720 780

Time [s]

9) Terminology
9-1) Cross axis sensitivity
The value is derived by dividing sensitivity arouhé X and Y axis by the sensitivity around thexaThe X, Y,

and Z axis directions are as shown in the followdragram.

+Z axis

+Y axis| +X axis

#1 Terminal mark

9-2) Drivefrequency and detuning frequency
The drive frequency is the resonance frequencyédriode) of the sensor element continuously vidredegain
the Coriolis force. The detuning frequency is théunal frequency used for the mechanical-electtreaisduction

of the Coriolis force. It is the difference frometdrive frequency.
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10) Handling precaution

Crystal devices are high precision products. Use the following precautions during handling.

1. The detuning frequency for this product is 900 9@ Hz. During board design, the customer mustrensu
that the board resonance frequency is not withenvibinity of this detuning frequency. When mougton a
board, align the sensor near a board loading coemamith low resonance variation.

2. Excessive shock from adsorption / chucking whenmting the sensor or excessive vibration or shockdu
board cutting or an impact wrench after mounting iesult in damage to the sensor or the deteraoraii
sensor properties. Establish conditions that avilichtion or shock to the sensor to ensure thenetigoss in
performance.

3. To detect angular rate, this product uses a dreguency to drive the sensor element. Externaicgifmn of a
signal with frequency components in the vicinitytleé drive frequency or high-order harmonics caulten
fluctuations in angular rate output by the serBersure to confirm internally in advance concerrpogver
supply decoupling measures and serial interfaceraamcations frequency settings.

4. To prevent malfunctions caused by electromagnetindtion and static induction from other signaén
during pattern design do not pass other signas livear the sensor or along the back of the packdg®.use
a pattern design that does not cross with otheasimes.

5. Confirm internally in advance concerning measueewibration, shock, and noise. We will provide ides
support if you provide us with board design infotima.

6. This product design incorporates shock resistantéhere is the risk of product damage due to deoyks
shock.Do not use thisproduct if it has been dropped aswe cannot guarantee product perfor mance.

7. Applying ultrasonic vibration during ultrasonic vidisg can cause resonance damage to the crystal unit
depending on usage conditions. As we cannot spewfysage conditions (washer type, power, tinie, tu
position, etc.) at your company, we offer no guseas concerning operability after the applicatibn o
ultrasonic vibration. Confirm internally prior tee@ if the use of ultrasonic washing is required.

8. Prior to use, conduct mounting tests internallgdafirm there is no impact on performance. Simjlarl
confirm prior to changing any conditions. Duringdaafter mounting, ensure that the sensor is nobiract
with boards or structural elements.

9. The sensor includes a static electricity protectiocuit but application of significant static elecity can
result in damage to the sensor's internal IC. Make to use conductive materials for packagingteamport
containers as well. For the soldering iron, measert circuit, etc., use products with no high-vgpéideaks
and during mounting make sure to employ statictetéty measures such as the use of a ground wire.

10. Keep reflow to no more than three times. Use aeswlg iron to correct any soldering mistakes. Hére,
temperature of the iron type should be below +35@#id less than 3 seconds. (Blower use not allowed)

11. We recommend using board production based on Epstidimensions.

12. This product has the same frequency noise as fiegaeency. Remove using an appropriate filter d¢iscu

13. This product is designed to resist acoustic interfee even when multiple sensors are operatedse cl
proximity but impedance common to board resonandepawer supply could result in mechanical or
electrical interference. Confirm internally priar ase.

14. This product includes a POR circuit. To avoid P@Ruit malfunctions, power supply voltage rise shidoe
conducted between 0.01 ms and 100 ms.

15. Do not use in high condensation or other envirortmprone to short circuits between terminals.
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