XV7081BB SEIKO EPSON CORPORATION

High-stability Gyro Sensor: XV7081BB

Features

RoHS

J Compliant

® Excellent bias stability over temperature
0.0024 (°/s)/°C Typ.

® Low angle random walk 0.065 °/vh Typ.

® SPI/I2C serial interface

® Integrated user-selectable digital filter

® Angular rate output (16-bit or 24-bit resolution)

® Embedded temperature sensor
® Wide supply voltage range 2.7 to 3.6 V
® | ow power consumption 0.9 mA Typ.

® Rate range 400 °/s Description

The XV7081BB has superior performance characteristics

Applications especially with bias output stability and low noise while

® Anti-vibration, attitude control for industrial applications consumption less than 1 mA of current. Epson achieves
® Autonomous machines these performances by using Epson’s original quartz sensor
® Robotics control element.
® Optical image stabilization This sensor has digital output interface (SPI and I1°C) that
® Motion detection for human machine interface is compatible with various interface logic levels enabled by

interface power supply voltage settings (Vooi) that are
Typical performance independent of the main power supply voltage (Voom).
In addition, user-selectable low pass filters and high pass

4.0 77 filters are available for wide range of cut-off frequencies. The
n =77 pcs.
3.0 XV7081BB is suitable for various applications from
2.0 consumer electronics such as wearable devices to industrial
g/ 1.0 equipment.
& 0.0 P
m
g -10
2.0 Outline drawing and terminal assignment
-3.0
-4.0
-20-10 0 10 20 30 40 50 60 70 80 - 50402
Temperature (°C) SCLK  iso —_— 340
/SCL  I/SA0  Vopi rved2 Vpom - 5
Figure. Bias variation over temperature HO 49 By
100 pa =
- n =12 pcs. b
E N
< o =
(]
o
c
8 = = |- =
g 10 # OB M B
> MOSI Ss Voo Rese GND
c /SDA rved1
ks
©
Is]
[e]
4
1
0.01 0.1 1 10 100
Averaging time (s) Unit: mm
Figure. Root allan variance
poopoogool
oooooooobon Tel:150-1290-5940

Web:www.manduic.com Email:sales@manduic.com




XV7081BB SEIKO EPSON CORPORATION

Contents
REVISION RISIOTY «++ v rerrtte ettt 7
0L a1 L LL L L 1 R P PP PP PP PP 8
SYIMIDOIS e 9
NOHICE OF tNE OCUMIEIT: « -+ -+« ettt ettt et ettt ettt e e et et ettt ettt ettt e e et e et e e et e et e e e e 9
1. BIOCK @AM -+ v v e 10
2. FUNGHONE] ©XPIANGTION «¢#++ 1o rtrttstantantsiasetsnssensttsessiasetstssastttssessrtte st iaetstssoabesess i Eebe s st atat s ss b bbeasssetsessanattis 11
2.1. Detecting axis and OULPUL POIAFILY «---««««xxreree e 11
B I T 72 o YT T TP PP 11
2.3, ANQUIAKT FALE OULPUL -+ - e e veeree e 11
2.4, TEMPEIALUIE SENSOT OULPUL: -+« -+t ttteestttt ettt 11
T = o aTors o AT o Lot Ty Te T PP 12
3.1, ADSOIUE MAXIMUM FAHNGS - ++-+xc s vereeemsttte ettt 12
3.2. Operating CONMIIONS - +«++++rsreerrtissimirtiiiitr i 12
3.3, DIC CRAIACHEIISHICS « v« v eexeenrnennneenetu et et et et et et et et e e e e et et et e e e et e e e e e e et e et e e s et et e e e a e e e 12
3.4. Operating SEQUENGCE @t SEAMt-UP -+« «reetrrrtea ittt 13
3.5. GYIO SENSOI CRATACHETISHCS -+ -+« ++++xrreeessttttee sttt 14
3.6. TEMPErature SENSOr CRATACHEIISTICS ««««««t++++ s s ttrtttt ittt 14
4. DIimMeNnSions @and PiN AESCIPHON ««-++«xxxxessttrttaastti et 15
B IO 01 Ta T e 10t e o) o Lo T PPN 15
4.2, PiN NAME @NA QESCHIPHON: -+ ++++xrees sttt ettt 15
4.3. Marking deSCHPHON «++«+eresesrrerttiimttitiittt i e 16
4.4, PN @QUIVAIBNE CIFCUILS «++«+-++xrrreeesttrt ettt 16
4.5. SOIAEMNG PAttEMI«««++rerrtrtrisrrttttiiittit it 17
5. Typical PErformance CharaCteriStICS «««««««««««xxxxrrrrmmmnnnnnneeee e 18
LTS sz I r ey 72 Loy T T PP 19
LR T VT T = FE T PP PTP 19
Lo T T T x = TR = [ PP 21
L3 T L O T T T TP 24
B.4. A-Wire SPI With MUI=SIAVE FUNGHON «++++«++cx e enementtentt ettt ettt ettt et et e et ettt et e et e et e et aeeneeaenns 28
6.5. ANQUIAr rate data rEad -« -« «x  rrrrrr et 32
6.5.1. 4-wire SPI, 3-wire SPI and I12C (multi-slave function disabled) -+« cvoervrii 32
6.5.2. 4-wire SPl With MUIti-SIaVe FUNGLION =+« v rre ettt e 32
B.6. TEMPEIALUrE GALA FEAM -+« ««rrrerermnrrrnrrettt et et bbbttt e et et et e e e e et e e 36
B.7. CONIOl IMIISO/SAD -+« cxevneeneneeneenaaneeneanete et e et et e e et e e e e et et et ettt et et et e e et et e et et et et et e a et e e e es 36
LT T @0 s 8102 s o Ik 722 1o T2 xiTe) 2 TR 1 sy = e 37
6.8.1. 4-wire SPI, 3-wire SPI and 4-wire SPI with multi-slave function -« -« oo 37
L T {0 38
7. USEr COMMANA FEGISTEI -+ -+ v e rerrr ettt 39
7.1, DSP SEHHNGS Teeeerererrrertttimutiiiiiitiit ittt e et b e e 40
7.2, DISP SEHINGS 2+++++++strrteetstttt ettt 40

Full data sheet OUT-25-0325: XV7081BB_AE_Rev.2.0

Tel:150-1290-5940
Email:sales@manduic.com

goooooooooo
Web:www.manduic.com



XV7081BB SEIKO EPSON CORPORATION

7.3, DSP SEHNGS Breeererenrrerttiimutitiiiitiniitir ettt e e e s 41
A = (0 130 =7 o L 41
T =Y L T PR 42
7.8, SIEEP-OUL -« o reere ettt 42
A A ) T T T T PP T P PP PP ST PR 42
7.8. Temperature SENSOr data FEAM «+++««« +rrrrrrmrrrtt ettt 42
7.0, SOFIWAIE FESEL <+« vxvnenrmnneenetn et et ettt ettt et e et ettt et et e e et ettt e ettt e 42
7.10. ANQUIAT Fate data FEAM« -+ -+« ++x e e rrr ettt 42
7.11. Angular rate data reat CONMION:««+ s«tstttessrtressiisttriiiisriitisirttessiaetsrsssstts e s ireae s s saetat s ssabese s s sseabessasenaes 42
7.12. Temperature SENSOr data oM@t -« -+« -rerrr mrrrrt e 43
7.13.Serial INterface SENGS «+++1+-«xrtsrasetsrtiairintts ittt ittt it re st ietsr st s e r e e st et s r st s e s ettt s 43

8. L Or CAIrACIEIISTICS « v« v v vt rerererarntent ettt ettt ettt st e st e e et e e et e e et et et st et s e e e b e s b e st et e s e et e e et e e ae 44
8.4, AANAIOG FIHET- -+ttt 44
8.2, DIGItal fIIEr -+ o+ vvereresrrere sttt i 45

8.2.1. Selectable digital IOW PasS filter (LPF):-«««««««xxutrrariitiiiaiiiii i 45
8.2.2. Selectable digital high Pass filter (HPF) ««««««- xuvrreeiiiiiiiiiiii i 47

9. COMNECHON GIAGIAIMIS -+« ++++xxr e e sttt ettt 48

10, OtNET INFOIMIATION ++ -+ +++ e et te ettt ettt ettt ettt et ettt et r et ettt e ettt ettt ettt et e et 50
10.1. MOISTUIE SENSItIVity [EVE] (IMSL) -+ vreeeemttttt ettt 50
10.2. EICtTO-Static dISCRAGE (ESD) -+« +++xxrtessssrrrtaaiititia ittt 50
10.3.SOIAEMNG PrOFIlE -+ttt ettt 50

11. TAPING INFOMMALION -« 1+ 1ot vttt tiirrtte ettt i bbbt 51
1.1, TAPING QUANMTLY -+« -« v+t e ettt 51
11.2. TApING SPECHICALION «++1++ettrerasrttrtiiiittet ittt i e 51
11.3. TAPING QIMIEISION -+ v ettt 51
11 4. REEI QIMIEISION -+ ++crt e ettt ettt ettt et ettt ettt et ettt ettt et et et e 51

12, TOIMUNMOIOGY « -+ ++++vr e+ st re et ettt 52
12.1.Cross axis SENSIIVILY .« +«ctreresrrtrtiiiiii i 52
12.2.DFIVE FTIEGUEICY «++ v+t ere ettt 52
12.3.DetUNING fIEQUENCY «+++++ettteretttretititte sttt a bbbt nr e 52

13, HANAING PIECAULION -+ -+« +xr ettt ettt 53

Q. CONEAGE ++ v+ v rerermrerenteer e ettt ettt ettt et et ettt et e e e e e et e 54

Full data sheet Page 3 OUT-25-0325: XV7081BB_AE_Rev.2.0

oooooooobon Tel:150-1290-5940

Web:www.manduic.com Email:sales@manduic.com



XV7081BB SEIKO EPSON CORPORATION

List of Figures

Figure 1.1. Functional block diagram- -+« -+« evveemmm i 10
Figure 1.2. BIOCK diagram Of AEt@CHNG PArt-+-««««««-+xxrreesimmttiiaiiiii i 10
Figure 2.1. Detecting axis and output POIaFity -« ««««« - eerrrrmmmme 11
Figure 3.1. Operating SEQUENCE @t SEAMt-U - -+« ««+++++xtreetrmtttitaiiit it 13
Figure 4.1. OULINE GIMENSIONS «-++xvxnr et eee et 15
Figure 4.2. Marking QeSCrPHON «+««««++esrssttstastasrssaastsnttsisnunessinsetsnsssssrtssssiasesstsiasststssosattssssissesssssonatessssasessesias 16
Figure 4.3. The equivalent circuit: SS, SCLK, MISO and Reserved2 -« -« vverinii 16
Figure 4.4. The equivalent circuit: VooL and ReServedl -« - v 16
Figure 4.5. The equivalent Gircuit: VDDM @Nd VDI =+« ++rrrrrrrmmne e 17
Figure 4.6. Recommended PCB [aNd PAtIEN -« ««««++«xtreetstmttiaiiiiii ettt 17
Figure 5.1. Scale factor tolerance @t Ta = 425 OC -+ errrrrrruuunt ettt 18
Figure 5.2. Scale factor variation over temperature -« -« oo 18
Figure 5.3. Bias tolerance @t Ta = +25 OC «+ - xx v rn e 18
Figure 5.4. Bias Variation OVEr LEMPEIATUIE «++««««««x+xxtrtetstttteaittti it 18
Figure 5.5. NOISE NSy ++«+++resrrtretirittttiiitin 18
FIigUre 5.6. ROOt @IIAN VATIANCE «+++«+++++xxreesmttttta sttt 18
Figure 6.1. WIite SEQUENCE fOr 4-WIrg SPI «-- -+ :vtteeuitiiiaiitiii i 19
Figure 6.2. Read SEQUENCE fOr A=Wl SPI -+ +««xtresutmttia ittt 20
Figure 6.3. Address Setting SEQUENCE fOr 4-Wirg SPl-«-««-- xuttttiiiiiiiiiitiii i 20
Figure 6.4. Timing diagram Of Writing fOr 4-Wirg SPl--««««««+ - xutttaiiiiiiiiiiii i 21
Figure 6.5. Timing diagram of reading for 4-Wirg SPI «««««-« - uuttaiiiiiiiiiiiii i 21
Figure 6.6. WIite SEQUENCE fOr B-WIME SPI «- -+« tttetuttitia ittt 22
Figure 6.7. Read SEQUENCE fOr 3-Wire SPI -+« treeuttiiiatiiiiii i 22
Figure 6.8. Address Setting SEQUENCE fOr B-WirE SPl-«+«+«++turtttiiitiiiiiiiii i 23
Figure 6.9. Timing diagram of Writing fOr 3-Wirg SPl- -« -+« -+ uuttitiiiiiiiiiiii i 23
Figure 6.10. Timing diagram of reading fOr B-Wirg SPI:«««-+««xtttetutttiiiiiiiii e 23
Figure 6.11. WIIte ProtOCO] fOr [2C -+« xurreeuiiiiiat ittt 24
Figure 6.12. REAd PrOtOCOI FOF I2C «++ttrrteeistttttae ittt 24
Figure 6.13. Address Setting ProtoCol fOr 120 -+« «««« xuutttatiiiiiii ittt 24
Figure 6.14. WIIte SEQUENGCE O [2C «-++++xrteemtttttet ittt 25
Figure 6.15. REAd SEQUENCE fOr 120 «- -+ vrteemtttitt ittt 26
Figure 6.16. Address Setting SEQUENCE FOr [2C:+++++ -+t rreetmtttiiaiitii i 26
Figure 6.17. TIMING diagram fOr 120 -+« -veeeetutmmtiaiiii i 27
Figure 6.18. CONNECHON EXAMPIES -+ +++xxteesttrttaasitit ettt 28
Figure 6.19. Write sequence for 4-wire SPI with multi-slave function -« -« v 29
Figure 6.20. Read sequence for 4-wire SPI with multi-slave function: -« -« - vvevii 29
Figure 6.21. Address setting sequence for 4-wire SPI with multi-slave function -« vveveiiiii 30
Figure 6.22. Timing diagram of writing for 4-wire SPI with multi-slave function -« oo 31
Figure 6.23. Timing diagram of reading for 4-wire SPI with multi-slave function -+ oo 31
Figure 6.24. Angular rate data (16-Dit QUEPUL) -+« -rrrerrerrii 32
Figure 6.25. Angular rate data (24-Dit OULPUL) -« ««««+++xrrreermmmtiiaiiiii i 32
Figure 6.26. Global @aNQUIAK rate FEAA «++++++++rrrrr e rett et 33
Figure 6.27. Global angular rate read operation method 1 - -« vvvervinii 33
Figure 6.28. Global angular rate read operation method 2 -+« -« vvverern 34
Figure 6.29. NOrMal @NGUIAT FAE MEAT -+« ++++++++++rressttitta ettt 34
Figure 6.30. Command validation tiMe fOr SPI -+« ««xtttetttttiiiiiiiii e 37

Full data sheet Page 4 OUT-25-0325: XV7081BB_AE_Rev.2.0
oooooooobon Tel:150-1290-5940

Web:www.manduic.com Email:sales@manduic.com



XV7081BB SEIKO EPSON CORPORATION

Figure 6.31. Command validation tMe fOr [2C ««««+«+xutrretitiiiiaiiit i 38
Figure 8.1. Filter characteristics of the analog P creee it it i i i e e e e s e 44
Figure 8.2. Filter characteristics of the selectable digital LPF (279 order) -+« -+« oremreme 46
Figure 8.3. Filter characteristics of the selectable digital LPF (3™ order) «+««++ e rereemrimmien 46
Figure 8.4. Filter characteristics of the selectable digital LPF (41 order)-« -+« oreerm 46
Figure 8.5. Filter characteristics of the selectable digital HPF (15t order) -+« ««eveeeme 47
Figure 9.1. EXample Of 4-Wir€ SPI COMMEGHON - -+« ++++x+teesstttttaiitiii et 48
Figure 9.2. Examp|e OF 3-WiIr€ SPl CONNMEGCHION v v v e e ettt ettt s e s e s e e e e e e s e a s 48
Figure 9.3. EXaMPIE Of 120 CONMMEGHON -« -+« -+ xrreamttiiea ittt 48
Figure 9.4. Example of 4-wire SPI with multi-slave connection -« -« -+ v 49
Figure 10.1. REflOW tEMPEIAtUIE PrOfil ««««--++««xrresstmtteatitiiii ittt 50
Figure 11.1. Tape AIMEN S IO v e ettt i i i i i s e e s e et s s s e s e e e 51
FIGUIE 11.2. REEI QiMEBNSION -+ +++etst+sessrtsessiantastssasstanessimusessiasetsrssssstassssiasesstsiasstssssssstessssissesssssssstissssasasessias 51
Figure 12.1. EACh @XiS QIT@CHOM -+« «++ -+ xveeesasttitia ittt 52
List of Tables
Table 3.1. ADSOIUE MAXIMUM FAHNGS -+ ++++xxxx+sxrrreeasttt ettt 12
Table 3.2. OPErating CONTIIONS -+« +xx++xtrtteetitiit i 12
TADIE 3.3. DC CRAIACHEIISHICS ««+++«+xteerrtenennennautt ettt et ea et ta et ta et te ettt ettt ettt et e e ettt et ea et en et anaeanenaes 12
Table 3.4. Operating SEQUENCE At SEAMt-U «««+-++«xerretmttiiaaiiii i 13
Table 3.5. GYI0 SENSOI CRATACIEIISHICS «-+++++++++++xtrrreastttt ettt 14
Table 3.6. TEMPErature SENSOr CRAFACEIISHCS «++««««++++xxrreassmrtriatiitiii it 14
Table 4.1. Pin NAME ANd QESCIPHON ««+++++xxrrersttrttaaitti it 15
Table 6.1. AC ChAraCteriStICS FOr A-WITE SPI -+« e retuttrtutttt ittt ettt ettt ettt ettt et et ettt e e a e aens 21
Table 6.2. AC CharaCteriSHCS FOI 3-WITE Sl -+« e xetuttuttuttatttat ettt ettt et e ettt et e et e e et et et et et ea e anaeaaanaes 23
TaDIE 6.3. AC ChAraCEIISHC fOr 12C +x-txntrntentntttt ittt ettt ettt ettt et ettt ettt ettt e et e e ens 27
Table 6.4. Slave device addresses and ProdUCE NAME: «« -+« xererererrin 28
Table 6.5. AC characteristics for 4-wire SPI with multi-slave funCtion -« - -vovevvvn 31
Table 6.6. AnQUIAr rate data OULPUL COMEION «««+ -+« xrrrermrtttiaaaittt it 32
Table 6.7. Global angular rate read operation method 2 — (Data output order): -+« v 34
Table 6.8. ANQUIAr rate data OULPUL COMEION «««+++xxrrrermrttttaaiitt it 35
Table 6.9. Temperature SENSOr data OULPUL CONEION «+++++++++xxrrrrrttetataitittt bttt 36
Table 6.10. MISO/SAOQ trmMINal CONrOl MELNOM ««««««cxxerxtrrerntnmetttattt ettt ettt et e et et e et eneaannes 36
Table 6.11. CommMaNnd VAlIdAtion tIME FOr SPI «« -« txuttutttttttttt ettt ettt et ettt et ens 37
Table 6.12. CommMaNnd VAlIAAtON tHME FOr 12C «« -« exxterttutnnttttattt ettt ettt e et e e et et et et et e e et eaaeaannes 38
Table 7.1, USEr COMMENG FEGISTEI -+ -+ +++ -t rtttet ittt 39
Table 7.2. DSP SEHHNGS 1 -« rrerrrrrrertne et 40
Table 7.3. DSP SEHNGS 2 ++1rctett ittt e e e 40
Table 7.4. DSP SEHHNGS 3 -« rrerrrrrrrrtn et 41
TADIE 7.5, SEALUS FEAT « -+« crrererrrerentnnen ettt ettt et e ettt a ettt et e e et et ettt et r et e e n et e e et e et ettt 41
Table 7.6. Angular rate data read CONIOl - ««««« - rrrrer e 42
Table 7.7. TeMPErature SENSOr data fOMMAT: -« «««««««xtreetrmsmrnrnttite e 43
Table 7.8. Serial INterface SEtNGS «++««« - rrrrrrtrrrr 43
TAbIE 8.1. ANAIOG LPF +etettrsrettttiittinsiititsts ittt bbb s s et s s b s st s e st s s b 44
Table 8.2. SElECtabIE QIgItal LI -+« «««tetstrtteetttit et 45
Table 8.3. Selectable digital HPF -+« -« et xtrtteeiieii e 47
Yo IR L0 R R Y 1 R PRSPPI 50
Full data sheet Page 5 OUT-25-0325: XV7081BB_AE_Rev.2.0
oooooooobon Tel:150-1290-5940

Web:www.manduic.com Email:sales@manduic.com



XV7081BB SEIKO EPSON CORPORATION

N o) L LI s Y 0 R Lt LTt r T r T T T 50
Table 11.1. Tape ANA FEEI MAEIIAIS -+ v v v vt s 51
Full data sheet Page 6 OUT-25-0325: XV7081BB_AE_Rev.2.0
oooooooobon Tel:150-1290-5940

Web:www.manduic.com Email:sales@manduic.com



XVv7081BB SEIKO EPSON CORPORATION
Revision history
Rev. No. Date Page Description
1.0 Oct. 27, 2020 -New release.
th All -Change the font size
11 July 127, 2024 P.56 -Correct each address
2.0 July 251, 2025 All -Revised all
Full data sheet Page 7 OUT-25-0325: XV7081BB_AE_Rev.2.0

goooooooooo
Web:www.manduic.com

Tel:150-1290-5940
Email:sales@manduic.com



XV7081BB SEIKO EPSON CORPORATION

Ordering information

Available product codes are shown in the following table. The product codes are selected depending on the number of axes
to be detected in customer's system. If the system needs to be integrated with several gyro sensors, for example IMU (Inertial

Measurement Units), mechanical or electrical coupling between their drive frequencies may affect system performance. It is

therefore recommended to use combination of different drive frequencies as shown in the following table.

Table. Select of the product code

Number of axis Product code Product name Serial interface Slave device
address

1 axis X2A0003510001 XV7081BB 49.6kHz F 4-wire SPI, 3-wire SPI, 12C -
X2A0003510031 XV7081BB 49.6kHz C | 4-Wire SPI with muiti-slave function 01

2 axes Globatllangulartrate _rler;ld 2o

operation is not available. Refer

X2A0003510032 XV7081BB 51.0kHz D to Section 6.5.2. 10
X2A0003510031 XV7081BB 49.6kHz C 01

3 axes X2A0003510032 XV7081BB 51.0kHz D 4-wire SPI with multi-slave function 10
X2A0003510033 XV7081BB 53.6kHz E 11

Product name: XV7081BB * *
) @ ®

@ Model code, @ Frequency, @ Custom recognition

The product code can be identified by a marking on the product. Please refer to Section 4.3 Marking description for the

marking.
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Symbols

Pb
% e Pbfree.
Free

e Complies with EU RoHS directive.
*About the products without the Pb-free mark.
Contains Pb in products exempted by EU RoHS directive.
(Contains Pb in sealing glass, high melting temperature type solder or other.)

RoHS,

Compliant

e Designed for automotive general equipment.

e Designed for automotive applications related to driving and safety.

Notice of the document

NOTICE : PLEASE READ CAREFULLY BELOW BEFORE THE USE OF THIS DOCUMENT ©Seiko Epson Corporation 2020

1. The content of this document is subject to change without notice. Before purchasing or using Epson products, please contact with sales
representative of Seiko Epson Corporation (“Epson”) for the latest information and be always sure to check the latest information
published on Epson’s official web sites and resources.

2. This document may not be copied, reproduced, or used for any other purposes, in whole or in part, without Epson’s prior consent.

3. Information provided in this document including, but not limited to application circuits, programs and usage, is for reference purpose
only. Epson makes no guarantees against any infringements or damages to any third parties’ intellectual property rights or any other
rights resulting from the information. This document does not grant you any licenses, any intellectual property rights or any other rights
with respect to Epson products owned by Epson or any third parties.

4. Epson has prepared this document carefully to be accurate and dependable, but Epson does not guarantee that the information is
always accurate and complete. Epson assumes no responsibility for any damages you incurred due to any misinformation in this
document.

5. Epson products listed in this document and our associated technologies shall not be used in any equipment or systems that laws and
regulations in Japan or any other countries prohibit to manufacture, use or sell. Furthermore, Epson products and our associated
technologies shall not be used for the purposes of military weapons development (e.g. mass destruction weapons), military use, or any
other military applications. If exporting Epson products or our associated technologies, please be sure to comply with the Foreign
Exchange and Foreign Trade Control Act in Japan, Export Administration Regulations in the U.S.A (EAR) and other export-related laws
and regulations in Japan and any other countries and to follow their required procedures.

6. Epson assumes no responsibility for any damages (whether direct or indirect) caused by or in relation with your non-compliance with the
terms and conditions in this document or for any damages (whether direct or indirect) incurred by any third party that you give, transfer
or assign Epson products.

7. For more details or other concerns about this document, please contact our sales representative.

8. Company names and product names listed in this document are trademarks or registered trademarks of their respective companies.

eDisclaimer
1. Epson products are designed for use in general electronic equipment applications that do not require extremely high reliability or safety.

2. Epson does not represent or warrant that its products will not cause a failure for any particular application, except for cases where the
failure is a direct result caused by defects in materials and workmanship of this product.
If a product fails due to defects in materials and workmanship, to the maximum extent permitted by law, we will, at our sole discretion,
refund or replace the affected product.

3. When products for used directly or indirectly in certain devices or applications (ex. nuclear power, aerospace, infrastructure facilities,
medical equipment, etc.) which are connected to or affect safety of human life or property, Customer is solely responsible for
determining if the products and respective specifications are suitable for the intended use in particular customer applications.
Customer shall implement necessary and proper safety design and measures (including redundant design, malfunction prevention
design, etc.) to ensure reliability and safety before using the products in/with customer’s Equipment.

4. No dismantling, analysis, reverse engineering, modification, alteration, adaptation, reproduction, etc., of Epson products is allowed.
Furthermore, any defects caused by this are not covered by the warranty.

©Seiko Epson Corporation 2025
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1. Block diagram

The block diagrams of the sensor are shown in Figure 1.1 and Figure 1.2.

Voow
Regulator
Voo
Voou < F=====-" \
1 ! Drive 1
: arms I
' l
I |
sSS « ( c > 1 :
] o ome [P
Logic ! 1
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y I Detection
1 arms |
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Figure 1.1. Functional block diagram
Drive
S1 —
Analog filter
1st order ADC |— Logic
LPF
S2
Figure 1.2. Block diagram of detecting part
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2. Functional explanation

2.1. Detecting axis and output polarity
This product detects an angular rate of a rotational movement. The correlation between a detecting axis of the
angular rate and an output polarity is shown in Figure 2.1.

Detecting axis

Angular rate directing polarity (+)

#1 Terminal mark

Figure 2.1. Detecting axis and output polarity

2.2. Interface

This product is compatible with SPI (4-wire, 3-wire) and I2C. This sensor allows for interface power supply
voltage settings (Vooi) that are independent of the power supply voltage (Voom) to enable communications with
interfaces of various logic levels.

2.3. Angular rate output

The angular rate output data is provided in a 2's complement format. 16-bit or 24-bit can be selected from the
register settings. The AD converter output data rate is 13.770 kHz at frequency code H, L and 14.160 kHz at
frequency code J. The angular rate output data can also be provided after processing through the low pass filter
(LPF) or the high pass filter (HPF).

LPF: This is a 2", 3 or 4t order filter, the cutoff frequency can be selected from the following 14 stages.
(10, 35, 45, 50, 70, 85, 100, 140, 175, 200, 285, 345, 400, 500 Hz)

HPF: This is a 1%t order filter. When enabled, the cutoff frequency 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 output data is provided in a 2's complement format. 8-bit, 10-bit or 12-bit can be selected from the
register settings.
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3. Electrical characteristics
3.1. Absolute maximum ratings
Table 3.1. Absolute maximum ratings
Parameter Symbol Min. Typ. Max. Unit Condition
Supply voltage VbbMm -0.3 - +4.0 \% GND=0V
Supply voltage for interface Vopi -0.3 - +4.0 \% GND=0V
Storage temperature Tste -40 - +85 °C
Condition for soldering - 350°C, 3s -
3.2. Operating conditions
Table 3.2. Operating conditions
Parameter Symbol Min. Typ. Max. Unit Condition
Supply voltage VoM 2.7 - 3.6 \% GND=0V
Supply voltage for interface Vool 1.65 - 3.6 \Y GND=0V
Operating temperature Ta -20 - +80 °C
Supply voltage Start-Up time tru 0.01 - 100 ms Voom 0 % to 90 %
4-wire SPI clock frequency fscLk - - 10 MHz | Vooi>24V
4-wire SPI clock frequency fscLk - - 5 MHz | Vobi£24V
3-wire SPI clock frequency fscLk - - 5 MHz
I2C clock frequency fscL - - 400 kHz
Output data rate ODR - 13.770 - kHz Frequency code: H, L
- 14.160 - kHz Frequency code: J

(Note)
the angular rate output.
(Note)

in the angular rate output. Refer to Table 3.5 for supported drive frequencies.

3.3. DC characteristics

Table 3.3. DC characteristics

Using a communication clock frequency that is an integer multiple of the drive frequency may result in fluctuations in

Acquiring angular rate data at a frequency that is an integer divide from the drive frequency can result in fluctuations

Voom =2.7V103.6 V, Vooi = 1.65 V10 3.6 V, GND =0V, Ta = -20 °C to +80 °C

Parameter Symbol Min. Typ. Max. Unit Condition
ViH Voo X 0.7 - - \Y,
Logic input voltage
Vi - - Voor x 0.3 \%
Voo = Min.,
. VoH Voo - 0.4 - - \Y, Load = +1 mA
Logic output voltage ——
VoL ) ) +0.4 Vv Vopbi = Min.,
) Load = -1 mA
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3.4. Operating sequence at Start-Up

Table 3.4. Operating sequence at Start-Up

Voom =2.7V103.6V, Voo =1.65V1t0 3.6V, GND =0V, Ta =-20 °C to +80 °C

Parameter Symbol Condition Min. Typ. Max. Unit
Serial communication wait time tiF - 1 - - ms
Temperature sensor data read start time trsen - - - 80 ms
Start-Up time tsTa Output code +1 °/s - - 200 ms

(Note) Execute serial communication after tie.
(Note) Execute temperature sensor data acquisition after trsen
(Note) Execute angular rate data acquisition after tsta.

Power on

]
]
VDDM E “‘l == VDDM X 900/6
1 ]
GND —4 0.01~~100ms

(Internal mode name)

Register | d

xpor reset :
I

I

I .
: . tF 1
1
1
I
Serial communicatioJ
wait time

tTsEN

Start temperature sensor

Temperature sensor
(Internal mode name)

» data read

tsta

Angular rate
output code

Figure 3.1. Operating sequence at Start-Up

Output code

+ 1°/s
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3.5. Gyro sensor characteristics

Table 3.5. Gyro sensor characteristics

Unless otherwise specified, Voom = 2.7 V10 3.6 V, Vooi=1.65V 10 3.6 V,GND =0V, Ta = -20 °C to +80 °C

Parameter Symbol Condition Min. Typ. Max. Unit
Frequency code: H 49.000 | 49.575 | 50.150 kHz
Drive frequency Fq Frequency code: J 50.450 | 51.025 | 51.600 kHz
Frequency code: L 52.900 | 53.550 | 54.200 kHz
Detuning frequency Ds 0.7 0.9 1.1 kHz
16-bit - 70 -
Scale factor So LSB/(°/s)
24-bit - 17920 -
Scale factor tolerance Sp Ta=+25°C -2 - +2 %
tseﬁ:)ee:?t:ttjcr); vanation over Set ¥: D=M+=22 YC reference -3 ) +3 %
Bias ZRL |Ta=+25°C - 0 - LSB
Bias tolerance ZRL Ta=+25°C -1 - +1 °ls
e et o e R N R I
Voom =3V,
Bias temperature coefficient ZRLs | Average of absolute value, - 0.0024 - (°/s)/°C
AT=1°C
Rate range | -400 - +400 °ls
Non-linearity NI Ta=+25°C -0.5 - +0.5 %FS
Cross axis sensitivity CS Ta=+25°C -5 - +5 %
Current consumption lopt - 900 1300 MA
Standby current lop2 - 160 340 MA
Sleep current lops - 3 25 MA
Noise density N4 @ 10 Hz, LPF default setting - 0.0015 - (°/s)NHz
Angle random walk Arw - 0.065 - °Ah

3.6. Temperature sensor characteristics
Table 3.6. Temperature sensor characteristics

Unless otherwise specified, Voom = 2.7 V10 3.6 V, Vooi=1.65V10 3.6 V,GND =0V, Ta = -20 °C to +80 °C

Parameter Symbol Condition Min. Typ. Max. Unit
8-bit mode, Ta = +25 °C 20 25 30
Output code Tout 10-bit mode, Ta = +25 °C 80 100 120 LSB
12-bit mode, Ta = +25 °C 320 400 480
Temperature output accuracy Tace Ta=+25°C -5 - +5 °C
8-bit mode 0.9 1.0 1.1
Temperature coefficient Tsen 10-bit mode 3.6 4.0 4.4 LSB/°C
12-bit mode 14.4 16.0 17.6
Full data sheet Page 14 OUT-25-0325: XV7081BB_AE_Rev.2.0
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4. Dimensions and pin description

4.1. Outline dimensions

u7
o«
jiOJ Cj|
#6 #7 #8 #9 #10 ©
W
o~ /
o b
- - —1 e B S
i: w
@.k —
| 804 || |_|10.06 || 402
uo
(T ]
C_‘5| _
oo x
7 - _ = ,Z Unit: mm
| 10_0.52

Figure 4.1. Outline dimensions

4.2. Pin name and description

Table 4.1. Pin name and description

Pin number. Pin name Input/Output Pin description

4-wire SPI communications mode: serial data input

#1 MOSI/SDA Input/Output 3-wire SPI communications mode: serial data input/output
I?C communications mode: serial data input/output
4-wire SPI communications mode: slave select

#2 SS Input 3-wire SPI communications mode: slave select
I?C communications mode: connect to Vool
Internal regulator voltage output

#3 Voo Output Connect to the bypass capacitor 1uF.

#4 Reserved1 Input Connect to GND.

#5 GND - GND

#6 VbbMm - Power supply voltage

#7 Reserved? Output Logic "L" level output
Do not connect.

#8 VopI - Power supply voltage for digital interface
4-wire SPI communications mode: serial data output
3-wire SPI communications mode: Do not connect.

#9 MISO/SAD Input/Output [2C communications mode: select lowest bit of slave address
Default status set to pull down (approx. 100 kQ).

#10 SCLK/SCL Input Serial clock (4-wire, 3-wire and I2C)
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4.3. Marking description

Model code

L\
\

7

=
E\V7081 BC

Symbol mark

Custom recognition

#1 pin = QO HL871 C

Interface recognition

(e

Internal ID code

Frequency code

Year/Month/Date/Lot

Frequency code Drive frequency Custom recognition Slave address
H 49.6 kHz C 01
J 51.0 kHz D 10
L 53.6 kHz E 11

Figure 4.2. Marking description

4.4. Pin equivalent circuits
An equivalent circuit for SS, SCLK, MOSI, MISO and Reserved2 is shown in Figure 4.3.

Vool

[]

GND

Figure 4.3. The equivalent circuit: SS, SCLK, MISO and Reserved2

An equivalent circuit for VopL and Reserved1 is shown in Figure 4.4.

[]

GND

Figure 4.4. The equivalent circuit: VppL and Reserved1
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An equivalent circuit for Voom and Voo is shown in Figure 4.5.

Voom Vool

A A

GND

Figure 4.5. The equivalent circuit: Voom and Vool

4.5. Soldering pattern
An example of a recommended soldering pattern for this product is shown in Figure 4.6. It is recommended to
give due consideration to ensure optimal design aspects such as mounting density and solder mount reliability.

4.7

—r1070‘7 ’——T870‘3

10_11

1.2
Unit: mm
Figure 4.6. Recommended PCB land pattern
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5. Typical performance characteristics
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Change in scale factor (%) Temperature (°C)
Figure 5.1. Scale factor tolerance at Ta = +25 °C Figure 5.2. Scale factor variation over temperature
=400 . = .
100 n pcs 40 n =77 pcs
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S 80
5 20
£ 60 1.0
(o ~
g 0.0 P —————
g 210
o
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Figure 5.3. Bias tolerance at Ta = +25 °C . ) o
Figure 5.4. Bias variation over temperature
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< 0.0001 =
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[e) o
P 04

0.00001 1
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Figure 5.5. Noise density Figure 5.6. Root allan variance
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6. Serial interface

Access to the sensor is accomplished via serial communication. There are three methods for the serial
interface: 4-wire SPI, 3-wire SPI and I?C.

4-wire SPI communication is enabled by turning on the power supply Voowm, waiting for the serial
communication wait time tir noted in Section 3.4 to elapse, and then setting the slave select (SS) to logic level
"L" (refer to Section 7.13. SPISel register has a default value of "0" : 4-wire SPI). I2C communication is enabled
by setting the SS to logic level "H" (refer to Section 7.13. I2C_EN register has a default value of "1" : I2C enable).
3-wire SPI communication is enabled by setting SPISel to "1": 3-wire SPI and setting the SS to logic level "L".
However, setting SPISel to "1" : 3-wire SPI will disable 12C communication.

6.1. 4-wire SPI

4-wire SPI communication is 8-bit width serial communication based on the SS, clock signal (SCLK), data
input signal (MOSI), and data output signal (MISO). Set SPISel (register for selecting 4-wire SPI or 3-wire SPI)
indicated in Section 7.13 to "0" (the default value is "0" : 4-wire SPI). To use 4-wire SPI communication, set
I2C_EN (register for enabling I2C) to "0" Disable (default value is "1" : Enable).

With falling edge of SS, the initial byte becomes the address. During serial data transfer, the SS must be
maintained at logic level "L." If the SS is set to logic level "H," the serial data transfer will be canceled.

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

The subsequent bits 2 (A [6:5]) are the slave device (Gyro) address when the multi-slave function is enabled.
Refer to Section 6.4 (4-wire SPI with multi-slave function) and transfer the address of the slave device (Gyro)
you want to access. Set to "00" when the multi-slave function is disabled.

Bits 5 (A <4:0>) on the LSB side of the address are the register address. Set the address of the register you
want to access. The 2" byte is the settings value for each register. Refer to the register map in Chapter 7 and
transfer the values you want to set.

The register write sequence for 4-wire SPI is shown in Figure 6.1. Write data is transferred after the address.
Maintain the SS at logic level "L" during the period between address and data transfer. During the write
sequence, the MISO logic level is "L". X'is "1" or "0".

s T\ Vo

mos Y0000\ W £ a6 X as X a4 X a3 X a2 X a1 X a0 X b7 X D6 X s X 04 X o3 X 2 X 01 X Do X)000(X

High-Z . o High-Z
MISO — Logic level "L —

Figure 6.1. Write sequence for 4-wire SPI
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The register read sequence for 4-wire SPI is shown in Figure 6.2. After the address transfer is complete, data
will be simultaneously outputted with the SCLK falling edge beginning with the 2" byte. Similar to the write
sequence, during data non-output, the MISO logic level is "L". X is "1" or "0". Angular rate data reads are based
on 16-bit output (or 24-bit output based on the angular rate data format selection indicated in Section 7.11). After
reading the angular rate data from the 15t byte, maintain logic level "L" for the SS and continue clock input via
the SCLK until the desired bit is read (the same applies to reading the temperature sensor data).

The sequence for only the address transfer (command) is shown in Figure 6.3. The register map indicated in
Chapter 7 includes the items for only a partial address transfer (command). Similar to the register write
sequence, set the first bit (MSB) of the address to "0". Bits 5 (A <4:0>) on the LSB side of the address are the
register address (command). Set the address (command) you want to execute. After transferring the address
(command), set the SS from logic level "L" to logic level "H" and end the serial communication. During the
address tranfer sequence, the MISO logic level is "L". X is "1" or "0".

s T\ Vo

SCLK \|| |||||||||||| /

most JOOKY R X A6 X A5 X A4 X A3 X A2 X A1 X A0 XXOO0QO0UOOOOOOOOUOOOOOOOGOOUNXX

mso H-Z Logic level "L" {07 X6 X5 X2 X3 X0z X o1 X 1o it

Figure 6.2. Read sequence for 4-wire SPI

ss T\ Vo

SCLK LT LT LT LT L1/
mosi XXM W Aae Xas X a4 Xas X az X at X a0 X)XXX

High-Z High-Z
mso L Logic level "L" =

Figure 6.3. Address setting sequence for 4-wire SPI
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The timing diagrams for 4-wire SPI are indicated in Figure 6.4 and Figure 6.5.

Table 6.1. AC characteristics for 4-wire SPI

Voom =2.7V103.6 V, GND =0V, Ta =-20 °C to +80 °C

Vopi £2.4V Vopl > 2.4V
Parameter Symbol Condition Unit
Min. Typ. Max. Min. Typ. Max.
SS setup time tsss 15 - - 15 - - ns
SS hold time tssH 100 - - 100 - - ns
SS high pulse width tsshw 30 - - 30 - - ns
Clock cycle tscve 200 - - 100 - - ns
Clock high pulse width tsHw 90 - - 40 - - ns
Clock low pulse width tstw 90 - - 40 - - ns
Data setup time tsps 10 - - 10 - - ns
Data hold time tspH 10 - - 10 - - ns
Read access time tsacc Max C. = 30 pF - - 80 - - 30 ns
Output disable time tsoH - - 30 - - 30 ns
ss i) ) /_\
_N Lﬁss Dt o o | foon __ |
sew 1N\ N\ N N\
Coa toos teon ' | | Coa
mosi X000\ "0" A A6 X A5 X: g X a0 X o7 X g
MISO ﬂ{]-z Logic level "L" I I /ng_hZ\

Figure 6.4. Timing diagram of writing for 4-wire SPI

| : tsove : 1 tesHw 1
ss ) : : ) fo\
: : tSSS : tSHW 1 tSLW : tSSH I : !
1 1 1 1 1 1
SCLK 1\ ) : : AN A
1 1 tSDS 1 1 1 i

High-Z | H iz
MISO —2 Logic level "L" ) L o X X_Do: }_\Ig ]

Figure 6.5. Timing diagram of reading for 4-wire SPI

(Note) Xis "1" or "0".

6.2. 3-wire SPI
The 3-wire SPI communication is 8-bit width serial communication based on the slave select signal (SS), the
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clock signal (SCLK), and the data input/output signal (MOSI). Set SPISel (register for selecting 3-wire SPI or 4-
wire SPI) indicated in Table 7.8 to "1" (the default value is "0" : 4-wire SPI). Setting SPISel to "1" will disable the
[2C communication.

Similar to 4-wire SPI, with the falling edge of SS the initial byte becomes the address. During serial data
transfer, the SS must be maintained at logic level "L". If the SS is set to logic level "H", the serial data transfer
will be canceled.

The initial address bit (MSB) is the write/read control bit. Set as "0" to write data to the register and set as "1"
to read data from the register. Bits 5 (A <4:0>) on the LSB side of the address is the register address. Set the
address of the register you want to access. The 2™ byte is the settings value for each register. Refer to the
register map in Chapter 7 and transfer the values you want to set.

The register write sequence for 3-wire SPI is shown in Figure 6.6. Write data is transferred after the address.
Maintain the SS at logic level "L" during the period between address and data transfer. X is "1" or "0."

ss T\ S

most X0\ WA a6 X As X A4 X A3 X A2 X A1 X A0 XD7 X D6 X D5 X D4 X D3 X 2 X D1 X D0 XXXXX

Figure 6.6. Write sequence for 3-wire SPI

The register read sequence for 3-wire SPI is shown in Figure 6.7. After the address transfer is complete, data
is simultaneously outputted with the SCLK fall beginning from the 2" byte. Angular rate data reads are based on
16-bit output (or 24-bit output based on the angular rate data format selection indicated in Section 7.11). After
reading the angular rate data from the 15t byte, maintain the SS at logic level "L" and continue clock input via the
SCLK until the desired bit is read. The same applies to read the temperature sensor data. X is "1" or "0".

s T\ S

most OO0 R A8 X A5 X A4 X A3 X A2 X A1 X A0 XD7 X D6 X D5 X D4 X D3 X D2 X D1 X D0 XXXXX

Figure 6.7. Read sequence for 3-wire SPI

The sequence for only the address transfer (command) is shown in Figure 6.8. The register map indicated in
Chapter 7 includes the items for only a partial address transfer (command). Similar to the register write
sequence, set the first bit (MSB) of the address to "0." Bits 5 (A<4:0>) on the LSB side of the address are the
register address (command). Set the address (command) you want to execute. After transferring the address
(command), set the SS from logic level "L" to logic level "H" and end the serial communication. X is "1" or "0."

ss T\ S

SCLK \||||||||||| /
Mos! KRN W A A6 X A5 X a4 X A3 X A2 X AT X A0 XXX
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Figure 6.8. Address setting sequence for 3-wire SPI

The timing diagrams for 3-wire SPI are indicated in Figure 6.9 and Figure 6.10.

Table 6.2. AC characteristics for 3-wire SPI

Voom =2.7Vt03.6 V, GND =0V, Ta = -20 °C to +80 °C

Voo 2.4V Vool > 2.4V
Parameter Symbol Condition Unit
Min. Typ. Max. Min. Typ. Max.
SS setup time tsss 15 - - 15 - - ns
SS hold time tssH 100 - - 100 - - ns
SS high pulse width tssHw 30 - - 30 - - ns
Clock cycle tscyc 200 - - 100 - - ns
Clock high pulse width tshw 90 - - 40 - - ns
Clock low pulse width tsuw 90 - - 40 - - ns
Data setup time tsos 10 - - 10 - - ns
Data hold time tspH 10 - - 10 - - ns
Read access time tsacc Max CL = 30 pF - - 80 - - 80 ns
Output disable time tson - - 30 - - 30 ns
! ! tscve ! 1 tsshw 1
ss \ ) I I\
i : tsss ' i tshw 1 taw i tssh i :
_b: :‘_ 1 1 1 1 :‘_
R AN AN S NYA N S N SN
I tens : | : oo
—>  ——P

: H tSCVC 1 1 tSSHW !
ss , i} ! ! g / \
i | tsss ! | s s i tssu E !
: | 1 ] ! ! > b
sceck 1+ N/ N/ N/ /o /N ) !
' ' tsps tsoH ! i tsacc tson
= —

Figure 6.10. Timing diagram of reading for 3-wire SPI

(Note) Xis"1" or "0".
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6.3. I1°C

I2C communication is 8-bit width serial communication based on the clock signal (SCL) and data address signal
(SDA). Set I2C_EN (register enabling for 12C) indicated in Table 7.8) to "1" (the default value is "1" : Enable). To
use 12C communication, fix the slave select signal (SS) used in 4-wire or 3-wire SPI communication to logic level
"H" (interface power supply voltage Vo).

I2C communication is initiated by issuing the start condition (ST, with SCL status at logic level "H", SDA is
changed from logic level "H" to logic level "L") from the master. And communication is stopped by issuing the stop
condition (SP, with SCL status at logic level "H", SDA is changed from logic level "L" to logic level "H") from the
master.

To access the internal register, read (Read = "1") /write (Write = ”0”) the slave device address (ADR, address
that adds the SAO "0" or "1" to "110101") to/from the master and transmit the total 1 byte that includes 1 bit ID
signal. After ADR receipt, the slave will check to see if the address matches its own address. If the address is
matched, the slave returns an ACK (acknowledge) and then communication becomes available. If the address is
not matched, the slave returns to idle mode and waits until another ST is issued.

Internally, the SAO terminal is set to pull down (approx. 100 kQ). If the SAO terminal is set to "0," then connect
to N.C. or GND. Or, if the SAO terminal is set to "1", then connect to Voo. In this case, a current of approximately
30 yA @ Vooi = 3 V will flow to the SAO terminal. To reduce the current, add a desired register to the Voo and the
SAO terminal. Alternatively, you can change the terminal setting from pull down to pull up by rewriting the SelMISO
[1:0] indicated in Section 7.13 after turning the power on and once the serial communication wait time tir indicated
in Section 3.4 has elapsed. Refer to Section 6.7 the MISO/SAO terminal control methods for details on control
methods.

Next, send the internal register address (SUB-ADR). Input "0" for the first bit (MSB) of the address (there is not
function allocation). The remaining LSB-side 7 bits (A <6:0> are the register address (for detail, refer to register
map in Chapter 7). After transferring the addres of the register you wish to access, return an ACK.

The following sequence differs among register write, register read, and address (command) transfer. Please
refer to the sequences in Figure 6.11 through Figure 6.13.

Angular rate data reads are based on 16-bit output (or 24-bit output based on the angular rate data format
selection indicated in Section 7.10). After reading the angular rate data from the 15t byte, set the master to return
an ACK (acknowledge) instead of a NACK (non-acknowledge) and then read the 2" byte or the 3™ byte. The
same applies to read the temperature sensor data.

Master | [ST] ADR [ W | [SUB-ADR]| [ DATA | [sP]

Slave

Figure 6.11. Write protocol for I12C

Master | [ST] ADR [ W | [suB-ADR] [sT] ADR [ R |

Slave

Figure 6.12. Read protocol for I12C

Master | [ST] ADR [ W | [suB-ADR] [sP]

Slave

Figure 6.13. Address setting protocol for I12C
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ST : Start condition

SP : Stop condition

ADR : Slave device address (110101 + SAQ)
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 examples of a waveform, register write, register read, and address setting sequence are shown in Figure
6.14 through Figure 6.16.

ss High (Vpp,) Fixed

SDA-Master

SDA-Slave

1
1
1
1
1
1
R High-Z NACR\ | /T
1
1
1
1
1

SDA-Master
soAsiae /1| REIED CD €3 €3 € €3 €0 CO 2
F:'-a_st_all‘t l.S_to_pl
Figure 6.14. Write sequence for I2C
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\
ss High (VDDI) Fixed
SCL i
1
1
1
1
SDA-Master \ :
: : nyn nqn "o" nqn g nqn
: : "0"or"1"
SDA-Slave Lo High-Z ACK High-Z ACK
L--1 j
Start High (VDDI) Fixed
sS High (Vpp,) Fixed
r==i
scL | | | | | | | HE
1 1
| 1
. 1 |
High-Z 1 \
sonmsster BT X DE B X DX B XX B0 Y \_t/]
1
Lo
1 1
1 1
SDA-Slave / High-Z ACK/ I !
| R}
Stop
Figure 6.15. Read sequence for I12C
Ss High (Vpp,) Fixed
== ==
1 I 1 1
1 I 1 1
- High-Z High-Zz | |
SDA-Master AN ' '
1 [] ngn ngn nayn ngn nayn ngm 1
Vo 1 1 0" ™ 0" ™ P
1 | T 1
, X 0"or"1 y !
SDA-Slave P High-Z ACK High-Z ACK/ 1!
| p— | Qe
Start Stop
Figure 6.16. Address setting sequence for I2C
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The timing diagram for I2C is indicated in the Figure 6.17.

Table 6.3. AC characteristic for I2C

Voom =2.7Vt03.6 V, GND =0V, Ta = -20 °C to +80 °C

Parameter Symbol Min. Typ. Max. Unit
Clock cycle tscL 25 - - us
Clock high pulse width twH 0.6 - - us
Clock low pulse width twi 1.3 - - us
Data setup time tos 0.1 - - us
Data hold time toH 0.0 - - us
START condition hold time tsH 0.6 - - us
Time restart condition setup time trs 0.6 - - us
STOP condition setup time tes 0.6 - - us
Between STOP and START condition tws 1.3 - - us

II

Figure 6.17. Timing diagram for 12C
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6.4. 4-wire SPI with multi-slave function
The multi-slave function is an extended function of 4-wire SPI mode that is available only through factory
settings implemented by Epson. The multi-slave function allows you to reduce I/O ports and board circuitry by
connecting multiple (maximum of 3) slave devices (Gyro) to a single master device (MPU). When the multi-slave
function is enabled via factory settings, other serial communication (4-wire SPI, 3-wire SPI, and 12C) cannot be

used.

A connection example using 3 slave devices is shown in Figure 6.18. Three slave devices (Gyro) share a

serial communications port connection on a single master device (MPU).
Each slave device (Gyro) is assigned the respective address shown in Table 6.4. Setting the address A [6:5]
indicated in Section 6.1 enables serial communication with the desired slave device.

MPU

(Master device)

SS

SCLK

MOSI

MISO

1st axis gyro
(Slave device1)

2nd axis gyro
(Slave device2)

3rd axis gyro
(Slave device3)

Figure 6.18. Connection examples

Table 6.4. Slave device addresses and product name

Selected slave device

Product name

All slave devices

1t axis Gyro

XV7081BB 49.6kHz C

2" axis Gyro

XV7081BB 51.0kHz D

Al6] A[5]
0 0
0 1
1 0
1 1

31 axis Gyro

XV7081BB 53.6kHz E

(Note) When the maximum 3 slave devices are connected.
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Furthermore, when the address A [6:5] is set to "00", a register write command will write the same data to all
slave devices, but register read commands are not common to all devices. Even if the read/write control bit (first
bit of address: MSB) indicated in Section 6.1 is mistakenly set to "1" (read), the MISO value is "High-Z"
(excluding global angular rate reads).

The register write sequence when using the multi-slave function is shown in Figure 6.19. Write data is
transferred after the slave device address and register address. Maintain the SS at logic level "L" during the
period between address and data transfer. During the write sequence, the MISO value is "High-Z". X is "1" or
"0".

The register read sequence when using the multi-slave function is shown in Figure 6.20. After the slave
device address and register address transfer are complete, data is simultaneously outputted with falling edge of
SCLK and beginning from the 2" byte. Similar to the write sequence, during data non-output, the MISO setting
is "High-Z". X'is "1" or "0". Angular rate data reads are based on 16-bit output (or 24-bit output based on the
angular rate data format selection indicated in Section 7.10). After reading the angular rate data from the 1st
byte, maintain logic level "L" for the SS and continue clock input via the SCLK until the desired bit is read (the
same applies to read the temperature sensor data).

The sequence for only the address transfer (command) via the multi-slave function is shown in Figure 6.21.
Maintain the SS at logic level "L" during address transfer. During the address transfer sequence, the MISO
value is "High-Z". X is "1" or "0".

s T\ Y

most 00000 w6 X as X aa X a3 X a2 X a1 X a0 X 07 X e X D5 X p4 X D3 X D2 X 01 X Do XXXXXX

High-Z ) - High-Z
MISO —\ Logic level "L —

Figure 6.19. Write sequence for 4-wire SPI with multi-slave function

MOSI W R X A6 X A5 X A4 X A3 X A2 X A1 X A0 X)SX)_()_()_()_(X)_()_()_(X)_()_(X)_()_()_(X)_()_(X)_(X)_()_()_(X)_()_(X)_(xM)_(X)_(

miso High-Z (D?)(DE;)(D5)(D4)(D3)(Dz)(t>1)(Do)M

Figure 6.20. Read sequence for 4-wire SPI with multi-slave function
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most YOO\ W Are Xas Xaa X as X a2 X a1 X Ao

Figure 6.21. Address setting sequence for 4-wire SPI with multi-slave function
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The timing diagrams for 4-wire SPI with multi-slave function are indicated in Figure 6.22 and Figure 6.23.

Table 6.5. AC characteristics for 4-wire SPI with multi-slave function

Voom =2.7V103.6 V, GND =0V, Ta = -20 °C to +80 °C

Voo £2.4V Vopl > 2.4V
Parameter Symbol Condition Unit
Min. Typ. Max. Min. Typ. Max.
SS setup time tsss 15 - - 15 - - ns
SS hold time tssH 100 - - 100 - - ns
SS high pulse width tssHw 30 - - 30 - - ns
Clock cycle tscve 200 - - 100 - - ns
Clock high pulse width tshw 90 - - 40 - - ns
Clock low pulse width tsuw 90 - - 40 - - ns
Data setup time tspbs 10 - - 10 - - ns
Data hold time tsoH 10 - - 10 - - ns
Read access time tsacc Max CL = 30 pF - - 80 - - 30 ns
Output disable time tson - - 30 - - 30 ns
: : tSCVC ) : tSSHW 1
ss : ) i i i) }: \:
i : tsss ' i tshw 1 tsiw i tssH 1 i :
_.: :‘_ : 1 1 1 1 :‘_
seek 1+ N/ N/ S /s f N ) o
b tene e | : | oo

MISO ) I

i tseve ' 1 tesaw 1
1 I | :‘_H,
ss \ T : ! ) Foo\
i i tsss : U tsaw o tsw tssu : '
1 1 ! 1 | 1 1
sclk 1\ /N O\ /& : : oN\__f
! ! tsps tson ' ' ! i
i !

Figure 6.23. Timing diagram of reading for 4-wire SPI with multi-slave function

(Note) Xis"1"or"0".
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6.5. Angular rate data read
6.5.1. 4-wire SPI, 3-wire SPI and I°C (multi-slave function disabled)

The angular rate read function is executed using the DatAccOn indicated in Table 7.1. Angular rate data uses
the 2's complement expression and has a data width of 16-bit or 24-bit (switch using the DataFormat indicated
in Table 7.6). During serial communication, after reading the angular rate data from the 15t byte, maintain logic
level "L" for the SS and continue clock input via the SCLK until the desired bit is read.

When in 4-wire SPI or 3-wire SPI communication mode, after reading the angular rate data from the 1st byte,
maintain logic level "L" for the SS and continue clock input via the SCLK until the desired bit is read.

When in [2C communication mode, after reading the angular rate data from the 1st byte, set the master to
return an ACK (acknowledge) instead of a NACK (non-acknowledge) and then read the 2™ byte or the 3™ byte.

Table 6.6. Angular rate data output control

Data output order
A[6:5] DataFormat
1st byte 2" pyte 3 byte
00 0 D [15:8] D [7:0]
00 1 D [23:16] D [15:8] D [7:0]

(Note) DataFormat is the angular rate data format indicated in Table 7.6.

Master | [ST] ADR | W | [suB-ADR] [ST] ADR [ R ]
Slave [[ACK | DATA | [ DATA |

Figure 6.24. Angular rate data (16-bit output)

Master | [ST] ADR [ W | [sUB-ADR] [sT] ADR [ R] ACK [Ack ] [NACK] sP|

Slave [ ACK | DATA | [ DATA | [ DATA |

Figure 6.25. Angular rate data (24-bit output)

6.5.2. 4-wire SPI with multi-slave function

The angular rate read function is executed using the DatAccOn indicated in Table 7.1. Angular rate data uses
the 2's complement expression and has a data width of 16-bit or 24-bit (switch using the DataFormat indicated
in Table 7.6). There are two reading methods, Global angular rate read and Normal angular rate read.

Global angular rate read is shown in Figure 6.26. This reading method is available only when 3 slave devices
are connected. To execute a global angular rate read, set the slave device address A [6:5] to "00". After the
angular rate data for the 1st axis gyro, the angular rates for the 2" gyro and then the 3™ gyro are outputted.
During serial communication, maintain logic level "L" for the SS and continue clock input via the SCLK until the
desired bit is read. If the logic level for the SS is changed from "L" to "H" before the desired bit is read, then no
further angular rate data is outputted. Redo the angular rate data read command (DatAccOn).

If the SCLK is stopped with the SS level maintained at level "L" before the desired bit is read, the angular rate
data read can be outputted by restarting the SCLK input.

Global angular rate read operation method 1 is shown in Figure 6.27. After the angular rate data for the 1st
axis gyro, the angular rates for the 2" gyro and then the 3 gyro are outputted. After the desired bit is read,
raise the SS from logic level "L" to logic level "H." Run the angular rate data read command (DatAccOn) to read
the angular rate data again.
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ss \ - - _ —

A6 A5 A4 A3 A2 A A0
wosi KRR R\ A% A8/ T\ /T \® AXRYRRIXRE-XEXKERXKRTXRIXK- STXKRRAXKRXKRY - RXRRRX KRR
MISO_2nd axis gyro —S= ~ o ~ Yoz ~ High-Z
MISO_3rd axis gyro High-2 ~. ~ Da15] - igh-Z

Figure 6.26. Global angular rate read

s T\ S\ S

S N I I o O I [ 40 N I o I B O ) B/
vost  JRRRY™ R X asaress XX XRRQOCRRAI RO R X ress X KX CRRRR KR KRR

High-Z Y, - \ / - - -
MISO 1st axis gyro X 2nd axis gyro X 3rd axis gyro 1st axis gyro X 2nd axis gyro X 3rd axis gyro

Figure 6.27. Global angular rate read operation method 1

Global angular rate read operation method 2 is shown in Figure 6.28. The data output order is shown in Table
6.7. After the angular rate data for the 3 axis gyro is outputted, input the SCLK with the SS logic level at "L" to
output the 2" order angular rate data (1t — 3gyro). This angular rate data read can be repeated in the order of
3rd, 4t yntil the SS logic level is set to "H".

The read angular rate data update is executed during the read period for the lower 8-bit of the angular rate
data of the previous axis (ex: the angular rate data for 1st axis gyro of the 2" order is updated during the read
period for the lower 8-bit of angular rate data from the 3 axis gyro of the 1st order).

Normal angular rate read is shown in Figure 6.29. For the slave device address A [6:5] used in normal angular
rate read, set a desired slave device address (any of the Gyro addresses for the 15t through 3™ axes) from the
addresses indicated in Table 6.4. In serial communication, maintain logic level "L" for the SS and continue clock
input via the SCLK until the desired bit is read. If the logic level for the SS is changed from "L" to "H" before the
desired bit is read, then no further angular rate data is outputted. Redo the angular rate data read command
(DatAccOn).

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

After all angular rate data is provided, any angular rate data won’t be provided even if the SCLK is sent with
the SS logic level maintained at "L" (MISO keeps outputting at logic level "L"). To read angular rate data again,
set the SS logic level to "H" (MISO is set to "High-Z") and execute the angular rate data read command

(DatAccOn) again.
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ss T\

wos! - YRRRY ™R X Aaamss YRR R R XK K XK KX KX R

MISO High-2 ( 1st axis X 2nd axis X 3rd axis X 1st axos X 2nd axis X 3rd axis

L L J
1st order 2nd order

Figure 6.28. Global angular rate read operation method 2

Table 6.7. Global angular rate read operation method 2 — (Data output order)

Epson factory settings Data output order

1st order 2n order

Multi-slave function

1staxis gyro | 2" axis gyro | 3¥axis gyro | 1staxis gyro | 2" axis gyro | 3™ axis gyro

SCLK JR N 5 A e
A6 A5 A4 A3 A2 Al AO N
MoS| XY R AN/ TN/ AL/ T2 A0 -XKOCOKHK
| |

High-Z Specify desired slave device

ora)Eray_~ e

High-Z High-Z
MISO_1st axis gyro g D1[15] XD1[14]X ~ g

) High-Z
MISO_2nd axis gyro

High-Z

MISO_3rd axis gyro

Figure 6.29. Normal angular rate read
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The angular rate data output control for both global angular rate read and normal angular rate read are indicated

in Table 6.8.
Table 6.8. Angular rate data output control
Data output order
Read method A[6:5] Fgfr;aat
1stbyte | 2" byte | 3 byte | 4" byte | 5" byte | 6" byte | 7" byte | 8" byte | 9™ byte

Global angular rate o0 0 D1[15:8] | D1[7:0] | D2[15:8] | D2[7:0] | D3[15:8] | D3[7:0]

read 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 |Other than 0 D15:8] D70

read 00 1 D[23:16] | D[15:8] | D[7:0]

(Note 1) The address A [6:5] is the slave device address indicated in Table 6.4.

(Note 2) DataFormat is the angular rate data format (DataFormat = 0: 16-bit output/1: 24-bit output) indicated in Table 7.6.

(Note 3) D1 is the angular rate data for the 15t axis gyro, D2 is the angular rate data for the 2™ axis gyro, and D3 is the
angular rate data for the 3 axis gyro.

(Note 4) D is the angular rate data for the slave device (any of the 15t through 3 axis gyro) specified with the address A [6:5].

(Note 5) With global angular rate read, all slave devices are selected. After D1, the angular rate data for the 1%t axis gyro, the
angular rate data for D2 and D3 are output. Mistakenly specifying a separate angular rate data format (DataFormat
= 0: 16-bit output/1: 24-bit output) for each slave device will result in a conflict in the output angular rate data. As
such, make sure the angular rate data format setting is the same for each slave device.

Ex: In the case of 15t axis gyro DataFormat = 1 (24-bit output) and 2" axis gyro DataFormat = 0 (16-bit output),
the angular rate data output in the 3™ byte will result in a conflict.

(Note 6) Global angular rate read (address A [6:5] = "00") can be repeated in the order of 2", 3™ until the SS logic level is
set to "H".

(Note 7) During the global angular rate read (address A [6:5] = "00"), if there is no slave device on a certain axis, then the

angular rate data for that axis is set to "High-Z".
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6.6. Temperature data read

The temperature sensor data read is executed using the TempRd indicated in Table 7.1. Temperature sensor
data uses the 2's complement expression and has a data width of 8-bit, 10-bit or 12-bit (switch using the
TsDataFormat indicated in Table 7.7, the default value is 12-bit). Similar to the angular rate data read function,
continue the serial communication until the desired bit is read. Temperature sensor data is updated in intervals of
approximately 2.4 ms.

Table 6.9. Temperature sensor data output control

Data output order

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

(Note 1) Logic level "L" is outputted at LSB-side 6-bit.
(Note 2) Logic level "L" is outputted at LSB-side 4-bit.

6.7. Control MISO/SAO

MISO/SAQ terminal status as indicated in Table 6.10 can be changed by rewriting SelMISO [1:0] indicated in
Section7.12.

Table 6.10. MISO/SAO0 terminal control method

Mode SPISel [°C_EN SelMISO [1] SelMISO [0] SS MISO/SAO0
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 (3-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 (I°C Enable) 0 0 1 Input
0 1 0 1 1 High-Z (Note 3)
12C
0 1 1 0 1 Input (pull-down)
0 1 1 1 1 Input (pull-up)

(Note 1) The default value for SelMISO [1] is "1" and "0" for SelMISO [0].
(Note 2) The status is outputted during data read, “High-Z” during other times.
(Note 3) SAO is fixed at "0" within the IC.
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6.8. Command validation time
6.8.1. 4-wire SPI, 3-wire SPI and 4-wire SPI with multi-slave function

Table 6.11. Command validation time for SPI

Voom =2.7V103.6 V, GND =0V, Ta = -20 °C to +80 °C

Parameter Symbol Min. Typ. Max. Unit
Sleep-In wait time tsLrIN 10 - - V&
Sleep-Out wait time (Note 1) tsLrout 10 - - us
Standby wait time tstBY 10 - - V&
Software reset wait time tswrsT 10 - - V&

ss T\ /

SCLK \|||||||||| I

vosi X000 w_Kas Xas XA X a3 Xz X a1 X Ao XX000000000RRAOO00000XKNNNX

High-Z
MISO

1

1

1

1

1

1

1

1

:

1

L Waittime 1
o

! tsipin '

tsipour

tstey
tswrst

Figure 6.30. Command validation time for SPI

(Note 1) Sleep-Out command is validated after Sleep-In or Standby command issued and wait for tsLrout or tstay to elapse.
(Note 2) Xis"1" or "0".
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6.8.2. I°C

Table 6.12. Command validation time for I12C

Voom=2.7t0 3.6 V, GND = 0V, Ta = -20 °C to +80 °C

Parameter Symbol Min. Typ. Max. Unit
Sleep-In wait time tsLrIN 10 - - V&
Sleep-Out wait time (Note 1) tsLpout 10 - - us
Standby wait time tstBY 10 - - V&
Software reset wait time tswrsT 10 - - V&

SS High (Vpp,) Fixed

SCL

SDA-Master

SDA-Slave

g
1
1
1
I
[
1
1
1
1
1
1
1
1
1

-

Stop

waittime

tseem
tsipour

tsray
tswrst

(Note 1) Sleep-Out command is validated after Sleep-In or Standby command issued and wait for tsLrout or tstay to elapse.

Figure 6.31. Command validation time for I°C
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7. User command register

Table 7.1. User command register

Address Register R/W/C Function
0x00 Reserved
0x01 DspCitl1 R/W DSP settings 1
0x02 DspCtl2 R/W DSP settings 2
0x03 DspCtI3 R/W DSP settings 3
0x04 StsRd R Status read
0x05 Sipin C Sleep-In
0x06 SlpOut C Sleep-Out
0x07 Stby C Standby
0x08 TempRd R Temperature sensor data read
0x09 SWRst C Software reset (user command register reset)
0x0a DatAccOn R Angular rate data read
0x0b OutCti1 R/W Angular rate data read control
0x0c Reserved
0x0d Reserved
0x0e Reserved
0xO0f Reserved
0x10 Reserved
0x11 Reserved
0x12 Reserved
0x13 Reserved
0x14 Reserved
0x15 Reserved
0x16 Reserved
0x17 Reserved
0x18 Reserved
0x19 Reserved
Ox1a Reserved
0x1b Reserved
Ox1c TsDataFormat R/W Temperature sensor data format
0x1d Reserved
Ox1e Reserved
Ox1f IFCt R/W Serial interface settings
R : Register read
R/W  : Register read and register write
C : Specify address (command)

(Note 1) Reserved register must not be changed. Writing to those registers may cause permanent damage to the device.
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7.1. DSP settings 1
Table 7.2. DSP settings 1
Address Bit Register Default R/W Function Settings
7 Reserved 0 R Reserved Reserved
6 HpfFc [2] 0 R/W HpfFc [2:0]
000: 0.01 Hz
5 HpfFc [1] 1 R/W 001:0.03 Hz
010: 0.1 Hz(Default)
HPF (15! order) ,
f. select 01 : 0.3Hz
100: 1 Hz
4 HpfFc [0] 0 R/W 101: 3 Hz
0x01 110: 10 Hz
111: Not available
3 Reserved 0 R/W Reserved Reserved
2 Reserved 0 R Reserved Reserved
1 EnableHpf 0 RIW HPF enable 0: Disable(Default)
1: Enable
0 Reserved 1 R/W Reserved Reserved
7.2. DSP settings 2
Table 7.3. DSP settings 2
Address Bit Register Default R/W Function Settings
7 Reserved 0 R Reserved Reserved
Reserved 0 R Reserved Reserved Reserved
LpfOrder [1:0]
5 LpfOrder [1] 0 RW 00: 2™ order(Default)
LPF order select 01: 3" order
4 LpfOrder [0] 0 R/W 10: 4" order
11: Not available
LpfFc [3:0]
3 LpfFc [3] 0 R/W 0000: 10 Hz
0001: 35 Hz
002 2 LpfFc [2] 1 R/W 0010- 45 Ho
1 LpfFc [1] 1 R/W 0011: 50 Hz
0100: 70 Hz
0101: 85 Hz
0110: 100 Hz(Default)
LPF fc select 0111: 140 Hz
1000: 175 Hz
1001: 200 Hz
0 LpfFc [0] 0 R/W 1010: 285 Hz
1011: 345 Hz
1100: 400 Hz
1101: 500 Hz
1110: Not available
1111: Not available
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7.3. DSP settings 3

Table 7.4. DSP settings 3

Address Bit Register Default R/W Function Settings
7 Reserved 0 R Reserved Reserved
6 Reserved 0 R/W Reserved Reserved
5 Reserved 0 R/W Reserved Reserved
4 Reserved 0 R Reserved Reserved
3 Reserved 0 R Reserved Reserved
0x03 SelFs [2:0] (Note 1)
2 SelFs [2] 0 RIW 000: ODR(Default)
001: ODR/2
010: ODR/4
1 SelFs [1] 0 rw | Select O‘g%“édata rate 011: ODR/8
100: ODR/16
101: ODR/32
0 SelFs [0] 0 RIW 110: ODR/64
111: ODR/128
(Note 1) The ODR is the AD converter output data rate.
7.4. Status read
Table 7.5. Status read
Address Bit Register Default R/W Function Settings
7 Reserved R Reserved Reserved
6 Reserved R Reserved Reserved
5 Reserved R Reserved Reserved
4 Reserved R Reserved Reserved
Temperature sensor 0: Data output not available
0x04 3 ProcOK R data output flag 1: Data output available
2 preStsPOR R Bit [2:0]
100: After turning power ON
1 preStsStby R Status flag 010: Standby
000: Sleep
0 preStsSIpOut R 001: Sleep out
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7.5. 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 sensor data is "0". Execute the Sleep-Out command in Section 7.6 to disable
sleep mode.

7.6. Sleep-Out
Specify address as "0x06". No data read or write. Returns to normal operations from sleep mode or standby
mode. This resets the DSP.

7.7. Standby

Specify address as "0x07". No data read or write. During Standby, the detection circuit is set to disable. Status
for angular rate data and temperature sensor data is "0". Execute the sleep-out command in Section 7.6 to disable
standby mode.

However, you cannot transit from sleep mode to standby mode.

7.8. Temperature sensor data read
Specify address as "0x08". Only data read (no data write). Refer to Section 0 regarding the temperature sensor
data read function.

7.9. Software reset
Specify address as "0x09". No data read or write. The user command register indicated in Table 7.1 is reset
(set to the default value).

7.10. Angular rate data read
Specify address as "0x0a". Only data read (no data write). Refer to Section 6.5 regarding the angular rate data
read function.

7.11. Angular rate data read control

Table 7.6. Angular rate data read control

Address Bit Register Default R/W Function Settings

7 Reserved 0 Reserved Reserved

6 Reserved 0 Reserved Reserved

5 Reserved 0 R/W Reserved Reserved

4 Reserved 0 R/W Reserved Reserved

0x0b 3 Reserved 0 R/W Reserved Reserved
0: 16-bit output

2 DataFormat 0 R/W Angular rate data format (Default)
1: 24-bit output

1 Reserved 0 R/W Reserved Reserved

0 Reserved 1 R/W Reserved Reserved

(Note) Reserved register must not be changed. Use the default settings.
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7.12. Temperature sensor data format

Table 7.7. Temperature sensor data format

Address Bit Register Default R/W Function Settings
7 Reserved 0 R Reserved Reserved
6 TsDataFormat [1] 1 RIW T Bt ottt

Temperature sensor 01: 10-bit output

5 TsDataFormat [0] 0 RIW data format 10: 12-bit output(Default)
11: Not available

ox1c 4 Reserved 0 R/W Reserved Reserved
3 SelMISO [1] 1 RIW MISO/SAO terminal (Note 2)
2 SelMISO [0] 0 R/W status selection
1 Reserved 1 R/W Reserved Reserved
0 Reserved 1 R/W Reserved Reserved

(Note 1) Reserved register must not be changed. Use the default settings.
(Note 2) Refer to Section 6.7 indicated in Chapter 6 for details on settings.

7.13. Serial interface settings

Table 7.8. Serial interface settings

Address Bit Register Default R/W Function Settings
7 Reserved 0 R Reserved Reserved
6 Reserved 0 R Reserved Reserved
5 Reserved 0 R Reserved Reserved
4 Reserved 0 R Reserved Reserved
Ox1f 3 Reserved 0 R Reserved Reserved
2 Reserved 0 R Reserved Reserved
1 SPISel (Note 3) 0 RIW daels-wire 0: 4-wire SPi(Default)
0 2C_EN (Note 3) 1 RIW 2C Enable * Ei::g’l':@efault)

(Note 1) The mode indicated in Table 7.8 can be changed only by SPI communication.
(Note 2) Reserved register must not be changed. Use the default settings.
(Note 3) Register settings are not set when the multi-slave function is enabled via factory settings.
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8. Filter characteristics

8.1. Analog filter
The analog low pass filter (LPF) with 15t order characteristic indicated in Figure 1.2 is shown in Table 8.1.

Table 8.1. Analog LPF

Parameter Condition Min. Typ. Max. Unit
Cut-off frequency At phase delay 45 ° 1370 Hz
Phase delay Phase delay angle at 10 Hz -0.42 °
o] 0 — 0.2
-2 .10 \
-4 \ -20 \ w
. ® \ ~-30 \ E
g 8 \ a0 \ g —
= 10 ® \ 3 0.1
% 12 \ @ -50 S \
© 14 \ & 0 \ g
o \‘ - \\ &
-18 -80 N
-20 -90 0
1 10 100 1000 10000 1 10 100 1000 10000 10 100 1000 10000

Frequency (Hz)

(a) Gain

Frequency (Hz)
(b) Phase

Figure 8.1. Filter characteristics of the analog LPF

Frequency (Hz)

(c) Group delay
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8.2. Digital filter

8.2.1. Selectable digital low pass filter (LPF)

The typical characteristic values of the selectable digital LPF are shown in Table 8.2, and the filter cha
racteristics are shown in Figure 8.2 to Figure 8.4. The digital LPF has selectable filter orders (2nd, 3rd
and 4th order) and cutoff frequencies (10 Hz to 500 Hz, 14 steps). See Section 7.2 for the setting instr
uctions. For more details on the filter characteristics, please contact us.

Table 8.2. Selectable digital LPF

Parameter Condition e Unit
2" order 3 order 4t order
c=10Hz -67.3 -83.2 -96.6 °
fc=35Hz -21.4 -25.5 -29.1 °
fe=45Hz -16.7 -19.8 -22.6 °
fe=50 Hz -15.0 -17.9 -20.4 °
fe=70 Hz -10.8 -12.8 -14.5 °
fc=85Hz -8.9 -10.5 -12.0 °
Phase delay fe =100 Hz 7.6 -9.0 -10.2 °
@10 Hz fo= 140 Hz 5.4 -6.4 7.3 °
fe =175 Hz -4.3 -5.1 -5.8 °
fo =200 Hz -3.8 -4.5 -5.1 °
fo = 285 Hz -2.6 -3.1 -3.6 °
fo = 345 Hz -2.2 -2.6 -2.9 °
fe =400 Hz -1.9 -2.2 -2.5 °
fe =500 Hz -1.5 -1.8 -2.0 °
fe=10Hz 20.9 24.7 28.1 ms
fe=35Hz 6.0 71 8.1 ms
fe=45Hz 4.7 5.6 6.3 ms
fe=50 Hz 4.2 5.0 5.7 ms
fc=70 Hz 3.1 3.6 41 ms
fc=85Hz 26 3.0 3.4 ms
Group delay fe =100 Hz 2.2 2.6 2.9 ms
@DC fo= 140 Hz 1.6 1.9 2.1 ms
fe =175 Hz 1.3 1.5 1.7 ms
fe = 200 Hz 1.2 14 1.5 ms
fo = 285 Hz 0.9 1.0 1.1 ms
fo = 345 Hz 0.7 0.8 0.9 ms
fo = 400 Hz 0.6 0.7 0.8 ms
fe = 500 Hz 0.5 0.6 0.7 ms
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Figure 8.2. Filter characteristics of the selectable digital LPF (2"? order)
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Figure 8.3. Filter characteristics of the selectable digital LPF (3" order)
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Figure 8.4. Filter characteristics of the selectable digital LPF (4* order)
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8.2.2. Selectable digital high pass filter (HPF)

Table 8.3. Selectable digital HPF

Condition Typ.
Parameter Unit
HpfFc [2:0] fe 1st order
000 0.01 Hz 0.1 °
001 0.03 Hz 0.2 °
010 0.1 Hz 0.6 °
Phase o
@ 10 Hz oM 0.3Hz 1.7
100 1Hz 5.7 °
101 3 Hz 16.7 °
110 10 Hz 45.0 °
000 0.01 Hz 0.02 ms
001 0.03 Hz 0.05 ms
010 0.1 Hz 0.16 ms
Group delay
@ 10 Hz 011 0.3 Hz 0.47 ms
100 1Hz 1.56 ms
101 3Hz 4.35 ms
110 10 Hz 7.92 ms
0 -z 2 ) 20
2 e EJHm) 80 — 001 18 UL‘H?
4 g;n 20 333 16 0.03
6 03 80 03 5 .
—~ .8 — 1 o~ — 1 £ 12 —_—
3 —3 Z 50 —3 3z
= -10 R—T % —_0 g 10 :”
8 -12 £ % ° 8
14 0 g )
-16 20 .
s 10 2 \
N
20 0 0
0001 001 01 1 10 100 0.001 001 0.1 1 10 100 0001 001 01 1 10 100
Frequency (Hz) Frequency (Hz) Frequency (Hz)
(a) Gain (b) Phase (c) Group delay

Figure 8.5. Filter characteristics of the selectable digital HPF (15t order)
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9. Connection diagrams

If serial communications in each SPI cannot be used due to the characteristic impedance of the board,
it may be possible to use it by connecting a damping register in series to the MOSI path and SCLK

path.
VDDI VDDM
-0
P VDDI VDDM
SS j SS Reserved2 —N.C.
MPU wMiso j Miso  Gyro  GND €
MOSI j MOSI Reservedi
SCLK \ SCLK Vool J7
c3 c4 c5 c2 lof
0.01 pF 1uF 1 uF 1 uF 0.01 uF
~0.1 yF ~10 pyF ~10 uF ~0.1 pF
Figure 9.1. Example of 4-wire SPI connection
Voot Voom
—-
F VDDI VDDM
SS SS Reserved2 — N.C.
MPU JN.C_ +«— Mso  Gyro GND €
MOSI j MOSI Reserved]
SCLK , SCLK VooL 1 J7
c3 c4 C5 c2 C1
0.01 pF 1 uF 1pF 1 uF 0.01 uF
~0.1pF ~10 uF ~10 pF| ~0.1 uF
Figure 9.2. Example of 3-wire SPI connection
Voot Vooum
- -
Voor Vooum
’ SS Reserved2 — N.C
SA0=0:N.C. or GND
MPU A sA0=1:vbpl < SA0  Gyro Vss S
10 ko
SDA \l j SDA Reservedl
SCL £ SCL VooL 47
c3 —__c4 C5 c2 __ C1
0.01 pF 1 uF 1uF 1 WF 0.01 uF
~0.1 pF ~10 uF ~10 pF ~0.1 pF

Figure 9.3. Example of I2C connection
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Voot Voou
P Voo Voom
SS j SS Reserved2 —N.C.
st H
MPU  miso MISO 1% axis GND €
j Gyro
MOSI j MOSI Reservedl
SCLK SCLK VDDL 1 97
c3 ca4 C5 c2 — c1
0.01 yF 1pF 1 uF 1pF 0.01 yF
~0.1 uF ~10 uF ~10 uF ~0.1pF
Voot Voom
P Voo Voom
SS Reserved2 ——N.C
j 2" axis p
MISO GND <
j Gyro
j MOSI Reservedl]
; SCLK vDDL 1 %
c3 c4 C5 c2 c1
0.01 pF 1pF 1 pF 1pF 001 pF
~0.1 uF ~10 uF ~10 pF ~0.1 pF
Voot Voou
F Voor Voou
sSs Reserved2 ——N.C
j 3 axis
MISO GND
j Gyro
j MOSI Reservedi
; SCLK VDDL 1 %
C3 o2} C5 [o7] C1
0.01 pF 1uF 1pF 1pF 0.01 uF
~0.1 uF ~10 pF ~10 pF ~0.1 pF
\v
Figure 9.4. Example of 4-wire SPI with multi-slave connection
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10.0ther information

10.1. Moisture sensitivity level (MSL)

Table 10.1. MSL

Parameter

Level

Standard

MSL

1 JEDEC J-SD-020D.01

10.2. Electro-Static discharge (ESD)

Table 10.2. ESD

Model Min. Standard & Condition
HBM 2000 V JESD22-A114, Vbowm, Vool and GND reference, 3 times
MM 200 V JESD22-A115, Vbowm, Vool and GND reference, 1 time

10.3. Soldering profile

A solder heat resistance of this product was verified under the air reflow soldering profile (JEDEC J-STD-
020D.1) shown Figure 10.1.

Temperature[ °C]

300 [

TP . +260 °c OVER A

255 °C <>\ tp;atleast30s

250 Ramp-up rate/

TL 4217 °C *3°ClsMax. /N Ramp-down rate

. (i ! o \ -6 °C/s Max.

200 I 60s to 150 s
150

60s to 120 s

100
50
e Time +25 °C to Peak >
1 1 1 1 1 1 1 1 1 1 1 1 1
0 60 120 180 240 300 360 420 480 540 600 660 720 780

Time[s]

Figure 10.1. Reflow temperature profile
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11.Taping information
11.1. Taping quantity
The standard quantity in a reel is 2000 pcs.

11.2. Taping specification
Subject to EIA-481, IEC 60286, JIS C0806

Table 11.1. Tape and reel materials

Iltem Material
Carrier tape Black conductive PS (polystyrene)
Top tape Antistatic PET (polyethylene terephthalate)
Reel Black conductive PS
11.3. Taping dimension
A B
o NQ\ p ¢ © o O O ©O _LCarrier tape
T D %
2 & N o E
z /7
Top tape
C F
Unit: mm
Symbol A B C D E F
Value 91.5 4.0 8.0 7.25 12.0 2.1
Figure 11.1. Tape dimension
11.4. Reel dimension
134+1.0
777777 — o~
i S - -
,,,,,, z| &

Unit: mm

Figure 11.2. Reel dimension
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12. Terminology

12.1. Cross axis sensitivity
The value is derived by dividing sensitivity around the X and Y axis by the sensitivity around the Z axis. The X,

Y, and Z axis directions are as shown in Figure 12.1.

+Z axis

+Y axis +X axis

#1 Terminal mark

Figure 12.1. Each axis direction

12.2. Drive frequency
The drive frequency is the resonance frequency (drive mode) of the sensor element continuously vibrated to

gain the Coriolis force.

12.3. Detuning frequency
The detuning frequency is the natural frequency used for the mechanical-electrical transduction of the Coriolis

force. It is the difference from the drive frequency.
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13.Handling precaution

* THIS PRODUCT IS A PRECISION COMPONENT THAT INCLUDES A CRYSTAL DEVICE.
PLEASE PAY ATTENTION TO THE FOLLOWING POINTS WITH HANDLING. %

1) The detuning frequency for this product is Typ 900Hz. During board design, the customer must ensure that the
board resonance frequency should not be in the vicinity of this detuning frequency. When mounting on a board,
align the sensor near a board loading component with low resonance variation.

2) Excessive shock from adsorption/chucking when mounting the sensor or excessive vibration or shock during board
cutting or an impact wrench after mounting can result in damage to the sensor or the deterioration of sensor
properties. Establish conditions that avoid vibration or shock to the sensor to ensure there is not loss in
performance.

3) To detect angular rate, this product uses a drive frequency to drive the sensor element. External application of a
signal with frequency components in the vicinity of the drive frequency or high-order harmonics can result in
fluctuations in angular rate output by the sensor. Be sure to confirm internally concerning power supply decoupling
measures and serial interface communications frequency settings in advance.

4) To prevent malfunctions caused by electromagnetic and static induction from other signal lines, do not pass other
signal lines near the sensor or along the back of the package during pattern design. Also, use a pattern design that
does not cross with other signal lines.

5) The communication error with the device may occur due to the signal pattern of board. In that case, please connect
dumping register to reduce noise/overshoot/undershoot of the signal.

6) In advance, confirm internally concerning measures for vibration, shock, and noise.

7 This product design incorporates shock resistance but there is a risk of product damage due to drops and shock.
Do not use this product if it has ever been dropped as we cannot guarantee product performance.

8) Applying ultrasonic vibration during ultrasonic washing can cause resonance damage to the crystal unit depending
on usage conditions. As we cannot specify the usage conditions (washer type, power, time, tub position, etc.) at
your company, we don’t offer any guarantees concerning operability after the application of ultrasonic vibration.
Confirm internally before use if the ultrasonic washing is required.

9) Before use, be sure to perform a mounting test at your company to confirm that the characteristics are not affected.
Also, make sure to check this when changing conditions. Also, be careful not to collide with other boards or
structures during and after mounting.

10) The sensor includes a static electricity protection circuit, but the application of significant static electricity can result
in damage to the sensor's internal IC. Make sure to use conductive materials for packaging and transport containers
as well. For the soldering iron, measurement circuit, etc., use products with no high-voltage leaks and make sure
to employ static electricity measures such as the use of a ground wire during mounting.

11) Keep reflow to no more than three times. Use a soldering iron to correct any soldering mistakes. Here, the
temperature of the iron type should be below +350 °C and less than 3 seconds. (Blower use is not allowed)

12) We recommend using board production based on Epson pad dimensions.

13) This product has the same frequency noise as drive frequency. Remove using an appropriate filter circuit.

14) This product is designed to resist acoustic interference even when multiple sensors are operated in proximity but
common impedance to board resonance and power supply could result in mechanical or electrical interference.
Confirm internally prior to using.

15) This product includes a POR circuit. To avoid the POR circuit malfunctions, power supply voltage rise should be
conducted between 0.01 ms and 100 ms.

16) Do not use in high condensation or other environments prone to short circuits between terminals.

17)  Using the drive frequency integral multiplier as communications clock may result in fluctuations in the angular
rate output.

18)  Acquiring angular rate data as a frequency that is a fraction of the integer for the drive frequency can result in

fluctuations in the angular rate output.
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14.Contact

= AMERICA
Epson America, Inc.
Headquarter 3131 Katella Ave. Los Alamitos, CA 90720, USA
Phone (1)-800-463-7766
http://www.epson.com/microdevices

San Jose Office 2860 Zanker Road, Suite 204, San Jose, CA 95134, USA
Phone (1)-800-463-7766

® EUROPE
Epson Europe Electronics GmbH
Headquarter Riesstrasse 15, 80992 Munich, Germany.
Phone: (49)-(0)89-140050
Fax:  (49)-(0)89-14005110
www.epson-electronics.de
H ASIA
Epson (China) Co., Ltd.
Headquarter 4th Floor, Tower 1 of China Central Place, 81 Jianguo Street, Chaoyang District, Beijing

100025, China.

Phone: (86) 10-8522-1199

Fax: (86) 10-8522-1120
https://www.epson.com.cn/ed/ecc_home.html

Shanghai Branch Rm. 601-603,Building A One East, N0.325 East Longhua Road, Shanghai 200023, China
Phone: (86) 21-5330-4888

Shenzhen Branch Room.603/604, 6 Floor, Tower 7, One Shenzhen Bay, No.3008 Center Rd, Shenzhen,
518054, China
Phone: (86) 755-3299-0588
Fax: (86) 755-3299-0560

Epson Taiwan Technology & Trading Ltd.
15F, No.100, Songren Rd., Sinyi Dist., Taipei City, 11073 Taiwan.
Phone: (886) 2-8786-6688
Fax: (886)2-8786-6660
www.epson.com.tw/ElectronicComponent

Epson Singapore Pte. Ltd.
Technopark Block B, #04-01/04 438B Alexandra Rd, Singapore 119968
Phone: (65) 6586-5500
Fax: (65)6271-3182
https://www.epson.com.sg/microdevice

Epson Korea Co., Ltd
10F Posco Tower Yeoksam, Teheranro 134 Gangnam-gu, Seoul, 06235, Korea.
Phone: (82) 2-3420-6695
https://www.epson.co.kr/MicroDevice

Electronic devices information on www server.

https://www.epsondevice.com/crystal/en/

Full data sheet Page 54 OUT-25-0325: XV7081BB_AE_Rev.2.0

goooooooooo Tel:150-1290-5940
Web:www.manduic.com Email:sales@manduic.com


http://www.epson.com/microdevices
http://www.epson-electronics.de/
https://www.epson.com.cn/ed/ecc_home.html
http://www.epson.com.tw/ElectronicComponent
https://www.epson.com.sg/microdevice
https://www.epson.co.kr/MicroDevice
https://www.epsondevice.com/crystal/en/

	Revision history
	Ordering information
	Symbols
	Notice of the document
	1. Block diagram
	2. Functional explanation
	2.1. Detecting axis and output polarity
	2.2. Interface
	2.3. Angular rate output
	2.4. Temperature sensor output

	3. Electrical characteristics
	3.1. Absolute maximum ratings
	3.2. Operating conditions
	3.3. DC characteristics
	3.4. Operating sequence at Start-Up
	3.5. Gyro sensor characteristics
	3.6. Temperature sensor characteristics

	4. Dimensions and pin description
	4.1. Outline dimensions
	4.2. Pin name and description
	4.3. Marking description
	4.4. Pin equivalent circuits
	4.5. Soldering pattern

	5. Typical performance characteristics
	6. Serial interface
	6.1. 4-wire SPI
	6.2. 3-wire SPI
	6.3. I2C
	6.4. 4-wire SPI with multi-slave function
	6.5. Angular rate data read
	6.5.1. 4-wire SPI, 3-wire SPI and I2C (multi-slave function disabled)
	6.5.2. 4-wire SPI with multi-slave function

	6.6. Temperature data read
	6.7. Control MISO/SA0
	6.8. Command validation time
	6.8.1. 4-wire SPI, 3-wire SPI and 4-wire SPI with multi-slave function
	6.8.2. I2C


	7. User command register
	7.1. DSP settings 1
	7.2. DSP settings 2
	7.3. DSP settings 3
	7.4. Status read
	7.5. Sleep-In
	7.6. Sleep-Out
	7.7. Standby
	7.8. Temperature sensor data read
	7.9. Software reset
	7.10. Angular rate data read
	7.11. Angular rate data read control
	7.12. Temperature sensor data format
	7.13. Serial interface settings

	8. Filter characteristics
	8.1. Analog filter
	8.2. Digital filter
	8.2.1. Selectable digital low pass filter (LPF)
	8.2.2. Selectable digital high pass filter (HPF)


	9. Connection diagrams
	10. Other information
	10.1. Moisture sensitivity level (MSL)
	10.2. Electro-Static discharge (ESD)
	10.3. Soldering profile

	11. Taping information
	11.1. Taping quantity
	11.2. Taping specification
	11.3. Taping dimension
	11.4. Reel dimension

	12. Terminology
	12.1. Cross axis sensitivity
	12.2. Drive frequency
	12.3. Detuning frequency

	13. Handling precaution
	14. Contact

