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Abstract

This thesis is design device to assess and storage data on the sit-to-
stand test of the subjects. The device is a wearable clip with built-in
battery by using wireless IMU (Inertial Measurement Unit) sensor on the
waist. The data consists of 3-axis accelerometric data, gyroscopic data and
time measured in each phase of sit-to-stand test. The device will send the

data by using bluetooth to process and display in monitor.
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i i i 1A ° v o o a = ° +
- Orbicularis oris agustaasauln vimhi yudhn visuiungu vinng
- Risorius agdneenuImiuiavestn iwhinauas sty

& A w Y - S WA ;
naullafieaiunisiAen (Muscle of mastication) &I 4 i7n fio Tempolaris muscle
1d v v ow = L o oA od Y v v o &
sgviunuIsvesnsslvaneiuy wiiduSaliiuviuyhuihid yuwazdulin ahen
9Mm13Masseter muscle agamuuanyuvInssinsanvadluntiguidvdesiudviihden
nszgnuInsslnsarsiiulanAgIos Pterigiod muscle Wundwiilefiegdntuaindiu
wnsgruvesnsglvanaiwgludauinaninsslngan & 2 4 Ae External wa Internal

pterigoid muscle aelun1sduin yulin wndounsulunisiiudng

D

nan Aa (M f th

= v &
UM 2.2.2 nauiilene

naaiilane (Muscle of the neck) iddylunisiedeulmvesae ey 3 in fe

v}
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1.Sternomastoid#3® Sternocleidomastoideus
Lﬂuné’mLﬁaﬁ'lmg'ﬁqmwmﬂmmgwmmnﬂﬁz@ﬂwﬁﬂanﬁ’unisﬂﬂ“lwﬂm"iﬁlﬂ
dafuuenveansygn Mastoid uaznssgnvineves yhvthillBesas funagmuae
2.Splenius capitis
LﬂuﬂéﬁuLﬁaﬁagﬁﬂuﬁwwama flganeiBuannsegnaundsdiugngi

P i v o ] pu| 1 o v o
(thoracic spine) 8u#1 3 uag 4 lUFwanzlateinszgniinevey vintiane 1dgsneuas
Wi

3.Semispinaliscapitis

o a1

} é’ d' 13 ¥ 2/ nl
Lﬂﬁﬂa']lJLuﬂVIE]EWHUWuTUENﬂB FALNTEAULIUIINNTZANTUNDIFAIUAD

Y 4

(cervical spine) 8uil 4 uay 5 ludaganzdaefinszgninenas vimhiidane 1Buneuas

LWENTN

v

nAuliadudsl (Muscle of the trunk)

AaULHEILAR7 (Muscle of the trunk) WUATUNEUTDEIUET I IUNTLAY

v s s

2
=3
=
=
£o
Zo
fad

< ¥ o w
JUT 2.2.3 nénsiiledaudnen
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r

Laganilediuddsiuninaudediuddmumiiiiuaudn uasdalng fidad
1.1 Pectoralis minor
1< 13 & a @ I L r.?l) " .
WunauteguanumasuwuudnagnielanaiuiloPectoralis major 1n1y
MARINNTBINTEYNTLATITN 3 - 5 Tda Coracoid process vaanszgnaytn vwrhiins
wilvaluneinunminuarasans uasthesudminmaaeidueniosy
1.2 Pectoralis major

\Wundudensiendnlvgijusindeinnqueguusnuasiuaguunduile

Pectoralis minor wagilunduniefinzannuuanarsveansegamitenludanssgnduuu

= Y

Wunduleiniudnuasmanglidaauielidnvaronmyluai vimihiiyu se wud
waweuly grelunisudn vie Yudhe msmeladrSavuldumsduntinyinliluans

a
e o

sUagnuUN
Y Y

1.3 Rectus abdominis
I3 v & Y v A & & 1 o & a
Wunamillentmiesiidnwazilunaugululdes 4 Wesanusaniaiye
£ LY ' s & | - al a 2
LEAUNNTEANTINLA (Pubic bone) vantuuukazasy qnisduluinizivanafiavi
Y9InsEgn Xiphoid wagnseandlasad 5, 6,7 iuwthilindetosinanatsnvesmin daeluns
TuteuazARAYNS
1.4 Oblique externusue External oblique
Dundandlesssiudreiafuainnsegnil 4 -12 veaidssainuuanans fa
e Iliac crest voansEgniBansuvimtiiniioudundiuile Rectus abdominis
1.5 Serratus anterior
\undudlednluvesinud egniwiudreveseniisusraduuan 4 Bedntu
nsegnalasisinunthludansegnasdn imihigafenszgnavinliedfuiwasdionis
MuveenatuLile Deltoid hatgnuuy

7]

2.nauiledudddundsludiudiisunds Indruilefiddayeiail
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JUM 2.2.4 ndnailadndiiiunas

2.1 Trapezius
Wundudeguamimdsurquuinunesundaanimdlasianzan
uwnansvessunddmuiluingiinsegnlwlaniisineuazan vmhilsinsegnasinn
Hramds nédnuileduvuiiovamlvdazentu drunanaaiasivastn 2 radhanmi
drudrmasizililnagnisas
2.2 Latissimusdorsi

2/

Wundudieguanumdsnuuunde aquegnauaisveusiuvdsuas e,
voarulUyuanveansegnasdn v iinsuaud @adidii vy asndrsans sumd
wazsvyuuadiuly ndailedldunlunisluthe e uaznsadeaie sswadviuilu

=
VUSVAU

nanail walnawaziau (Muscle of th r lim

nanutiedurlvauazuau (Muscle of the upper limb) fithelun1sviaues

L% I = o a <
Wlwauazuwuundfny fe
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T i msisscles of the shoulder and upper timb. & s-tirer i B e vew

U7 2.25 nanudladwiinauazuou

1.néanifoduilug
1.1 Deltoid
Bundruileransvuunmans o SunrmsuduialngmngUaiumasug
imzagitlwiand saznsgnastn udaluimeiineunansvesnsegniuuay sihilnlvd
wazendunay Wuduiivswendnuvasmameldos e
1.2 Supraspinatus
L%IllLﬂ’lsmﬂﬂixﬂﬂﬁsﬁ’ﬂ‘lﬂgﬂﬂizﬂﬂﬁULL‘UU Vimhiitendnanile Deltoid Tu
N138A NIDNNUUY
1.3 Infraspinatus
Bumzannsegnazinludanszgniunoy vvehivyuduueusenduuen
uagsuvulUuAumd
1.4 Teres minor Wag Teres major
imefinszgnazdn udamingiinszgniunanlag Teres minor viwthiivay
wwueBNsULEN Teres major vimthimyuuauddiuly
1.5 Subscapularis

@ £ o v o

flgpumeinsegnavdnuarnszgnauuau viwhivyuduusudinulu
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2. nduilausudusuiidn Aay e
2.1 Biceps brachii
Wunduniledumhvssdunoy ffnsdmuuuen 2 ma fe tnngan
Coracoid process Wa¢ Supraglenoid tubercle U Tuberosity YpInsEANUangLIUYioY
uen (Radius) vimihflsedunrunazuansuau myunaudiuagienn
2.2 Brachialis
L‘fJuné’wmﬁaﬁumuﬁaeﬂJmmmaﬁaumﬁmdw imgannszgnAuwaulug
Tuberosity vesnsygnumeusuvieulu (Uina) viwmihilsedoren
2.3 Coracobrachialis
\n12a7n Coracoid process vasnsegnaznludsianansuasnsansiuuay
viwthilsedunay
2.4 Triceps brachii
Wundundedundmesiuury Yareuuuen 3 yamziinsegnaztnuiied

wazdn 2 mameiinszgnauuuy kaziigaunzUanefinsygnuatsuyuvieuly (Ulna)

=

v & o & o o v v [9) Y & " ool o v o A
AATUIUBNAUILTMINUIATINUVIUNUNATULUD Biceps brachiifia MvuINugsaUaleLIu

3 ndiedutansuy
3.1 Brachioradialis
Wunduileduuenvasuaeuy famzsufineuasvasnszgnuu 1
m::*?iéhuuaﬂ‘uaansz@nﬂmmwuﬁauuan (Radius) Yiwrhlsevatsuay

3.2 Flexor carpi radialis

a P

\undsdeiegsumiivestarsuay fgaineiinssgndunsuudnninizi
oA & A o v a voa P
nseAnddoTuyl 2 waz 3 viomiedeiieuwasnaile
3.3 Palmaris longus
\undullefiagmedumiiveauau yainizfuduannssgndunauluds
nszgnUansuad udinareidudu (Tendon) luimeiidhilovihmihfisedeile
3.4 Flexor carpi ulnaris
2 4 é‘ P 1 1 (%) | i a
Wunawillonegmenuvasvesnssgnuatausuvieulu (Ulna) susnd

Jailo utnnsadaile
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3.5 Extensor carpi radialislongus

@

[ 1/ J Aﬂ'd / } A U I
Wunduitleniigaingiuatnnssgniuusuudiluinzinszgniniiona

AIUNAY YUTNAn1snasindeadaile

3.6 Extensor digitorum

2
A da %

Dundnanilenfigaimzsiuainnssgnauuy wezivaefudu 4 §u Ty

fanseqnilaiiens 4 i viwmhiwdeaileuasdaiie

4.nanuedluilonazi

2 17
v/ = 1 s 1

nautieduliauaziiaie L@UDﬁﬁﬁJLﬁB‘UU’IﬂLaﬂLLﬂgﬂU E‘l’]U&J’]ﬂﬁ]zLﬁUL;}U‘UB\‘]

(4 i 2
s A 1 o

néunileTeRnsomnainururioudns imihiitaglunisseuasvBenilowasdeilosruiisaels
fuiiloannsawrdouluunsiiay 9 1pd9139n71 Opposition né’mﬁa’luﬂduf’:“'ﬁw Y
laun
4.1 Thenar eminence
Wunduidemuiflansiitite Tnelawsildguiusifosviiuduiy
Fonau vhuthitseivhudile
4.2 Hypothenar eminence
Hundunilefiogliianes Tsesyueudn vimhilseiiafes

4.3 Dorsal interosseous

v v
i v

1< 2 & B oo a: - ] a4 & o & a .-_&'
Wunauuennsyanr1dadug 1 uwag 2 fusnneiidn® visnuniinieiiag
wazvyuILIdle
4.4 Abductor pollicis

imzegiigruvesiaiuiile vimhiiselliudile
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nanaiediuasinnuazan (Muscle of the lower limb)

nauLtaduazlnnuazy (Muscle of the lower limb) fid1Ary il

Vst Lt sl A

o v o &
JUN 2.2.6 naaileduasinnuazan

1. nénieduarinnuasdunu
1.1 Gluteus maximus
Wunduuilesiolug waswihigavesdiuasing faamed lium was
Sacrum vaenszgniBansiu udluinmedanssgniuan vmthimdenun nafuan wauduen
Tumedudng
1.2 Tensor fasciae latae

du 1 9 v IA 1 v = °
L‘TJuné’nuuamam'm‘uwumaziwa INIEDYNFIUNUITBINTLHNLYINTIUN

wihiinwagyuu gl

2. nénaiilediulaun
nenuiledutiuuseanilu 3 ndu aushuvtsi? wazUssamiuides dunds
1 =l ' [ = 1 v & 1 =3 o v "
YDIRUVUTENIN Flexor surface Luiiagranduiiangudunassiuaiaiaa(Hamstring
group) Bnnguvilife nansilangufde (Adductor group) wazdainduiilenguatumi

s a

YR (Anterior group) nasiledulauvninfidAry desil
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2.1 Biceps femoris
Wunduilelundundondudundsiunduas PMEEUAINATEYN
Ischium wagnszgnduwludediuiveinssgnuatsuviowdn (FibulaWimihivBeaduan
IGEAGILIY
2.2 Rectus femoris
L‘TJUﬂ5111L§61Uﬂ§ﬁﬁ?ﬁﬂﬁ’]‘ﬂﬂdﬁﬁ‘ﬂ’] (Anterior group)Lﬂuﬂé’wuLﬁaﬁm’lmyjasj
yaiumihesiue yanzEunnszgn Wiumludinsganiasuvieulng) (Tibia) vh
wihfesfuruazimdeatatse
2.3 Satorius
Wunduuilslunguduminvesiu Sdnvavenuuumadsaunlau 99
\Me3uan lliac spine Tddmuuveinsegniatsvvioulne (TibiaWiwridiseduen uax

Janswn

3. nanuiedulanen
nailediuuaeruusesndu 3 ngu A ngushumiweslatsvi(Anterior
compartment) nguAUYveIUaET (Lateral compartment) uaznauaunavesUans
91 (Posterior compartment) nénutiledrudatsunddey laun
3.1 Tibialisanticus
[ 1Y l&l 1 v v v 2
Wundanilelungudrunihvesaig inzanmudvasnssgnuansn
vieulng (Tibia) wazainiisiin Fadnszninnsygnuarsymisulugiuazvioudn wasiniei
nszgnewivivtnsgandewin uazdademindrauly
3.2 Gastrocnemius
2 £ & - ot [ o & !
Wunaantelungudnundsvesyameen iWuniuilletssmeaindiulany
Y8INTEYNAUYIIIERIAY drularenareiuduiniziinsegnduin(Achillis tendon) ¥
vihilevaayn mdeaiui fudviasuasdisaeig
3.3 Soleus

\Dunduilelvg) suseedrevateglu Gastrocnemius Yiwithiisarusi
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4.nanutiadruwin

Calf
muscles | §

U 2.2.7 ndnaniladiui

E 7

Wundudlefimeadreuinuideiiownnsiunseildunduniefeunuduin
semimaiy ndanilodruiniid ey e
4.1 Flexor hallucislongus
imyansumdeeinsegniaans dulansfuduinsiinsegnitausivi
vieumevhmihiveuateiavuivi vmihiinseandaias uarOawhiihduly

4.2 Extensor digitorumbrevis

=t o & w v W & & S . ¥ v & W |
Wunanuilemunaar aseuateiduduluiniesAtniang ¢ snriutawu

¥ e s %) & v 8
L1 MIUUIILNRBLAYDYDIUINING 4
4.3 Adductor halluces

= 1 4 & o (=3 o v o =l s L 7
Wunaullanaganas vinnunieeaiaiiing

U 9

4.4 Flexor digitorumbrevis

[ v & = v oo o v A a e o E
Wunauilauinaguin vimihiitnglunisiadeulm Wundulenaiuau

nswasulmvesmaAy
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2.3 Sit-to-Stand Movement

:’!’ <4 W& as a d? oo w o a a o a
nmsgndugunnvidsduineznsindeulmnugiuniddglunisidainsdsed iy

9
| =alef

ansaldusdteimuinsiunsswmasaues sauludmauaiunsasunseaoulmuay

£ 1%
= s L3 ] =

Ml msgniuduliugeaudsiumavessiimeasinsiadoulmlulugumi

X a4 oo

o4 & ow ° -4 -3
(forward) uazindauluauuy (upward) lueglusumnisniatiu uenaniinnsqniududadu

a s ,‘uJ v o W A L Y L7
msagugiusesiulmiiniinialluau e anazlnn fuan uazii luds

s s

Tnouvadu 4 ieadiddey seil
1) Sitting
2) Flexion

Wietuifien Jefesendaauudauss wasanuausolumsAIUANNIINTI
3) Extension
4) Standing

Sitting Extension Standing Extension Sitting
gﬂﬁ 2.3.1 Main phases of Sit-to-Stand
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2.4 Five Times Sit-to-Stand Test

SUT 2.4.1 nsUsudiu Five Times Sit-to-Stand Test

N15UsEIEU Five Times Sit-to-Stand Test (FTSST) wWunisuseiiulaglveanasiag

O v M orad o v ) W '
vamalifiminurunnansgiu Taefinugaeauizsents 43 u. ndwmse waznawines

wissiodaiiszinm 10 v, Mawvuddida ndulioaainsgniuduaniddduau 5
5 A at k% - !AI ) 4‘ ) o 1 c\' d

ﬂiqTﬂEJL'%wquazUaaﬂna HUTZHWENIUNAT WaNa12A1I1 “lS1” Uagnganaile

s a/ ﬂIJ 5 d v U = o a o s L7
naalinsnavatlsluaisn ndsanwinfisvasyimmegey snanadasfosnansioien

| v oA ) v o | a '
(safety belt) uazlaldsoainfioannansenuaindnunzvsssaavinfaulduazanudesse
2/ = o o a L. | a ;5 1/ Qs d o

msau Tngiiinnenwiitaneseguieidunumudionaadasnasanaiiviinismeseu
dl L7 s L% 1 = o o 1
WemagsrlImuUasansuarinaudismdenanadasmunnusnlulaglidaeinanig
negeu lneszmnmmadeuanaadasannsannlanufainisvieauninvsmeamiles

n3Useidy FTSST dllumsveaeuiianuiideliogdunisyhuiednsidosmenis

é’u’luc}'@qmqLLasﬂ'ﬁzLﬁummmmiﬂ'lumimwiwaeQ’{J'Jaﬁﬁﬂmuunwéaqﬁﬂumimaﬁﬂﬁ
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2.5 IMU (Inertial Measurement Unit)

= =

\uszuunils Seussylussuuimusiousaden (Inertial Navigation System : INS)

flduUszneundniidnAyy fie tATeeianinuse Feiavisnnusaudeau uasanusadaudy

= w

o s dl o 1 éi as v Y = d!
(dwiunsidsunasiumie) wag lalsalay (eshwilegluwundndangndie) Falae

a L =l

UnFvzmnosll sensor MTI9IR08NURevHaRlULAAZLUILNY anwalzn1TaanLuulaanaly

a 1 | al 1 s =l at A s
IMU agiidnuazidunass MeluuTsgnsesinange3 aa waz lalsalay 8n 3 i 1nseein

Anussazgnansadn lvluwsasuuwnuidesnsinlnefusaziuannugsainsu lalsalaudn

YU

o 2/
s a e a 1

3 shasgninAsludnuvazaamniudeai vnnsinonsuu Midsauuluanuusiadsly

s

seuuiianamuall nfinanuiesiuldingueeinsaiandnguasssuu IMU wuwes

dmTunTI9TRANEY wae wuwesdmiunTivine naadduluinnunigg Jefide

\AT893AALTS (Accelerometer) wazlalsalau(Gyroscope)

Inertial Moasursment Unit
3 acceleromelers, 3 gyroscopes

= : W
JU¥ 2.5.1 dndsznauuazanyusel IMU



24

2.6 1 wUWRSINAINLTY (Accelerometer)
Tuthytugunsal Sensor s 5uiin1sinsvaglugunsalialy wiu GPS Tusagus
LY =

w3sluga GPRS Tdvinlnsdi wiadraudu Ultrasonic #ldvi sensor Juingh Avnesoous 3

o =t o v al O G
Sensor viAnts NginAmdes duife Accelerometer way Gyroscope

1.1 nanmsynaulaanaluvas Accelerometer

WINLUaNINFAIBNEIHAY Accelerometer 1113970 Acceleration + Meter Wsailinas
AN MudenuiAe Sensor TaAuITRRNTY wioanas Qunuig m/sd) ae. AuLSIYes

wsaltiua9nfe 9.8 m/s? w3o a (U191 Acceleration) Tiuleq

coﬂsknn" ﬂp“«f

g"dﬁ 2.6.1 #ann159849 Accelerometer

[y o vet = ¥ o al | 1Y o al a a 1 -

lag nénnsvirau Wilnfaiesdndending innduvesiunsazdia3efined 1aii
vinstiBeslumalamanils ausafiasgulusiiug neauniidussiuresausedidosniiug
Wiuaseaslan warldsasiwilunisie Output Analog @enanldanu (M3e Output Digital
= o v I
FANUAULAAT Sensor 14)

i3l Accelerometer dwsuilusdinegluaniuy Static (Tuaw) wSe Dynamic
(waeulmviuiiviula vievgaviuiiviule) Tuyili Accelerometer 1 sensor dwfuuen

= v 2 ] al N (Y] 1 1 o/ '3 ¢

anugnsdesldidueened (Tilt Sensor) Sensor snfegradululnsAwsiaunsninuly

Uagdu Aeudusewianudilalusswesdnsiseiunou
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DNTUIILALNITATIVINOMNT I
RIS AD BMSINSABULUaUaIANISIABUAUNEaT LTeslenldinensasen
ol =Y S 1 = & d 1 a
Ao HNTINONTILIT Y38 Lonluaslsuawmes (accelerometer) TnafaunsalUIdnEaIZNNS
A5197ale 2 dnwuy
) o o & 2 i = o A W !
1. M39339IANN5T9N (shock) Lagn1sauasiney (vibration) @9N15%00 AL BRI
yeumeaiindulutiaaidus *nsduasiiiou fe snsusuiadniiadudiiuly
2
15089
o s [ % d} o v o 1 =3
2. msnsrvindnsniawesing wedrdeyaluldlunisseysumis s uas
S¥gLNNLAINNISAADUT
LLANUDIIR DS INATILTY
Tngnangualazuuadu 2 viln
1.2.1 Awesinonsnswuvlewiinuua (seismic mass accelerometer)

a & a ¥ Qs ar L7 v a ¥ 1% o [ a I oa 2{
ﬂJLﬁE]TUUWﬁE]"IﬂEJ“WﬁﬂﬂW'iﬁﬁ’]‘i]']ﬂ'i:ﬁEIB‘U‘\J@L‘UQLﬂULLﬁ?UﬂUﬂ’]U']fUMW AITNNLNAUU

v 1
g = =f

Tnswatiadinaaunsasiuisdes) lande IngBunilaaziinnussld Avzdeafiusannssi

a a o a A ' P ) w = | Y
GIULLIININTENIUIN ﬁﬂ%a\jﬂﬂqquﬁ\?l‘qﬂ IU?JﬂJsLWEJ'Jﬂuui\‘lc‘]1“ﬂ'ﬁLﬂﬂﬂUﬁﬁ%31ﬂﬂﬂqa

LY '
=] = @ et

A A R a < = o 1Y) =
wannfidlefiusaniliing ian1sindioun feslissezadn Fefasuusdunseiuuseiun
nsgyiing Bausannszezadadwnn ananuduRusiana 1ty Idundnnisiugu

= o o ) = o o 1 a o o
vasilineindnrisuuulagiinuualunismnsinindns swestnglumenvessruzedng

a &
LAUU

JU 2.6.2 Tassaianugiuvesdinesindnsnsuwuuleefinuuea
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2
=l

Tassafedifinng m ASendnuaansranisdulm (seismic mass) aﬂmﬂaaﬂuaﬂ%qﬁ“
A1 spring constant Wiy k LLa3ma5muwnm§auﬁ'luumisﬁ‘uléf%‘ma”nmiﬁ'muﬁd'mf’“]
Lilddudoussls iofisumesilgniiiiisarsainiuazdmalsng m wndeud 8
ssorfindouiioanilandusseradavihiu x wardifmmenseiudufunisiedeudive
fiwosiniusasids a vosTngannsadnumeldnnmudiiudselud

a = xk/m lagil

a A BNTUTIvRYINg My Was/Auni

X A9 SrHEUTATOINIA M YUY LUAT

k Aa AMeNUB9EUse vuae daduAung

m A9 UMTNYe9ua m viae Alansu

NnauMIRInaNzLansliiiu dosnsnswesinglaniniu vhlkssuzedaves

al 1

= a A=If, v o w ] [ o L4 P <l L2 =
wa m fidwiutunalime dedasuswesingirianas vliuia m indeuiluduayss
) ' ) o § v < a4 w 1o I a o LY a i
\Wadnsusweringugaas Aawilinae m indeuiinduunegimumiaiy (Fumid1ede) us
TuagiRinanmnsodaszezvdnveaia m Ialagendefinesdnvlianis Aelneiin szoy
v oA v . ] a 3 L I aa c’{
nLTaLdU (LVDT, potentiometer) d1un153iAs18imAdn s iAnTus a0
Aamlaleeldnauiunes
fimesindnsnssuvuleednuua  dazfiauldlunisnsintadnwaznisienuay

s ) 4 =l a o 1 | s 1 a = al =
anway NMsduavieundaudaiuing wu lunssdlensiaiauduiulm vieluriesie

A529In MsUzylaiuvaguuln 1a

1.2.2 fiwmasingnsuisuuieledidnyin (piezoelectric accelerometer)

anautRRugunsiiwemdniieledidnmin (piezoelectric crystal) QNAUNY
Tng Pierre uag Jacques Curie Tus17% £.¢.1880 4 piezoelectric crystal b uaUUARLFIY
Ao 1ilegnussnenaunseii asasnelszglnintuin Tnedudndiufuusanssyiniu fean
aaauiEmeiligniauaniluliassgunsalmenning iy T duiumneidendenu

TR vwRndeiiofdnaanisnldvinly wazdsldas1edines Tnsnsnsauvuiisledidnnsn

dnme Tassasevasawmasinensse wuuiieledidansnazUsenaudig seismic mass &
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s =y

finu piezoelectric crystal wavussgeglusdedesiu lny piezoelectric crystal fiflo
sl laun wdnaend wazsndnlamsuludadauninse (sodium potassium tartrate)

W12 HAU MU URBLTINTEYIN wazTIAn laliwanntn

Applied Acceleration {a)

Mass (m)

Pt % Signal
S i

Baslc Accelerometer

- & a fo o ' i .
UM 2.6.3 Tassaieiiuguvasfinesindnsnsauuy piezoelectric

YV oa W ]

aunsneBurgmsinnuiieg lasdidle seismic mass (m) gnvhliAndmnsdediu

o w < =& o LY V)

LY] [ i PN "
(gnne) stuazdesiuusanalunseyiniu piezoelectric crystal figndnfinatifaeiu sae

AuaudAiAwreaiuagilivsyalningnasndu uargnanetdygraeenluduesinnves
-

9 ¢

2193 Inefiduieinnazdeiens aeeusalih (charge amplifier) WisvenarUseq

d’ v ot o/ 1 O 1 A a 1/ oV
I nldlidunswiuoiwaanudndiuresdnsiss ffa avldannsauansualddela
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Turauziiiiuastumalulad Wsansu (Touch Screen) il accelerometer nsaadu A1
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wasulmuardlivihaadaulununinusaiu asdeutiimingesidouss wiabou
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1.3 MsugueesiannuLsanyseendldu

1) lussuugeanisselusasudigeandssivdussldiwuwesdumsindoulmsme
1 Ao 1 = = dy o aa ! = =l o/ !
s eiualilutiegmils 89 accelerometer dagyimnddnaugusiavilouniduming

fugessu (Sund1 Comb drive Wnundinsdassinendosganssend)

JUN 2.6.4 wuweaiiumandaulmimeanuseildlusooud

= i 4:? dt' 1 o 2 & o o v o g s
4 comb drive UILLARDULYINILAZDDNIINAUATUAITNLIINAINLALUUINTUAD

usey Wemidludalituse narsardeudiluwuasu lddeezmnudale Anuduas

ar
H

£

MaulnAusuinnsnseunnavsasaaiviItazliindoudioonog19ifenanualuaasLnIa

Tuasneiivsygliihseniawinseesasuwdasluvieinnsenaueed azine vl

Udaugeausenun

Mirror plate

Pairs of vmicatzg' '

-

= o = s 4 -
U7 2.6.5 dnwnznisideuwladhuugesifiaiianisnssunn
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2) lugunsalinszeznuazanuniiluraisds (A Nike visauiu iPod)

LELEESRHN LI £ QU PRI § DI LITa A i

JUM 2.6.6 MmaunUszendldivgunsaliivn

¢ s

gunsalfiiiiulunmddude piezoelectric accelerometer gadlounssiusanin

]

-7 =3 [ @ v i
PUININAE LWUAINIWATUAN

~ accelerometer

) A— oulll
JUN 2.6.7 piezoelectric accelerometer NAAMITBINN

1 =l

Tunsldonuglénaesodisugeidhilldlinseituseari (Nike vhdasl3lsld) nnassi

1in1594 Tugriwnneasuuiiusesiniaglung piezoeletric crystal sme gyl Use

ATy wwweshagineivluiTransmitter Wedsdyaunssualuiinlui receiver fise

MU iPod uduansnasenumsweiinesves iPod Tnensdsdyginain fuwuwesiui

] ]
= =

iPod 9z liaauAngfinanud 2.4 GHz FsazlisunmugUnsaliieanswan Insdnviiletie

wireless U5auINIENIUULATIIOUY
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3) aunivlwuily Wy iPhone shagensldeuu msiwgiladsunas vie
mswediatesielilunismununisauny srudunuauifves accelerometer AifpuN
TurSeslnseainewes accelerometer avUsznaudisaliuazgnduinmin Weilnns

& o v ' ) o a v w P o a & o v ol
LAGaUN ﬁ'lf_lﬂ’)’lllL‘i\‘lqﬂﬁ}lm’lﬁUﬂ%zgﬂﬂﬂ‘lﬂaﬂﬂ\iﬁl‘N‘tﬂuﬂU NLAABUN dUTINVINVUINAY
al

'
v s

ot 3 dl =l ﬂ‘.’l d’ A ﬂll = d’ 1 1 a 1 dl
AU Bnasullevgansindeun MmIladaunmeAIIRITABAIE I UAUdATIR
v ' a | a aa o a i
Idfiaglal Wieuudas accelerometer fagluiiefiafuindanaudngiionnin MEMS
(Micro Electro Mecahnical Systems) msvinmuaziinannisasieqiunistigninanugniv

ausalinimeuana

A B C
1g of gravity 1g of gravity freefall
+ acceleration
to the right

U7 2.6.8 wiinn13vinauven accelerometer luaansviwy

o s e v o da a I |
AW A LJ.IEJL‘E’]'TNﬁJaﬂaL‘i’]‘l’JLaEJ‘] UUIWB ﬂﬂJLLi\‘lﬂ\‘lﬂﬂ?jaﬂiﬂﬂﬂiﬁmqﬁaﬂaﬂa"uaﬂﬁq

WNEaENaLREN
& | oA e 2 = ' ' =)
2 B : Wasundediatalunieea MglanusslunanuagAusiagavedlan
NSENNSDUNU

A C : Wasdesilefionnuuy freefall Avzlifiusslag unsyi
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= )
2.7 WA389INENINA5LEBY (Gyroscope)

¢l o o [y A ) a
lalsalauilugunsniiendumnudesvesdonyu ietis3nwiirmisvesunumyy

Usznaumedenyuiiussgeglunseudniivils vildideduiiamedng 4 1ilaedase Tnoasd

v v A nljuu

Aamadualafinesnuinsyyin et lddmiunsiadinaninnisides veeTnafidasasaaty
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! 1 ¢: o 1 d’ 1 I/y 1 i
8¢ 19U 1ATeslu 130 viueus 9590 NUATITBY Fwsuvardiuusdeinsivensvaniug

Y

ANANAaveiuBgnAALIA

JUT 2.7.1 dudszneuiugiuuedlalsalay
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Gyroscope lafidatuilel a.a. 1852 ag Wninenmans v1naruive s Tu

v

« va a v da @ = v o
w4 1aea yflnadt (Leon Foucault) liAnUssivg dofifinsa aglurawmuiingulsiile

o4

wyudevielsmesudndeiursmyuluiiamaduvewiulueiniea Taglddudunsdesiy
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= a v @ ¢ w =1 o
\DeaNTBINTOUMID NN UNABNSa U FuAlanade gunsalfailin Gyroscope @ian
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AuaniRludeiiios il Suanunsofeuluedesusdifismalatues
lalsalauiuiivssloniagunnunenisldlalsalauasiusndu indu Tl e 1910

e ludnsslusosuveneasuil deulud a.f. 1909 wrealed 1. w@Ueds (Elmer A.

a Qs e g o

Sperry) Wairansosdundusnlul® fldnuauiinissnuiians vadlalsalauiiel

w3e9lu Dulansefianig
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v s 1 = =

o st = 3 < ‘3 a ; =) ol o
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wasuil lafamuuielavas vouaunisn Fufuaunsalileli3nwr w@lusnmnnsvease

weliannislaag vesde Jwvhlidumdmandemetosas wasviiflasasiinauietu
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o A a | A Vad Sal ¥ a A4 A U oas w a
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Watiunn szassainglalsalavaunalvg)

g‘l.lﬁ' 2.7.2 Gyrostabilizer
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2.8 Arduino
Arduino uueialulasreulvsianinszna AVR AiimsiamnLuu Open Source Aa

finsUamedoyariessnu Hardware way Software 62 uasa Arduino gneanuuuivldiu

' 3 ]

o ko
o A = a Y v =

A48 atuTamngdmiudiTuiune nelgldnudiaunsadawas iudy Wauresen

—

s 4

NaIUasA uselusunsusaladnaie
[} L4 i 1 L3 = 1 = L7 1

ANUIIBYBIVBA Arduino lumssegunsaliaiusieg Aedldiuaunsadedsas
a d a o v oo " w - ¢ w i = T
awnnseliadanneueniaifausoidiuniun /0 vesvein (@iieg1agui 1) vseiianlny
azmanannsadiendeiuuaiaiu (Arduino Shield) Uszinnsine (@fegnegu 2) 1wy
Arduino XBee Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless
Shield, Arduino GPRS Shield 1udiu undsuiuuasauuuada Arduino udndeulusunsu

Waeelaas

E‘Uﬁ 2.8.1 UasA Arduino

£

I a0 g w ¢ . 2 da
ﬂﬂLﬂu%Wﬂ“ﬂU@iﬂ Arduino LIJ‘LJVI‘LJEJM

- esenswan I5Uuuumdeiugiu "szsﬁ'u%'auwwﬁwi’upgﬁuﬁu

o3

1
L7 =l

- il Arduino Community nguAuRTINURAIUIALTIUSS
- Open Hardware vilvgldaunsathvedalusesenldauldnaradu
PRI

- Cross Platform anuisawaunlusunsuuu OS Tafdls
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sUluuNsRsulysHASUUY Arduino

uUSB

=l ¢ = a1 4w o €
U7 2.8.2 vo3n Arduino MireleuiumeuiumasiIu USB

1. Wauldsunsuuumeuiiumes #1unslusunsy ArduinolDE deanunsanivulvianlaain
Arduino.cc/en/main/software

) S a v v Y w1 2 i . v
2. vasnnidsulAnlusunsuiBeuiesuds Wigldiudonuuesa Arduino Wlduazmineias

Com port

Auto Format
Archive Sketch
skelch 0179 i Encoding & Reload ;
Serial Monitor Ctrl+ Shift+M ‘
. — el Arddino Uno

Bomrd s Tl e et s Arduino Duemilanove w/ ATmega328

Serial Port » Arduino Diecimila or Duemilanove w/ ATmegal68

B oatimanies N Arduino Nano w/ ATmega328

Busn Bootoades Arduino Nano w/ ATmegal68
Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal 280)

o <« ' ¢ . = v
3U% 2.8.3 1@enuuesa Arduino 1989n15 upload
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;__. g ——

ﬁle Edit Sﬁg{ s . " p zf.:;:‘zﬁ,;:;,m: e "w"f“{-';i“'.“
: il Auto Format Ctrl+T
Archive Sketch
Skaleh oeti7s Fix Encoding & Reload
Serial Monitor Ctrl+Shift+M
o Board L
| Serial Port » V| coms3

Programmer » ;
Burn Bootloader i

= - s
UM 2.8.4 @anuuneiay Comport ¥89Ua3n

3. Aty Verify lians19apuALgnAaawas Compile TARlUswATN ntdunau Upload

1An Tsunsuludauasa Arduino Hunneans USB esuluaniSausosudn avuanatoniny

a

o ' i . B ¢ a o a o FY =
wauY9aN “Done uploading” wazvesaazduviauaudeulusunsulilaviui

Tuzns on an LED on fox ome second, then off for one second, repe |
This exsaple code i in the publiic domain.
L 2

/7 Fin 13 hag an LED conhected on most Atduine boards.
£7 give 1t a nope:
int led = 13;

/7 the setup poutine rund once uhh you press reset:
woid sebup() (
#7 imivialize the digital pin 42 an output,
pindode {1ed, OUTPUT):
)

£/ the loop routine runs over and over agaln forevex:
woid leopl) (
L Y - a il

U 2.8.5 natlu Verify iivensiadounTugndaatay Compile TAnlusinsy
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This exasple code 18 in the public domain.
'3

@ // Pin 13 has an LED connected on most Arduine boards.
/7 give it a name:
int led = 13;

// the setup routine runs once when you press reset:
veid setup() (
/4 inicvialize the digizal pin as an output.
pinMode(led, OUTPUT):
)

/7 the loop routine runs over and over again forever:
wvoid loop() {

Auduine Mega 2960 of Maga ADK on COMI3

gﬂﬁ 2.8.6 Uplode TAalusunsu

Pin Arduin rd (M : Arduin NO R

23 o
=24 EE
3.madm ICSP : dmdu USB interface E‘ﬁa—" g % §
G55 e awedn VO
2 cE M
ﬂ§§ &&= x/

2.4y Reset

1.wofn USB

| 5medn ICSP : Atmegad2s

10.MCU : Atmegal6U2Z

9.1 Power jack 7-12 V 6MCU; Atmega32s

W

Taefn VO

8.modn Power

A54120) L. | §

Ad412C) SDA

SUl 2.8.7 dhulsznauvesuasa Arduino UNO R3

1.USBPort: lddmsusaniu Computer iesulvaalusunsudn MCU wardnglwlsifuuasn

2.Reset Button: 1utu Reset TénaifladoantsTi MCU Sunisvianll
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3.ICSP Port 989 AtmegaléU2 \Huwesaildlusunsu Visual Com port YU Atmegal6U2
4.1/0 Port: Digital /O fausivn DO B¢ D13 uananni U1 Pin ymiaug Wuuse
W Pin0,1 1Juw Tx,Rx Serial, Pin3,5,6,9,10 uag 11 1fuwn PWM

5.ICSP Port: Atmega328 tUunesniildlusunsy Bootloader

6. MCU: Atmega328 {lu MCU #ilduuuesa Arduino

7.1/0 Port: uenanaidiu Digital 170 udm Savdsudu desiudyanaeunden dausiun Ao-
A5

8.Power Port: Inidssvatuainilafainmsielnlsifuisasanouen Ussneudeulnides +
3.3V, +5V, GND, V,,

9. Power Jack: $ulWa1n Adapter Ima‘z’?’il,mﬁuagiw’m 7-12 V

10. MCU %89 Atmega16U2 1 MCU fivimiifiu USB to Serial Tng Atmega328 av

Ansariu Computer N1U Atmegal6U2

Arduino U39y
1. Arduino UNO R3 : \luvasa Arduino #le¥umuilensnniian iesansailiun dwu
Ingflusiaauay Library fne9 AMaundiusn Support agdedsivvesaiiluvan wasdenan

at19fe N5 MCU 188 Jldnuaunseouiouieddiig

23 T1ery et
i ‘:; wreits  ARDUINO

LA
L L

) ey

3Uil 2.8.8 Uadn Arduino UNO R3

2. Arduino UNO SMD : iluvesaiifiguandfiuaznisviumiieuiuuesa Arduino UNO

=l

R3 ynUsen13 uWiazuandaiuil Package 189 MCU dauadnilasdl MCU iy Package
SMD (Arduino UNO R3 31 MCU 7iilu Package DIP)
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5UR 2.8.9 UadA Arduino UNO SMID

u

3. Arduino Mega 2560 R3 : ifuuefa Arduino fisenwuuandmivaudides

14 1/0 1 Arduino Uno R3 1wy sfidesntssudayeyiaiann Sensor W3BAIUAY
walnes Servo mane9 i vilyf Pin 10 wasuesa Arduino Uno R3 Talansnsasessuld wai
Ua$n Mega 2560 R3 daflmnuviiuaudiuuu Flash 11An1 Arduino Uno R3 vinlw

ansalsulaalusunsutnlulauinnia luausives MCU mvnfu

U7} 2.8.10 vasn Arduino Mega 2560 R3

U

4. Arduino Mega ADK : ifluvefnfieanuwuuanlyivesn Mega 2560 R3 @wnsofnsioriu

gunsnl Android Devicetituwasn USB Host vasuasale

MEGA ADK
ARDUINO  fos Andsoid™

5U# 2.8.11 o Arduino Mega ADK
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5. Arduino Leonardo : msvisuszadefiuuesa Arduino Uno R3 uafinsiuaeu MCU §a
milu ATmega32U4 Zeilluganasn USB undeundu wanseanuesa Arduino UNO
R3 130 Arduino Mega 2560 #ifiasld3U ATmegal6U2 $auifu Atmega328 Tunisidausay
wasn USB)

ar P ar A [ .
YoA255294: a9 MCU uauaziuadiu Arduino Uno R3 enagvinliiueda Shield u14

swisae Library T49amfiufiuvedn Arduino Leonardo uile §ldeusndudesnsinaeunould

U

o w hwu:@r?ﬂ
1 ]

- O
~ v
E g

DIGITAL (PWM~)

. O
*®

ARDUINOC

Y

FASE SN STALY PSS

gﬂﬁ 2.8.12 vasa Arduino Leonardo

6. Arduino Mini 05 : 1uuefn Arduino wuadndild MCU we$ ATmega328 wasidsniu
U83A Arduino UNO R3

dauangina: vasa Arduino Mini 05 azliifiwesn USB unl¥ fldaudesrefuuesn USB to

Serial Converter WalLianaINITlUsLATHUBSA
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3Ul 2.8.13 vada Arduino Mini 05

7. Arduino Pro Mini 328 3.3V : Wuuase Arduino vuiaian “71'

14 MCU we$ ATmega328 Faazadieiuvesn Arduino Mini 05 usiuuuainvedl Regulator

3.3 V gaLieawiiiu seduussdulniivn 1/0 fe 3.3V

O
3D

JUTl 2.8.14 Uas$a Arduino Pro Mini 328 3.3V

8. Arduino Pro Mini 328 5V : {luuede Arduino vurmdn 7
19 MCU wes ATmega328 wwulignfiuuesa Arduino Mini 05 uiuuuasaazil Regulator

5V gafigavinty sedunseaulniun 1/0 fe 5V
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sUfl 2.8.15 yan Arduino Arduino Pro Mini 328 5V

9. Arduino Ethernet with PoE_module : 1uuata Arduino Al MCU wa4

WU Arduino Uno SMD Tuuesaii@u Ethernet waztosdmSuideu SD Card 5auva
luga POE villWuesatianunsaldunasinglnainany LAN 1#launss Tnglaifas
fia Adapter Wy UAUB3A Arduino Ethernet with PoE module Hlaglsifiwasn USB vinlw

LanlusunIuABIrauasn USB toSerial Converter LAy

31]‘7'1. 2.8.16 U8%m Arduino Ethernet with PoE module

10. Arduino Ethernet without Pof module : Ua$niazsinluna POE sanlu Fasldlwain

wasn Power Jack Wiy AueEuTRBUY ssmilouiuuesa Arduino Ethernet with PoE

module
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‘gU‘ﬁ 2.8.17 Ue3A Arduino Ethernet without PoE module

11. Arduino Due : 1uvesa Arduino Aasudy MU Tl Fsanidandu

nszna AVR Wasuduues ATO1SAM3XBE(msza ARM Cortex-M3) unu vilvinas
Uszananaisity wadamegunuulAnlUsuNsuYes Arduino ﬁdwagj Janasseie:
\lasnn MCU WuAuasiueiifu Arduino Uno R3 a1asvinlsiuada Shield Ui

139 Library Tf3miuifuueda Arduino Leonardo lild fldvudniudosnsisasuneuld

47U

EE onpen

[ANALOG 1N B

b,
8 Grcmw @ @ o
iR -3 2 3 S0 ] <2

2.8.18 Uasa Arduino Due

caft
=
=b
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2.9 Arduino Pro Mini
Arduino Pro Mini ATmega328 - 5V/16MHz

gﬂﬁ 2.9.1 UasA Arduino Pro Mini

THE
UNOFFICIAL

ARDUINO

Commaited te Bewt CTronY

PINOUT DIAGRAM

/b'\-wn-:w-wiw e hahadand

A ity it =

b
Curgral
@ EW rin
Port Pin
;:1»- Punction
i o Absoi somi Sigitat s
A Nullshrgs e g Rk i
08 MAR 2013 € ghuniuty mux 2o B
ks lones o Sauree Total LA

gﬂﬁ 2.9.2 Pinout Diagram ¥84u8im Arduino Pro Mini

Arduino Pro Mini 10U Arduino aunatdn uadiaiisuaiunsawindu Arduino Uno R3

U a 1

fluaiae w1zl IC ATmega328 willouriu Wssudadnfaiduidufinde USB sannanay

TUsunsuRemaald uasa USB to UART vreidsulusunsuasuasa Arduino Pro Mini
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Pni

3Ufl 293 auadn USB to UART

v as Myva 1w - a P v 2
manvasnuldldfaderiu USB wie shield B 9 wardeen1sld Arduino wunaian
= Lo |

51A19N Vasa Arduino Pro Mini 328 fililudndadeniiuraula wsizAuansa

Arduino Pro Mini #iaa1uieuwin Arduino Uno R3

31888889 Arduino Pro Mini 328 - 5V/16MHz

Arduino Pro Mini ATmega328 $uit 16 MHz w¥ou resonator (0.5% tolerance)
PCB 2u1AuUNN 0.8mm

Arduino Pro Mini 9u1m 33.3 * 18.0mm

Arduino Pro Mini laiflwesn USB

Arduino Pro Mini 843U auto-reset Lianlusunsulddesnasiunies
Arduino Pro Mini 14l 5 Taas

NILUADNNAGIEA 150mA

fhastlasiunszuaiiu

dhanintesndn 2 ndy

DC 8uwn gean 12V

filWuananiuguuuesa Arduino Pro Mini

Y1o¥UIABN 8 N

2173093 1/0 14 1

Flash Memory 2u1m 32 KB

SRAM 2 KB

EEPROM 1 KB
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2.10 Bluetooth

Bluetooth

g'dﬁ 2.10.1 TalA Bluetooth

Bluetooth fie szuvdeasvesgunsaldidninsiinduuuaemna denduingssevdu
(Short-Range Radio Links) lngUsimainnisldansiaiia wise ansdygyroudonss wazll

snduazdoaldnisiiuneuuuidunsaniloutudunsnse FedoiniuamnudzaInuInnInIg

< a

Wanaaluudunssa Niglunisilisunasenineinsdwiilods duaunsal Tulnsdwyiinaoud

9

qurauq waglun133de Lildyaanenisdsleyaifissedaufes undsdnwidanisdetoya

\Dudes wielddmiu Headset vulnsAwidledamuomalulad uays Wumaluladdmsu

£

msfeusegunsaiiuulFmeiindumueaduegeddlutagiu Miludesmuazmnlums
Taudmdudlivaly waeusyavamlumsieu Wesan wealulad ugys Ssengn 14
wésuties warlémalulad short - range dslusuan aggnunuldlunisfaun ielug
msunuiigunsalingg Aldans tauda 1y Headset dwdulnsdwiindoudt Hudy

= - =y = id a v & g a a ¢
wialulagnmsdeulewionsdeasuuulmingnAnAudu Wumalulagvosdunes

v 4
a at ) = l'-‘ll

wWlagvanauing saeguunusugein1sdeasseevlnaivasadesudesduniuanud 2.4

1 Y o3

Ghz lnsignivaunduiteandedndavesnisldaaimdalunisdenledaednaulunis

Bauloageani 1 mbp szazaAsauAga 10 Was waluladnisdsmduingvesugysazling

'
=

nsglanludgunud (Frequency hop) insiginwalulagiwunsiazldiunisdinauingidl
midsdeiuarangn Ingszudesnifuarsdosnuisuindn Tussnineiifinsiaeutes
amnnliwduewilianmsandnuiidygyusuniuidiuunsnuald Fwgunsaliazldsy

nsgeniuinluwmaluladugys deaunismagsuain Bluetooth SIG (Special Interest



47

Group) Wenauieduduinduanunsafivgyhausiuiugunsalugysidug wasdumesiin

1ot

Anuduinvasuans

#1731 Bluetooth %3 fud#h Anusdudulunureandnidusemamaunnin Adde
91 "Harald Bluetooth" (nwiiaunsn Harald BlAtand) Tutaed a.e. 940-981 viSeuswana
1,000 niUreumih ndEEdedlfunasesssmmauininuaruesindlugaveslaied uay
doamsramsaneliduiladier uenaniu Smsadudiinermauasadidigyszme

WULSNENee

v a

gﬂﬁ 2.10.2 num3e Harald Bluetooth

waziiverlun1ssndntiendnid Bluetooth funaseadsumanguaunuiude delutlagiuii

[
1 ¥ o 12

naugihludumsndalnsdwisiefieleugnainlan wazsvuu Bluetooth T Agnadieduin

LAY
d‘ s s €l n' % q’l}u ] s
wioldiulnsimsidetia wazSuduainUsewmaluwaudaleaiuiu

fiila Bluetooth

U 1994 U3wm 35adu Tuung rewyliadu BusuisvAuahidoaruduldldlunis
° a4 o a £ 1 L | Eo [ v o o
indudyaaing mldseninalnsdwidefeuazgunsalang uazilugur®e Bluetooth un

5

U 1998 ngugmu1idesyuu Bluetooth ldgnaedsiu Inafnainnissinsaues
Uitmdnwlngjegn Ericsson, Nokia, IBM, Toshiba waz Intel lunguiilddedn Special

Interest Group (SIG) FlunguazUsznaude nguiihnisinulvsdwiilotie, Asufianes



48

a4 Fangumanilliuszfivin amelul 2002 lugunsalimsdeans, wnsesld, Aeudumes e

a :‘J" P [ ! ! L) 1 [}
gnAnfs Bluetooth Nazldldeusasynitagunsalnneg agraunsvany

ERICSSON Z

SO €3 Bluetooth™

JUM 2.10.3 nsivendevaIugys

Ingluthdgaiu ussmmeand lauszma mesauiiu wasdyruuismaueg Widn
9 ludnwazvasnsdunaluladiluly Tnelud 1999 ldvinn1siweuns Bluetooth

specification Version 1.0 wagldaudniindu ¢iail Microsoft, Lucent, 3Com, Motorola

FEUUNITYINIUYDY BL h

Bluetooth axldyanaiivgainudige 2.4 GHz. usavuendoveenll muudaz
Ussina agrslunauglsuuazewini azldvas 2.400 s 2.4835 GHz. wisesnilu 79

o - G N ) YR o a a
Josdyn wavavldvesdygraunuiil inedveyaadudasiuun 1,600 afwio 1 3ufl du

figUuagldmnud 2.402 fla 2.480 GHz. wiseanifu 23 Yo svezrimsves Bluetooth vy
g 5-10 wns Inedlssuulosiulagldnsteusianouniaifende way Jasiunisen
TyasEnINGEeans lnsssuvaranudesdyyinlunn azlianuansalunisidenaey

ANuDNlElunsAnaeleenludd InefldddudeaSssmuninsiavdes vilinisanilase

anaputlietoyavinlagndy

lngvianvesugysazgneanuuuaiteldivgunsaliiflvuindn iiesanldnisuuds

U

doyaludnuiliuin sthagu dnw, @es, wenndindusineg uagamnsandeudels



a9

1 a:i [ 2 1 n’: c?l’u 2/ s c'u =)
18 velwegluszasfiimualivingu (Ussuna 5-10 was) uenanildeldmdaaus fuly

oy uazausaldnulsuu Inglidenhlunialwiesq fe

SU# 2.10.4 #3u Bluetooth wuy USB

duAnuanIansdenigdoyaves Bluetooth avagl 1 Mbps (1 wnzdnse

<

) wazasazlufidymezlsunniuuinvesindaldtiuuulnsdwiliete vise nsldau
wuwinld Petieduniaitenn uddniudeyaniivuelvgash asesduiuly uazigmiily

WUy Wireless LAN (WLAN) &7 A1ua11150999 Bluetooth Asavsinetuiuigey Sl

a 1

' v o i i i v 1 al <
dures WLAN Adsfiszaznisiu-deilnandt usveldilueunes Bluetooth azagiivundiidn

1 a & o Eo ' a0 w 2 A @ 1 1al @ &
N1 ﬂ']‘iﬁ]ﬂﬁl\ﬂ'ﬂ/l’ﬂﬁ]ﬂ&lﬂ']'] LEENEAIALY m‘s‘if*uwaamuﬂuaﬂnmmn agvl 0.1 08

- AauRImed AU Insdnvilade

ynisseadeusenaufiamaiifugunininne livredu Usunes Aduesa Whd
wiedlne madeusslutlagiu dulmjasldmeniadusudousermun (Serial ua
USB) Bsonaarlslavmanisludunisdaes wdoude uagAUISEUS 0L uimniaIes
PC fgunsa] Bluetooth Adunsodesiaimiulilagldrduununisldaglmdeudegunanl
F199 avun ansaslidanmn, Fes, Taya Snviaszuudousieriiu CSD waz GPRS uu
Inséwiitletio Aanunsavilalnglisduseddany feastrsanaugaenn Snvadadiuaau

dzmnaunglunisyinauundusag



50

=

= o ] ' a € o fa
U 2.10.5 nsiauria Bluetooth seninmauiwasiulnsdwiliatio

witedAnnsldnuidiuuiu nsdeusegunsainanisieg iesluneniiames
liata vio fonifia #7 1i1iuBumesilin avansaldauldifies 1 gunsal de 1 Fuwiny
< =l o (% L a | o v v v o ! 1 Ve ! v
Fauniienmagdesadunisldaniuves @miuvialdaunsallSaessdiulug) uiftiodlis

ANArAINLINAIINSIaeLALDR

= at

- nséwvidiafia AU ¥arita (Smalltalk)

T 4

Yoyt v3a Smalltalk gunsallnsAwiiletengliiiounnausiodldiu e

u

v v
=lal ar '

Wentifidsud 30-300 v Tuimunsldnuuunsednsdwiliefie mnlugayilwuuiiany

£ o as 14 [] d’ s 1 ed' = v @ v [
dedrinazveyi i ldanunsaindousslulmildlnaninfianeazenis udidesresseTaane

P v a | R - o )

Lilluifeafudaessneg visiienamsvihliaevanasnainiaiesing uaililew Bluetooth
NN Avvsiiuanuazaintazauvasasslunisldiioneadessineyinauegia
o v v v tv) o - 2a v ) o f A
auluniauq Audae alunanduse (meutingmnedflesnuud eardunsldinsdwidete

a vaa

Uusn) veizeanmaenie wie aasUjuiieeneg faunsavduilulnulaednsasain ua

=

viduyayilanuwuuygwaiensdwimiues wilfnglauas



51

JU# 2.10.6 yils Bluetooth

3nUszlavilnngg asiulain walulad Bluetooth anunsathanldliidniu
aa o w v " a v a v ) ¢
Finuszriulilueded wazdaiuauazanlunsldeuiugunsalingeg uay
uenileaniinanalu Bluetooth dgnimuuildnuiugunsaldug 8nsae viayilsainesle

w3auaudn Sluvivy uinsendlusaeud Felagiuladinisihmalulad Bluetooth TUldiu

<

Wi s Handsfree, w3e SlunUn-Unuseg visessuu Keyless usiisnlifosnadudingus

Y

=3 = =]

8naaly WeawAgluszarnisha Uszghavlindoaliiuf drunaassofiaunsoiiu
Uieenansaldiae Wensifeusessunineiisanungusvinainiu ezdenlilosdnludi

(soUnguTuAlYIULEY Mercedes-Benz SLR)

UansluauIng

@ - a w v " | v
UaqUu msunuiianeialanie Bluetooth enadiidaywaging wu lusuvessian
nigsniuuuldaeaindasgwoaunis fdumngunsalfildinalulad Bluetooth wanil
amsnansziuaas (wifdusgfuladeldvane i) waluladugys Aunasgnuinnld

wWUNNsRnsadaanskuuR ldatsldos1aunsvats AU uULBUASY

Tuswanlng Bluetooth agnanetduszuulfmenmsgruvuaiednsdwislede
peufiamas PDA Tindn suilufaaTedsiniinngg wazagilinaianisdoasiuien
Ul azdimsAuAnideiiunntulunswanndud-usns sufimsindedeansi
annsavildegnsarmnuar ity Ssgiilawimnagnaayluldas fafu Bluetooth

Judumalulagouianiuraula way Urduniues



52

2.11 HC-05 Bluetooth Module
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(Wouslafugunsnidu) maersingg Wy Jegunsal saeiu vildrinu AT Command @
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5Ul 2.11.1 Tuga Bluetooth HC-05
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3.1 gunsalnsrauszdiunivedauan-du

U7 3.1.1 gunsalnmavsediumvaaeugn-du

Arduino Code

#include<Wire.h>

unsigned long time;

const int MPU_addr=0x68; // 12C address of the MPU-6050

intl6_t AcX,AcY,AcZ,GyX,GyY,GyZ;

void setup(){
Wire.begin();
Wire.beginTransmission(MPU_addr);
Wire.write(0x6B);
Wire.write(0);
Wire.endTransmission(true);

Serial.begin(57600);



{
Serial.begin(57600);
pinMode(8, OUTPUT);
}

void loop(X
// Serial.print("Time: ")
time = millis();
Wire.beginTransmission(MPU_addr);
Wire.write(0x3B);
Wire.endTransmission(false);
Wire.requestFrom(MPU_addr,14,true);
AcX=Wire.read()<<8|Wire.read();
AcY=Wire.read()<<8|Wire.read();
AcZ=Wire.read()<<8|Wire.read();
GyX=Wire.read()<<8|Wire.read();
GyY=Wire.read()<<8|Wire.read();

GyZ=Wire.read()<<8|Wire.read();

Serial.println(time);

Serial.print(AcX); Serial.print(" ,");
Serial.print(AcY); Serial.print(" ,");
Serial.print(AcZ); Serial.print(" ,");
Serial.print(GyX); Serial.print(" ,");
Serial.print(GyY); Serial.print(" ,");
Serial.print(GyZ); Serial.print(" ,");

delay(0);
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FeanlAnsuuy
i Buadrate = 57600,

Sample Rate aE_jﬁUiamm 125 sample/second

daudsznau
1. Arduino Pro Mini 328 5V
2. GY-521 IMU ssnsor

3. HC-05 Bluetooth Module

4. 4 AAA Battery
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UulUSWNIU Arduino

gﬂ'ﬁ 3.2.1 WAMdKAaLUY Realtime v Arduino

‘gﬂﬁ 3.2.2 %1198 Arduino WaRINaLUU Realtime

Sl
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3Uﬁ 3.2.4 w3 Serial Oscilloscope UARINALUY Realtime
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nsiutufindaya
14lusunsu Serial Oscillocope lunsiiudoya Inea@indi Log To File >> Start

Loging Falwailsnmdulng csv

5 Serial Oscilloscope (Port Closed)

Serial Port  Baud Rate  Terminal Osciloscope | Log ToFile | Help

BoHome Aunt02 - Bxcel

oy : B Iy - A =3 . ’ ;
Al
A 8 c D E F G H | | K
1| 149818] 13204 4392 -10860 1104 -356 118 0 0
2 149826 13076 4332  -10868 1120 309 13 0 0
3 149834 13092  -4480 -10976 1120 224 134 0 0
4 143842 1R 4320 -10872 1088 186 147 0 0
5 149851 13096 4416 -10964 -1088 -93 180 0 0
6 143859 13128 4356 -10760  -1120 -60 160 0 0
7 149867 13256  -4328 -10736  -1088 -20 176 0 0
8 149875 13052 -4348  -10816 -1088 3 161 o o
9| 149882 13164 4372 10684 1072 2 165 0 0
10, 149891 13232 4396 10704 1088 3 153 0 0
11] 149899 1319% 4432  -10620 1120 n 13 0 0
12| 149306 1329  -4396  -10708 1120 40 14 0 0
13| 149914 13200 4408 -10508  -1072 13 9 0 0
14 149921 13252 4348 -10672 1072 29 90 0 0
15 149929 1324 -4428  -10504 1120 17 n 0 0
16 149937 13268 4416 -10556 1088 1 46 0 o
17 149945 13288 4416 -10540  -1136 a2 19 0 0
18 149952 13260 4404 -10548 1120 72 14 0 0
19 149960 13196  -4456 -10532  -1104 -116 8 0 0
20 149968 13240 4468  -10524  -1104 -132 22 o o
21 wwT 13 4452 10436 1072 -158 64 0 0
22 149385 13272 -4440  -10520 1104 188 69 0 0
23 149993 13192 4428 -10636 1120 206 80 0 0
BoHome_Aunt002 +

5Ui 3.2.6 wih9e Excel Yoyaserial ils
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HC-05-Bluetooth to Serial Port Module

Overview

HC-05 module is an easy to use Bluetooth SPP (Serial Port Protocol) module, designed for transparent
wireless serial connection setup. Serial port Bluetooth module is fully qualified Bluetooth V2.0+EDR
(Enhanced Data Rate) 3Mbps Modulation with complete 2.4GHz radio transceiver and baseband. It uses
CSR Bluecore 04-External single chip Bluetooth system with CMOS technology and with AFH(Adaptive
Frequency Hopping Feature). It has the footprint as small as 12.7mmx27mm. Hope it will simplify your overall

design/development cycle.
Specifications

Hardware features

[J Typical -80dBm sensitivity

[ up to +4dBm RF transmit power

[J Low Power 1.8V Operation ,1.8 to 3.6V 1/0
[0 P10 control

[J UART interface with programmable baud rate
[J with integrated antenna

[0 with edge connector

Software features

[J Default Baud rate: 38400, Data bits:8, Stop bit:1,Parity:No parity, Data control: has.

Supported baud rate: 8600,19200,38400,57600,115200,230400,460800.

[ Given a rising pulse in PIO0, device will be disconnected.

[J status instruction port PIO1: low-disconnected, high-connected;

[J PI010 and PI011 can be connected to red and blue led separately. When master and slave are paired,
red and blue led blinks 1time/2s in interval, while disconnected only blue led blinks 2times/s.

[J Auto-connect 1o the last device on power as default.

[J Permit pairing device to connect as default.

{1 Auto-pairing PINCODE:"0000" as default

[ Auto-reconnect in 30 min when disconnected as a result of beyond the range of connection.

Hardware

“"l;ll" e | | T -'%tﬁmm
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PIN Name | PIN| Padtype Description Note
#
13
GND 2 V§S Ground pot
2
13 Integrated 3.3V (+) supply with
12 3av On-chip linear regulator output
vCC
within 3.15.3.3V
AlOO 9 | Bi-Directional | Programmable input/output line
AlO1 10 | Bi-Dircctional | Programmable input/output line
PIOO - Bi-Directional | Programmable input/output line,
RX EN control output for LNA(If fitted)
Bi-Directional | Progr ble input/ line,
101 24 - K
P TXEN control output for PA(If fitted)
PIO2 25 | Bi-Directional | Programmable input/output line
PIO3 26 | Bi-Directional | Programmable input/output line
PIO4 27 | Bi-Directional | Programmable input/output line
PIOS 28 | Bi-Directional | Programmable input/output line
P1O6 29 | Bi-Directional | Programmable input/output line
PIO7 30 | Bi-Directional | Programmable Input/output line
PIO8 31 | Bi-Directional | Programmable input/output line
PIOY 32 | Bi-Directional | Programmable input/output line
PIO10 33 | Bi-Directional | Programmable input/output line
P1O11 34 | Bi-Directi Prog ble input/output line
USB_+ 20 | Bi-Directional
NC 4
PCM_CLK | 5 | Bi-Directional | Synchronous PCM data clock
PCM_OUT | 6 | CMOSoutput | Synchronous PCM data output
PCM_IN 7 CMOS Input | Synchronous PCM data input
PCM_SYNC | 8 | Bi-Directional | Synchronous PCM data strobe

RESETB

CMOS input witl Reset if low.input debouncde so

weak internal
pull-up

must be low for >5MS 10 cause
a reset

UART_RTS

CMOS output,

tri-stable with

weak internal
pull-up

UART request to send, active low

UART_CTS

CMOS input
with weak
Internal
pull-down

JART clear to send, active low

UART_RX

CMOS input
with weak
internal
pull-down

UART Data input

UART_TX

CMOS output,
‘Tri-stable with
weak internal
pull-up

UART Data output

SPI_MOSI

17

CMOS input
with weak
internal
pull-down

Serial peripheral interface data
input

SPI_CSB

CMOS input
with weak
internal
pull-up

Chip select for serial peripheral
interface, active low

SPI_CLK

19

CMOS input
with weak
internal
pull-down

Serial peripheral interface clock

SPI_MISO

CMOS input
with weak
internal
pull-down

Serial peripheral interface data
QOutput

USB_-

15

Bi-Directional

AT command Default:

How to set the mode to server (master):
1. Connect PIO11 to high level.

2. Power on, module into command state,

3. Using baud rate 38400, sent the "AT+ROLE=1\\n" to module, with “OK\r\n" means selting successes.

4. Connect the PIO11 to low level, repower the module, the module work as server (master).




AT commands: (all end with \rin)

1. Test command:

AT OK -
2. Reset:
AT+RESET OK -

3. Get Firmware Version

AT+VERSION?

+VERSION:<Param>

OK

Param : firmware version

Example:
AT+VERSION?\rin
+VERSION: 2.0-20100601
OK

4. Restore default

AT+ORGL

OK

Example:

AT+NAME=HC-\r\n set the module name to “HC-05"
OK

AT+NAME=Synes\rin

OK

AT+NAME?\r\n

+NAME: Synes

OK

7. Get the Bluetooth device name:

AT+RNAME?<Param1>

1. +RNAME:<Param2>

Param1: the address of Bluetooth
OK device

Param2: Bluetooth Device name

Default state:

Slave mode, pin code: 1234, device name: H-C-2010-06-01, Baud 38400bits/s.

5. Get module address

AT+ADDR?

+ADDR:<Param>
OK

Param: address of Bluetooth

module

Example: (Device address 00:02:72:0d:22:24, name : syn)
AT+RNAME? 0002, 72, od2224\rin

+RNAME:syn

OK

8. Set/Check module mode:

AT+ROLE=<Param> OK Param:
AT+ ROLE? +ROLE:<Param> 0-Slave
OK 1-Master
2-Slave-Loop

Bluetooth address: NAP: UAP: LAP
Example:

AT+ADDR?\r\n
+ADDR:1234:56:abcdef

OK

6. Set/Check module name:

AT+NAME=<Param>

OK

AT+NAME?

+NAME:<Param>
OK (/FAIL)

Param: Bluetooth module name
(Default:HC-05)

9. Set/Check device class

AT+CLASS=<Param> OK Param: Device Class
AT+ CLASS? 1. +CLASS:<Param>

OK

2. FAIL

You can get details of any AT Command from hitp://synes.co.th/nicupload/20130121093745.pdf
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2
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10/12/2011

23
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10/18/2011

3.0
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10/24/2011

3.1

Edits for clarity
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Added accelerometer Intelligence Function increment value of 1mg/LSB
(Section 6.2)
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0.3ms to 0.2ms (Section 6.9)

Modified absolute maximum rating for Latch-up to Level A and +100mA (Section
6.9, 12.2)

11/16/2011

32

Updated self-test response specifications for Revision D parts dated with
date code 1147 (YYWW) or later.

Edits for clarity

Added Gyro self-test (sections 5.1, 6.1, 7.6, 7.12)

Added Min/Max limits to Accel self-test response (section 6.2)

Updated Accelerometer low power mode operating currents (Section 6.3)
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Updated packaging labels and descriptions (sections 11.8 & 11.9)

5/16/2012

33

Updated Gyro and Accelerometer self test information (sections 6.1, 6.2, 7.12)
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Updated packing shipping and label information (Sections 11.8, 11.9)
Updated reliability references (Section 12.2)

8/19/2013

34

Updates section 4
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2 Purpose and Scope

This product specification provides advanced information regarding the electrical specification and design
related information for the MPU-6000™ and MPU-6050™ MotionTracking™ devices, collectively called the
MPU-60X0™ or MPU™.

Electrical characteristics are based upon design analysis and simulation results only. Specifications are
subject to change without notice. Final specifications will be updated based upon characterization of
production silicon. For references to register map and descriptions of individual registers, please refer to the
MPU-8000/MPU-6050 Register Map and Register Descriptions document.

The self-test response specifications provided in this document pertain to Revision D parts with date
codes of 1147 (YYWW) or later. Please see Section 11.6 for package marking description details.

6 of 52




Document Number: PS-MPU-6000A-00

- 0 3 Revision: 3.4
JWRSE MPU-6000/MPU-6050 Product Specification | Reveenad

3 Product Overview

3.1  MPU-60X0 Overview

Motioninterface™ is becoming a “must-have” function being adopted by smariphone and tablet
manufacturers due to the enormous value it adds to the end user experience. In smartphones, it finds use in
applications such as gesture commands for applications and phone control, enhanced gaming, augmented
reality, panoramic photo capture and viewing, and pedestrian and vehicle navigation. With its ability to
precisely and accurately track user motions, MotionTracking technology can convert handsets and tablets
into powerful 3D intelligent devices that can be used in applications ranging from health and fitness
monitoring to location-based services. Key requirements for Motioninterface enabled devices are small
package size, low power consumption, high accuracy and repeatability, high shock tolerance, and application
specific performance programmability — all at a low consumer price point.

The MPU-60X0 is the world’s first integrated 6-axis MotionTracking device that combines a 3-axis
gyroscope, 3-axis accelemmeier and a Digital Motion Processor™ (DMP) all in a small 4x4x0.9mm
package. With its dedicated 1°C sensor bus, it directly accepts inputs from an external 3-axis compass to
provide a complete 9-axis MotionFusion™ output. The MPU-60X0 MotionTracking device, with its 6-axis
integration, on-board MotionFusion™, and run-time calibration firmware, enables manufacturers to eliminate
the costly and complex selection, qualification, and system level integration of discrete devices, guaranteeing
optimal motion performance for consumers. The MPU-60X0 is also designed to interface with multiple non-
inertial digital sensors, such as pressure sensors, on its auxiliary I°C port. The MPU-60X0 is footprint
compatible with the MPU-30X0 family.

The MPU-60XO0 features three 16-bit analog-to-digital converters (ADCs) for digitizing the gyroscope outputs
and three 16-bit ADCs for digitizing the accelerometer outputs. For precision tracking of both fast and slow
motions, the parts feature a user-programmable gyroscope full-scale range of +250, +500, 1000, and
+2000°/sec (dps) and a user-programmable accelerometer full-scale range of +2g, +4g, +8g, and +16g.

An on-chip 1024 Byte FIFO buffer helps lower system power consumption by allowing the system processor
to read the sensor data in bursts and then enter a low-power mode as the MPU collects more data. With all
the necessary on-chip processing and sensor components required to support many motion-based use
cases, the MPU-60X0 uniquely enables low-power MotionInterface applications in portable applications with
reduced processing requirements for the system processor. By providing an integrated MotionFusion output,
the DMP in the MPU-60X0 offloads the intensive MotionProcessing computation requirements from the
system processor, minimizing the need for frequent polling of the motion sensor output.

Communication with all registers of the device is performed using either 1°C at 400kHz or SPI at 1MHz
(MPU-6000 only). For applications requiring faster communications, the sensor and interrupt registers may
be read using SPI at 20MHz (MPU-6000 only). Additional features include an embedded temperature sensor
and an on-chip oscillator with +1% variation over the operating temperature range.

By leveraging its patented and volume-proven Nasiri-Fabrication platform, which integrates MEMS wafers
with companion CMOS electronics through wafer-level bonding, InvenSense has driven the MPU-60X0
package size down to a revolutionary footprint of 4x4x0.9mm (QFMN), while providing the highest
performance, lowest noise, and the lowest cost semiconductor packaging required for handheld consumer
electronic devices. The part features a robust 10,000g shock tolerance, and has programmable low-pass
filters for the gyroscopes, accelerometers, and the on-chip temperature sensor.

For power supply flexibility, the MPU-60X0 operates from VDD power supply voltage range of 2.375V-3.46V.
Additionally, the MPU-6050 provtdes a VLOGIC reference pin (in addition to its analog supply pin: VDD),
which sets the logic levels of its I°C interface. The VLOGIC voltage may be 1.8V+5% or VDD.

The MPU-6000 and MPU-6050 are identical, except that the MPU-6050 suppnrls the I°C serial interface only,
and has a separate VLOGIC reference pin. The MPU-6000 supports both I°C and SPI interfaces and has a
single supply pin, VDD, which is both the device's logic reference supply and the analog supply for the part.
The table below outlines these differences:
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Primary Differences between MPU-6000 and MPU-6050

Part/ ltem MPU-6000 MPU-6050
VDD 2.375V-3.46V 2.375V-3.46V
VLOGIC n/a 1.71V to VDD
Serial Interfaces Supported I°c, SPI =

Pin 8 Ics VLOGIC
Pin 9 ADO/SDO ADO

Pin 23 SCL/SCLK SCL

Pin 24 SDA/SDI SDA

8 of 52




Document Number: PS-MPU-6000A-00 Document Number: PS-MPU-6000A-00

Z
InvenSense ificati Revision: 3.4 ificati Revistn. o4
pab MPU-6000/MPU-6050 Product Specification | Revisen 34 InvenSense | wmpu-so00mPpU-6050 Product Specification T T

4 Applications 5 Features
*  BlurFree™ technology (for Video/Still Image Stabilization) 5.1 Gyroscope Features
s AirSign™ technology (for Security/Authentication) The friple-axis MEMS gyroscope in the MPU-60X0 includes a wide range of features:
= TouchAnywhere™ technology (for “no touch” Ul Application Control/Navigation) o . ’
s _Axi - 1
«  MotionCommand™ technology (for Gesture Short-cuts) * E;g',fﬁ’:;‘;“;,’;;; L e i = s [poncopetl Wil 2 Lsrrmmaramenstinul
e Matlcn-enabledmggm: and application framework +  External sync signal connected to the FSYNC pin supports image, video and GPS synchronization
» InstantGesture™ iG™ gesture recognition . « Integrated 16-bit ADCs enable simultaneous sampling of gyros
*  Location based services, points of interest, and dead reckoning + Enhanced bias and sensitivity temperature stability reduces the need for user calibration
* Handsetand portable gaming + Improved low-frequency noise performance
»  Motion-based game controllers . « Digitally-programmable low-pass filter
= 3D remote controls for Internet connected DTVs and set top boxes, 3D mice «  Gyroscope operating current: 3.6mA
» Wearable sensors for health, fitness and sports «  Standby current: SpA !
s Toys 5

+ Factory calibrated sensitivity scale factor
+  User self-test

5.2 Accelerometer Features
The triple-axis MEMS accelerometer in MPU-60X0 includes a wide range of features:

« Digital-output triple-axis accelerometer with a programmable full scale range of +2g, +4g, +8g and
+16g

* Integrated 16-bit ADCs enable simultaneous sampling of accelerometers while requiring no external
multiplexer

* Accelerometer normal operating current: 500pA

* Low power accelerometer mode current: 10pA at 1.25Hz, 20pA at 5Hz, 60pA at 20Hz, 110pA at
40Hz

» Orientation detection and signaling

» Tap detection

» User-programmable interrupts

= High-G interrupt

+ User self-test

5.3 Additional Features
The MPU-60X0 includes the following additional features:

9-Axis MotionFusion by the on-chip Digital Motion Processor (DMP)

Auxiliary master I°C bus for reading data from external sensors (e.g., magnetometer)

3.9mA operating current when all 6 motion sensing axes and the DMP are enabled

VDD supply voltage range of 2.375V-3.46V

Flexible VLOGIC reference voltage supports multiple I°C interface voltages (MPU-5050 only)
Smallest and thinnest QFN package for portable devices: 4x4x0.9mm

Minimal cross-axis sensitivity between the accelerometer and gyroscope axes

1024 byte FIFO buffer reduces power consumption by allowing host processor to read the data in
bursts and then go into a low-power mode as the MPU collects more data

Digital-output temperature sensor

User-programmable digital filters for gyroscope, accelerometer, and temp sensor

10,000 g shock talerant

400kHz Fast Mode I°C for communicating with all registers

1MHz SPI serial interface for communicating with all registers (MPU-6000 only)

20MHz SPI serial interface for reading sensor and interrupt registers (MPU-6000 only)
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MEMS structure hermetically sealed and bonded at wafer level
RoHS and Green compliant

5.4 MotionProcessing

55

Internal Digital Motion Processing™ (DMP™) engine supports 3D MotionProcessing and gesture
recognition algorithms

The MPU-60X0 collects gyroscope and accelerometer data while synchronizing data sampling at a
user defined rate. The total dataset obtained by the MPU-60X0 includes 3-Axis gyroscope data, 3-
Axis accelerometer data, and temperature data. The MPU's calculated output to the system
processor can also include heading data from a digital 3-axis third party magnetometer.

The FIFO buffers the complete data set, reducing timing requirements on the system processor by
allowing the processor burst read the FIFO data. After burst reading the FIFO data, the system
processor can save power by entering a low-power sleep mode while the MPU collects more data.
Programmable interrupt supports features such as gesture recognition, panning, zooming, scrolling,
tap detection, and shake detection

Digitally-programmable low-pass filters

Low-power pedometer functionality allows the host processor to sleep while the DMP maintains the
step count.

Clocking
On-chip timing generator +1% frequency variation over full temperature range
Optional external clock inputs of 32.768kHz or 19.2MHz
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6 Electrical Characteristics

6.1 Gyroscope Specifications
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V+5% or VDD, T, = 25°C

PARAMETER CONDITIONS : MM 1 TYP | MAX | UNITS 'NOTES
GYROSCOPE SENSITIVI
Full-Scale Range FS_SEL=0 250 °ls
FS_SEL=1 +500 s
FS_SEL=2 +1000 *ls
FS_SEL=3 +2000 °ls
Gyroscope ADC Word Length 16 bits
Sensilivity Scale Factor FS_SEL=0 131 LSB/("s)
FS_SEL=1 65.5 LSBI(Is)
FS_SEL=2 32.8 LSB/(°ls)
FS_SEL=3 16.4 LSB/(%s)
itivity Scale Factor Tol 25°C -3 +3 %
Sensilivity Scale Factor Variation Over £2 %
Temperature
Nonlinearity Best fit straight line; 25°C 0.2 %
Cross-Axis Sensitivity +2 %
‘GYROSCOPE ZERO-RATE OUTPUT (ZRO)
Initial ZRO Tolerance 25°C +20 °ls
ZRO Variation Over Temperalure -40°C lo +85°C 20 /s
Power-Supply Sensitivity (1-10Hz) Sine wave, 100mVpp; VDD=2.5V 0.2 °ls
Power-Supply Sensitivity (10 - 250Hz) Sine wave, 100mVpp; VDD=2.5V 0.2 s
Power-Supply Sensitivity (250Hz - 100kHz) Sine wave, 100mVpp; VDD=2.5V 4 s
Linear Acceleration Sensitivity Static 0.1 °Islg
SELF-TEST RESPONSE
Relative Change from factory trim -14 14 % 1
GYROSCOPE NOISE PERFORMANCE FS_SEL=0
Total RMS Noise DLPFCFG=2 (100Hz) 0.05 °/s-tms
Low-frequency RMS noise Bandwidth 1Hz to10Hz 0.033 °/s-rms
Rate Noise Spectral Density Al 10Hz 0.005 °/s! Y Hz
GYROSCOPE MECHANICAL
FREQUENCIES
X-Axis 30 a3 36 kHz
Y-Axis 27 30 33 kHz
Z-Axis 24 27 30 kHz
LOW PASS FILTER RESPONSE
Programmable Range 5 256 Hz
OUTPUT DATA RATE
P 4 8,000 Hz
GYROSCOPE START-UP TIME DLPFCFG=0
ZRO Settling (from power-on) to £1%s of Final 30 ms
1. Please refer to the following document for further information on Self-Test: MPU-6000/MPU-6050 Register Map

and Descriptions
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6.2 Accel ter Specificati

VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V+5% or VDD, T, = 25°C
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6.3 Electrical and Other Common Specifications

VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V+5%

or VDD, T, = 25°C

PARAMETER CONDITIONS " L MINY
ACCELEROMETER SENSITIVITY
Full-Scale Range AFS_SEL=0 2 g
AFS_SEL=1 +4 g
AFS_SEL=2 8 g
AFS_SEL=3 +16 g
ADC Word Length Output in two's complement format 16 bits
Sensitivity Scale Factor AFS_SEL=0 16,384 LSB/g
AFS_SEL=1 8,192 LSB/g
AFS_SEL=2 4,006 LSBig
AFS_SEL=3 2,048 LSBig
Initial Calibration Tolerance +3 %
itivity Change vs. Ti ire AFS_SEL=0, -40°C to +85°C 10.02 %"C
Nonlinearity Best Fit Straight Line 05 %
Cross-Axis Sensilivity 12 %
ZERO-G OUTPUT
Initial Calibration Tolerance XandY axes 150 mg
Z axis +80 mg
Zero-G Level Change vs. Temperature | X and Y axes, 0°C to +70°C 135
Z axis, 0°C to +70°C 160 mg
SELF TEST RESPONSE T )
Relative Change from factory trim -14 14 %
NOISE PERFORMANCE
Power Spectral Density @10Hz, AFS_SEL=0 & ODR=1kHz 400 ng! YHz
LOW PASS FILTER RESPONSE
F ble Range 5 260 Hz
OUTPUT DATA RATE
P ble Range 4 1,000 | Hz
INTELLIGENCE FUNCTION
INCREMENT 32 mg/LSB

1. Typical zero-g initial calibration tolerance value after MSL3 preconditioning

2. Please refer (o the following document for further information on Self-Test: MPU-6000/MPU-6050 Register Map

and Descriptions
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PARAMETER | CONDITIONS SEMINE R _MAX | Units | Notes
TEMPERATURE SENSO
Range -40 to +85 °c
Sensitivity Untrimmed 340 Lserc
Temperature Offset 35°C -521 LSB
Linearity Best fit straight line (-40°C to 1 °c
+85°C)
VDD POWER SUPPLY
Operating Voltages 2.375 3.46 v
Normal Operating Current Gyroscope + Accelerometer + DMP 38 mA
Gyroscope + Accelerometer
(DMP disabled) 38 mA
Gyroscope + DMP
(Accelerometer disabled) 37 mA
Gyroscope only
(DMP & Accelerometer disabled) 36 mA
Accelerometer only
(DMP & Gyroscope disabled) 500 A
Accelerometer Low Power Mode 1.25 Hz update rate 10 PA
Current
5 Hz update rate 20 A
20 Hz update rate 70 HA
40 Hz update rate 140 A
Full-Chip Idle Mode Supply Current 5 HA
Power Supply Ramp Rate Monotonic ramp. Ramp rate is 10% 100 -
to 0% of the final value
VLOGIC REFERENCE VOLTAGE MPU-6050 only
Voltage Range VLOGIC must be <VDD at all times 1.71 VDD v
Power Supply Ramp Rate Monotonic ramp. Ramp rate is 10% 3 =
to 50% of the final value
Normal Operaling Current . 100 pA —
TEMPERATURE RANGE
Specified Temperature Range Performance parameters are not
applicable beyond Specified -40 +85 c
Te Range
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6.4 Electrical Specifications, Continued
VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V5% or VDD, Ta = 25°C
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PARAMETER

6.5 Electrical Specifications, Continued
Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-8050 only) = 1.8V+5% or

CONDITIONS MIN TYP MAX Units Notes.
SERIAL INTERFACE
SPI Operating Frequency, All MPU-8000 only, Low Speed
Registers Read/Write Characterization 190:£30% khz
MPU-8000 only, High Speed
Characterization Ta10% MHz
SPI Operating Frequency, Sensor MPU-6000 only
and Interrupt Registers Read Only 20210% M
I°C Operating Frequency All registers, Fasl-mode 400 kHz
All regi i 100 kHz
I°'C ADDRESS ADD=0 1101000
ADO=1 1101001
DIGITAL INPUTS (SDI/SDA, ADO,
SCLKISCL, FSYNC, /CS, CLKIN)
Vi, High Level Input Voltage MPU-6000 0.7*VDD v
MPU-6050 0.7*VLOGIC v
Vie, Low Level Input Voltage MPU-6000 0.3*vDD v
MPU-8050 0.3*VLOGIC v
Cy, Input Capacitance <5 pF
DIGITAL OUTPUT (SDO, INT)
Vou, High Level Output Voltage Rioac=1MQ; MPU-6000 0.9*VDD v
Rioac=1MQ; MPU-6050 0.9*VLOGIC v
Vo1, LOW-Level Output Voltage Rioac=1M0; MPU-6000 0.1*VDD v
Ruioap=1M0Q; MPU-6050 0.1*VLOGIC v
Voumrs, INT Low-Level Qutput OPEN=1, 0.3mA sink 0.1 v
Voltage Current
Output Leakage Current OPEN=1 100 nA
twr, INT Pulse Width LATCH_INT_EN=0 50 us

VDD, To=25°C
_Parameters _| Conditions Typical Units | Notes |
Primary I’C IO (SCL, SDA)
Vi, LOW-Level input Voltage MPU-6000 -0.5 10 0.3*VDD v
Vi, HIGH-Level Input Voltage MPU-8000 0.7VDD to VDD + 0.5V v
Vs, Hysteresis MPU-8000 0.1*vDD v
VIL, LOW Level Input Voltage MPU-8050 -0.5V to 0.3°VLOGIC v
VIH, HIGH-Level Input Voltage MPU-6050 0.7*VLOGIC to VLOGIC + 0.5V v
Vhys, Hysteresis MPU-6050 0.1*VLOGIC v
Voui, LOW-Level Output Voltage 3mA sink current 0to 0.4 v
lor, LOW-Level Qutput Current Voo = 0.4V 3 mA
Voo = 0.6V 5 mA
Qutput Leakage Current 100 nA
tw, Output Fall Time from Virmas t0 Vicma C, bus capacilance in pF 20+0.1C, to 250 ns
C,, Capacitance for Each /O pin <10 pF
Aucxiliary I'C IO (AUX_CL, AUX_DA) MPU-6050: AUX_VDDIO=0
Vi, LOW-Level Input Voltage -0.5V to 0.3*VLOGIC v
Vi, HIGH-Level Input Voltage 0.7*VLOGIC to v
VLOGIC + 0.5V
Viys, Hysteresis 0.1"VLOGIC v
Vour, LOW-Level Output Voltage VLOGIC > 2V; 1mA sink current 0to0.4 v
Vous, LOW-Level Output Voltage VLOGIC < 2V; 1mA sink current 010 0.2*VLOGIC v
low, LOW-Level Output Current Vo = 0.4V 1 mA
Voo = 0.6V 1 mA
Output Leakage Current 100 nA
L, Output Fall Time from Vimas 10 Viima C, bus capacitance in pF 20+0.1C, to 250 ns
Ci. Capacitance for Each I/O pin <10 pF
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6.6 Electrical Specifications, Continued
Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-8050 only) = 1.8V+5% or

VDD, T, =25°C

Parameters Conditions Min. Typical Max | Units | Notes |

INTERNAL CLOCK SOURCE CLK_SEL=0,1,2,3

Gyroscope Sample Rate, Fast DLPFCFG=0 8 kHz
SAMPLERATEDIV =0

Gyroscope Sample Rate, Slow DLPFCFG=1,2,3,4,5, 0or6 1 kHz
SAMPLERATEDIV = 0

Accelerometer Sample Rate 1 kHz

Clock Frequency Initial Tolerance CLK_SEL=0, 25°C -5 +5 %
CLK_SEL=1,23;25°C -1 +1 %

Frequency Variation over Temperature CLK_SEL=0 -15to +10 %
CLK_SEL=123 11 %

PLL Seltling Time CLK_SEL=1,2,3 1 10 ms

EXTERNAL 32.768kHz CLOCK CLK_SEL=4

External Clock Frequency 32.768 kHz

External Clock Allowable Jitter Cycle-to-cycle rms 1102 us

Gyroscope Sample Rate, Fast DLPFCFG=0 8.192 kHz
SAMPLERATEDIV =0

Gyroscope Sample Rale, Slow DLPFCFG=1,2,3,4,5, or6 1.024 kHz
SAMPLERATEDIV = 0

Accelerometer Sample Rale 1.024 kHz

PLL Settling Time 1 10 ms

EXTERNAL 19.2MHz CLOCK CLK_SEL=5

External Clock Frequency 19.2 MHz

Gyroscope Sample Rate Full programmable range 39 8000 Hz

Gyroscope Sample Rate, Fast Mode DLPFCFG=0 8 kHz
SAMPLERATEDIV = 0

Gyroscope Sample Rate, Slow Mode DLPFCFG=1,2,3,4,5 or 6 1 kHz
SAMPLERATEDIV = 0

Accelerometer Sample Rale 1 kHz

PLL Settling Time 1 10 ms
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6.7 I’C Timing Characterization

Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V+5% or

VDD, T, =25°C
Parameters | Conditions ~ Min | Typical Max | Units | Notes
FC TIMING I’C FAST-MODE
fsci, SCL Clock Frequency 400 kHz
o sta, (Repeated) START Condition Hold 086 Hs
Time
tuow, SCL Low Period 13 Hs
tiacy, SCL High Period 06 Hs
tsusta, Repeated START Condition Setup 06 vs
Time
tiooar, SDA Data Hold Time 0 s
tsupar, SDA Data Setup Time 100 ns
t,, SDA and SCL Rise Time Cy bus cap. from 10 to 400pF 2040.1Cy 300 ns
t, SDA and SCL Fall Time Cs bus cap. from 10 to 400pF 20+0.1Cy 300 ns
tsysro, STOP Condition Setup Time 06 us
tpur, Bus Free Time Between STOP and 13 ps
START Condition
Cy, Capacitive Load for each Bus Line <400 pF
tvo.par, Data Valid Time 0.9 Hs
tvo.ack, Data Valid Acknowledge Time 0.9 s
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Note: Timing Characteristics apply to both Primary and Auxiliary 1°C Bus
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6.8  SPI Timing Characterization (MPU-6000 only)

Typical Operating Circuit of Section 7.2, VDD = 2.375V-3.46V, VLOGIC (MPU-6050 only) = 1.8V+5% or

VDD, T, = 25°C, unless otherwise noted.

Document Number: PS-MPU-6000A-00

7
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6.9 Absolute Maximum Ratings

Stress above those listed as “Absolute Maximum Ratings” may cause permanent damage to the device.
These are stress ratings only and functional operation of the device at these conditions is not implied.
Exposure to the absolute maximum ratings conditions for extended periods may affect device reliability.

Parameters ; _Conditions o ~Min Typical Max | Units | Notes
SPITIMING

fscuk, SCLK Clock Frequency 1 MHz
tuow, SCLK Low Period 400 ns
tagn, SCLK High Period 400 ns
tsucs, CS Setup Time 8 ns
tio.es, CS Hold Time 500 ns
tsuso, SDI Setup Time 11 ns
tio.son, SDI Hold Time 7 ns
tvo.so0, SDO Valid Time Cusa = 20pF 100 ns
tio.s00, SDO Hold Time Ciosa = 20pF 4 ns
1ois s00, SDO Qulput Disable Time 10 ns

£5 Tﬂ%‘s

o1t _———P 14~ thicn

W%
'—.‘Llu:l:l
SCIK Ton
i ;l
tsu;sol ¢ Iwoisor
SDI

A/

T0% N
%

tvD:800 M- 1HD;800
%

SDo
3%

X

SisH

SPI Bus Timing Diagram
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Parameter Rating
Supply Voltage, VDD -0.5V to +6V
VLOGIC Input Voltage Level (MPU-6050) -0.5V to VDD + 0.5V
REGOUT -0.5Vto 2v
Input Voltage Level (CLKIN, AUX_DA, ADO, FSYNC, INT, .
SCL, SDA) 0.5V to VDD + 0.5V
CPOUT (25V VDD £3.6V) -0.5V to 30V
Acceleration (Any Axis, unpowered) 10,0009 for 0.2ms
Operating Temperature Range -40°C to +105°C
Storage Temperature Range -40°C to +125°C
Electrostatic Discharge (ESD) Protection 221:5\[:\(!'-:3“:1))
JEDEC CI: 11 (2),125°
Latch-up asnl (Ehete
+100mA
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7.1 Pin Out and Signal Description
| Pin Number ’;‘;’-";' o ';:_.,‘;' Pin Name Pin nmr:pmm G
1 Y Y CLKIN Opuonal enemal mference r:kx:k inpul. Connect lo GND if unused.
6 Y ¥ AUX_DA I°C master serial data, for connecting to external sensors
7 Y Y AUX_CL I°C Master serial clock, for connecting to external sensors
8 Y cs SPI chip select (0=SPI mode)
8 Y VLOGIC Digital /O supply voltage
9 Y ADO/SDO I°C Slave Address LSB (ADO); SPI serial data output (SDO)
9 Y ADQ I°C Slave Address LSB (ADO)
10 Y Y REGOUT gul filter it
11 Y Y FSYNC Frame synchronization digital input. Connect to GND if unused.
12 Y Y INT Interrupt digital output (tolem pole or open-drain)
13 Y Y VDD Power supply voltage and Digital O supply voltage
18 Y Y GND Power supply ground
19, 21 Y Y RESV Reserved. Do not connect.
20 Y Y CPOUT Charge pump
22 Y Y RESV Reserved. Do not connect.
23 Y SCL/SCLK I°C serial clock (SCL); SPI serial clock (SCLK)
23 Y, SCL I°C serial clock (SCL)
24 Y SDA/SDI I°C serial data (SDA); SPI serial data input (SDI)
24 Y SDA I’C serial data (SDA)
2 |y ¥ NC Not intemally connected. May be used for PCB trace routing.
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7.2

7.3

Typical Operating Circuit
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Typical Operating Circuits
Bill of Materials for External Components
Component : Label | Specification | Quantity
Regulator Filter Capacnor (PII‘I 10) c1 Ceramic, X7R, 0.1pF £10%, 2V 1
VDD Bypass Capacitor (Pin 13) c2 Ceramic, X7R, 0.1pF £10%, 4V 1
Charge Pump Capacitor (Pin 20) C3 Ceramic, X7R, 2.2nF +10%, 50V 1
VLOGIC Bypass Capacitor (Pin 8) | C4* Ceramic, X7R, 10nF +10%, 4V 1

* MPU-6050 Only.
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7.4 Recommended Power-on Procedure 7.5 Block Diagram

atov

MPU-60X0

Power-Up Sequencing

. VLOGIC amplitude must always be sVDD
amplitude

-

2. Tyoor is VDD rise time: Time for VDD to rise
from 10% to 90% of its final value
Tvoor is £100ms

Tuier is VLOGIC rise time: Time for
+—Twor VLOGIC to rise from 10% to 90% of its final
- 90% value

w

B

o

Tvigr is €3ms

. Twe.voo is the delay from the start of VDD
ramp to the start of VLOGIC rise

o

VLOGIC —

-~

. Twigvop is 20

VDD and VLOGIC must be monotonic
ramps

©

VDD GND  REGOUT [VLOGIC]

Mote: Pin names in round brackets { } apply only ta MPU-6000
Pin names in square brackets [ ] apply only o MPU6050

7.6 Overview
The MPU-60X0 is comprised of the following key blocks and functions:

s Three-axis MEMS rate gyroscope sensor with 16-bit ADCs and signal conditioning
Three-axis MEMS accelerometer sensor with 16-bit ADCs and signal conditioning
Digital Motion Processor (DMP) engine

Primary I°C and SPI (MPU-6000 only) serial communications interfaces

Auxiliary I’C serial interface for 3™ party magnetometer & other sensors

Clocking

Sensor Data Registers

FIFO

Interrupts

Digital-Output Temperature Sensor

Gyroscope & Accelerometer Self-test

Bias and LDO

Charge Pump
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7.7 Three-Axis MEMS Gyroscope with 16-bit ADCs and Signal Conditioning

The MPU-60X0 consists of three independent vibratory MEMS rate gyroscopes, which detect rotation about
the X-, Y-, and Z- Axes. When the gyros are rotated about any of the sense axes, the Coriolis Effect causes
a vibration that is detected by a capacitive pickoff. The resulting signal is amplified, demodulated, and filtered
to produce a voltage that is proportional to the angular rate. This voltage is digitized using individual on-chip
16-bit Analog-to-Digital Converters (ADCs) to sample each axis. The full-scale range of the gyro sensors
may be digitally programmed to +250, +500, £1000, or +2000 degrees per second (dps). The ADC sample
rate is programmable from 8,000 samples per second, down to 3.9 samples per second, and user-selectable
low-pass filters enable a wide range of cut-off frequencies.

7.8 Three-Axis MEMS Accelerometer with 16-bit ADCs and Signal Conditioning

The MPU-60X0's 3-Axis accelerometer uses separate proof masses for each axis. Acceleration along a
particular axis induces displacement on the corresponding proof mass, and capacitive sensors detect the
displacement differentially. The MPU-60X0’s architecture reduces the accelerometers’ susceptibility to
fabrication variations as well as to thermal drift. When the device is placed on a flat surface, it will measure
0Og on the X- and Y-axes and +1g on the Z-axis. The accelerometers’ scale factor is calibrated at the factory
and is nominally independent of supply voltage. Each sensor has a dedicated sigma-delta ADC for providing
digital outputs. The full scale range of the digital output can be adjusted to +2g, +4g, +8g, or +16g.

7.9 Digital Motion Processor

The embedded Digital Motion Processar (DMP) is located within the MPU-60X0 and offloads computation of
motion processing algonthms from the host processor. The DMP acquires data from accelerometers,
gyroscopes, and additional 3 party sensors such as magnetometers, and processes the data. The resulting
data can be read from the DMP’s registers, or can be buffered in a FIFO. The DMP has access {o one of the
MPU's external pins, which can be used for generating interrupts.

The purpose of the DMP is to offload both timing requirements and processing power from the host
processor. Typically, motion processing algorithms should be run at a high rate, often around 200Hz, in order
to provide accurate results with low latency. This is required even if the application updates at a much lower
rate; for example, a low power user interface may update as slowly as 5Hz, but the motion processing should
still run at 200Hz. The DMP can be used as a tool in order to minimize power, simplify timing, simplify the
software architecture, and save valuable MIPS on the host processor for use in the application.

7.10 Primary I°C and SPI Serial Communications Interfaces

The MPU-60X0 communicates to a system processor using either a SPI (MPU-6000 only) or an I°C serial
interface. The MPU-60X0 always acts as a slave when communicating to the system processor. The LSB of
the of the I°C slave address is set by pin 9 (ADO).

The logic levels for communications between the MPU-60X0 and its master are as follows:

* MPU-6000: The logic level for communications with the master is set by the voltage on VDD
*  MPU-6050: The legic level for communications with the master is set by the voltage on VLOGIC

For further information regarding the logic levels of the MPU-6050, please refer to Section 10.
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7.11 Auxiliary I’C Serial Interface
The MPU-60X0 has an auxiliary I°C bus for communicating to an off-chip 3-Axis digital output magnetometer
or other sensors. This bus has two operating modes:

» I’C Master Mode: The MPU-60X0 acts as a master to any external sensors connected to the
auxiliary I°C bus
* Pass-Through Mode: The MPU-60X0 directly connects the primary and auxiliary I°C buses together,
allowing the system processor to directly communicate with any external sensors.
Auxiliary I’C Bus Modes of Operation:

« I’)C Master Mode: Allows the MPU-60X0 to directly access the data registers of external digital
sensors, such as a magnetometer. In this mode, the MPU-60XO0 directly obtains data from auxiliary
sensors, allowing the on-chip DMP to generate sensor fusion data without intervention from the
system applications processor.

For example, In I°C Master mode, the MPU-60X0 can be configured to perform burst reads,
returning the following data from a magnetometer:

= X magnetometer data (2 bytes)
= Y magnetometer data (2 bytes)
= Z magnetometer data (2 bytes)

The I°C Master can be configured to read up to 24 bytes from up to 4 auxiliary sensors. A fifth sensor
can be configured to work single byte read/write mode.

¢ Pass-Through Mode: Allows an external system processor to aci as master and directly
communicate to the external sensors connected to the auxlllary I’C bus pins (AUX_DA and
AUX_CL). In this mode, the auxiliary I’C bus cantrol logic (3" party sensor interface block) of the
MPU-60X0 is disabled, and the auxiliary I°C pins AUX_DA and AUX_CL (Pins 6 and 7) are
connected to the main I1°C bus (Pins 23 and 24) through analog switches.

Pass-Through Mode is useful for configuring the external sensors, or for keeping the MPU-60X0 in a
low-power mode when only the external sensors are used.

In Pass-Through Mode the system processor can still access MPU-60X0 data through the I°C
interface.

Augxiliary I°C Bus 10 Logic Levels
+ MPU-8000: The logic level of the auxiliary I°C bus is VDD
« MPU-6050: The legic level of the auxiliary I’C bus can be programmed to be either VDD or VLOGIC

For further information regarding the MPU-6050's logic levels, please refer to Section 10.2.
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712 Self-Test
Please refer to the MPU-6000/MPU-6050 Register Map and Register Descriptions document for more details
on self test.

Self-test allows for the testing of the mechanical and electrical portions of the sensors. The self-test for each
measurement axis can be activated by means of the gyroscope and accelerometer self-test registers
(registers 13 to 16).

When self-test is activated, the electronics cause the sensors to be actuated and produce an output signal.
The output signal is used to observe the self-test response.

The self-test response is defined as follows:
Self-test response = Sensor output with self-test enabled — Sensor output without self-test enabled

The self-test response for each accelerometer axis is defined in the accelerometer specification table
(Section 6.2), while that for each gyroscope axis is defined in the gyroscope specification table (Section 6.1).

When the value of the self-test response is within the min/max limits of the product specification, the part has
passed self test. When the self-test response exceeds the min/max values, the part is deemed to have failed
self-test. Code for operating self test code is included within the MotionApps software provided by
InvenSense.
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7.13 MPU-60X0 Solution for 9-axis Sensor Fuswn Using I°C Interface

In the figure below, the system processor is an I°C master to the MPU-60X0. In addition, the MPU-80X0 is an
I’C master to the optional external compass sensor. The MPU-60X0 has limited capabilities as an I’C
Master, and depends on the system processor to manage the initial configuration of any auxdlary sensors.
The MPU-60X0 has an interface bypass multiplexer, whlch connects the system processor I°C bus pins 23
and 24 (SDA and SCL) directly to the auxiliary sensor I°C bus pins 6 and 7 (AUX_DA and AUX_CL).

Once the auxiliary sensors have been configured by the system processor, the interface bypass mulhplexer
should be disabled so that the MPU-80X0 auxiliary I°C master can take control of the sensor I°C bus and
gather data from the auxiliary sensors.

For further information regarding I°C master contral, please refer to Section 10.
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7.14 MPU-6000 Using SPI Interface

In the figure below, the system processor is an SPI master to the MPU-6000. Pins 8, 9, 23, and 24 are used
to support the /CS, SDO, SCLK, and SDI signals for SPI communications. Because these SPI pins are
shared with the I°C slave pins (9, 23 and 24), the system processor cannot access the auxiliary I°C bus
through the interface bypass multiplexer, which connects the processor I°C interface pins to the sensor I°C
interface pins.

Since the MPU-6000 has limited capabilities as an 1°C Master, and depends on the system processor to
manage the initial configuration of any auxiliary sensors, another method must be used for programming the
sensors on the auxiliary sensor I°C bus pins 6 and 7 (AUX_DA and AUX_CL).

When using SPI communications between the MPU-6000 and the system processor, configuration of
devices on the auxiliary I°C sensor bus can be achieved by using I°C Slaves 0-4 to perform read and write
transactions on any device and register on the auxiliary I2C bus. The I°C Slave 4 interface can be used to
perform only single byte read and write transactions.

Once the external sensors have been configured, the MPU-6000 can perform single or multi-byte reads
using the sensor I°C bus. The read results from the Slave 0-3 controllers can be written to the FIFO buffer as
well as to the external sensor registers.

For further information regarding the control of the MPU-80X0's auxiliary I°C interface, please refer to the
MPU-6000/MPU-6050 Register Map and Register Descriptions document.
Processor SPI Bus: for reading all

data from MPU and for configuring
MPU and external sensors
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7.15 Internal Clock Generation

The MPU-60XO0 has a flexible clocking scheme, allowing a variety of internal or external clock sources to be
used for the internal synchronous circuitry. This synchronous circuitry includes the signal conditioning and
ADCs, the DMP, and various control circuits and registers. An on-chip PLL provides flexibility in the
allowable inputs for generating this clock.

Allowable internal sources for generating the internal clock are:

= Aninternal relaxation oscillater
* Anyofthe X, Y, or Z gyros (MEMS oscillators with a variation of +1% over temperature)

Allowable external clocking sources are:

* 32.768kHz square wave
» 19.2MHz square wave

Selection of the source for generating the internal synchronous clock depends on the availability of external
sources and the requirements for power consumption and clock accuracy. These requirements will most
likely vary by mode of operation. For example, in one mode, where the biggest concern is power
consumption, the user may wish to operate the Digital Motion Processor of the MPU-60X0 to process
accelerometer data, while keeping the gyros off. In this case, the internal relaxation oscillator is a good clock
choice. However, in another mode, where the gyros are active, selecting the gyros as the clock source
provides for a more accurate clock source.

Clock accuracy is important, since timing errors directly affect the distance and angle calculations performed
by the Digital Motion Processor (and by extension, by any processor).

There are also start-up conditions to consider. When the MPU-60X0 first starts up, the device uses its
internal clock until programmed to operate from another source. This allows the user, for example, to wait
for the MEMS oscillators to stabilize before they are selected as the clock source.

7.16 Sensor Data Registers

The sensor data registers contain the latest gyro, accelerometer, auxiliary sensor, and temperature
measurement data. They are read-only registers, and are accessed via the serial interface. Data from these
registers may be read anytime. However, the interrupt function may be used to determine when new data is
available.

For a table of interrupt sources please refer to Section 8.

747 FIFO

The MPU-80X0 contains a 1024-byte FIFO register that is accessible via the Serial Interface. The FIFO
configuration register determines which data is written into the FIFO. Possible choices include gyro data,
accelerometer data, temperature readings, auxiliary sensor readings, and FSYNC input. A FIFO counter
keeps frack of how many bytes of valid data are contained in the FIFO. The FIFO register supports burst
reads. The interrupt function may be used to determine when new data is available.

For further information regarding the FIFO, please refer to the MPU-6000/MPU-6050 Register Map and
Register Descriptions document.

7.18 Interrupts

Interrupt functionality is configured via the Interrupt Configuration register. ltems that are configurable include
the INT pin configuration, the interrupt latching and clearing method, and triggers for the interrupt. Items that
can trigger an interrupt are (1) Clock generator locked to new reference oscillator (used when switching clock
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sources); (2) new data is available to be read (from the FIFO and Data registers); (3) accelerometer event
interrupts; and (4) the MPU-60X0 did not receive an acknowledge from an auxiliary sensor on the secondary
I’C bus. The interrupt status can be read from the Interrupt Status register.

For further information regarding interrupts, please refer to the MPU-60X0 Register Map and Register
Descriptions document.

For information regarding the MPU-60X0's accelerometer event interrupts, please refer to Section 8.

7.19 Digital-Output Temperature Sensor
An on-chip temperature sensor and ADC are used to measure the MPU-80X0 die temperature. The
readings from the ADC can be read from the FIFO or the Sensor Data registers.

7.20 Bias and LDO

The bias and LDO section generates the internal supply and the reference voltages and currents required by
the MPU-60X0. Its two inputs are an unregulated VDD of 2.375 to 3.46V and a VLOGIC logic reference
supply voltage of 1.71V to VDD (MPU-6050 only). The LDO output is bypassed by a capacitor at REGOUT.
For further details on the capacitor, please refer to the Bill of Materials for External Components (Section
7.3).

7.21 Charge Pump

An on-board charge pump generates the high voltage required for the MEMS oscillators. lts output is
bypassed by a capacitor at CPOUT. For further details on the capacitor, please refer to the Bill of Materials
for External Components (Section 7.3).
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8 Programmable Interrupts

The MPU-60X0 has a programmable interrupt system which can generate an interrupt signal on the INT pin.
Status flags indicate the source of an interrupt. Interrupt sources may be enabled and disabled individually.

Table of Interrupt Sources

Interrupt Name Madule

FIFO Overflow FIFO

Data Ready Sensor Registers
°C Master errors: Lost Arbitration, NACKs | I°C Master

1°C Slave 4 I’C Master

For information regarding the interrupt enable/disable registers and flag registers, please refer to the MPU-
6000/MPU-6050 Register Map and Register Descriptions document. Some interrupt sources are explained
below.
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9 Digital Interface

9.1 I’C and SPI (MPU-6000 only) Serial Interfaces
The internal registers and memory of the MPU-6000/MPU-6050 can be accessed using either 1°C at 400 kHz
or SPI at 1MHz (MPU-6000 only). SPI operates in four-wire mode.

Serial Interface
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Pin Number | MPU-6000 | MPU-6050 Pin Name Pin Description

8 Y cs SPI chip select (0=SPI enable)
8 ¥ VLOGIC Digital I/O supply voltage. VLOGIC must be < VDD at all times.
9 Y ADO/SDO | FC Slave Address LSB (ADO); SPI serial data output (SDO)
9 ¥ ADO I’C Slave Address LSB
23 ¥ SCL/SCLK | F'C serial clock (SCL); SPI serial clock (SCLK)
23 X SCL I’C serial clock
24 Y SDA/SDI I’C serial data (SDA); SP! serial data input (SDI)
24 X SDA I’C serial data

Note:

To prevent switching into I°C mode when using SPI (MPU-6000), the I°C interface should be disabled by
setting the 12C_IF_DIS configuration bit. Setting this bit should be performed immediately after waiting for the
time specified by the “Start-Up Time for Register Read/Write” in Section 6.3.

For further information regarding the 12C_IF_DIS bit, please refer to the MPU-6000/MPU-6050 Register Map
and Register Descriptions document.

9.2  I’C Interface

I’C is a two-wire interface comprised of the signals serial data (SDA) and serial clock (SCL). In general, the
lines are open-drain and bi-directional. In a generalized I°C interface implementation, attached devices can
be a master or a slave. The master device puts the slave address on the bus, and the slave device with the
matching address acknowledges the master.

The MPU-60X0 always operates as a slave device when communicating to the system processor, which thus
acts as the master. SDA and SCL lines typically need pull-up resistors to VDD. The maximum bus speed is
400 kHz.

The slave address of the MPU-60X0 is b110100X which is 7 bits long. The LSB bit of the 7 bit address is
determined by the logic level on pin ADO. This allows two MPU-60X0s to be connected to the same I°C bus.
When used in this configuration, the address of the one of the devices should be b1101000 (pin ADO is logic
low) and the address of the other should be b1101001 (pin ADO is logic high).

9.3 I’C Communications Protocol
START (S) and STOP (P) Conditions

Communication on the I°C bus starls when the master puts the START condition (S) on the bus, which is
defined as a HIGH-to-LOW transition of the SDA line while SCL line is HIGH (see figure below). The bus is
considered to be busy until the master puts a STOP condition (P) on the bus, which is defined as a LOW to
HIGH transition on the SDA line while SCL is HIGH (see figure below).
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Additionally, the bus remains busy if a repeated START (Sr) is generated instead of a STOP condition.

R g

START condition STOP condition

START and STOP Conditions

Data Format / Acknowledge

I’C data bytes are defined to be 8-bits long. There is no restriction to the number of bytes transmitted per
data transfer, Each byte transferred must be followed by an acknowledge (ACK) signal. The clock for the
acknowledge signal is generated by the master, while the receiver generates the actual acknowledge signal
by pulling down SDA and holding it low during the HIGH portion of the acknowledge clock pulse.

If a slave is busy and cannct transmit or receive another byte of data until some other task has been
performed, it can hold SCL LOW, thus forcing the master into a wait state. Normal data transfer resumes
when the slave is ready, and releases the clock line (refer to the following figure).

DATA OUTPUT BY
TRANSMITTER (SDA)

L X XX /

not acknowiedge.

b,

|
|
T q}_/
: acknowled,
SCL FROM

o o w _____ N\

START
condition

DATA OUTPUT BY
RECEIVER (SDA)

clock pulse for
acknowledgement

Acknowledge on the I°C Bus
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Communications

After beginning communlcatlons with the START condition (S), the master sends a 7-bit slave address
followed by an 8" bit, the readhwrite bit. The readhwrite bit indicates whether the master is receiving data from
or is writing to the slave device. Then, the master releases the SDA line and waits for the acknowledge
signal (ACK) from the slave device. Each byte transferred must be followed by an acknowledge bit. To
acknowledge, the slave device pulls the SDA line LOW and keeps it LOW for the high period of the SCL line.
Data transmission is always terminated by the master with a STOP condition (P), thus freeing the
communications line. However, the master can generate a repeated START condition (Sr), and address
another slave without first generating a STOP condition (P). A LOW to HIGH transition on the SDA line while
SCL is HIGH defines the stop condition. All SDA changes should take place when SCL is low, with the
exception of start and stop conditions.

s l IR | O 7 A
START ADDRESS RN ACK DATA ACK DATA ACK STOP
condition condition

Complete I°C Data Transfer

To write the internal MPU-60X0 registers, the master transmits the start condition (S), followed by the 1°C
address and the write bit (0). At the 9" clock cycle (when the clock is high), the MPU-80X0 acknowledges the
transfer. Then the master puts the register address (RA) on the bus. After the MPU-60X0 acknowledges the
reception of the register address, the master puts the register data onto the bus. This is followed by the ACK
signal, and data transfer may be concluded by the stop condition (P). To write multiple bytes after the last
ACK signal, the master can continue outputting data rather than transmitting a stop signal. In this case, the
MPU-60X0 automatically increments the register address and loads the data to the appropriate register. The
following figures show single and two-byte write sequences.

Single-Byte Write Sequence

Master | S | AD+W RA DATA P
Slave ACK ACK ACK

Burst Write Sequence

Master | S | AD+W RA DATA DATA P
Slave ACK ACK ACK ACK
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To read the internal MPU-60X0 registers, the master sends a start condition, followed by the 1°C address and
a write bit, and then the register address that is going to be read. Upon receiving the ACK signal from the
MPU-60X0, the master transmits a start signal followed by the slave address and read bit. As a result, the
MPU-60X0 sends an ACK signal and the data. The communication ends with a not acknowledge (NACK)

gnal and a stop bit from master. The NACK condition is defined such that the SDA line remains high at the
9" clock cycle. The following figures show single and two-byte read sequences.

Single-Byte Read Sequence

Master | S | AD+W RA S | AD+R NACK [ P
Slave ACK ACK ACK | DATA
Burst Read Sequence
Master | S | AD+W RA S | AD+R ACK NACK | P
Slave ACK ACK ACK | DATA DATA

9.4 I’C Terms
| Signal | Description
S Start Cundmun SDA gues frnm hlgh to low while SCL is high
AD Slave I°C address
w Write bit (0)
R Read bit (1)

ACK Acknowledge SDA line is low while the SCL line is high at the
9" clock cycle

NACK | Not-Acknowledge: SDA line stays high at the 9" clock cycle
RA MPU-60X0 internal register address
DATA | Transmit or received data
P Stop condition: SDA going from iow to high while SCL is high
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9.5 SPlInterface (MPU-6000 only)
SPl is a 4-wire synchronous serial interface that uses two control lines and two data lines. The MPU-6000
always operates as a Slave device during standard Master-Slave SPI operation.

With respect to the Master, the Serial Clock output (SCLK), the Serial Data Output (SDO) and the Serial
Data Input (SDI) are shared among the Slave devices. Each SPI slave device requires its own Chip Select
(/C8) line from the master.

/CS goes low (active) at the start of transmission and goes back high (inactive) at the end. Only one /CS line
is aclive at a time, ensuring that only one slave is selected at any given time. The /CS lines of the non-
selected slave devices are held high, causing their SDO lines to remain in a high-impedance (high-z) state
so that they do not interfere with any active devices.

SPI Operational Features

Data is delivered MSB first and LSB last

Data is latched on the rising edge of SCLK

Data should be transitioned on the falling edge of SCLK

The maximum frequency of SCLK is 1MHz

SPI read and write operations are completed in 16 or more clock cycles (two or more bytes). The
first byte contains the SPI Address, and the following byte(s) contain(s) the SPI data. The first
bit of the first byte contains the Read/Write bit and indicates the Read (1) or Write (0) operation.
The following 7 bits contain the Register Address. In cases of multiple-byte Read/Writes, data is
two or more bytes:

SPI Address format
(mse| [ T [ [ [ [tsB]
[RW [A6 [A5 [A4[A3[A2[A1] A0 |

P

SPI Data format

[mse] [ T T [ T Tuise]

[ b7 [p6|D5|D4[D3[D2[D1] DO |
6. Supports Single or Burst Read/Writes.

SCLK
SDI
SPI Masler spo | SPISlave 1

ics1 cs

SCLK

SPO
ics

SPI Slave 2

Typical SPI Master | Slave Configuration
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10 Serial Interface Considerations (MPU-6050)

10.1 MPU-6050 Supported Interfaces
The MPU-6050 supports I°C communications on both its primary (microprocessor) serial interface and its
auxiliary interface.

10.2 Logic Levels
The MPU-6050's I/0 logic levels are set to be VLOGIC, as shown in the table below. AUX_VDDIO must be
setto 0.

/O Logic Levels vs. AUX_VDDIO

'MICROPROGESSOR LOGIC LEVELS  AUXILLARY LOGIC LEVELS
PR, . {Pins: SDA, SCL,ADO, CLKIN, INT) ~ (Pins: AUX_DA, AUX_CL}
0 VLOGIC VLOGIC

Note: The power-on-reset value for AUX_VDDIO is 0.

When AUX_VDDIO is set to 0 (its power-on-reset value), VLOGIC is the power supply voltage for both the
microprocessor system bus and the auxiliary I°C bus, as shown in the figure of Section 10.3.
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10.3 Logic Levels Diagram for AUX_VDDIO =0
The figure below depicts a sample circuit with a third party magnetometer attached to the auxiliary I°C bus. It
shows logic levels and voltage connections for AUX_VDDIO = 0. Note: Actual configuration will depend on
the auxiliary sensors used.
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Notes:

/0 Levels and Connections for AUX_VDDIO =0

1. AUX_VDDIO determines the IO voltage levels of AUX_DA and AUX_CL
(0 = set output levels relative to VLOGIC)

2. All other MPU-6050 logic IOs are referenced to VLOGIC.
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11 Assembly

This section provides general guidelines for assembling InvenSense Micro Electro-Mechanical Systems
(MEMS) gyros packaged in Quad Flat No leads package (QFN) surface mount integrated circuits.

11.1 Orientation of Axes
The diagram below shows the orientation of the axes of sensitivity and the polarity of rotation. Note the pin 1

identifier () in the figure.

Orientation of Axes of Sensitivity and
Polarity of Rotation
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11.2 Package Dimensions

24 Lead QFN (4x4x0.9) mm NiPdAu Lead-frame finish

24 19 =10
1o 18 ‘
L PIN 1 IDENTIFIER IS A LASER
MARKED FEATURE ON TOP
E e

SYMBOLS |IDIMENSIONS IN MILLIMETERS

MIN NOM MAX
oM _

A 0.85 0.80 0.95
Al 0.00 0.02 0.05
b 0.18 0.25 0.30

[ - 0.20 REF -
D 3.90 4.00 4.10
D2 2.65 2.70 275
E 3.90 4.00 4.10
E2 2.55 2.60 2.65

e oz 0.50 i

f(e-b) 0.25
K - 0.25 0.30 035
L 0.30 035 0.40
L1 0.35 0.40 0.45
S 0.05 — 0.15

>
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11.3 PCB Design Guidelines

The Pad Diagram using a JEDEC type extension with solder rising on the outer edge is shown below. The
Pad Dimensions Table shows pad sizing (mean dimensions) recommended for the MPU-60X0 product.

JEDEC type extension with solder rising on outer edge

PCB Layout Diagram

SYMBOLS DIMENSIONS IN MILLIMETERS NOM
: __Nominal Package l/O Pad Dimensions _ S

e Pad Pitch 0.50

b Pad Width 0.25

L Pad Length 0.35

L1 Pad Length 0.40

D Package Width 4.00

E Package Length 4.00

D2 Exposed Pad Width 2.70

E2 Exposed Pad Length 2.60

IO Land Design Dimensions (Guidelines )

D3 1/Q Pad Extent Width 4.80

E3 /0 Pad Extent Length 4.80

c Land Width 0.35

Tout Qutward Extension 0.40

Tin Inward Extension 0.05

L2 Land Length 0.80

L3 Land Length 0.85

PCB Dimensions Table (for PCB Lay-out Diagram)
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11.4 Assembly Precautions
11.4.1 Gyroscope Surface Mount Guidelines

InvenSense MEMS Gyros sense rate of rotation. In addition, gyroscopes sense mechanical stress coming
from the printed circuit board (PCB). This PCB stress can be minimized by adhering to certain design rules:

When using MEMS gyroscope components in plastic packages, PCB mounting and assembly can cause
package stress. This package stress in turn can affect the output offset and its value over a wide range of
temperatures. This stress is caused by the mismatch between the Coefficient of Linear Thermal Expansion
(CTE) of the package material and the PCB. Care must be taken to avoid package stress due to mounting.

Traces connected to pads should be as symmetric as possible. Maximizing symmetry and balance for pad
connection will help component self alignment and will lead to better control of solder paste reduction after
reflow.

Any material used in the surface mount assembly process of the MEMS gyroscope should be free of
restricted RoHS elements or compounds. Pb-free solders should be used for assembly.

11.4.2 Exposed Die Pad Precautions

The MPU-60X0 has very low active and standby current consumption. The exposed die pad is not required
for heat sinking, and should not be soldered to the PCB. Failure to adhere to this rule can induce
performance changes due to package thermo-mechanical stress. There is no electrical connection between
the pad and the CMOS.

11.4.3 Trace Routing

Routing traces or vias under the gyro package such that they run under the exposed die pad is prohibited.
Routed active signals may harmonically couple with the gyro MEMS devices, compromising gyro response.
These devices are designed with the drive frequencies as follows: X = 33+3Khz, Y = 30&3Khz, and
Z=27+3Khz. To avoid harmonic coupling don't route active signals in non-shielded signal planes directly
below, or above the gyro package. Note: For best performance, design a ground plane under the e-pad to
reduce PCB signal noise from the board on which the gyro device is mounted. If the gyro device is stacked
under an adjacent PCB board, design a ground plane directly above the gyro device to shield active signals
from the adjacent PCB board.

11.4.4 Component Placement

Do not place large insertion components such as keyboard or similar buttons, connectors, or shielding boxes
at a distance of less than 6 mm from the MEMS gyro. Maintain generally accepted industry design practices
for component placement near the MPU-60X0 to prevent noise coupling and thermo-mechanical stress.

11.4.5 PCB Mounting and Cross-Axis Sensitivity

Orientation errors of the gyroscope and accelerometer mounted to the printed circuit board can cause cross-
axis sensitivity in which one gyro or accel responds to rotation or acceleration about another axis,
respectively. For example, the X-axis gyroscope may respond to rotation about the Y or Z axes. The
orientation mounting errors are illustrated in the figure below.
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Package Gyro & Accel Axes (- —— ) Relative to PCB Axes ( ) with Orientation Errors (O and @)

The table below shows the cross-axis sensitivity as a percentage of the gyroscope or accelerometer’s
sensitivity for a given orientation error, respectively.

Cross-Axis Sensitivity vs. Orientation Error

Orientation Error | Cross-Axis Sensitivity
{8or®} (sind or sin®) :
0° 0%
0.5° 0.87%
19 1.75%

The specifications for cross-axis sensitivity in Section 6.1 and Section 6.2 include the effect of the die
orientation error with respect to the package.

11.4.6 MEMS Handling Instructions

MEMS (Micro Eleciro-Mechanical Systems) are a time-proven, robust technology used in hundreds of
millions of consumer, automotive and industrial products. MEMS devices consist of microscopic moving
mechanical structures. They differ from conventional IC products, even though they can be found in similar
packages. Therefore, MEMS devices require different handling precautions than conventional ICs prior to
mounting onto printed circuit boards (PCBs).

The MPU-60X0 has been qualified to a shock tolerance of 10,000g. InvenSense packages its gyroscopes as

it deems proper for protection against normal handling and shipping. It recommends the following handling
precautions to prevent potential damage.

* Do not drop individually packaged gyroscopes, or frays of gyroscopes onto hard surfaces. Components
placed in trays could be subject to g-forces in excess of 10,000y if dropped.

« Printed circuit boards that incorporate mounted gyroscopes should not be separated by manually
snapping apart. This could also create g-forces in excess of 10,000g.

» Do not clean MEMS gyroscopes in ultrasonic baths. Ultrasonic baths can induce MEMS damage if the
bath energy causes excessive drive motion through resonant frequency coupling.

11.4.7 ESD Considerations

Establish and use ESD-safe handling precautions when unpacking and handling ESD-sensitive devices.
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+ Store ESD sensitive devices in ESD safe containers until ready for use. The Tape-and-Reel moisture-
sealed bag is an ESD approved barrier. The best practice is to keep the units in the original moisture
sealed bags until ready for assembly.

Restrict all device handling to ESD protected work areas that measure less than 200V static charge. Ensure
that all workstations and personnel are properly grounded to prevent ESD.

11.4.8 Reflow Specification

Qualification Reflow: The MPU-60X0 was qualified in accordance with IPC/JEDEC J-STD-020D.1. This
standard classifies proper packaging, storage and handling in order to avoid subsequent thermal and
mechanical damage during the solder reflow attachment phase of PCB assembly.

The qualification preconditioning process specifies a sequence consisting of a bake cycle, a moisture soak
cycle (in a temperature humidity oven), and three consecutive solder reflow cycles, followed by functional
device testing.

The peak solder reflow classification temperature requirement for package qualification is (260 +5/-0°C) for
lead-free soldering of components measuring less than 1.6 mm in thickness. The qualification profile and a
table explaining the set-points are shown below:

SOLDER REFLOW PROFILE FOR QUALIFICATION
LEAD-FREE IRICONVECTION

Temax @

T (Gl )
Prrin

Tiquie

g

o

-

t ) Tiwnp doen
(<4 Claecy

Temperature [C]

oo
(< 480sec)

Time [Seconds]
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Temperature Set Points Corresponding to Reflow Profile Above

st Setti CONSTRAINTS
e ettin -
P g Temp (°C) ] Time (sec) Max. Rate (°C/sec)
A | Toes 25 T o :
B Towmin 150
C Toma: 200
D Tiauiaus 217
E | Tema pssc.2s0q 255
F Tema | 2807, 28570 260
G Temn_pzss-c. 200°c) 255 10< eg < 30
H Tuquidus 217 60 <ty < 120
1 ;o 25 7 wha
Notes: Customers must never exceed the Classification temperature (Tpmes = 260°C).
All temperatures refer to the topside of the QFN package, as d on the pack body surface.

Production Reflow: Check the recommendations of your solder manufacturer. For optimum results, use
lead-free solders that have lower specified temperature profiles (Tpya. ~ 235°C). Also use lower ramp-up and
ramp-down rates than those used in the qualification profile. Never exceed the maximum conditions that we
used for qualification, as these represent the maximum tolerable ratings for the device.

11.5 Storage Specifications

The storage specification of the MPU-60X0 conforms to IPC/JEDEC J-STD-020D.1 Moisture Sensitivity
Level (MSL) 3.

Calculated shelf-life in moisture-sealed bag | 12 months -- Storage conditions: <40°C and <90% RH

After opening moisture-sealed bag 168 hours -- Sterage conditions: ambient £30°C at 60%RH

11.6 Package Marking Specification

TOP VIEW TOP VIEW
L ] [ ]
INVENSENSE INVENSENSE
Part number ——— MPUG000 MPUB050

Lot traceability code —— XXX XX X-XX XXXXXX-XX

XXYYWW X XXYYWW X
Foundry code — L Rev Code
Package Vendor Code YY = Year Code

WW = Waork Week

Package Marking Specification
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11.7 Tape & Reel Specification

LI HIA00

— 8

- #1300

o

©coo0o0do

Tape Dimensions

Reel Outline Drawing

Reel Dimensions and Package Size

|
-

w
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User Direction

% of Feed

Package Orientation

Cover Tape
(Anti-Static)

Carrier Tape
(Anti-Static)

Terminal Tape

Label

Reel Specifications

' PAGKAGE ROy
SeEED L v
4x4 330 102 128 23
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Quantity Per Reel 5,000
Reels per Box 1
Boxes Per Carton (max) 5
Pcsi/Carton (max) 25,000
11.8 Label

InvenSense
EEE o I

-s un

e -
DINMIRIEEINE b T
[etu——— s (]

Barcode Label Location of Label on Reel
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11.10 Representative Shipping

REEL — with Barcode & Vacuum-Sealed Moisture MSL3 Label

Caution labels Barrier Bag with ESD, MSL3,
Caution, and Barcode Labels

%01 | ] Ot
Do net dmp

Caution Label ESD Label

Inner Bubble Wrap

Pizza Boxes Placed in Foam- Outer Shipper Label

Lined Shipper Box
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TavenSense Taiwan, Lid.

1F, 9 Prosperity 15t Road, Hubachu Scence
Park, HulaChu City, 30075, Tabwan
TEL: +586 3 6686999

FAX: +856 3 6636777

Carton Label

INV.NO:

111013-99

Ship Ta:

Atta: Buyer Name
Phose: Buyer Phone Number

vors-quosert [INHNEIN o

ore:sas  EIRKHRI

s LT

LOT#: QIXTE5.G1 ml]llmwmm LOT#:

QTY: 4385

Lo aovscs. QIR o
TR

QTY: 5000
LOT#:

I

ar: LT
e LT

LOT#:

orv: I

Total Quantity/Carten

RN

Weight: (KG)

4.05
(HERERIER

Pb-free @ Shipping Cartan: Category (ed) HF

1 3
TGO or TERINNN ®
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12 Reliability

121 Qualification Test Policy

InvenSense’s products complete a Qualification Test Plan before being released to production. The
Qualification Test Plan for the MPU-60X0 followed the JESD47I Standards, “Stress-Test-Driven Qualification
of Integrated Circuits,” with the individual tests described below.

12.2 Qualification Test Plan

Accelerated Life Tests

(HTOULFR) | JEDEC JESD22-A108D, Dynamic, 363V biased, |
High Temperalure Operating Life Tj>125°C [read-points 168, 500, 1000 hours]
(HAST) JEDEC JESD22-A118A 3 77 (0r1)
Highly Accelerated Stress Test " Condition A, 130°C, B5%RH, 33.3 psia. unbiased, [read-

jpoint 96 hours]
(HTS) JEDEC JESD22-A103D, Cond. A, 125°C Non-Bias Bake 3 7 (0/1)
High Temperature Storage Life [read-points 168, 500, 1000 hours]

Device Component Level Tests

(ESD-HBM) JEDEC JS001-2012, (2KV) B 3 | o)
ESD-Human Body Model
(ESD-MM) JEDEC JESD22-A115C, (250V) 1 3 (or)
ESD-Machine Model
(L) JEDEC JESD-78D Class Il (2), 125°C; +100mA 1 6 (0/1)
Latch Up
MS;] JEDEC JESD22-B104C, Mil-Std-883, 3 S (or)
Mechanical Shock Method 2002.5, Cond. E, 10, DOBg s, u 2ms,

+X, Y, Z -6 directions, 5 ti
(VIB) JEDEC JESD22-B103B, Variable Frequency (random), 3 5 (o)
Vibration Cond, B, 5-500Hz,

X, Y, Z - 4 times/direction
(TC) JEDEC JESD22-A104D 3 7 (o)
Temperature Cycling Condition G [-40°C to +125°C],

Soak Mode 2 [57, 1000 cycles

Board Level Tests

) JEDEC JESD22-B104C Mil-Std-883,
Board Mechanical Shock Method 2002.5, Cond. E, 10000g’s, 0.2ms,
+-X, Y, Z - 6 directions, 5 times/direction

(BTC) JEDEC JESD22-A104D 1 40 ()
Board Condition G [ -40°C to +125°C],
Temperature Cycling Soak mode 2 [57, 1000 cycles

(1) Tesls are preceded by MSL3 Preconditioning in accordance with JEDEC JESD22-A113F

51 of 52

Document Number: PS-MPU-6000A-00

'l Revision: 3.4
IQ&VfQ/Sane MPU-6000/MPU-6050 Product Specification [ Revisons4

13 Environmental Compliance
The MPU-6000/MPU-6050 is RoHS and Green compliant.

The MPU-6000/MPU-8050 is in full environmental compliance as evidenced in report HS-MPU-6000,
Materials Declaration Data Sheet.

—— i Biadk Disclai
InvenSense believes this environmental information to be correct but cannot guarantee or C
documents for the above component constitutes are on file. | subcontracts and the inf

herein is based on dala received from vendors and suppliers, which has not been validated by InvenSense.

This ir ion furnished by I is beli to be and reliable. However, no responsibility is assumed by InvenSense
for its use, or for any infringements of patents or other rights of third parties that may result from its use. Specifications are subject lo
change without nolice. InvenSense reserves the nghl to make changes o this product, including its circuits and software, in order to
lmpﬂwe its design andn‘or peﬂocmame without prior nofice. InvenSense makes nowarrantnes neither expressed nor implied, regardlng

and in this d p ility for any claims or damages arising
fmm information contained in this dooumenl or from the use of products and services detallad therein. This includes, but is not limited
to, claims or based on the infri of patents, copyrights, mask work andlor other intellectual property rights.
Certain intellectual property owned by and descril in this is patent d. No license is granted by
mpicauon or omervase under any patent or patenl nqh:s of InvenSense. This publication supersedes and replaces all information
reviously that are regi: rks are lhe property of their mpechve companies. IrwenSense Sensors
smuldnmhemedursoldmﬂ\e) lop ,sloraqe., ion or utilization of any or for
any other P or life i i as well as in any other life critical applmbons such as medical equipment,
transportation, aerospace and nuclear instruments, undersea , power plant i disaster p ion and crime

prevention equipment.

InvenSense® is a of | Inc. MPU™, MPU-6000™, MPU-6050™, MPU-60X0™, Digital Motion
Processor , DMP ™, Mot:on Processing Unit™, MotionFusion™, Motioninterface™, MotionTracking™, and MotionApps™ are
trademarks nrlnvenSense Inc.
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