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Abstract

The purposes of this project are studying and designing human falling
detector’s system. This system consists of 3 components which are sensors
consisting of three-axis accelerometer and two-axis gyroscope for detecting human
movement, A microcontroller for controlling of function of human falling detector.
By converting signal from analog to digital in signal transfer signals to computer via
bluetooth module and collect data in storage card for analyzing relationship
between signal and human movement. If a falling is detected, microcontroller send

SMS and call to relatives of who that falling to help them.
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'Lumasuavmaé’u q lot aUnsmumaummminmmmaﬁaaﬁnuaﬂnsmau 1 ldgegads 7
\3eewdouriy

gﬂﬁ' 2.12 mavhauwesugys
- MIFeASHIUNeSREYNTY

m‘sﬁamsuuuwasmaunsuuaq 2 YszinvfAe wa‘:‘mﬁamiaqniu MSSP uazwein
aaaﬁsaqnsugmsm(UART) Tﬂawasmqmim quumiﬁamwauamuuuummﬁwu RS-232
AIBAITI 9600 bits/second msUu.U‘u'uawauaauﬂiuﬂsvnaulﬂmuumLiu(start) AU
muteya 8 Un mﬂuumumaumwwsm(Panty) wazgavinefelanga (stop) Tagnsdoans
wanaumwumﬂummémmmam (LSB) avgnaveantuiludnusn uamauaumwﬁﬂﬂfgaqaﬂ
(MSB) axgnaseanuingaving

UART (Universal Asynchronous Receiver Transmitter) winegi Q‘Un'smmmmum
Sunazdeoyauuusralasila meumwanwaaqmw ﬂam‘wmwuﬂawauamaq'luwuw
wnneeniuneshiegluguuuveynsuuuuesdalasiaudadeonly uazvivthiiuas
?Trgzy’lmaqniuuuuavﬁaiﬂsuawﬂauwwmm qmsm'tmﬂuuuwmunawaa.,amn
ABUNILADS Feuanain go1inrdtoyaludnaninneiuda ¢ mmmsuawauaauq 1o
ﬂE]lJ'W'JL@lﬁiWi']Uﬂ']EJ Ly am'm'a'mmlumssuamm (‘UE]GII.‘SC‘I) sluuunsdetoys, Au
wmwa'mwmmwsvm'mn"ﬁmwamaua (Banarnanmi3a, wisuvaya, Ianassu) (udiu
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Lss : § : : : © S8

gﬁuﬁuﬁu; foyn | deyn | doyn  doyn | deym ;odoyn [ doyn doyn ﬁnm?n ﬁ““

dr0 © Ua1 [ dm2 : a3  da4 : Ums : dme : Qa7

I 1 0 : ] 1 : 1 0 : 0 0 :

- v a a a w - i v
U 2.13 deyavun 8 Tn TnGudunariavgeildlunisleudredoyauuueynsy

2.1.4 maluladdwady

Semdu unasgruvesmeluladinsdwidiofeldfumulomnniiaalulan
{]fnwumﬁﬁmnmﬂ 1.5 Wuduaulu 210 Ysana Semdy Dunassudaniglinisgua
93 3GPP Ao wmsgrulnsiiwi indeuiidavnlnenguusunaglsunyiuan Duseuuitldsy
anudiedioandsumesng q vilan

Jiomdu 'l.‘umﬂTuIaamtﬂaammwmammﬂmﬂmﬂum.,&’tufymamuuu TDMA
Faunndnsnnineluladinsdwitodenoumiy Tedeindulnsiwidedelugaiiaes wie
26 fifaumananinsdmwivuuivagans

U 2.14 szuufeada fldituily
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- a aad w - i v o |
Tugausnidieyszunuduliugs Insdmitedeuildszuueniiaes About loghty
- . . - v 2 ad |
YUV 1o18uiLea(AMPS (Advanced Mobile Phone Service)) fitiunsldarundudss us
Mensreeianfeauuouauivisuuuistesnslfiuiiinndadniudeendudes
v w a 9 v ") o v v v | A =
WAL e adelisesiunsldawifimudomisligald ssuudeunlugaiiansds
(g as 1 aa ~ Yo oG - = ”
aoe Muunldszuuidnea uarisnidnduife Jeadu (Global System for Mobile
Communications) dnwmzn1ssuAndudyyruidnea Tneldssuu nisuvananfidenin
#6LOe(TDMA (Time Division Multiple Access) )

ssuvSeady foglugaiiaeanduresdygadsadundn Tnslduavednfios
Uszan 9 Aladadeniistendss anudiun 9 Aladadeufiadinedisaiunsidense
Lﬂ'iamawquﬂmuana -mmaaLuumﬁ‘us-'e:ﬂmwmaqm'sﬂmum'la}'i,umﬁummnw

LuaLﬂul.'uuummaqwmmma‘lmawwmsvuum‘uLumjmama(WCDMA (Wideband
Code Division Multiple Access)) mLflumﬂuﬂwwflwuawwaaargty'lzu'lﬂ wnduuarlduny
N9ty msWmundeady Aldinede fasme mlﬂuﬂuma?jﬂLB&JLE)LUIJ!J']W:‘G’]UVI
anfiguen miaunsyuu iwadu vamdvity Tuanisewsnifive e uiauissuy 26 3
O Afduie vererelnelitowmaluladil S538(EDGE (Enhance Data Rate for GSM)) 84
unaWaun g 36 wuty

- TassadrauazasAusznauresszuvdioady
al ¢ A a s . 4 & s v o« A =

1.1 w5aelnsAwviiadoun (Mobile Station #1538 MS) A9 LASBIWNSANILARDUNT
AlfusnisldlumsivsesnviesvansiFuntiues

1.2 duvesdnilignu (Base Station Subsystem w3 BSS) Usenauday 2 daumdn
fl® Base Transceiver Station (BTS) wae Base Station Controller (BSC) d@uva4 BTS nn

v s:ie. 1 s -I‘ L4 -d A 0‘:’

NUMANADAUATDINTAN PAau? (MS) Yiasnans

13 mu'uaﬁ.,umummnuava'smm (Network and Switching Subsystermn #3®
NSS) iuse na'u'uumn MSC, HLR, AUC, wag VLR wmﬂumsmmummaﬂ (Call
control) ¥msfiumumimarnIsidsuiiveaniedlnsdn (Mobiliy Management) wazn1s
mua'iuﬁawaqms‘t‘wmﬂmasu (Supplementary services)

1.4 55uuy{jUiin1s (Operation Support Subsystem %3e 0SS) fiutifiquadnnis
FeInsUfiRn1svesszuulngsau

o o a

- Mifudsaduingluszuuiieady

il - ¢ A - Y = £y @

a:nuvuaqm'sm‘lmﬁ’wmﬂaaumﬂsvﬂa‘ummqaquaaé’tgzmmzaae'lwﬁuafy:m:u
M9 m'iuUaaﬁ’:yzy"lzuamaan Iidudygaidnea waraeasiisWadeygio e
é’tycmmumumammﬂmmﬂaamumu rmzﬂrmﬂ'umumwaumwnaumumﬂaqLwama
amﬁmmwmaqmiaaﬂm azyfy';mﬁlmamag‘lusﬂ'uaaatyrgmmwanmmmmmawama
Twsﬂww.ﬂsadunuamﬂﬁawuwam%mtﬂuimﬁwmﬂaawmaLfluimﬁ’wwwumuﬁimmn
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- nadiadesdygraluszuuiieady

Tuszuufieadu wianunsouusmadisiatesdygrusendy 3 wuundn A
Ussmmmﬁ'&wmﬁauaﬁa”dq Gh)

1. ﬂwswﬁwa'naaﬁfysmmmﬁmwmﬁm TCH/FS wauan.aawm.ﬂué’mmwmamaan
ﬂ“ﬂﬂuUm'Lmﬁuchyfmmmwaﬂau sl rReE mav'lma:ua GHE
mmummaqmlﬂmmnwa'umér:g:mﬁunau 'I,um'smma‘umz’fzyzymuu

2. msmwaﬁaﬁmtquawauaﬂ'svmmwm Joyaiiazdsveniionsidn 9.6 kbps
war doyanmiishsidn 2.4 kops amiusasmsddeyaiiineiuieiseandualuns
wsa desdiynndiunnaiedude
3. M atsdy g e sdySnuuaaa mﬁﬂmaaﬁmmmﬁﬂuuaéaﬁﬁmsrﬁﬁﬁ’a
Yoty 10uUs¥NBURIL SACCH, FACCH, BCCH, SDCCH, PCH wae AGCH manammw"m
Tt swaiiZenin "Lwﬂﬂ@n(FlRE code) wwaummmmin‘lunwsmimaauua.,uﬁ‘lmﬂ'}s
Nﬂwmﬂ'uawmdamnuunm‘ua:dammmw'm'rsauma':awt.waammansawwaaﬁ’q;zum
sunusuuLlsas

2.1.5 @un13a (SIM CARD)

Tulnsdwitedewiiszuu Steady ndsa (GSM Network “ Group Special Mobile
Network) " sigd 2.19 lafimsnerautinniseundudysenouddnde 8u (SIM
(Subscriber Identity Module)) fifudoresaunimnia Avunlétuseuy Swadulaei gy
%ﬁsﬁ’amﬂmuﬁwnﬁaﬂﬁﬁmﬁaﬁuiwu’umum"’sa-ﬁﬂwadmsﬁwﬁﬁaﬁa vIasunlowued
19 (IMS| (Intematlonal Mobile Subscriber) Ao Anuafinsiiiuuesinasg Wlanfasl
‘d'mumu U9 9 byte %39 64 bit uazAnale (KI (Indlv:dual Subscriber Authentication
Key)Ao Frsauseddunin Mld@adetuniotns Arievlimadneia udafsevdseenluly
w3ete wilvue 128 bit Fadusin A (Key) ﬁﬂsﬁmmﬂaamﬁaqa uenntiu du daldifiy
Tsunan iiudeyaduqladndouayalnsdn, doyansinsidruasinsonn, fonm
(massage) 1Judiu

31Jﬁ 2.15 Structure of a mobile station in the GSM Network
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Mnauianinfiivnetasviniutasesia tiasndaliivue fguuuwanslsy
wiuls Fu Faifensthimsasnianin indaeenlilduwaniumsgures uiulanagy
lngnasaznanifisenfoudoyalu Sunifa wuayslnsdwi

(n) (v)

=] ) < ) a ¢ = Y « «
Jun 2.16 (n) JUUmsALNIANIAMILY (v) JUTUMSATidRsNanTRTamnSanISa

aurinnisafotnsnanadniifidu IC(ntegrated circuit) Aaviollegluditng
wanadnfivuaviniasiesiadieldlunisifiusiusndeyauasyssnananislufaesag
3%‘11'1'sl.'ﬁ"lsﬁ’amummg’mtﬁ@lﬁ'sswﬁﬂﬂwaaﬂﬁaqaﬁuﬁmﬂmamﬁﬁﬁﬁwﬁ’mﬂizmwﬁ\‘tﬁ
bimunsaniinfinnuuandrwindnswaradniluffie wvaeinsenis (Transaction)
auianiaannsavinulddmeaueslaglifosedonisindedoarsiustuundn (Font
End) fufifeanianinlisuiudesdinsandedoars Mugudnadeyawmiioutudnsuay
wiwdin (Off-line) yhiusendaluGosszuvdoansluldunn

lumsuseinanauardnivdoys aunimminanunsovildegrennginidedimiu
iudeyauiiadu 9 devueivitutasuouwivdnviliazanlunisdmfuazmnmw
uonniiaunnnsnddinuaniAduamumunuiiinfisldnesdy Fe@vtiadnan (luvsunm
Abidusuasesieuywd) auuusiumdn Iifhaie awdy Arudey n1stnse am Al
aunsovihlvisninnismdemeldlagde Juilfaunsnnadieusindasiunsgauni T
anaUsamanldfimslduanniamintusgrunsmats sudululdhandamsadutnsin
'lmiﬁami’nmuwuﬁﬁ'mmuuunuuajmﬁnmﬁmuﬁ'uaq'lu{]aaﬁ’u

* drudsznaunazlaseadevosauiinnisa

« ¢ voow a Y i v ' v @ al a
dunmmiaUssnaumedaswanain navisetaniilfideuse uasmihdudadiussgdu
aunimmisadeuTosud dwdndsznousine q uanditiudsgy
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@ Printed Circuit

n, —— Microcontroller
)=
\‘©/,—P:cm:w

Bt e

al | « ¢
JUN 2.17 dulsenauraauninnise
- ArUnswanadn

aurfaniadudy IC sumdniignaisdusuieaiuiudnsidnnsetinddug 7
afaenansisdah dundnssuuminduda uasinsileasudludethswanain Fawanadin
fadvindudadnseldnanadin 4 wdaldun PVC (Poly vinyl Chlorides), ABS
(Acrylonitrile Butadiene styrene), PC(Polycarbonate) wag PET (Polyethylene
Terephthaiate) luusumalneagldinswaradnedie PVC wnidusuduni drususuass
Wuthswanadinyin ABS Getnswanadnedn PVC dunldidutaswaradineiin ATM , Ung
wnsin-ndn Unsussyivu a1 dwudnswatadnedn ABS lLuAsswuinldanufuuinin
lesnnsianganit uaraeiifaiasuutnslimssmamurintaswarainein PVC sewul
Wsstnsnarafnedndonaulaldvaswarainein ABS Wuwnuuazauianaraineile
PVCuARmITuNUNIureeiItasssdvasnatainiie PVC adulsile

dwiudasnaraindnasswiaiivde Selinuirfinsldeululsamalng 819
WeunnnnaiigaiuluvesTaniiunléidusatng uwarAnauTAsdaNIIAITA SWAERN
iln PVC uataidedidrdyveamanainyiin PvC Aludeslunidevesty tuiResiul
awsagesaateliniusssuvAduvinduiduserdmudsuindouias o

i 0.76 mm
» ID-1 54 x 85.6 mm (ISO 7810 credit card format)
« ID-00 33 x 66 mm
+ ID-000 15 x 25 mm (small GSM SIM card)

A ' - s U A o bl
3UN 2.18 nswiswiinvestnsauguseidluldeunazann
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- wihdudawazIuauimniin (Smart card Module)

¢ « - v ) a « ¢ A y oAl Y a
auriansalugavienthdudavesiuausaniinde duiuansrudufauvesty

« ¢ oo i - « a o a & 1 v )
AUANPNTALIUNER ausan1sauNTdndiaviviunisanalunsuliasiniude

« ¢ Aa a Y V) - "o W I3 s O
aursanialimsilaiulilulotng Aduntsisssyadluindasladutasamnsanidniu
v & w o i W v o= v 1% ¢ al W « -
wasnannIsinTuasgnidurestnadundn Sadesldustaumsaifeatuauisaniin
WOANAIT

® lassafreuazasdusznoudns o lunsldauaurimnida (Smart card)

auimmia fiffeglutiequuivaneyin fufuaaldusaianaluled wavsiavh s
Smart cardgnasegemin 'iwﬁp’aqﬂﬂitﬁta%uﬁﬂﬁmgnamiuﬁ‘u Uselomitledann aundn
i fivaweds wudasiasin, dasadn, Tasunuduan,vasuvuayndusin Jnsusseny,
Unsgunmn, dnsdufinmsnsaalse, Unseygadresnan i (udu fedudwaineranuas
iluldfunuesls iuresaininnda Asrruausalunisystananaludaes waznis
Shwimnaensielutoys

&
- WugIuresaNIiAnge

ftugrusnenlulasiusivawes nrsthdumineenus (EEPROM) inasluths
wanain Tasfivihdudaduyideudessuuniouen mstiendumieausiunlaluteg
wanadn vilviAnvedunnniildunuwimdnuenandssldiimsiueastiostuadludn gl
Hoondns (card issue) amnsafmuadnslunisidiisdnsiesesaminessuan douiing
ponuUUIes WanunsodmuaPIN dmsudifiedng desimadimiamnafadiovasvinanuds
sosniinadilulasiusiwawesunldadluauisanida vildmaidrfadeyalimilouuuy
miwanud msldlulasiusemesiasiuluauninnida vilvidesiiduves Os-Operating
System dwiululasiusiwawes Wiolilulasiusiwawesanunsovinedld

- psAUsznaumen lumsldauausnniia

v oW VoA oW v oa ) v I3 - ] v dea @ i
» MUAsuaLAIFY dnsuaviaBulaevdnnsudainndn Wuils lnsifidy e
aunsaiuteyauaryuszananalsiiviniu fesnuuuiuthiivasinldlianyssloviuasi
Tivaenduiudayanielutng
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» dniMM3nianes (Smart card reader) WugunsaidwiuAnsedu auninmsa lnentsly
aunimniininmes svusznauluse

- ganAwIsIdiieRnreualnnnise
- MiAnU2A1LTY (Memory card (synchronous card))

lunsiudedeyaldmirdulavosaunianiin daunisiudedeyaastiou cLk Wiiudy
v |, w o v v @ fw ~ Ve « ¢ o A
Tuns3u-delioyadndudedidiniusiv CLkiteulivamianiineiniildulseney

- miaUszuana (Processor card (Asynchronous card))

aurinnialutlgiulainisldllasiuswawes LwaluﬁUmmani”mawa'uaua
a%wnmmﬂaamna'muﬂﬂaua nstlulasluswawefitanldluauninnige vilvdoudiy
vrmaﬂ'a'mml.wal,nmwuu;_]umn15 wazymhenuddmivlsananadoya waziininiy
‘ua'u'l.um'su'ssmamamqasﬁmmamﬁﬁaﬁaa’lnnﬁﬂszmauaﬁazgamaé’ana%ﬁuﬁm%’um‘s
\i1-nensia villviaunivnidauia Ussnana (Processon) fimsvhanuganitvia
WA (memory) nanewin

o msdauseaurimnida

- msfeansfuduaunivnidalussaudayaailnia

msﬁamsr‘w’uam%mm%m'tuuﬁuﬁrucgnmﬁmmﬁwu ISO 7816-3 \Uudarivuans
doans 'luﬂaquusumuuiaﬂulwﬁ'l‘lﬂ 3 volt seAuwseiulnihIseglusedu 0 -3 volt vilw
ﬂmuaumaaawamuamuaaaﬂum3aaa1'an‘uUam'swn"ﬁmJl*vuuu Single bus Jundn
WARBAVLUUBYNTULUUSTIUA A Fufisata (Single bus) wawuﬂsﬁamswuﬂa@maﬂ
(Full Duplex) uazluasninniinviia wisarus sxduddygyraumiudygyiuuiing diy
Usznana @auninnide szamso §u - ds Wilaglidududesdidmusfudyganuinily
nsfeansivaunsnniinaey $u-ds deyanuaziianty waviiguuuutadeyalunisds 2uuy
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1. Direct Convention

uny logic “1” A28 Bit = “1”unu logic “0” 178 Bit = “0” wag Bit wsnUULSB

011 110 0 (110 o

Start
Bt 0 1

1
2 3 4 5 6 7 Paiy Stop bt

3Uil 2.19 fegremsdstioya €9 (HEX) = 1100 1001 (binary)

2. Converse Convention

unu logic “0” 78 Bit = “1”uny logic “1” 78 Bit = “0” uawBitusnuMSB

O o1 1]0[1 1]0 o

Sé:_ttn7654 3 2 1 o PantyStop bit
1

Ui 2.20 degemsdsdoya C9 (HEX) = 1100 1001 (binary)

| ala v ) v ' v
UANNNAAISES N Card Driver IWanunsonavauaIniIsanansiavig 2 wuy

Start .
Bit Pt“ystopbit Sigd
" |L¥ [Ba [B [Be [B9 [ Be [of B2 [ B[ mi] * | cusgrine] Dt

d s i Vo ] o« o
JUN 2.21 dpgrensleiu-deaunianida
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2.1.6 NIAAIUIN

Secure Digital Card (SD Card) Lﬂuiﬂuuum%ﬁlﬁlﬂwmammﬁm'uu Nand flash
memory HINAND Flash nnwmuwuuntwatﬂuwmaLnu'uauammﬂnma amfundesegy
Adnoa, InsAwniiiotio uax PDA Audnwuzes NAND Flash ROM fg fisnagn wiudeyals
wn wazdiongnisldaulduunds NOR Flash ROM wuuingia 10 wi ‘[uauwawamamm
NAND Flash ROM fie fimnmdaluntsdnnisdeyadinin iwmudulaseadranisiansuuy
execute in place (XIP) Nd19A® NTLUIUNIMNILYBAATOINLY NAND Flash ROM 97ufiy
wsvsgutaya9In NAND Flash ROM Ay udaresientulunieu adre q funisvney
vsginnaluiriosfidinarvney uarmineausman (main memory) fatudITes
NUIAIIUTINEN m"u NAND Flash ROM alusedpsiivurnreutrslng weldaisesszuy
m3dmadeyauuuil mm’lmwumaqaaummmLwa'L'mﬂUIUmnsuuawauaau‘wvmaa
Uouas
- MIINUYBINTSAAIWE

meluminanudreeiilulasreulnsataefuuindnadie funismieiuues CPU ¥
wihfineuguauarindefugunsalsiagiild SD Card 'lu-umvu;u L‘u'u PDA Phone #3®
nsdwiifiedle laglulasnaulnsaiesamminiidnnsosdoya Aneqfignenuuazgnidou
209l Flash Tne CPU w30 “lu‘iﬂiﬂau‘lmaLaa'sa-'ma'ml,awwv’l.u-u'mmum's'lm*lwaua’lu
card Wiy mimq'm*umn'ﬁmmnummmmamuuﬂwaqﬂumwms'maa cPU Tuisdes
PDA Phone v38 gunselsnensiae wy efinisldeu nidaaausuy Tnsiwd dalnsdm
Qvawauaumiﬂmmwmmmm “I,u'[ﬂiﬂauiwsaLaaiuummsnsmsumwmsqqaamwmﬂ.s
? Alildnnudniy wazasdumn clock vestnsdmigads msviauves nidn Reudany
Wehe Taedeyasvgnashuusasiunildmnity amiudefvenisamusiie Lifldoy
vosmsindoulmvesnalndiegly min Seannsonanldlaglidemouaslidessds
wirulaqlundeidenenly lidendy mierusn, Anusrewmdn (Mini SD) 38 Micro
SD uuﬂﬂawanmsmmﬂumwmumuauﬂuummmqnummﬂgﬂm wielwaenadoaiv
wwmaaaﬂnimmvlﬂumuﬂu
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Full size SD miniSD microSD
dl! . - e
. I . i T‘ 1 i
e = . E——
c.aryp- so smc.snxc so.m SD, SDHC, SDXC
Physcal | Area 768 men? (100) 430 e’ 165 mm’
L c.a\.'chnl 1,613 me’ (100) 602 me’ 169 may’
: Thackness 2] mm 14 mm 1.0 mm
T I — I
Wesght Approx. 2g Approx. g | Appron 0.5g
; Number of pms | 9 pms 1lpu| B pms
[ File System |- nrmz FATIER - | FATIEN
| Operating Vohtage | 27V.36V 27V. 36V 27V. 36V
L Write-protect Switch YES NO : NO
Copyright protection CPRM datory) CPRM Y) CPRM (mandatory)

= « °
JUN 2.22 gduuuvesmiianmdn

2.2 BaNNISYDIRAUNILADS

ﬂaummasmwmmwanamﬂLﬂiaamswwﬂuau Imamu‘suuwammammi
mmmmmJaauuﬂawaqsﬂammmluuma 83 1uad1equuunaIeTUsWNTIaWETLY
Tunisdanasn m%ztﬂuﬂsa‘[%umauwmLwa'lir‘l,umﬁﬁaé‘aé’ﬂwmzwqﬁnisuﬁhq']m'a"l.ﬂ

Human Falling Detector

Monitor Program

P>
Jun 2. 23%ANNISVIUY BIADUNIA DS
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Sadulugaviminniudoyaninademnaduauduiiinisdsdoyaiansdumn
Seaduluga wwdsonim (SMS) udaieuniséuludsinsiwitiefiovesq i

Human Falling Detector

Global System for mc

ommunications

Mobile Phone

UM 2.24 winmevineuresiieaduluga
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Unm 3

WBnsidenaunIallaznIseanUY

3.1 29955NEITEAULTAUIANT +3.3V

IV3 i 2
ADS F RNAD ON
Ik -
GREEN =
Rdevidel Rdevide2
| b)
Vim Vreg  GND V3
2 X

o o i e

regl
-‘—ltm '|‘ s

_—
GND

UM 3.1 20esiwseduuseduluit +3.3 v

3.2 Ques

3.2.1 WweeinTaduaue A wuweitnaussildsalusismuedud fde
Wwos MMAT7361L Tnefisneasidunvongues seaalud

1. Dimensions 104" x 0.5" x 0.09" (without header pins)
2. Low Current Consumption : 0.5mA

3. Sleep Mode 1 <3 HA

4. Low Voltage Operation 122V -36V

5. High Sensitivity : 800 mV/g @ 1.5¢

6. Selectable Sensitivity : +1.5¢, +6¢

7.

Fast Turn On Time : 0.5 ms Enable Response Time
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GND el J VDD (2.2-3.6V)
A XOUT L Self Test
< YOUT [ " ¥ g-Select
® zZouT N ) Sieep

GND % 0g-Detect

(MMA7361L only)

JUA 3.2 Snwnusuary1ane UeagulYe InALISs MMAT361L

«3V3

-’- C Acc
I

1000 :L-:
Acclerometer GND
Livoo oo -2
PIN3S 2 TEST x 9 Al
PIN3G 1 GSEL Y ] ADI
PINSD 4 sLp 7 7 AD2
PINGI & [

oG GND _1

JUil 33 mssesesvanguei AN MMAT361L
3.2.2 Wuweinnafuarudndam wuweiianrnsdildiadlunemuatul de
wes LPY550AL Insfiswazidonvesauiges fmelui
1. 2.7 Vto 3.6 V single supply operation
Very extended operating temperature range (-40°C to +85°C)
High stability overtemperature
Absolute analog rate output
Two separate outputs for each axis (1x and 4x amplified)
Integrated low-pass filters
Low power consumption
Embedded power-down

Embedded self-test

oo N o0 o RrwoN

10. High shock and vibration survivability



Gyroscope

Vin
GND
LR 3Y
Y

4Y
Vief
ax

X
PD
ST
GND
HP
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.0"0.8"

AD3

AD4

PINGT

PIN&G

ADX

U 3.5 mwsenasvessugesanusudayy

3.3 lulasmoulvsaiass

Lulaseeulvsamesilélunsulasdyyrnuowaeniuiineanislussruadui de

-

Arduino Due lnefiswazdunvaslulasnoulnsaass dawalui

Ny W B N

Operating Voltage: 3.3V

Analog Input Pins; 12
Analog Outputs Pins: 2

Microcontroller: AT91SAM3X8E

Recommended Input Voltage: 7-12V
Min-Max Input Voltage: 6-20V
Digital I/O Pins: 54 (of which 12 provide PWM output)
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8. Total DC Output Current on all I/O lines: 130 mA

9. DC Current for 3.3V Pin: 800 mA

10. DC Current for 5V Pin: 800 mA

11. Flash Memory: 512 KB all available for the user applications
12, SRAM: 96 KB (two banks: 64KB and 32KB)

13. Clock Speed: 84 MHz

gﬂﬁ 3.6 : Arduino Due

3.4 Tugavgys

Tugaugys Aldlunsdsdygyadeudetursuiunesnolulaseud Ae HC-05 Tneil
Teazidunves lugaugys fweluil

31.!‘71‘ 3.7 Module Bluetooth

Typical -80dBm sensitivity

Up to +4dBm RF transmit power

Low Power 1.8V Operation ,1.8 to 3.6V I/O
PIO control

B o Do g
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UART interface with programmable baud rate

With integrated antenna

With edge connector

Default Baud rate: 38400, Data bits:8, Stop bit:1,Parity:No parity, Data control:
has. Supported baud rate: 9600,19200,38400,57600,115200,230400,460800.
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3.7 LUAMBIYISD (Battery Charger)

- ) o 2 A v U ey « alaf -l
lunInmmsiaduauduswaslduuamed faudsldvinsesesauumneiany lnos
- & X
Teazdundnelule

» Complete Linear Charge Management Controller
- Integrated Pass Transistor
- Integrated Current Sense

- Integrated Reverse Discharge Protection
» Constant Current / Constant Voltage Operation with Thermal Regulation
» High Accuracy Preset Voltage Regulation: - 4.2V, 4.35V, 4.4V, or 4.5V, + 0.75%
*» Programmable Charge Current: 1A Maximum

+ Preconditioning of Deeply Depleted Cells



- Selectable Current Ratio
- Selectable Voltage Threshold

« Automatic End-of-Charge Control
- Selectable Current Threshold
- Selectable Safety Time Period

 Automatic Recharge

30

- Selectable Voltage Threshold

« Two Charge Status Outputs

+ Cell Temperature Monitor

* Low-Dropout Linear Regulator Mode

+ Automatic Power-Down when Input Power Removed

+ Under Voltage Lockout

Charger Ll
1 ? 10 :
1 vou VBAT
‘_zh_ ” L2l vop wear 2] J_ﬂ
- ] Rl 3 Thermistor
N STATI THERM F——%—q |
GND TuF STAT2 =
' aNp
7 s GND
- ” 5% i vss 1
GND D3 MCPT3I3-FCIUN
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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
0O4-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

Typical -80dBm sensitivity

Up to +4dBm RF transmit power

Low Power 1.8V Operation ,1.8 to 3.6V I/O
P10 control

UART interface with programmable baud rate
With integrated antenna

With edge connector

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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Software features

® Default Baud rate: 38400, Data bits:8, Stop bit:1,Parity:No parity, Data control: has.
Supported baud rate: 9600,19200,38400,57600,115200,230400,460800.

® Given a rising pulse in PIOO, device will be disconnected.

®  Status instruction port PIO1: low-disconnected, high-connected:;

® PIO10 and PIO11 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.

® Auto-connect to the last device on power as default.

® Permit pairing device to connect as default.

® Auto-pairing PINCODE:"0000” as default

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

Hardware

HC-0S Bluetooth module
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USB_+ 20 | Bi-Directional
NC 14
PCM_CLK 5 | Bi-Directional | Synchronous PCM data clock

PCM_OUT 6 | CMOS output | Synchronous PCM data output

PCM_IN 7 CMOS Input | Synchronous PCM data input

PCM_SYNC | 8 | Bi-Directional | Synchronous PCM data strobe

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\r\n” to module, with “OK\r\n”
means setting successes.

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

AT commands: (all end with \r\n)
1. Test command:

AT OK -
2. Reset
AT+RESET OK -

3. Get firmware version

AT+VERSION? +VERSION:<Param> Param : firmware version
OK

Example:
AT+VERSION?\r\n
+VERSION:2.0-20100601
OK

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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4. Restore default

AT+0ORGL 0K -
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> Param: address of Bluetooth
OK module

Bluetooth address: NAP: UAP : LAP

Example:

AT+ADDR?\r\n

+ADDR:1234:56:abcdef

oK

6. Set/Check module name:

AT+NAME=<Param> OK Param: Bluetooth module
AT+NAME? +NAME:<Param> name
OK (/FAIL) (Default :HC-05)

Example:

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

AT+NAME=ITeadStudio\r\n

OK

AT+NAME?\r\n

+NAME: ITeadStudio

OK

7. Get the Bluetooth device name:

AT+RNAME?<Param1> 1. +NAME:<Param2>
OK
2. FAIL

Example: (Device address 00:02:72:0d:22:24, name: [Tead)
AT+RNAME? 0002, 72, 0d2224\r\n

+RNAME:ITead

OK

Param1,Param 2 : the address

of Bluetooth device

8. Set/Check module mode:

AT+ROLE=<Param> oK Param:
AT+ ROLE? +ROLE:<Param> 0- Slave

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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OK 1-Master
2-Slave-Loop

9. Set/Check device class

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

10. Set/Check GIAC (General Inquire Access Code)

AT+IAC=<Param> 1.0K Param: GIAC
2. FAIL (Default : 9e8b33)
AT+IAC +lAC:<Param>
OK
Example:
AT+IAC=9e8b3f\r\n
OK
AT+IAC?\r\n
+lAC: 9e8b3f
OK

11. Set/Check -- Query access patterns

AT+INOM=<Param>,<Param2>, | 1.0K Param:
<Param3> 2. FAIL 0——inquiry_mode_standard
AT+ INQM? +INQM : <Param>,<Param2>, | 1——inquiry_mode_rssi
<Param3> Param2: Maximum number of
OK Bluetooth devices to respond
to
Param3:
Timeout (1-48 : 1.28s to
61.44s)
Example:
AT+INQM=1,9,48\r\n
OK
AT+INQM\r\n
+INQM:1, 9, 48
OK

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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12. Set/Check PIN code:

AT+PSWD=<Param> OK

AT+ PSWD? +PSWD : <Param>
OK

Param: PIN code
(Default 1234)

13. Set/Check serial parameter:

AT+UART=<Param>,<Param2>,< | OK Param1: Baud

Param3> Param2: Stop bit

AT+ UART? +UART=<Param>,<Param2>, Param3: Parity
<Param3>
OK

Example:

AT+UART=115200, 1,2,\r\n

OK

AT+UART?

+UART:115200,1,2

OK

14. Set/Check connect mode:

AT+CMODE=<Param> OK Param:

AT+ CMODE? + CMODE:<Param> 0 - connect fixed address
0K 1 - connect any address

2 - slave-Loop

15. Set/Check fixed address:

AT+BIND=<Param> OK Param: Fixed address

AT+ BIND? + BIND:<Param> (Default
OK 00:00:00:00:00:00)

Example:

AT+BIND=1234, 56, abcdef\r\n

OK

AT+BIND?\r\n
+BIND:1234:56:abcdef
OK

16. Set/Check LED I/O

AT+POLAR=<Paraml,<Param2> | OK

Param1:

AT+ POLAR? + POLAR=<Param1>,<Param2> 0- PIO8 low drive LED
OK 1- P1O8 high drive LED
HC-05 Bluetooth module iteadstudio.com 06.18.2010
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Param2:
0- P1O9 low drive LED
1- P1O9 high drive LED

17. Set PIO output

AT+PlO=<Param1>,<Param2> OK Param1: PIO number
Param2: PIO level
0- low
1- high
Example:
1. PIO10 output high level
AT+P10=10, 1\r\n
OK
18. Set/Check — scan parameter
AT+IPSCAN=<Param1>,<Param2 | OK Paraml: Query time
>,<Param3>,<Param4> interval

AT+IPSCAN? +IPSCAN:<Param1>,<Param2>,<P | Param2: Query duration
aram3>,<Param4> Param3: Paging interval
OK Param4: Call duration
Example:

AT+IPSCAN =1234,500,1200,250\r\n

OK
AT+IPSCAN?
+IPSCAN:1234,500,1200,250

19. Set/Check — SHIFF parameter

AT+SNIFF=<Param1>,<Param2>, | OK Param1: Max time

<Param3>,<Param4>

AT+ SNIFF?

+SNIFF:<Param1>,<Param2>,<Par
am3>,<Paramé4>
OK

Param2: Min time
Param3: Retry time
Param4: Time out

20. Set/Check security mode

AT+SENM=<Param1>,<Param2>

1. OK
2. FAIL

AT+ SENM?

+ SENM:<Param1>,<Param2>

Param1:
0——sec_mode0+off
1——sec_model+non_se

HC-05 Bluetooth module

iteadstudio.com

06.18.2010
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oK cure

2——sec_mode2_service
3——sec_mode3_link
4——sec_mode_unknow
n

Param2:
0——nhci_enc_mode_off
1——hci_enc_mode_pt_t
o_pt
2——nhci_enc_mode_pt_t
o_pt_and_bcast

21. Delete Authenticated Device

AT+PMSAD=<Param> Param:
Authenticated Device
Address

Example:

AT+PMSAD =1234,56,abcdef\r\n

OK

22. Delete All Authenticated Device

AT+ RMAAD OK -

23. Search Authenticated Device

AT+FSAD=<Param> : Param: Device address

24. Get Authenticated Device Count

AT+ADCN? +ADCN: <Param> Param: Device Count

OK

25. Most Recently Used Authenticated Device

AT+MRAD? + MRAD: <Param> Param:

OK

Recently

Authenticated = Device
Address

26. Get the module working state

HC-0S Bluetooth module iteadstudio.com 06.18.2010
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AT+ STATE? + STATE: <Param> Param:

OK “INITIALIZED"”
“READY”
“PAIRABLE”
“PAIRED”
“INQUIRING”
“CONNECTING”
“CONNECTED”
“DISCONNECTED”
“NUKNOW”

27. Initialize the SPP profile lib

AT+INIT

28. Inquiry Bluetooth Device

+INQ: <Paraml>, <Param2>, Paraml: Address

<Param3>

Param2: Device Class
Param3 : RSSI Signal
strength

OK

Example:

AT+INIT\r\n

OK

AT+IAC=9e8b33\r\n

oK

AT+CLASS=0\r\n
AT+INQM=1,9,48\r\n
At+INQ\r\n
+INQ:2:72:D02224,3E0104,FFBC
+INQ:1234:56:0,1F1F,FFC1
+INQ:1234:56:0,1F1F,FFCO
+INQ:1234:56:0,1F1F,FFC1
+INQ:2:72:D02224,3F0104,FFAD
+INQ:1234:56:0,1F1F,FFBE
+INQ:1234:56:0,1F1F,FFC2
+INQ:1234:56:0,1F1F,FFBE
+INQ:2:72:D2224,3F0104,FFBC
OK

28. Cancel Inquiring Bluetooth Device

AT+ INQC OK =

HC-05 Bluetooth module iteadstudio.com 06.18.2010
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29. Equipment Matching

AT+PAIR=<Param1>,<Param2> | 1. Param1l: Device Address
Param2: Time out

30. Connect Device

AT+LINK=<Param> 1. Param: Device Address

Example:
AT+FSAD=1234,56,abcdef\r\n
OK
AT+LINK=1234,56,abcdef\r\n
OK

31. Disconnect

AT+DISC 1. +DISC:SUCCESS Param: Device Address

OK

2. +DISC:LINK_LOSS
OK

3. +DISC:NO_SLC
OK

4. +DISC:TIMEQUT
OK

5. +DISC:ERROR
OK

32. Energy-saving mode

AT+ENSNIFF=<Param>

Param: Device Address

33. Exerts Energy-saving mode

AT+ EXSNIFF =<Param> Param: Device Address

HC-05 Bluetooth module iteadstudio.com 06.18.2010



MICROCHIP

MCP73833/4

Stand-Alone Linear Li-Ion / Li-Polymer Charge
Management Controller

Features

.

Complete Linear Charge Management Controller
- Integrated Pass Transistor

- Integrated Current Sense

- Integrated Reverse Discharge Protection

Constant Current / Constant Voltage Operation
with Thermal Regulation

High Accuracy Preset Voltage Regulation:
- 4.2V, 435V, 44V or 4.5V, +0.75%
Programmable Charge Current: 1A Maximum
Preconditioning of Deeply Depleted Cells
- Selectable Current Ratio

- Selectable Voltage Threshold
Automatic End-of-Charge Control

- Selectable Current Threshold

- Selectable Safety Time Period
Automatic Recharge

- Selectable Voltage Threshold

Two Charge Status Outputs

Cell Temperature Monitor

Low-Dropout Linear Regulator Mode

Automatic Power-Down when Input Power
Removed

Under Voltage Lockout

Numerous Selectable Options Available for a

Variety of Applications:

- Refer to Section 1.0 “Electrical
Characteristics” for Selectable Options

- Refer to the Product Identification System for
Standard Options

Available Packages:
- DFN-10 (3 mm x 3 mm)
- MSOP-10

Applications

Lithium-lon / Lithium-Polymer Battery Chargers
Personal Data Assistants

Cellular Telephones

Digital Cameras

MP3 Players

Bluetooth Headsets

USB Chargers

Description

The MCP73833/4 is a highly advanced linear charge
management controller for use in space-limited, cost
sensitive applications. The MCP73833/4 is available in
a 10-Lead, 3 mm x 3 mm DFN package or a 10-Lead,
MSOP package. Along with its small physical size, the
low number of external components required makes
the MCP73833/4 ideally suited for portable
applications. For applications charging from a USB
port, the MCP73833/4 can adhere to all the
specifications governing the USB power bus.

The MCP73833/4 employs a constant current/constant
voltage charge algorithm with selectable precondition-
ing and charge termination. The constant voltage
regulation is fixed with four available options: 4.20V,
4.35V, 4.40V, or 4.50V, to accomodate new, emerging
battery charging requirements. The constant current
value is set with one external resistor. The MCP73833/
4 limits the charge current based on die temperature
during high power or high ambient conditions. This
thermal regulation optimizes the charge cycle time
while maintaining device reliability.

Several options are available for the preconditioning
threshold, preconditioning current value, charge
termination value, and automatic recharge threshold.
The preconditioning value and charge termination
value are set as a ratio, or percentage, of the
programmed constant current value. Preconditioning
can be set to 100%. Refer to Section 1.0 “Electrical
Characteristics” for available options and the
“Product Indentification System” for standard
options.

The MCP73833/4 is fully specified over the ambient
temperature range of -40°C to +85°C.

Package Types

DFN-10 Voo 1 Qe 1b Vs
Voo |2 5'9 Vear
STAT1 (3! E? ' 18| THERM
STAT2 4] ,17]PaTE)
Ves |51t - - - . 18]PrROG
MSOP-10 Vop 10O 1007 Vear
Voo [J2 9] Vaar
STAT1 |3 8] THERM
STAT2 []4 70— PG(TE)
Ves 15 61 PROG

© 2009 Microchip Technology Inc.
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MCP73833/4

Typical Application
1A Li-lon Battery Charger
1,2 9,10
Vin | Voo Vaar + Single
1 pF 1pF == Li-lon
g Cell
STAT1 THERM S
6
STAT2 PROG
448 1kQ 10 kQ
A 7 P_G- VSS S
4700
MCP73833
Functional Block Diagram
Voo Direction
Control
10 pA [ JJ_L Vear
( ) [
' —
8TA = CURREN
H T G=0.001_ CIMIT
- =)
TIT G=0.001 1k ‘
Tt
PROG
CA
Reference A - >—, E}
Generator ?1'1 k)
Vrer (1.21V) 310 mii; 10 kQ
727 m% PRECONDITION
L — 470.6 kQ
6 pA
Ll,: %43 kQ
s
TERMINATIOFI
) [}
6kQ S CHARGIE
i VA
157.3 kQ 2 %
50 pA
= >
i’175 kQ SHDN
; Charge STAT1
%54 k(2 ~"LDO %?T?ettrol‘
and
» Sli-lat_us STAT2
121 kQ UVLO Logic
Ves_| l 5 PG (TE)
470.6kQ < AHTVT
THERM]
b AT
1 MO 121 kQ é
TSRS e S e s “
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MCP73833/4

ﬁ

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratings

All Inputs and Outputs w.rt. Vgg ....-0.3 to (Vpp+0.3)V
Maximum Junction Temperature, T, . Internally Limited
Storage temperature .......................... -65°C to +150°C
ESD protection on all pins:
Human Body Model (HBM)

(1.5 kQ in Series with 100 pF).......cccoooovoveriecannn, >4 kV
Machine Model (MM)
(200 pF, No Series Resistance) ................... ......300v

DC CHARACTERISTICS

“Notice: Stresses above those listed under “Maximum
Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at those or any other conditions above those
indicated in the operational listings of this specification
is not implied. Exposure to maximum rating conditions
for extended periods may affect device reliability.

Typical values are at +25°C, Vpp= [Vgeg(Typical)+1.0V]

Electrical Specifications: Unless otherwise specified, all limits apply for Vpp= [Vreg(Typical)+0.3V] to 6V, T4=-40°C to 85°C.

© 2009 Microchip Technology Inc.

Parameters Sym Min l Typ Max Units Conditions
Supply Input
Supply Voltage Vop 3.75 — \Y Charging
Veea(Typ- — 6 \% Charge Complete, Standby
ical)+0.3V
Supply Current Iss - 2000 3000 HA Charging
— 150 300 uA Charge Complete
— 100 300 pA Standby (No Battery or PROG
Floating)
— 50 100 pA Shutdown (Vpp < Vgar, or
Vop < Vstop)
UVLO Start Threshold VsTART 34 3.55 37 " Vpp Low-to-High
UVLO Stop Threshold VsTop 33 3.45 36 v Vpp High-to-Low
UVLO Hysteresis Vhys — 100 — mV
Voltage Regulation (Constant Voltage Mode, System Test Mode)
Regulated Output Voltage VRes 4.168 4.20 4.232 \' Vop=[Vreg(Typical)+1V)
4.318 4.35 4.382 \" loyr=10 mA
4.367 4.40 4433 A Ta=-5°C to +55°C
4.467 4.50 4.533 \
Line Regulation [(AVearVBar) — 0.10 0.30 %N Vop=[Vgeg(Typical)+1V] to
IAVpp| 6V, lgyr=10 mA
Load Regulation [AVgar! Vgarl — 0.10 0.30 % lout=10 MA to 100 mA
Vop=[Vreg(Typical)+1V]
Supply Ripple Attenuation PSRR — 58 — dB loyt=10 MA, 10Hz to 1 kHz
— 47 - dB loyr=10 MA, 10Hz to 10 kHz
— 25 — dB loyr=10 mA, 10Hz to 1 MHz
Current Regulation (Fast Charge Constant Current Mode)
Fast Charge Current Regulation e 90 100 110 mA PROG =10 kQ
900 1000 1100 mA PROG = 1.0 kQ
Ta=-5°C to +55°C
Maximum Output Current Limit Imax — 1200 — mA PROG < 833Q
RELSS as s LRSS T “

DS22005B-page 3



MCP73833/4

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all limits apply for Vpp= [Vgeg(Typical)+0.3V] to 6V, T,=-40°C to 85°C.
Typical values are at +25°C, Vpp= [Vreg(Typical)+1.0V]

Parameters

Sym

l Min I Typ I Max | Units l

Conditions

Preconditioning Current Regulation (Trickle Charge Constant Current Mode)

Precondition Current Ratio lprec ! IReG 75 10 125 % PROG = 1.0 kQ to 10 kQ2
15 20 25 % Ta=-5°C to +55°C
30 40 50 %
- 100 — %
Precondition Voltage Threshold Vprh ! VrEg 64 66.5 70 % Vgar Low-to-High
Ratio 69 715 75 %
Precondition Hysteresis Vpuys — 100 - mV Vpar High-to-Low
Charge Termination
Charge Termination Current Ratio lrerm / Ireg 3.75 5 6.25 % PROG = 1.0 kQ2to 10 kQ2
5.6 7.5 94 % Ta=-5°C to +55°C
7.5 10 12,5 %
15 20 25 %
Automatic Recharge
Recharge Voltage Threshold Ratio VitH ! VReEg — 94.0 — % Vgar High-to-Low
- 96.5 — %
Pass Transistor ON-Resistance
ON-Resistance Rpson - 300 — me Vpp = 3.75V
T,=105°C
Battery Discharge Current
Output Reverse Leakage Current IpISCHARGE — 0.15 pA PROG Floating
— 0.25 MA | Vpp =Vpar
- 0.15 HA | Vpp < VsToP
— -5.5 -15 WA Charge Complete
Status Indicators - STAT1, STAT2, PG
Sink Current Isink - 15 25 mA
Low Output Voltage VoL — 04 1 \ Isink = 4 mA
Input Leakage Current Ik — 0.01 1 pA High Impedance, 6V on pin
PROG Input
Charge Impedance Range Rproc 1 — 20 ke2
Standy Impedance Rproc 70 — 200 k<2 Minimum Impedance for
Standby
Thermistor Bias
Thermistor Current Source ITHERM 47 50 53 pA 2 kQ < Rrpyerm < 50 kQ ]
Thermistor Comparator
Upper Trip Threshold V14 1.20 1.23 1.26 A V14erm Low-to-High
Upper Trip Point Hysteresis VT1HYs - -50 — mV
Lower Trip Threshold Vra 0.235 0.25 0.265 \' VrHerm High-to-Low
Lower Trip Point Hysteresis Vranys —_ 50 — mV
System Test (LDO) Mode
Input High Voltage Level \m (Vpp-0.1) — — Y
THERM Input Sink Current Isink 3 6 20 HA Stand-by or system test mode
Bypass Capacitance Cgar 1 - — pF lout < 250 mA
47 = —_ pF  |lgur > 250 mA

ﬁ
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MCP73833/4
—eeeeeee e

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise specified, all limits apply for Vop= [Vreg(Typical)+0.3V] to 6V, T,=-40°C to 85°C.
Typical values are at +25°C, Vpp= [Vreg(Typical)+1.0V]

Parameters Sym I Min l Typ | Max | Units I Conditions

Automatic Power Down

Automatic Power Down Entry Vpp — Vgar + — Vv 2.3V = Vgar = Vreg
Threshold 50 mV Vpp Falling
Automatic Power Down Exit Thresh- VepexiT — Vgar + — v 2.3V = Vgar 2 VReg

old 150 mV Vpp Rising

Timer Enable Input (TE)

Input High Voltage Level Viy 2.0 - — \

Input Low Voltage Level ViL - - 0.6 \'%

Input Leakage Current Ik — 0.01 1 HA Vig =6V

Thermal Shutdown

Die Temperature Tsp — 150 — °C

Die Temperature Hysteresis TspHys — 10 — '
AC CHARACTERISTICS

Electrical Specifications: Unless otherwise specified, all limits apply for Vpp= [Vreg(Typical)+0.3V] to 6V, Tx=-40°C to 85°C.
Typical values are at +25°C, Vpp= [Vgeg(Typical)+1.0V]

Parameters Sym Min Typ Max Units Conditions

UVLO Start Delay tsTART — — 5 ms Vpp Low-to-High
Current Regulation
Transition Time Out of Preconditioning tpeLAY — - 1 ms Vear<VpTH to Var>VpTH
Current Rise Time Out of Preconditioning trise — — 1 ms lour Rising to 90% of Igeg
Preconditioning Comparator Filter Time tprECON 0.4 1.3 3.2 ms Average Vgar Rise/Fall
Termination Comparator Filter Time trerMm 04 1.3 3.2 ms Average |gt Falling
Charge Comparator Filter Time tcHARGE 04 1.3 3.2 ms Average Vg, Falling
Thermistor Comparator Filter Time trHERM 0.4 1.3 3.2 ms Average THERM Rise/Fall
Elapsed Timer
Elapsed Timer Period teLAPSED 0 0 0 Hours [ Timer Disabled

3.6 4.0 4.4 Hours

5.4 6.0 6.6 Hours

7.2 8.0 8.8 Hours
Status Indicators
Status Output turn-off toFF - — 200 us Isink = 1 mA to 0 mA
Status Output turn-on ton — — 200 us Isink =0 mA to 1 mA

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all limits apply for Vpp= [Vgreg(Typical)+0.3V] to 6V.
Typical values are at +25°C, Vpp= [Vgeg(Typical)+1.0V]

Parameters | Symbol | Min I Typ I Max I Units I Conditions

Temperature Ranges

Specified Temperature Range Ta -40 — +85 °C

Operating Temperature Range Ta -40 — +125 C

Storage Temperature Range Ta -65 — +150 ®©

Thermal Package Resistances ) ‘

Thermal Resistance, MSOP-10 0a — 113 — °C/W |4-Layer JC51-7 Standard
Board, Natural Convection

Thermal Resistance, DFN-10, 3 mm x 3 mm 0,a — 41 — °C/W |4-Layer JC51-7 Standard
Board, Natural Convection

%

© 2009 Microchip Technology Inc. DS22005B-page 5
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LPY550AL

MEMS motion sensor:

dual axis pitch and yaw +500°/s analog output gyroscope

Features

m 2.7 Vto 3.6 Vsingle supply operation

m Very extended operating temperature range
(-40°C to +85°C)

m High stability overtemperature
® Absolute analog rate output

Two separate outputs for each axis
(1x and 4x amplified)

Integrated low-pass filters

Low power consumption

Embedded power-down

Embedded self-test

High shock and vibration survivability

ECOPACK® RoHS and “Green” compliant
(see Section 5)

Applications

m Pointing devices, remote and game controllers
m Gaming applications

® Motion control with user interface

B [ndustrial and robotics

Description

The LPY550AL is a low-power two-axis
micromachined gyroscope able to measure
angular rate along pitch and yaw axes.

It provides excellent temperature stability and
high resolution over extended operating
temperature range (-40°C to +85°C).

Preliminary data

LGA-16L (5x5x1.5mm)

The LPY550AL has a full scale of +500 °/s and is
capable of detecting rates with a -3 dB bandwidth
up to 140 Hz.

The gyroscope is the combination of one actuator
and one accelerometer integrated in a single
micromachined structure.

Itincludes a sensing element composed by single
driving mass, kept in continuos oscillating
movement and able to react when an angular rate
is applied based on the Coriolis principle.

A CMOS IC provides the measured angular rate
to the external world through an analog output
voltage, allowing high level of integration and
production trimming to better match sensing
element characteristics.

ST gyroscope family leverages on robust and
mature manufacturing process already used for
the production of micromachined accelerometers.

ST is already in the field with several hundreds
million sensors with excellent acceptance from
the market in terms of quality, reliability and
performance.

LPY550AL is provided in plastic land grid array
(LGA) package. Several years ago ST pioneered
successfully the usage of this package for
accelerometers. Today ST has the widest
manufacturing capability and strongest expertise
in the world for production of sensor in plastic
LGA package.

Table 1. Device summary
Order code Temperature range (°C) Package Packing
LPY550AL -40 to +85 LGA-16 (5x5x1.5) Tray
LPY550ALTR -40 to +85 LGA-16 (5x5x1.5) Tape and reel
July 2009 Doc ID 15808 Rev 2 112
This is preliminary information on a new product now in development or undergoing evaluation. Details are subject to www. st.com

change without notice.
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LPY550AL Block diagram and pin description

1 Block diagram and pin description

Figure 1. Block diagram

> CHARGE DEMODULAT
£) MPLIFIER ORLATOR

X . SWITCHED
CAPACITOR g rovied
Lo Pt Filter

L | P Notampl
r— — —_——— filtered output X
I
|

M|

¥
4]

H] 4x OUT X (amplified)
b 74
| DRIVING MASS
| -|:| 4x OUT Z(ampiified)
F
eedback loop a

| N — s e
= P Not amplified
£) Cmﬁ%&ﬁ I Mewakel
z o * SWITCHED Optional
> CAPACITOR LP/HP
a [ @'; LOW-PASS Filter
= . FILTER
DEMODULATOR
REFERENCE 1;7:::3::2 CLOCK PHASE GENERATOR
1.1 Pin description
Figure 2.  Pin connection
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= <t
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Block diagram and pin description LPY550AL

Table 2. Pin description

Pin # Pin name Analog function
1 GND 0V supply voltage
2 FILTVDD PLL filter connection pin #2
3 VCONT PLL filter connection pin #1
4 OUTX Not amplified output
5 4xINX Input of 4x amplifier
6 4x0OUTX X rate signal output voltage (amplified)
7 Vref Reference voltage
8 4x0UTZ Z rate signal output voltage (amplified)
9 4xINZ Input of 4x amplifier
10 ouTZ Not amplified output
11 ST Self-test (logic 0: normal mode; logic 1: self-test)
12 PD Power-down (logic 0: normal mode; logic 1: power-down
mode)
13 HP Hig.h pass filter re_set (Iogic'O: ngrmal operation mode;
logic1: external high pass filter is reset)
14,15 Res Reserved. Connect to Vdd
16 Vdd Power supply

4/12 Doc ID 15808 Rev 2 AYS




LPY550AL Mechanical and electrical specifications

2 Mechanical and electrical specifications

2.1 Mechanical characteristics

Table 3.  Mechanical characteristics @ Vdd = 3 V, T = 25 °C unless otherwise noted!(!

Symbol Parameter Test condition Min. Typ.? Max. Unit
FSA 4x OUT (amplified) +500 °Is
Measurement range -
FS OUT (not amplified) +2000 °/s
SoA —_ 4x OUT (amplified) 2 mV/ °/s
Sensitivity(® —
So OUT (not amplified) 0.5 mV/ °/s
sopr |Sensitivity changevs |\ ¢ ogec 0.037 %/°C
temperature
Voff | Zero-rate level® 1.23 Vv
Vref | Reference voltage 1.23 v
offpr |Zeroratelevelchange |\ ¢ o o5 0.08 °/s/°C
Vs temperature
NL Non linearity Best fit straight line +1 % FS
BW |Bandwidth®) 140 Hz
Rn | Rate noise density 0.059 °/s | JHz
Operating )
Top temperature range 40 = <
1. The product is factory calibrated at 3 V. The operational power supply range is specified in Table 4.
2. Typical specifications are not guaranteed
3. Sensitivity and Zero-rate Offset are not ratiometric to supply voltage
4. The product is capable of measuring angular rates extending from DC to the selected BW.

AYS Doc ID 15808 Rev 2 5/12




Mechanical and electrical specifications LPY550AL

2.2 Electrical characteristics

Table 4. Electrical characteristics @ Vdd =3 V, T=25 °C unless otherwise noted("

Symbol Parameter Test condition Min. Typ.? Max. Unit
Vdd Supply voltage 2ar 3 3.6 Vv
Idd Supply current PD pin connected to GND 6.8 mA
lddPan | SUPPly current in PD pin connected to Vdd 1 5 uA
power-down mode
Logic 0 level 0 0.2"Vdd
Vst Self-test input )
Logic 1 level 0.8*Vdd Vdd
Logic 0 level 0 0.2*Vdd
VPD Power-down input Vv
Logic 1 level 0.8*Vdd Vdd
Top Operating temperature .40 +85 °c
range
1. The product is factory calibrated at 3 V
2. Typical specifications are not guaranteed
2.3 Absolute maximum ratings

Stresses above those listed as “Absolute maximum ratings” may cause permanent damage
to the device. This is a stress rating only and functional operation of the device under these

conditions is not implied. Exposure to maximum rating conditions for extended periods may
affect device reliability.

Table 5. Absolute maximum ratings
Symbol Ratings Maximum value Unit

Vdd Supply voltage -0.3to 6 \%
Vin Input voltage on any control pin (PD, ST) -0.3 to Vdd +0.3 \
Tstg | Storage temperature range -40 to +125 °C

A Acceleration) il bl

10000 g for 0.1 ms
ESD |Electrostatic discharge protection 2 (HBM) kV

@ This is a mechanical shock sensitive device, improper handling can cause permanent
damage to the part

A This is an ESD sensitive device, improper handling can cause permanent damage to
A2 the part

6/12 Doc ID 15808 Rev 2 AYS
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Freescale Semiconductor
Technical Data

+1.5g, £6g Three Axis Low-g
Micromachined Accelerometer

The MMA7361L is a low power, low profile capacitive micromachined
accelerometer featuring signal conditioning, a 1-pole low pass filter,
temperature compensation, self test, 0g-Detect which detects linear freefall,
and g-Select which allows for the selection between 2 sensitivities. Zero-g
offset and sensitivity are factory set and require no external devices. The
MMA7361L includes a Sleep Mode that makes it ideal for handheld battery
powered electronics.

Features

* 3mmx 5mm x 1.0mm LGA-14 Package

* Low Current Consumption: 400 pA

* Sleep Mode: 3 nA

* Low Voltage Operation: 2.2V -3.6 V

* High Sensitivity (800 mV/g @ 1.5g)

+ Selectable Sensitivity (+1.5g, +6g)

+ Fast Turn On Time (0.5 ms Enable Response Time)
» Self Test for Freefall Detect Diagnosis

* 0g-Detect for Freefall Protection

« Signal Conditioning with Low Pass Filter
» Robust Design, High Shocks Survivability
* RoHS Compliant

« Environmentally Preferred Product

* Low Cost

Typical Applications

» 3D Gaming: Tilt and Motion Sensing, Event Recorder

« HDD MP3 Player: Freefall Detection

* Laptop PC: Freefall Detection, Anti-Theft

+ Cell Phone: Image Stability, Text Scroll, Motion Dialing, E-Compass
* Pedometer: Motion Sensing

* PDA: Text Scroll

* Navigation and Dead Reckoning: E-Compass Tilt Compensation

* Robotics: Motion Sensing

Document Number: MMA7361L
Rev 0, 04/2008

\/RoHS

MMA7361L

MMA7361L: XYZ AXIS
ACCELEROMETER
+1.5g, +6g

Bottom View

14 LEAD
LGA
CASE 1977-01

ORDERING INFORMATION
Temperature Package L e
Part Number Range Drawing Package Shipping
MMAT7361LT —-40 to +85°C 1977-01 LGA-14 Tray
MMA7361LR1 —40 to +85°C 1977-01 LGA-14 7" Tape & Reel
MMA7361LR2 —40 to +85°C 1977-01 LGA-14 | 13" Tape & Reel

Top View
N/C
!
NCI=r /' T Self Test
v
- - -7 | NIC
Xour | . 1=
Your [ 1= NC
ZOUT -:.t-_: ;-g-_ g~Select
Vgs[w! | @ | 0g-Detect
Vop -15_: P :-_cP-_ N/C
!
Sleep

Figure 1. Pin Connections

© Freescale Semiconductor, Inc., 2008. All rights reserved.
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| —T0O 0g-Detect
g-Selec’( o, _f_
CLOCK X-TEMP
OSCILLATOR GEN COMP O Xour
| 4 —
Sieep o—+ | SCELL CtoV i a Y-TEMP ’
— out
CONVERTER FILTER COMP
CONTROL LOGIC
SELFTEST NVM TRIM | &TEMP o z,
COMP ut
Self Test 0— CIRCUITS
|
VSS
Figure 2. Simplified Accelerometer Functional Block Diagram
Table 1. Maximum Ratings
(Maximum ratings are the limits to which the device can be exposed without causing permanent damage.)
Rating Symbol Value Unit
Maximum Acceleration (all axis) Omax +5000
Supply Voltage Vop -03to+3.6 "
Drop Test(" Dirop 1.8 m
Storage Temperature Range Tsig —-40to +125 °C

1. Dropped onto concrete surface from any axis.

ELECTRO STATIC DISCHARGE (ESD)

WARNING: This device is sensitive to electrostatic
discharge.

Although the Freescale accelerometer contains internal
2000 V ESD protection circuitry, extra precaution must be
taken by the user to protect the chip from ESD. A charge of
over 2000 volts can accumulate on the human body or
associated test equipment. A charge of this magnitude can

MMA7361L

alter the performance or cause failure of the chip. When
handling the accelerometer, proper ESD precautions should
be followed to avoid exposing the device to discharges which
may be detrimental to its performance.

Sensors
Freescale Semiconductor
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Table 2. Operating Characteristics
Unless otherwise noted: -40°C < Tp < 85°C, 2.2V < Vpp £ 3.6 V, Acceleration = 0g, Loaded output("

Characteristic Symbol Min Typ Max Unit
Operating Range(?)
Supply Voltage(® Voo 2.2 3:3 3.6 v
Supply Current) Iop = 400 600 A
Supply Current at Sleep Mode®) Iop = 3 10 A
Operating Temperature Range T -40 — +85 °C
Acceleration Range, X-Axis, Y-Axis, Z-Axis
g-Select: 0 OFs — +1.5 — g
g-Select: 1 9rs - 6.0 — g
Qutput Signal
Zero-g (Ta = 25°C, Vpp = 3.3 V)8 (6) Vorr 1.485 1.65 1.815 %
Zero-g¥ Vorr. Ta -2.0 +0.5 +2.0 mg/°C
Sensitivity (T = 25°C, Vpp = 3.3 V)
1.59 S1sg 740 800 860 mV/g
6g Seg 190.6 206 2215 mV/g
Sensitivity®) S.Ta -0.0075 +0.002 +0.0075 %/°C
Bandwidth Response
XY f.3gBxY - 400 — Hz
Z fagBz — 300 — Hz
Output Impedance Zo — 32 — kQ
0g-Detect O0Qdetect -0.4 0 +0.4 g
Self Test
Output Response
Xout. Your AgsTxy +0.05 -0.1 — g
ZOUT Adstz +0.8 +1.0 +1.2 g
Input Low ViL Vss — 0.3 Vpp \%
Input High Vi 0.7 Vpp - Vbp \'
Noise
Power Spectral Density RMS (0.1 Hz — 1 kHz) Npsp —_ 350 — ugl/Hz
Control Timing
Power-Up Response Time!”) tRESPONSE - 1.0 2.0 ms
Enable Response Time!®) teNABLE — 0.5 2.0 ms
Self Test Response Time!®) tgT — 2.0 5.0 ms
Sensing Element Resonant Frequency
XY focELLXY = 6.0 - kHz
z facewz — 3.4 = kHz
Internal Sampling Frequency foLk — " — kHz
Output Stage Performance
Full-Scale Output Range (It = 3 pA) VEso Vgg+0.1 — Vpp—0.1 \"
Nonlinearity, XouT, Yout, Zout NLoyr -1.0 — +1.0 %FSO
Cross-Axis Sensitivity('0) Vixy. xz. vz 5.0 — +5.0 %

1. For aloaded output, the measurements are observed after an RC filter consisting of an internal 32kQ resistor and an external 3.3nF capacitor
(recommended as a minimum to filter clock noise) on the analog output for each axis and a 0.1uF capacitor on Vpp - GND. The output sensor
bandwidth is determined by the Capacitor added on the output. f=1/2z*(32x10%)* C.C=3.3nF corresponds to BW = 1507HZ, which is
the minimum to filter out internal clock noise.

2. These limits define the range of operation for which the part will meet specification.

3. Within the supply range of 2.2 and 3.6 V, the device operates as a fully calibrated linear accelerometer. Beyond these supply limits the device
may operate as a linear device but is not guaranteed to be in calibration.

4. This value is measured with g-Select in 1.5g mode.

5. The device can measure both + and — acceleration. With no input acceleration the output is at midsupply. For positive acceleration the output
will increase above Vpp/2. For negative acceleration, the output will decrease below Vpp/2.

6. For optimal 0g offset performance, adhere to AN3484 and AN3447 :

7. The response time between 10% of full scale Vpp input voltage and 90% of the final operating output voltage.

8. The response time between 10% of full scale Sleep Mode input voltage and 90% of the final operating output voltage.

9. The response time between 10% of the full scale self test input voltage and 90% of the self test output voltage.

10. A measure of the device's ability to reject an acceleration applied 90° from the true axis of sensitivity.

MMA7361L
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PRINCIPLE OF OPERATION

The Freescale accelerometer is a surface-micromachined
integrated-circuit accelerometer.

The device consists of a surface micromachined
capacitive sensing cell (g-cell) and a signal conditioning ASIC
contained in a single package. The sensing element is sealed
hermetically at the wafer level using a bulk micromachined
cap wafer.

The g-cell is a mechanical structure formed from
semiconductor materials (polysilicon) using semiconductor
processes (masking and etching). It can be modeled as a set
of beams attached to a movable central mass that move
between fixed beams. The movable beams can be deflected
from their rest position by subjecting the system to an
acceleration (Figure 3).

As the beams attached to the central mass move, the
distance from them to the fixed beams on one side will
increase by the same amount that the distance to the fixed
beams on the other side decreases. The change in distance
is a measure of acceleration.

The g-cell beams form two back-to-back capacitors
(Figure 3). As the center beam moves with acceleration, the
distance between the beams changes and each capacitor's
value will change, (C = As/D). Where A is the area of the
beam, ¢ is the dielectric constant, and D is the distance
between the beams.

The ASIC uses switched capacitor techniques to measure
the g-cell capacitors and extract the acceleration data from
the difference between the two capacitors. The ASIC also
signal conditions and filters (switched capacitor) the signal,
providing a high level output voltage that is ratiometric and
proportional to acceleration.

Acceleration —p

—,

Figure 3. Simplified Transducer Physical Model

SPECIAL FEATURES

0g-Detect

The sensor offers a 0g-Detect feature that provides a logic
high signal when all three axes are at 0g. This feature
enables the application of Linear Freefall protection if the
signal is connected to an interrupt pin or a poled I/O pinona
microcontroller.

Self Test

The sensor provides a self test feature that allows the
verification of the mechanical and electrical integrity of the
accelerometer at any time before or after installation. This
feature is critical in applications such as hard disk drive

MMA7361L

protection where system integrity must be ensured over the
life of the product. Customers can use self test to verify the
solderability to confirm that the part was mounted to the PCB
correctly. To use this feature to verify the 0g-Detect function,
the accelerometer should be held upside down so that the
z-axis experiences -1g. When the self test function is
initiated, an electrostatic force is applied to each axis to
cause it to deflect. The x- and y-axis are deflected slightly
while the z-axis is trimmed to deflect 1g. This procedure
assures that both the mechanical (g-cell) and electronic
sections of the accelerometer are functioning.

g-Select

The g-Select feature allows for the selection between two
sensitivities. Depending on the logic input placed on pin 10,
the device internal gain will be changed allowing it to function
with a 1.5g or 6g sensitivity (Table 3). This feature is ideal
when a product has applications requiring two different
sensitivities for optimum performance. The sensitivity can be
changed at anytime during the operation of the product. The
g-Select pin can be left unconnected for applications
requiring only a 1.5g sensitivity as the device has an internal
pull-down to keep it at that sensitivity (800mV/g)).

Table 3. g-Select Pin Description

g-Select g-Range Sensitivity
0 1.59 800 mV/g
1 6g 206 mV/g
Sleep Mode

The 3 axis accelerometer provides a Sleep Mode that is
ideal for battery operated products. When Sleep Mode is
active, the device outputs are turned off, providing significant
reduction of operating current. A low input signal on pin 7
(Sleep Mode) will place the device in this mode and reduce
the current to 3 pA typ. For lower power consumption, it is
recommended to set g-Select to 1.5g mode. By placing a high
input signal on pin 7, the device will resume to normal mode
of operation.

Filtering

The 3 axis accelerometer contains an onboard single-pole
switched capacitor filter. Because the filter is realized using
switched capacitor techniques, there is no requirement for
external passive components (resistors and capacitors) to set
the cut-off frequency.

Ratiometricity

Ratiometricity simply means the output offset voltage and
sensitivity will scale linearly with applied supply voltage. That
is, as supply voltage is increased, the sensitivity and offset
increase linearly; as supply voltage decreases, offset and
sensitivity decrease linearly. This is a key feature when
interfacing to a microcontroller or an A/D converter because
it provides system level cancellation of supply induced errors
in the analog to digital conversion process.

Sensors
Freescale Semiconductor
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BASIC CONNECTIONS

Pin Descriptions

Top View
N/C
3!
NIC [ f’l | Self Test
- - 7 [ NG
Xour [<72 r™
Your [} ol L
Zour [ 1 £ ]g-Select
Vgs [ 1 & | 0g-Detect
Voo[€! - [EfNC
i
Sleep

Figure 4. Pinout Description

Table 4. Pin Descriptions

PCB Layout
POWER SUPPLY
Voo (¢
C 2 Ve Voo
Vs
Sleep PO Vss[—¥0
§r  9-Select P1 %3
£  0Og-Detect P2 g
§ Self Test P3 g
g Xout ADy =
=
YOUT = ND|N
O
ZDU? ND,N

Pin No.| Pin Name Description
1 N/C No internal connection
Leave unconnected
2 XouT X direction output voltage
3 Yout Y direction output voltage
4 Zout Z direction output voltage
5 Vss Power Supply Ground
6 Vpop Power Supply Input
T Sleep Logic input pin to enable product or Sleep Mode
8 NC No internal connection

Leave unconnected

9 0g-Detect

Linear Freefall digital logic output signal

10 g-Select  [Logic input pin to select g level
11 N/C Unused for factory trim

Leave unconnected
12 N/C Unused for factory trim

Leave unconnected

13 Self Test

Input pin to initiate Self Test

14 N/C

Unused for factory trim
Leave unconnected

; 10
Logic >
Input

. 13
Logic >
Input

Vop

0.1 pF

i >

g-Select

Self Test

MMAT7361L 33nF

Voo

88

Sleep

0g-Detect

uT

4

Your

1

33nF

I

Zout

f

33nF

1—

Figure 5. Accelerometer with Recommended
Connection Diagram

Figure 6. Recommended PCB Layout for Interfacing

Accelerometer to Microcontroller

NOTES:
1. Use 0.1 pF capacitor on Vpp to decouple the power

source.

. Physical coupling distance of the accelerometer to

the microcontroller should be minimal.

. Place a ground plane beneath the accelerometer to

reduce noise, the ground plane should be attached to
all of the open ended terminals shown in Figure 6.

. Use a 3.3nF capacitor on the outputs of the

accelerometer to minimize clock noise (from the
switched capacitor filter circuit).

. PCB layout of power and ground should not couple

power supply noise.

. Accelerometer and microcontroller should not be a

high current path.

. AID sampling rate and any external power supply

switching frequency should be selected such that
they do not interfere with the internal accelerometer
sampling frequency (11 kHz for the sampling
frequency). This will prevent aliasing errors.

- 10MQ or higher is recommended on Xgy7, Yoyt and

Zoyrt to prevent loss due to the voltage divider
relationship between the internal 32 kQ2 resistor and
the measurement input impedance.

MMA7361L
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DYNAMIC ACCELERATION
Top View
Y Side View
T T T T T T T T L T T
]
161 151 14} i3] 2} !1!
- t=ey r == a §
X 7] Nii4 ] +X +Z 2l |z Z
(i3]
[ Bt S Tl TR e Y Tl Y B R |
1
181 191 10} 11! 12 13 -
-Y
14-Pin LGA Package ,:Jl> : Arrow indicates direction of package movement.
STATIC ACCELERATION
. Direction of Earth's gravity field.*
Top View
TR
7 i
Side View
LU it Bl ot Bl B |
181,91 10 1 bz M3y Top
L
13, :-4:
Rt - - | Xour @0g =165V 2l = £
R Your @ 192245V 7 %] Y
by s Zour @09 =165V s - Xour @0g =165V
= - = 1 'n
M s L. L= Your @09 =165V
B = =1 Lo Zor @ +1g=245V
5] - B2 L
o 2 ol R o Bottom
©F .- 1S ¥l He A=l == i
|F*-: :zl
uz' 42! uy! g igl gt .
Xour @ *1g =245V '3 :‘2- (19 9 8, Xour @-19=0.85V Topﬂ
Your @09 =165V T = Your @0g =165V xour@og: 65V
Zoyr @0g =165V o s Zour @0g =165V Your@0g =165V
oo & Zoyr @-19=085V
11 423 137 14) 150 18,
Xour @09 =165V
Your @-19 =085V
Zour @0g =165V
* When positioned as shown, the Earth’s gravity will result in a positive 1g output.
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| X-TCO mgldegC : _X-TCS %l/degC )
=
.L 5.81. ‘ L
B M L RN 0 e o
-2 -1 2 -0.01 -0.005 0 .005 .01
| Y-TCO mgldegC | Y-TCS %/degC
L
| o T P
-0.01 -0.005 .01
| Z-TCS %ldegC &
-
L
l‘-Z'I'—[I"'OI.";'.'2lr| -0{01":0.00é"0 .005 .01

Figure 7. MMA7361L Temperature Coefficient of Offset (TCO) and
Temperature Coefficient of Sensitivity (TCS) Distribution Charts
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Features

* Core

~ ARM® Cortex®-M3 revision 2.0 running at up to 84 MHz

- Memory Protection Unit (MPU)

- Thumb®-2 instruction set

— 24-bit SysTick Counter

— Nested Vector Interrupt Controller _®
* Memories

— From 256 to 512 Kbytes embedded Flash, 128-bit wide access, memory accelerator, dual bank

- From 32 to 100 Kbytes embedded SRAM with dual banks
- 16 Kbytes ROM with embedded bootloader routines (UART, USB) and IAP routines | AT9 1 S AM
- Static Memory Controller (SMC): SRAM, NOR, NAND support. NAND Flash

controller with 4-kbyte RAM buffer and ECC
- Embedded voltage regulator for single supply operation
- POR, BOD and Watchdog for safe reset FIaSh MC U

- Quartz or ceramic resonator oscillators: 3 to 20 MHz main and optional low power

32.768 kHz for RTC or device clock.
- High precision 8/12 MHz factory trimmed internal RC oscillator with 4 MHz Default

Frequency for fast device startup SAM 3X

- Slow Clock Internal RC oscillator as permanent clock for device clock in low power

mode 1 SAM 3A

- One PLL for device clock and one dedicated PLL for USB 2.0 High Speed Mini
Host/Device H
— Temperature Sensor Se nes
- Up to 17 peripheral DMA (PDC) channels and 6-channel central DMA plus
dedicated DMA for High-Speed USB Mini Host/Device and Ethernet MAC
' Low Power Modes
— Sleep and Backup modes, down to 2.5 pA in Backup mode.
- Backup domain: VDDBU pin, RTC, eight 32-bit backup registers
— Ultra Low-power RTC
' Peripherals
— USB 2.0 Device/Mini Host: 480 Mbps, 4-kbyte FIFO, up to 10 bidirectional
Endpoints, dedicated DMA
- Up to 4 USARTS (1ISO7816, IrDA®, Flow Control, SPI, Manchester and LIN support)
and one UART
= 2TWI (12C compatible), up to 6 SPIs, 1 SSC (12S), 1 HSMCI (SDIO/SD/MMC) with up
to 2 slots |
- 9-Channel 32-bit Timer/Counter (TC) for capture, compare and PWM mode,
Quadrature Decoder Logic and 2-bit Gray Up/Down Counter for Stepper Motor
- Up to 8-channel 16-bit PWM (PWMC) with Complementary Output, Fault Input, 12-
bit Dead Time Generator Counter for Motor Control
= 32-bit Real Time Timer (RTT) and RTC with calendar and alarm features
~ — 16-channel 12-bit 1Msps ADC with differential input mode and programmable gain
stage
— One 2-channel 12-bit 1 MSPS DAC
- One Ethernet MAC 10/100 (EMAC) with dedicated DMA
- Two CAN Controller with eight Mailboxes
— One True Random Number Generator (TRNG)
— Write Protected Registers
110
— Up to 103 I/O lines with external interrupt capability (edge or level sensitivity),
debouncing, glitch filtering and on-die Series Resistor Termination
= Up to Six 32-bit Parallel Input/Outputs (PIO)
Packages
- 100-lead LQFP, 14 x 14 mm, pitch 0.5 mm
— 100-ball LFBGA, 9 x 9 mm, pitch 0.8 mm
— 144-lead LQFP, 20 x 20 mm, pitch 0.5 mm
- 144-ball LFBGA, 10 x 10 mm, pitch 0.8 mm

11057B-ATARM-28-May-12
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AIMEL

SAM3X/A Description

Atmel's SAM3X/A series is a member of a family of Flash microcontrollers based on the high
performance 32-bit ARM Cortex-M3 RISC processor. It operates at a maximum speed of
84 MHz and features up to 512 Kbytes of Flash and up to 100 Kbytes of SRAM. The peripheral
set includes a High Speed USB Host and Device port with embedded transceiver, an Ethernet
MAC, 2x CANs, a High Speed MCI for SDIO/SD/MMC, an External Bus Interface with NAND
Flash controller, 5x UARTs, 2x TWIs, 4x SPIs, as well as 1 PWM timer, 9x general-purpose 32-
bit timers, an RTC, a 12-bit ADC and a 12-bit DAC.

The SAM3X/A series is ready for capacitive touch thanks to the QTouch library, offering an easy
way to implement buttons, wheels and sliders.

The SAM3X/A architecture is specifically designed to sustain high speed data transfers. It
includes a multi-layer bus matrix as well as multiple SRAM banks, PDC and DMA channels that
enable it to run tasks in parallel and maximize data throughput.

It operates from 1.62V to 3.6V and is available in 100- and 144-pin QFP and LFBGA packages.

The SAM3X/A devices are particularly well suited for networking applications: industrial and
home/building automation, gateways.

Configuration Summary

The SAM3X/A series devices differ in memory sizes, package and features list. Table 1-1 below
summarizes the configurations.

Table 1-1. Configuration Summary
Feature SAM3XBE SAM3X8C SAM3X4E SAM3X4C SAM3AS8C SAM3A4C
Flash 2 x 256 Kbytes 2 x 256 Kbytes 2 x 128 Kbytes 2 x 128 Kbytes 2 x 256 Kbytes 2 x 128 Kbytes
SRAM 64 + 32 Kbytes 64 + 32 Kbytes 32 + 32 Kbytes 32 + 32 Kbytes 64 + 32 Kbytes 32 + 32 Kbytes
Cu:lar:?i:rl ?::cl Yes Yes
NFC SRAM'" 4K bytes 4K bytes
Package LQFP144 LQFP100 LQFP144 LQFP100 LQFP100 LQFP100
LFBGA144 LFBGA100 LFBGA144 LFBGA100 LFBGA100 LFBGA100
Number of PIOs 103 63 103 63 63 63
s:::" Yes No Yes No No No
EMAC MII/RMII RMII MII/RMII RMII
External 16-bit data, 16-bit data,
Bus 8 chip selects, 8 chip selects,
Interface 23-bit address 23-bit address
SDRAM
Controller
Central DMA 6 4 6 4 4 4
12-bit ADC 16 ch.® 16 ch.? 16 ch.? 16 ch.® 16 ch.® 16 ch.?
12-bit DAC 2 ch. 2 ch. 2 ch. 2ch. 2 ch. 2ch.
32-bit Timer o gis) gt g5 g 9t
Ch:grc\:els 17 15 17 15 15 15

SAM3X/A m———————
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Table 1-1. Configuration Summary (Continued)
Feature SAM3XBE SAM3X8C SAM3X4E SAM3X4C SAM3ASC SAM3A4C
USART/ (6 6]
UART 326 31 3/2® 3n an an
sPI @ 14+ 3 14 +3 14 +3 14 +3 14 +3 14 +3
1 slot 1 slot 1 slot 1 slot 1 slot 1 slot
HEMC! 8 bits 4 bits 8 bits 4 bits 4 bits 4 bits
Notes: 1. 4 Kbytes RAM buffer of the NAND Flash Controller (NFC) which can be used by the core if not

used by the NFC
One channel is reserved for internal temperature sensor

2 /8 + 4 = Number of SPI Controllers / Number of Chip Selects + Number of USART with SPI

Mode

4. 6 TC channels are accessible through PIO
3 TC channels are accessible through PIO
USART3 in UART mode (RXD3 and TXD3 available)

Note:  The SAM3X-EK evaluation kit for the SAM3X and SAM3A series is mounted with a SAM3X8H in

an LFBGA217 package. This device is not commercially available.

1057B-ATARM-28-May-12
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2. SAM3X/A Block Diagram

Figure 2-1.

18T
PCKO0-PCK2

XIN
XouT
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‘ CANTX1

TCLK[0:2)
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1

SAM3A4/8C (100 pins) Block Diagram
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Figure 2-2.

SAM3X4/8C (100 pins) Block Diagram
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Figure 2-3.
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Figure 2-4. SAM3X8H (217 pins) Block Diagram (not commercially available).
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3. Signal Description
Table 3-1 gives details on the signal names classified by peripheral.

Table 3-1. Signal Description List

Active Voltage
Signal Name Function Type Level Reference | Comments
Power Supplies
VDDIO Peripherals I/O Lines Power Supply Power 1.62V to 3.6V
VDDUTMI USB UTMI+ Interface Power Supply Power 3.0Vto 3.6V
VDDOUT Voltage Regulator Output Power
I R P
VDDIN Voltage Regulator, ADC and DAC Power Power
Supply
GNDUTMI USB UTMI+ Interface Ground Ground
VDDBU Backup /O Lines Power Supply Power 1.62V to 3.6V
GNDBU Backup Ground Ground
VDDPLL PLL A, UPLL and Oscillator Power Supply Power 1.62 Vto 1.95V
GNDPLL PLL A, UPLL and Oscillator Ground Ground
VDDANA ADC and DAC Analog Power Supply Power 2.0Vto 3.6V
GNDANA ADC and DAC Analog Ground Ground
VDDCORE Core Chip Power Supply Power 1.62V to 1.95V
GND Ground Ground
Clocks, Oscillators and PLLs
XIN Main Oscillator Input Input
VDDPLL
XouT Main Oscillator Output Output
XIN32 Slow Clock Oscillator Input Input
VDDBU
X0ouT32 Slow Clock Oscillator Output Output
VBG Bias Voltage Reference Analog
PCKO - PCK2 Programmable Clock Output Output
Shutdown, Wakeup Logic
0: The device is in
backup mode
SHDN Shut-Down Control Output VDDBU 1: The device is
running (not in
backup mode)
FWUP Force Wake-up Input Input VDDBU E:st oxternal.Pulk
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Table 3-1. Signal Description List (Continued)

Active Voltage

Signal Name Function Type Level Reference | Comments

ICE and JTAG
TCK/SWCLK Test Clock/Serial Wire Clock Input
TDI Test Data In Input Reset State:
TDO/TRACESWO ;eustt Data Out / Trace Asynchronous Data Sutpist voDIo | i\t’::n:rpm:)zz

i (1)

TMS/SWDIO E;:t?g’lﬂﬁje'e‘“ AL Wi Input / 110 -
JTAGSEL JTAG Selection Input High VDDBU Sslrlﬂinwi“t intsmal

Flash Memory
= Ef:::n‘"’;% NVM Configuration Bite Erase Input High VDDIO Pull-down resistor

Reset/Test
NRST Microcontroller Reset 110 Low VvVDDIO Pull-up resistor
NRSTB Asynchronous Microcontroller Reset Input Low vDDBU Pull-up resistor
TST Test Mode Select Input VDDBU Pull-down resistor
| Universal Asynchronous Receiver Transceiver - UART

URXD UART Receive Data Input
UTXD UART Transmit Data Output

—‘T“]—El 9
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Table 3-1. Signal Description List (Continued)

Active Voltage
Signal Name Function Type Level Reference | Comments
PIO Controller - PIOA - PIOB - PIOC - PIOD - PIOE
*Schmitt Triggert®
Reset State:

PAO - PA31 Parallel 10 Controller A 110 *PI1O Input
*Internal pull-up
enabled
*Schmitt Trigger*)
Reset State:

PBO - PB31 Parallel 10 Controller B 110 *PIO Input
*Internal pull-up
enabled
*Schmitt Trigger'®)
Reset State:

PCO - PC30 Parallel 10 Controller C 110 *PI1O Input
*Internal pull-up
enabled

VDDIO
+Schmitt Trigger(®
| Reset State:

PDO - PD30 Parallel 10 Controller D /0 *PIO Input
*Internal pull-up
enabled
«Schmitt Trigger(”)
Reset State:

PEO - PE31 Parallel 10 Controller E 110 *PIO Input
eInternal pull-up
enabled
Schmitt Trigger'”
Reset State:

PFO - PF6 Parallel 10 Controller F 110 *PIO Input
sInternal pull-up
enabled

External Memory Bus

DO - D15 Data Bus 110 Fubsd-up nput 3t
reset

A0 - A23 Address Bus Output 0 at reset

Static Memory Controller - SMC
NCSO0 - NCS7 Chip Select Lines Output Low
NWRO0 - NWR1 Write Signal Output Low
'NRD Read Signal Output Low
NWE Write Enable Output Low
NBSO - NBS1 Byte Mask Signal Output Low
NWAIT External Wait Signal Input Low

10 SAM3X/A T S T T P T P e S S e
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Table 3-1. Signal Description List (Continued)
Active Voltage
Signal Name Function Type Level Reference | Comments
NAND Flash Controller-NFC
NANDOE NAND Flash Output Enable Output Low
NANDWE NAND Flash Write Enable Output Low
NANDRDY NAND Ready Input
NANDCLE NAND Flash Command Line Enable Output Low
NANDALE NAND Flash Address Line Enable Output Low
SDRAM Controller - SDRAM

SDCK SDRAM Clock Output Tied low after reset
SDCKE SDRAM Clock Enable Output High
SDCS SDRAM Controller Chip Select Line Output Low
BA[1:0] Bank Select Output
SDWE SDRAM Write Enable Output Low
RAS - CAS Row and Column Signal Output Low
NBS[1:0] Byte Mask Signals Output Low
SDA10 SDRAM Address 10 Line Output

High Speed Multimedia Card Interface HSMCI
MCCK Multimedia Card Clock 110
MCCDA Multimedia Card Slot A Command 110
MCDAO - MCDA7 Multimedia Card Slot A Data I/0
MCCDB Multimedia Card Slot B Command /10
MCDBO - MCDB3 Multimedia Card Slot A Data /0

Universal Synchronous Asynchronous Receiver Transmitter USARTx

SCKXx USARTx Serial Clock Ie}
TXDx USARTx Transmit Data /0
RXDx USARTx Receive Data Input
RTSx USARTx Request To Send Output
CTSx USARTXx Clear To Send Input
Ethernet MAC 10/100 - EMAC
EREFCK Reference Clock Input RMII only
ETXCK Transmit Clock Input MIl only
ERXCK Receive Clock Input Mil only
ETXEN Transmit Enable Output
| ETXO0 -
ETX0-ETX3 Transmit Data Output ETX1 only
in RMII
ETXER Transmit Coding Error Output Ml only
ERXDV Receive Data Valid Input MII only

S T e S L TR R Y S T
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Table 3-1. Signal Description List (Continued)

Active Voltage
Signal Name Function Type Level Reference | Comments
ECRSDV Carrier Sense and Data Valid Input RMII only
ERXO -
ERXO0 - ERX3 Receive Data Input ERX1 only
in RMII
ERXER Receive Error Input
ECRS Carrier Sense Input MIl only
ECOL Collision Detected Input Mil only
EMDC Management Data Clock Output
EMDIO Management Data Input/Output I/O
CAN Controller - CANx
CANRXx CAN Input Input
CANTXx CAN Output Output
Synchronous Serial Controller - SSC
TD SSC Transmit Data Output
RD SSC Receive Data Input
TK SSC Transmit Clock 110
RK SSC Receive Clock 110
TE SSC Transmit Frame Sync 110
RF SSC Receive Frame Sync /0
Timer/Counter - TC
TCLKXx TC Channel x External Clock Input Input
TIOAX TC Channel x I/O Line A 110
TIOBx TC Channel x I/O Line B I/0
Pulse Width Modulation Controller- PWMC
PWMHx PWM Waveform Output High for channel x Output
only outputin
PWMLx :::nMn:\]ii\:eform Output Low for Output ::T‘oon;glamhzgtzg ’
time insertion is
enabled
PWMFIx PWM Fault Input for channel x Input
Serial Peripheral Interface - SPIx
MISOx Master In Slave Out J[e]
MOSIx Master Out Slave In 1/0
SPCKx SPI Serial Clock I/O
l_SPIx_'NPCSO SPI Peripheral Chip Select 0 110 Low
gg:::sggg; ) SPI Peripheral Chip Select Output Low
Two-Wire Interface- TWix
TWDx | TWix Two-wire Serial Data | w ] | [

12 SAM3X/A e———————
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Table 3-1. Signal Description List (Continued)
Active Voltage
Signal Name Function Type Level Reference | Comments
TWCKXx TWIx Two-wire Serial Clock 110
Analog-to-Digital Converter - ADC
ADO - AD14 Analog Inputs Analog
ADTRG ADC Trigger Input
ADVREF ADC and DAC Reference Analog
Digital-to-Analog Converter - DACC
DACO DAC channel 0 analog output Analog
DAC1 DAC channel 1 analog output Analog
DATRG DAC Trigger
Fast Flash Programming Interface
PGMENO-PGMEN2 Programming Enabling Input VDDIO
PGMMO0-PGMM3 Programming Mode Input VDDIO
PGMDO0O-PGMD15 Programming Data I/0 VDDIO
PGMRDY Programming Ready Output High VDDIO
PGMNVALID Data Direction Output Low VDDIO
PGMNOE Programming Read Input Low VDDIO
PGMCK Programming Clock Input VDDIO
PGMNCMD Programming Command Input Low VDDIO
USB High Speed Device
VBUS USB Bus‘Power Measurement Mini Analog
Host/Device
DFSDM USB Full Speed Data - Analog VDDUTMI
DFSDP USB Full Speed Data + Analog VDDUTMI
DHSDM USB High Speed Data - Analog VDDUTMI
DHSDP USB High Speed Data + Analog VDDUTMI
UOTGVBOF gosr? VBus On/Off: Bus Power Control VDDIO
Notes: 1. TDO pinis set in input mode when the Cortex-M3 Core is not in debug mode. Thus the internal pull-up corresponding to this
PIO line must be enabled to avoid current consumption due to floating input.
2. PIOA: Schmitt Trigger on all, except PAD, PA9, PA26, PA29, PA30, PA31
3. PIOB: Schmitt Trigger on all, except PB14 and PB22
4. PIOC: Schmitt Trigger on all, except PC2 to PC9, PC15 to PC24
| 5. PIOD: Schmitt Trigger on all, except PD10 to PD30
6. PIOE: Schmitt Trigger on all, except PEO to PE4, PE15, PE17, PE19, PE21, PE23, PE25, PE29
7. PIOF: Schmitt Trigger on all PIOs

1057B-ATARM-28-May-12
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3.1 Design Considerations

In order to facilitate schematic capture when using a SAM3X/A design, Atmel provides a “Sche-
matics Checklist” Application Note. See http://www.atmel.com/products/AT91/

14 SAM3IX/A m—————————
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LD1117A

Low drop fixed and adjustable positive voltage regulators

N\

TO-220

DPAK

*

SOT-223

Features

* Low dropout voltage:
- 115Viyp. @ lgyt=1A,25°C
* Very low quiescent current:
- SmAtyp. @ 25°C

e Outputcurrentupto 1 A

» Fixed output voltage of:
- 12V,18V, 33V

* Adjustable version availability (Vggr = 1.25 V)

e Internal current and thermal limit
* Only 10 pF for stability

Datasheet - production data

e Available in + 2% (at 25 °C) and 4% in full
temperature range

» High supply voltage rejection:
— 80 dB typ. (at 25 °C)
» Temperature range: 0 °C to 125 °C

Description

The LD1117A is a low drop voltage regulator able
to provide up to 1 A of output current, available
also in adjustable versions (Vggr = 1.25 V). In
fixed versions, the following output voltages are
offered: 1.2V, 1.8 V, and 3.3 V. The device is
supplied in: SOT-223, DPAK and TO-220. Surface
mounted packages optimize the thermal
characteristics while offering a relevant space
saving advantage. High efficiency is assured by
an NPN pass transistor. Only a very common 10
pF minimum capacitor is needed for stability. Chip
trimming allows the regulator to reach a very tight
output voltage tolerance, within + 2% at 25 °C.

Table 1. Device summary

Order codes
Output voltage
S0T-223 DPAK TO-220
LD1117AS12TR LD1117ADT12TR 1.2V
LD1117AS18TR LD1117ADT18TR 18V
LD1117AS33TR LD1117ADT33TR LD1117AV33 33V
LD1117ASTR LD1117ADT-TR Adjustable from 1.25 vV
July 2013 DoclD7194 Rev 26 1/24

This is information on a product in full production.
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LD1117A

Diagram
1 Diagram
Figure 1. Block diagram
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Electrical characteristics LD1117A

Table 5. Electrical characteristics of LD1117A#18 (continued)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
eN Output noise voltage B=10Hzto 10kHz, T, =25°C 100 pV
SVR |Supply voltage rejection :2= \fg ;":J ;r:pilf: 221 Vo 60 | 80 dB
lp =100 mA 1 1.10
Vp Dropout voltage lg =500 mA 1.05 | 1.15 Y
lo=1A 1.15 | 1.30
AVg(pwr) | Thermal regulation Ta=25°C, 30 ms pulse 0.08 | 0.2 %/W

Refer to the test circuits, T; = 0 to 125 °C, C = 10 uF, C, = 10 pF, unless otherwise

specified.
Table 6. Electrical characteristics of LD1117A#33
Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vo Output voltage Vi=53V,lIg=10mA, T;=25°C 3.234 | 3.3 |3.366 A
Vo Output voltage lo=0t01A,V,=475t0 10V 3.168 3.432 Vv
AVq | Line regulation Vi=475t08V, Ig=0mA 1 6 mV
AVg  |Load regulation Vi=475V,15=0to 1A 1 10 mV
AVg | Temperature stability 0.5 %
AVg  |Long term stability 1000 hrs, T; =125 °C 0.3 %
\ Operating input voltage lo =100 mA 10 \'%
lg Quiescent current Vi£10V,lg=0mA 5 10 mA
lo Output current Vi-Vg=5V,T;=25°C 1000 | 1200 mA
eN Output noise voltage B =10 Hzto 10 kHz, T;=25°C 100 Y%
SVR | Supply voltage rejection {f\fgﬂm ;;piloe i o 60 | 75 dB
lo = 100 mA 1 1.10
Vb Dropout voltage lo =500 mA 1.05 | 1.15 Vv
lo=1A 1.15 | 1.30
AVg(pwr) | Thermal regulation Ta=25°C, 30 ms pulse 008 | 0.2 %/W

Refer to the test circuits, T, = 0 to 125 °C, Co =10 pF, C; = 10 pF, unless otherwise
specified.

Table 7. Electrical characteristics of LD1117A (adjustable)

Symbol Parameter Test conditions Min. | Typ. | Max. | Unit
Vree | Reference voltage Vi=53V,lIg=10mA, T,=25°C 1225 1.25 |1.275| V
Vrer |Reference voltage lo=10mAto 1A, V,=275t0 10 V 1.2 1.3 v
AVg  |Line regulation VI=275t08V,Ig=0mA 1 6 mV
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