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Tunbl MOMC patymnkoB OT ST g

Environmental Sensor

Gyroscope Microphone

ST MEMS TexHONnOrnm
camoe bbicTpopacTtyulee
CeMEeNCTBO NpoayKumm B ST

Accelerometer

Magnetometer /

Lys q: Komnal
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YT10o Takoe MOMC?

e MOMC - Mukpo 2nekTpo MexaHundyeckaa Cucrema

e MSMC comepXxuT «nnasawowyto» 3-D CTpyKTypy
o CTpyKTypa nepeMellaeTcs 3a CYeT BHelWHero Bo34encTBus

e B MOMC gBm>xmmasa 4yacTb He TO/IbKO 3JIEKTPOHDbI!

MEMS die

"I KapTMHKa 13 noa 3NeKTPOHHOro MMUKPOCKoNa q= liomnajl
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nponssoactso MOMC
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Becb uukn npounssoacrtea B ST!!

CUSTOMER

@
GOOD &
COST

EFFICIENT
PRODUCT

J

ST MANAGES THE COMPLETE SUPPLY CHAIN

1S71 q: Kouna

llllllllllllll



ST — nupep pbiHka MOMC B noTpebnTenbLCKOU

3MEeKTPOHUKE U MOOUNbHbIX YCTPOUCTBaAX
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MEMS - paclum@poBKa Ha3BaHUN

Pack
Output ackage
L: LGA
A: Analog
Sensor Type . Q: QFN
. . D: Digital
LIS or L: Linear Inertial Sensor S: SO
AlS: Automotive Inertial Sensor l
LPS: Linear Pressure Sensor
—>
LSM: Linear Sensor Module LI S 3 D H
Number of Axis Performance Level
2: 2-Axis Accelerometer H: High
3: 3-Axis Accelerometer Mor _: Medium
F: Low

Y: Yaw Gyro

PR: Pitch /Roll Gyro

PY: Pitch/Yaw Gyro

YPR: Yaw/Pitch/Roll Gyro

Lys q: Kounsi
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Lndposon 6a0K
AN N3MepeHuns
JIMHEUHOTO
YCKOPEHUSA Nno
ocun X
nsiaBatoLLLEeN

CTPYKTYpbI

[TpnHumn patotel MOMC
akcernepomeTpa

life.augmented

SignalA=InLens D
Photo No. = 260

Lindbposon 610K AN n3mepeHua TIMHENHOTO YCKOPEHUS

no ocu Y niaBatoLLEN CTPYKTYPbI

q: Homnal



AkcenepomeTtp — LIS3DH

* 3-0CeBOM akcenepomeTp

* Undoposon nHtepdenc SPI/12C

* N3mepeHue no 4m wkanam: £2, 4, 8 n 169
+ Bbicokoe paspelleHue (4o 12 6ur)

* Hunskoe notpebnenune: 2 MKA B pexxume Low power mode (1lu),
11mkA B pexxume Normal (50Iy) n 5MKA B pexume Power Down

* [nbkocTb paboThl:

« 8 ODR: 1/10/25/50/100/400/1600/5000 Iy,
[MponyckHas cnocobHocTb Ao 2.5 Ky
32-ypoBHeBbin FIFO (16-6uT)

3 Bxoga AU

[aTtynk TemnepaTtypbl

MutaHne ot 1.71 o 3.6 B

» OyYHKUMS caMOTeCTMPOBaHMS '2n 22 E9f

T

* Kopnyc 3x 3 x 1 Mm

Lys

life.augmented

(TOP VIEW)




Ncnonb3osaHua FIFO — LIS3DH

« OSs, Communication standards and architectural constraints
may limit the maximum sensor access rate

« The availability of an embedded data buffer (FIFO) allows to
manage high(er) sampling rate (smoother movement capture
and advanced gesture recognition, ex. air writing) without
sample loss while offloading |12C reads and reducing interrupt

actions to the host

Without FIFO (data buffer) With FIFO (data buffer)
Lys ¢ Komnoall
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[leTekTnpoBaHMe NOMoXXeHund

6D recognized positions

Kys q: Kouna
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QHepronoTpebrneHne — LIS3DH

= OuyeHb HU3KOe noTpebneHune

ey LISSDH
(M) mode (MkA) | mode (MKA)
— 0.4
1 2 ,
10 4 ; 2
25 6 .
50 11 3
100 20 0
200 38 s
400 73 iy
1250 185
1600 - .
5000 a a4

Kys ¢ Kounal
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Akcenepometp — LISSDSH

« 3-OceBon Lnpposon AkcenepomeTrp

* 5 WKan usmepeHue: 2, 4, 6, 8, 169

« Crnaxusatowmn punetp (Anti-Aliasing)

* 2 NporpaMmMmnpyemMbiX KOHEYHbIX aBToMaTta

* Bbicokoe paspelleHune (4o 14 6u1T) n H13Kknn wym (150mkg/viu)

* Hunskoe notpebneHune: 11MkA B Active mode (3.1I'y) n 2mMkA B Power down mode

* Bblcokasi rMbKoCTb: - . t* FifoE
Dam(*\OCA);e(f&va/)) // re?d
\]Lfiulvgou,-cjg /55’ % F/foBuff[/].A

G2\ = data’

e ODR:0o13.1 no1600 Iy
 [NponyckHasa cnocobHocTb o 8000y
» 32- ypoBHeBbI FIFO (16-6uT)

* HanpsbkeHue ot 1.71 go 3.6B

° q)yH KUunAa CaMoTeECTUPOBAHUA

CoBmecTuM no BbiBogam ¢ LIS3DH*

Lys rer Al ¢ Kounoal
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AlS328DQ: 3x oceBon akcenepoMeTp ang
aBTOMOOUIIbHOIO pPbIHKA

AlS328DQ

Automotive Inertial Sensor — 3 axes — 2/4/8g full scale — Digital Output — QFPN package

* Product qualified, full Q100 qualification done
e 12 bit resolution, low power consumption (<10pA at 10Hz ODR)
e Stacked-die assembly in a small QFPN 4x4x1.8 24L package

e Target applications: security systems, inertial navigation, telematic
boxes, intelligent power saving, motion activated functions, ...

e AEC-Q100 - PPAP available

D
MEMS sensor detectsitheich
of dnclination of theg;gl'i‘ p—

P

Lys & Koun3
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2X2 MM akcenepometTp - LIS2DM / 2DH

4 N
8 /10 /12 6uT — KOHPUrypupyeTca

2 npepbiBaHUA

aKTVBeH / HeaKTUBeH
- /

2x2x0.9 LGA-14

= HanpaxeHune nutaHua ot 1.71 o 3.6 B

= Hesasucumoe nutaHue |0 (1.8 B) n HanparkeHMe NUTaHUS
= [laTynkn TemnepaTypobl

=  FIFO 610K namaTu

= [lnana3oH namepeHus +2g/+4g/+8g/+16g

= 4D/6D onpepeneHne opueHTaLUn

= [Iporpammunpyemble NpepbiBaHMA ANs pa3pelleHns 0bHapyKeHUA 4eTEKTUPOBAHNA ABUKEHUSA,
click/double-click cobbiTua, n apyrue ycnosus

m LIS2DH:1.5S 3a 1000 wt / LIS2DM:1.4S 33 1000 wTt q: HOMI]QJ]

life.augmented gildas.henriet@st.com - MEMS &



Accelerometer — H3LIS331*

» 3-0CeBOW akcenepomeTp

» 3 wkankl: £100, 200, 4009

PaspelieHne 12-6ut (49mg/lIsb)

300 MKA B Active mode, 10 mkA B Low Power n 1mkA B Power Down mode

ODR: ot 0.5 0o 1000 Iy

[MpMeHeHue:

» NlamepeHmne cunel ygapa B cnopte (amepukaHcknm gyToors, Xokken, 6okc, ....)

» OnpepgerneHne «LWOKOBOro» COCTOSHUA ANA MHCTPYMEHTOB, 0bopyaoBaHums,
NOPTaTUBHbIX YCTPONCTB (Med UHCTPYMEHT, HOYTOYKKM, MO0 TenedoHs.l, ...)

* MOHUTOPUHT rpy30B, aBapun Ha TpaHcnopTe

*byaet goctyneH ana MM 8 Q4 2012

Lys & Koun3

life.augmented



MOMC rupockonbl
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AKcenepomeTp u [ mpockon

AKcenepomeTp UamepaeT IMHEUHOE YCKOpeHue
[MpocKkon namepset yrnosoe nepemewieHue(pitch, roll n yaw)

AKcenepomeTp 1 HbOTOH [MpocKkon n Kopmnonunc

F=mA F=- mVxQ

- Yaw -

YA VA

ZAcceleration
0 -
y
" X
Roll

xAcceIeration

M3MC akcenepomeTp U rmpockon o6 beaMHEHbI B OTAE/bHbINM MOAYAb -
IMU (Inertial Measurement Unit)

Lys & Kounsl



[ Mpockon — NnpuHUMN pabdoThl

* PbickaHue (Yaw) — BpalleHMe BOKPYr BEPTMKANbHOM OCK
(ocb Z)

* KpeH (Roll) — BpaweHune BoKpyr npoaosnbHoM ocu
(ocb X)

e TaHrax (Pich) — BpalwieHune BOKpyr nonepeyHom ocu
(ocb Y)

q: Homnal



BHYTpEeHHASA CTpyKTypa rmpockona

1S71 q: Kounai
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[ npockon L3GD20

« 3-oceBow nuposomn rupockon, undposon SPI/12C nHtepdoenc
* Bbicokoe paspelueHune, 16 6uT paspelleHme
* MNamepeHune BpalleHma no 3 wkanam: £250°/c, £500°/c n £2000°/c

* Power Down (5 MKA) 1 Sleep (2 MA) pexumbl

* Interruption n Data Ready BbIxogHbl€ JIMHUN

Yaw sense

* Bbicokas npon3BoANTESNTIbHOCTb.

*  VIMMYyHUTET K ayano 1 MEXaHUYECKOMY LUYyMY

Pitch sense

* Bbicokoe pa3spelueHne/BbIcOKas TemnepaTypHasi CTabuibHOCTb

* Bebicokas wokoBas yctonumsocTb: 10 000g B TeyeHun 0.1mc

« J[lononHuTtenbHble napamMmeTpbl.

* 4 Output Data Rates(ODR): 95, 190, 380, 760 'y
» 8-06uT BbIXOA TEMMepaTypHoro gatyuka, FIFO - bydep
* KoHdurypupyemblie omnbTpbl HU3KUX U BbICOKUX YacToOT

° qDyHKLI,I/IFI CcamMoTeCTnpoBaHnNA

CoBMeCTMMOCTb MO BbIBO4AM U nporpaMmmMHaa COBMeCTUMMOCTb C

rl.SG4200D Roll sense
Y/

life.augmented



http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/PRESS_IMAGE/L3GD20_gyroscope_p3198big.jpg

[ npockon L3GD20

» 3-oceBou uucpoBon rupockon

* KOMBMHMpPYET BbICOKYO YYBCTBUTENBLHOCTb
C UMMYHUTETOM K aHasrioroBoOMy LLUYyMY U
BUOpauusam

» CoBMeCTMM MO BbIBOAAM U NPOrpamMmmHoO
cosmectTum ¢ L3G4200D

L3G4200D
10nF 25V class
wa @ w0 (10nF at 11V bias)
aar
-.fF"':l 2 i —
:r;-tm AP Vid I tﬂJﬂ ] BE
_’“n‘f'—!'_ e — ] TP []
- S0A_S00_500 i—e ([ ! ™
sooves] —ime |[E] K|
] g
' | I—
M
o5 DR OMT
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http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/PRESS_IMAGE/L3GD20_gyroscope_p3198big.jpg

NEw [ Mpockon L3G3250A

3-OceBow AHanoroBbiv M’MpocKkon

UMMYHUTET K aHaZIoroBOMY LUYMY U BUbpaumnam
2 WKanbl nsmepeHua: £625°/c n £2500°/c

Power down u Sleep pexxmnmbl

dOYHKLUMA camMOTeCcTUpPOBaHUSA

3aBoAcKaa KannbpoBKa

BbicoKasa yyBCcTBUTENbHOCTb: 2 MB/°/c npu 625°/c

BCcTpoeHHbIN GUNBTP HUMKHUX YaCTOT

BbicoKkaa TemnepatypHana ctabunbHoctb (0.08°/c/°C)

Bbicokoe wokoBoe coctoaHue: 10000g B TevyeHmmn 0.1 mc

TemnepaTypHbI Anana3oH ot -40 ao 85°C

Hanpa)xeHne nutaHua: 2.4 - 3.6B

MoTtpebnenune: 6.3 mA B Normal, 2 mA B Sleep n 5 mKA B Power Down pexkumax
Kopnyc3.5x3 x1LGA

Kys & Kound

life.augmented


http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/PRESS_IMAGE/L3G3250A_p3204big.jpg

[TopTdponmo MOMC rnpockonon

—e—

MHTerpayma no pasmepy MHTerpaums no pasmepy

Urpbl

w
S KoopauHaTHble ycTp-Ba
> Pacno3HaBaHue XecTos
® L3G3250A 13GD20 B3 Po60oTbl
5 £2500dps L36462A < 13G3200
g i—ilGOzOSCLdppSS +625dps szS;ZdSSO s +2000dps
£ +250dps _iSOOdpS -§° = +500dps
4x4 +250dos b= +2000dps +250dps
=>0ap +500dps
+250dps AsTOoMob6UNN
+65dps ] A3G425D Hasurauua
ot +245dps
= IMU
| axa | <
Crabunusauua
n3obparkeHun

AHanorosbIi MHTEpdENC Undposoit nHtepdeiic 12C/SPI

Lys q: Kouna]



A3G4250D: 3-oceBou rmpockon ans
aBTOMOOUIIbHOIO pPbIHKA

A3G4250D

Automotive — 3 axes — Gyroscope — 4x4 LGA 16L— +£245dps full scale — Digital Output

e CoBmectum no Bbisogam ¢ L3G4200D
e Hu3koe notpebneHmne
® HN3KUI WyM U BblCOKaA CTabmMabHOCTb MO TemnepaType

e Obnactu NMPUMEHEHUA. TPEKUHI-CUCTEMbI, aBTOTPEKEPDLI, HaBUTraLlunA,
onpeaeneHme yrna HaksioHa

e AEC-Q100

Lys & Kound

life.augmented



MEMS gaTtumkn — moaynu

Package size
Package _:Normal
L: LGA C: Compact
Output
Sensor Type py
. D: Digital
LSM: Linear Sensor Module l
v

LSM 3 0 LH C
bt !

Number of Accel Axis Performance Level

3: 3-Axis Accelerometer H: High
M or : Medium

Number of Gyro Axis
0: No gyroscope

Number of Magneto Axis

3: 3-Axis Magnetometer

Lys q: Kound

life.augmented



MEMS E-komnachl
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Komnacc — LSM303DLM

« MEMS Akcenepometp + MarHnTHbIN AaT4YnK
(OaT4YnK NONOXEHNS)

« 3-0ceBoWn akcenepomeTp: £29/+4q9/+£8¢g

» PaspeweHne 12 6UT , YyBCTBUTENBHOCTb 1M(Q
« ODR po 1KTIy,

e 3-0CEBON MarHUTHbIN OaTyuK: namepeHme ot £1.3
Oo +8 .1 ['aycca

» PaspelweHune 5 mlaycca, yysctButenbHocTb 0.9 mlaycca
(x,y) n 1 mlaycca (2)

* ODR g0 2201wy
* |2C nHtepdenc
« O12.16 o 3.6 B (1.8 B 1/Os),

 [MoTpebnenmne 360 MKA, 2 MKA B pexunme Power-
Down

LSM303DLM
MEMS - komnacc

2 NIMHUW NpPepbIBaHNSA - JeTEKTUPOBaHNE COObITUI

ODR: Output Data Rate

Lys ¢ Kounal

life.augmented



Digital Compass — LSM303DLHC

- MEMS AkcenepomeTtp + MarHuTHbIV AaT4yuK

» 3-0ceBoW akcenepomeTp: £29/+49/+8q9/£169g
« PaspelueHne 12 6uT , 4yBCTBUTENBHOCTb 1M(Q
 ODR oo 5KIlwu
* 3-0CEBOW MarHUTHbLIN gaT4yuKk: namepeHue ot £1.3
go 8 .1 laycc

» PaspelweHune 2 mlaycca, yysctButenbHocTb 0.9 mlaycc
(x,y) n 1 mlaycc (z)

« ODR oo 220y LSM303DLHC
e I2C I/IHTepCbeﬁC MEMS Komnacc

. OT2.16 80 3.6 B (1.8 B 1/0s),

 [loTpebneHne 110 MKA, 1 MKA B pexume Power-
Down

» BcTpoeHHble FIFO 1 gatyne temnepartypbl
* 2 NIMHUMN NpPepbIBaHUA - OEeTEKTUPOBaAHNE CODLITUN

‘ﬁ ODR: Output Data Rate q= l’i ouunall

life.augmented



[TopTdoonno MOMC kKomnacos

o || LSM303DLM
s S LSM303DLHC
g— o
+
EI-
O o
m N
5x5x1.0 3x5x1.0
Q3 ] | al ]
2010 2011 2012 ’>



Linpoeson komnac - LSM303D

* OCHOBHbIe NapamMmeTpbl:

» 3-0CeBOW aKkcenepomMeTp: LiKana namepeHumn ot 2g 0o 169

3-0CeBOW MarHUTHbLIW JaTyMK: WKana namepeHnn ot 2 lMaycc go 12 lMaycc

14 6uT paspelueHne akcenepomeTpa n 16 6uT marHeTomeTpa

BcTpoeHHbIM TeMnepaTypHbIn gaTuunk (12 6uT BbIXon)

[lononHuTenbHbIE NapameTpbl
I2C/SPI nutepdenc

Kopnyc: LGA-16, 3 x 3 x 1 mm?
NMuTtanne: ot 2.16 B oo 3.6 B

Pa3peweHune 2.5 mlaycca npu 12 lNaycca

Kys ¢ Komnai

life.augmented




MOMC IMU (INEMO - Inertial
Movement Unit)
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MOMC moaynb — INEMO Inertial Module

LSM330DLC:

« MOMC AkcenepomeTtp (LIS3DH) + ['mpockon (L3GD20)

3-0ceBoW akcernepomeTp, £2 +4 +8 +16g

3-oceBou rmpockon, £250 £500 £2000 dps

LSM330DLC
SPI1/I?C nHtepdenc MEMS IMU

Pexnum Power-Down

4 nMHUK npepbiBaHnA (2 Ong rmpockona n 2 ans akcernepomerpa)

2 X FIFOs » gatymnk Temneparypbl

Kopnyc 4x5 MM

Kys ¢ Kounal

life.augmented


http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/PRESS_IMAGE/LSM330DLC_p3208big.jpg

MOMC moaynb — INEMO Inertial Module

LSM330D:

- MOMC AkcenepomeTtp + Mpockon

3-oceBoW akcernepomeTp, £2 +4 +8 +16g

3-oceBou rupockor, £250 £500 +2000 dps

MEMS IMU

SPI/I>C nutepdenc

Pexxum Power-Down

4 NUHUKM NpepbiBaHKA (2 AN rmpockona u 2 Anst akcernepome

2 X FIFOs n gatymnk tTemneparypbl

Kopnyc 3x5.5x1 mm

Lys & Koun3

life.augmented



9-oceBoun moayns INEMO

* ManeHbkui pasmep: 13 x 13 X 2 Mm

* L3GD20: 3-oceBou LnMdpoBOM MpPOCKOT

* LSM303DLHC: 6-oceBov reomarHeTM4eCKun Moaynb
+ STM32F103REY: WLCSP, ARM®-based 32-bit MCU

+ LDS3985M33R: ultra low drop-low noise voltage
regulator.

« Hon nHTtepdeiicbl: CAN, USART, SPI u I2C; full-speed
USB 2.0

* CBoboaHble ALLIM kaHanbl 4nsa BHELWHMX CUTHaNoB
=iVi &

« INEMO SW Fusion ounbnuorteka

", * [foctynHocTtb B Q4 INEMO-M1 u Q1 2013 ana
lite.augmented INEMO-PRO (sensor fusion SW embedded)



MOMC ceHcopbl okpyXatoLlen
cpenbl
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MOMC gatymk gaBneHus

'/./"

\
B
B ‘ , l life.augmented
iz -aug



LPS331AP 260 — 1260 mbap 6apomeTp

T "i
Pa3M6pbl 3x3x1 1 : : 0 w % cs :
1 | [ o
i i : %8% % E IEE c | SCUSPC i
Ananason 260-1260 mbar e b w29 o 4.5 EES Y L
n3mepeHuun o] [l i : ﬁgg E 5 8%% SPI | sbasDors I|
! 1 © = wo !
Csepxaas/eHue > 20 Bap AT » - 8 FO |SAUSDO 1
1 | 1
A :
PaspeweHune AL 24 6uT : i ! + !
1 1
: gfémﬁ | i TEMPERATURE !
NoTtpebnenne 5.5mA (.16mbap paspeLu) ! | 1| SENSOR VOLTAGE CLOCK !
1
45 MKA (BbiC paspet) @ 1ru ODR i I | AND CORRENT LD i
5MKA (Low Power) ! | SENSORBIAS :
Lo e :
Lym 0.020 mbap (rms) *
OTHocuTenbHas NInHenHasn: £ 2 mbap (BcTpoeHHasn)
TOYHOCTb (0+65°C) KBagpatuueckan: £ 1 mbap (BHewwHee sw)

MakcumanbHaa ODR  High resolution pexxum:
Ot1p0 250y,
1 pa3oBas (MaKc Bpems npeobpa3oBaHus =
45mcek)

Liudposble napameTpbl

KomneHcauuna JlnHeHan BCTpOEHHaA
KBagpaTuyHaa — BHEWHAA Nporpamma

MeHeaKMeHT ATOHO/Ib
KanubposKa 3a 1 war
BblaeneHHbI pernctp

Lys

life.augmented



LPS331AP nog MMUKPOCKONOM

Membrane

>

345.5pm

! +

ASIC c
‘ 12C/SPI
| vHTepdelicom

life.augmented



LPS331AP — floor detection

v Measured Pressure (mbar) ++ LPS331AP output
1025 7 = FROM 24" floor to B3

1024
27 -
1024
1025 -
1024
1023 -
1021 -
1021
Loz -f
1018 -
1018
wi7
1015 -f
1015
1014
i3
1012
111 -
1010

v" Variance (mbar) - pressure value VS reference

Kys ¢ Kounal

life.augmented



LPS331AP — BCTpoeHHas KoMNeHcaunya mm

« LPS331AP is calibrated at 3 different temperature

« The compensation algorithm uses the embedded temperature sensor

Resistor vs. Temperature

A R M
= Accuracy

Lys & Kounal



LPS331AP — kBagpaTtudHasa KoMmneHcauus

+ LPS331AP is calibrated at 3 different temperatures. Using the 3 calibration
coefficients sets possible implement a quadratic temperature compensation

improving the accuracy temperature

=) » Accuracy

Resistor vs. Temperature

AR 4 /
|

Three calibration points

e =
=
2
'i Tr—— T
z 40 =20 4 m 40 Gl 160
A
g =
/ e Lt Comnpanaalian
T =i
—— Dwin driade Companaatian
40

Tamperatiirs [*C]

Lys & Koun3
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LPS331AP — kannbpoBka 3a 1 war mm=

+ LPS331AP has a dedicated register to implement the one point
calibration

* Value stored in the register is add/subtracted to the pressure output

* One point calibration is a procedure to remove the soldering shift to be
implemented at the end of the customers production line

Temperature

Linear f/ﬁ-\'h
ADC Temperature + > PRESS_OUT (28h-29-2Ah)
Compensation
CTRL_REG[1]
0 1 (DELTA_EM)

Pressure

|_RIF_P(08h-09h0Ah) | | ONE_POINT (3Ch-Dh-3Eh) |

Auto Zero register One point Calibration registers
(Not describe in the datasheet)

Lys & Kounal

life.augmented



MOMC MUKPODOHBI

\
B
% ‘ l life.augmented
L , -aug



LindopoBble MOMC MUKPOQOHbI

NMaTeHTOBaHHAA TeXHONOrUA
CobcTBeHHbIe Kopnyca:

= Top/Bottom
= Pasmep: 3x4x1 n 4x5x2

Package substrate
with lands

Pre-molded
package cover

Jlyywimne B Knacce napameTpbl

= Jlyqwaa A4X ST frequency response
= BceHanpaB/sieHHOCTb

0

= Jlyywas YyBCTBUTENbHOCTb B KJ1acce 10
= KayectBo curHana(SNR > 60dB)
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. Sensitivity[dBV] |
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o

CtabunbHble napameTpbl
=  BnaxHOCTb

N
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oo
S

= Temnepatypa
WMMVHMTeT OT NbiIN

10 100 1000 10000 100000
Frequency[Hz]

120

Omni-directional
Polar diagram
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Ilydwinm B Knacce ma

=Y Print

ST's MEMS Microphone Smoothes the Way to Natural Voice Control in Smart Consumer
Devices

= Print

New MEMS Microphones from STMicroelectronics Enhance Audio Experience in Mobile
Phones and Portable Computers

Geneva, April 26, 2011 - STMicroelectronics (NYSE: STM), a
B global semiconductor leader serving customers across the spectrum
of electronics applications and the leading supplier of MEMS (Micro-
Electro-Mechanical Systems) for consumer and portable applications,
today introduced two new digital MEMS microphones. Combining
=superior sound quality with robustness and reliability at reduced size
and cost, ST's MP34DB01 and MP45DT02 microphones enable
enhanced audio experience in mobile phones and portable
computers, as well as in many other existing and emerging
applications with a voice input.

Innovative device combines convenient chip layout with superior acoustic performance

Geneva, October 20, 2011 - STMicroelectronics (NYSE:
STM), a global semiconductor leader serving customers across the

s v spectrum of electronics applications and the leading supplier of
MEMS (Micro-Electro-Mechanical Systems) for consumer and

portable EipplicEiti\:ms1
: high-performance, low-power digital MEMS microphone. Housed
3 g inside an ultra-small 3xdx1 mm package, ST's MP34DT01 top-port
microphone delivers a best-in-class audio experience in mobile
” phones, tablets and other smart consumer devices.

, expanded its sensor portfolio with a new

According to iSuppli, the market for MEMS microphones for

consumer electronics and mobile handsets is forecast to grow A technology breakthrough, the MP34DT01 employs a patent-

SNR

(A-weighted @ 1KHz, 1Pa)
! MP34DB01 MP34DT01

o Acoustic overload point: 120dBSPL
Pa\"ng the Way for d Sensitivity: -26dBFS +3B

: PSRR: -70dBFS
new acoustic era THD+N: <1% @ 100dBSPL

Lys & Koun3
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MOMC MUKPOMOH Nog MUKPOCKOMOM

ASIC embpaHa

CrpyKtypa Bottom Port ot ST

* MapameTpbl gnsa top/bottom
MUKPOMOHOB 3KBUBaANEeHTbl B ST

* Bottom port - MUKPOMPOH UMeET ny4yLlune
XapaKkTepucTmku 4em top port B cBA3N C Top Port cTpyKTypa OT KOHKypeHTa
TeM, YTO MemOpaHa pacnosioXeH bnmke )

K aKyCTU4YEeCKOMY OTBEPTUIO —)))))))/

* TexHonornn ST NO3BOSIAOT pasmeLlaTb —
M3OMC membpaHy makcnmarnbHO 6IM3Ko
B oboux crnydasix — top/bottom

» Top port SNR = 63dB kak 1 B bottom port

aaaaaaaaaaa

MaTteHTOBaHHAA TeXxHONOrMA

Lys
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I'Iopchonmo MOMC mumnkpodoHoB

MP45DT 02 ——— 5 2nd Generation

MicroPhone / \\

Package Size Output Hole config

Part number Top / Package Analog Voltage SNR Sensitivity AOP Current
Bottom (mm3) / Digital (\")] (DB) dBFS (dBSPL) (HA)
port

MP34DB01 Bottom  3x4x1 Digital 1.64-3.6 Done
MP34DT01 Top 3x4x1 Digital 1.64-3.6 63 -26 120 20 600 Done
MP45DT02 Top 3.76x4.72 Digital 1.64-3.6 58 -26 120 10 650 Done

Save costs with ST’s MEMS microphones
World’s first top port design with 63 dB SNR

IS7] ‘ & Komnol
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http://www.st.com/internet/analog/product/250940.jsp?WT.ac=hmgl_bn_mp34dt01

Tools, SW & Evaluation Kits
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eMotion: STEVAL-MKI109V2 :

OTnapo4vHaa naaTta Ha OCHoBe
STM32 + 6onblioe
Konnyectso MOMC-
aganTepos

Lys

life.augmented

OTnagoyHble HaboPb! g

Possible Daughter boards:

L 1] i)
of »
& 'Y
P <
) 9
o >
Y >
=Y »
» )
o 9
™) lc9
D —‘ Pl

- ‘-n
VeVwWeVwew IV VYV e
o@é&@éé@eww&

LIS3DH LSM303DLHC L3GD20
MKI1105V1 MKI106V1 MKI1107V2

[oyepH :
ne
nnaTbl ;
LSM303DLHC
+ LPS331AP
L3GD20 MKI120V1
MKI108V2

q: Homnal



be3npoBogHoOe paclupeHua gns
eMotion

.

-
]

JEE 00,00, 0408

°‘:'
g
0
o]
Q
= 0
i &
=

o

BlueTooth Class 2
SPG SPBT2532C2.AT

STEVAL-MKI115V1

Lys q: Kounsi



B onunxaunwee Bpema - 10 DOF mm

10x

3x acc
3x gyro

- 3x mag
3x acc 1x press
3x gyro
3x mag

STEVAL-MKI124V1

3x acc
3x gyro STEVAL-MKI108V2 -
_ L3GD20
STEVAL-MKI105V1 - LIS3DH 13GD20 +
STEVAL-MKI107V2 - L3GD20 s LSM303DLHC
LSM303DLHC +

m qe HO.MII&J] LPS331AP

life.augmented



Environment boards Proposal for

- 90
10 evaluation
DOFs
Sensor LSM303DLHC 3A+3M
STEVAL-MKI109V?2 +13GD20 +3G
STM32F103 — M3 CPU core + LPS331AP + 1P

ool SR D L STEVAL-MKI124V1
' B ey

T o“_‘,”
NYWIDDVOWOY WY

_ 4 VOOOC

STM32-based MEMS motherboard
compatible with ST MEMS adapters

Lys & Koun3
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OnpeneneHHoe 1O nocTtaBnseTcs ¢ 4EMOHCTPALMOHHOM NnaTomn

Select COM: i - Rl oo (] el Select COM: it DS SR RN oo |
CTAL_REGT D20k [ INT_CFG_REG (Dx30R) EA l ByPass ‘ I FIFD I l Stiesm ‘ I Stieam to FIFD I Byte to Stream ® v z
CTRL_REGZ (0x21h) ) INT_SRC_REG [0x31h] [ = 5 o)
CTAL_REGZ w22k =0 INT_THS_P_H_REG  [Dvazh] 03 321 109 166
CTRL_REG (0423h) m INT_THS_P L REG  (Dx33H) m = 3 =
CTAL_REGS (Ox24h] 0 INT_THS_A_H_REG  [Dx34h] [ 3?2 gg jga
FEFERENCE_DATA_  [(425h) m INT_THS_A_L_FEG  [0v35H) [ 57 3 556
STATUS_REG (0x27h) ) DetaLt INT_THS_v_H_REG  [Ox36h] 03 %5? gg 5135
OUTP_L_REG (0x28h) F1 Wiite || Default [0x37h) L] 232 & 765
OUTP_H_REG (0x29h) 05 ‘wiite | Default INT_DUR_REG (0x38h) 10 %gi %9540 gg;
OUTR_L_REG %) 0 Wiite || Default 118 01 367
315 244 965
OUTR_H_REG (0u2Bk) o ‘white || Default 123 261 09
OUTY_L_REG (D42CH) ac wiite || Diefault 433 273 831
i 421 266 745
OUTY_H_REG (0x2Dh) % Difault 62 259 662
FIFO_CTAL_REG (0% 20 247 264 552
127 278 479
FIFDLSAE_RES (0:2Fh) @ Diect Camuricaton 137 153 3%
00 131 241
o Address o | Vaue m 02 83 143
191 5 47
E ClER b 81 B
== Readdl | witeAl || Defauradl | 43 108 13
= 137 109 242
4] Nate: Default &I does not wiite default value inside registers (st shows i 173 71 362
O @) k] 2 479
hrd 203 1 500
L = 175 20 668
o TS 95 20 688
MEMS Division  Demonstration kit selected = STEVAL-MKITO7V1 {L3G4200D)  Version = 0.8.0.8 Beta  CONFIDENTIAL Versi Beta  CONFIDENTIAL |
Unico. g
Select COM;: =g = a5l b ) Select COM; < st [0 s alElily 12 0

Iterrupt

INT_CFG_REG
INT_SRC_REG

INT_THS_P_H_REG
INT_TH3_P_L_REG

AND_INT

INTERRUPT

MEMS Division

10:30h)
(0:31h)
10:32h)
10:33h)

Demaonstration kit selected = STEVAL-hKITO7TVT (L3G42000)

|

Interrupt: THS

) wiite | Default

Version = 0808

INT_THS_R_H_REG
INT_THS_R_L_REG
INT_THS_Y_H_REG
INT_THS_Y_L_REG
INT_DUR_REG

0:34h)
(0:35h)
(0x36h)
(0:37h)
(%]

Beta

COMFIDENTIAL

PLOT

MERS Division

Dermonstration kit selected = STEVAL-RKIT07W1 (L3G4200D)

Wersion = 0809

AY/J
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Digital temperature sensor MEMS pressure sensor

& thermal watchdog

LPR430AL
MEMS Pitch & Roll gyroscope

LSM303DLH
6-axis module: accelerometer
and magnetometer

32-bit MCU

MEMS Yaw gyroscope

Voltage regulators

/4

cugmentes http://www.st.com/internet/evalboard/product/250367.jsp

10-DegreesOfFreedom platform:
3-Axis Accelerometer
3-Axis Gyroscopes
3-Axis Magnetometer
1 Dimension of pressure information

STLM75: temperature sensor with =55 to +125°C range
and 12C

MCU - STM32F103RE

- 5]

Fort: COM0. Samgiing 50 1Kzl Acqpistion Mode: Sampies (1000 Dusabore 20 fe]

OM10, Samplng 50 (He), Accustion Mode: Sempies [1000], Cursfian: 20 (=}

q: Kounsl



http://www.st.com/internet/evalboard/product/250367.jsp

IBMR - Real-Time Body-Motion
Reconstruction

* INEMO-M1 module

* INEMO multi-sensor nodes attached on each
arm, forearm, thigh, calf, and two on the back;
additional nodes can be mounted on hands, on
shoes or on the head

« STM32 MCU

* AHRS (Attitude and Heading Reference
System) SW

+ deviation in spatial accuracy <0.5° during
movements

* time needed to process and apply the sensor
data to the skeleton model <15ms

Lys & Kounal
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http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/PRESS_IMAGE/iBMR_circles_t3252big.jpg

Mobile handset — SW development

» LLD Driver Development 'ﬁ' Google
& chrome

webOS
STM32

» Android/Linux drivers for:

e LIS3DH/LIS331DLH aNDOROID
« L3G4200D/L3GD20

¢ LSM303DLHC
 LPS331AP

* SW Libraries

* Android/WebOS/Linux/WinCe

« Tilt compensated compass with automatic calibration

» Sensor Fusion (iNemo engine)
» Pedometer

» Quadratic compensation & IR filtering for Pressure Sensors

« Demo Applications
Unique address for technical support:

« Compass . . .
P ConneCtIVIty-Support—europe.appllcatlons@st.com

* POI

&7 & Koamal



INEMO Sensor Fusion Engine API

= Complete hardware and software solution

= High-performance Accelerometer, Gyroscope And Compass
= Sensor fusion INEMO™ Engine software library

= Application:
= Localization-Based Services w1
=  Smart gaming I|brar|es
= Enhanced user-interfaces
= (Gesture recognition N :
ST web link
= Pedestrian navigation SENSOR FUSION

Lyj = ¢ Komnal


../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
inemo_engine.flv
../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
http://www.st.com/internet/com/common/flv.jsp?url=https://s3.amazonaws.com/st-videos/inemo_engine.flv&width=576&height=324&title=iNEMO Engine

INEMO Sensor Fusion Engine AP| mm

4 ™\
3-axis Magnetometer Quaternions
Readings
\ p,
Heading
4 N\ .
3-axis Accelerometer Sensor Fusion .
Readiies Pitch, Roll and Yaw
N .’ Algorithm
Linear Acceleration
4 N\
3-axis Gyroscope )
Readings Gravity
\ p,

» The API compensates the non idealities of standalone sensors
 Available for WIN8, Android and others Operating System
* Filtering includes:

* Magnetic distortions registered on the magnetometer
ST web link

* Dynamic distortion (hand jitter), measured by the accelerometer
 Inherent drift of the Gyroscope

‘ ’ VIDEO
life.augmented q% l‘omnajl

*Quaternion is a mathematic notation to define
orientation and rotation for 3D objects in the space


../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
inemo_engine.flv
../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
http://www.st.com/internet/com/common/flv.jsp?url=https://s3.amazonaws.com/st-videos/inemo_engine.flv&width=576&height=324&title=iNEMO Engine

INEMO Sensor Fusion Engine API

« 2 INEMO Sensor Fusion versions available for ST MEMS devices:

 http://www.st.com/internet/evalboard/subclass/1528.isp

* LITE — Source files provided:

 Version developed on, the STEVAL-MKI062V2 and its part numbers
« STM32F103 MCU core

* PRO — Library is provided:

» Android Version
« ARM MCU core
* Windows 8
« STM32F103 MCU core
» Other
« STM32 MCU core ST web link

« Submitted to License agreement - EUC

F VIDEO qe liomnajl

life.augmented


http://www.st.com/internet/evalboard/subclass/1528.jsp
http://www.st.com/internet/evalboard/subclass/1528.jsp
../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
inemo_engine.flv
../../_MEMS/Marketing information/Films & Video/inemo_engine.flv
http://www.st.com/internet/com/common/flv.jsp?url=https://s3.amazonaws.com/st-videos/inemo_engine.flv&width=576&height=324&title=iNEMO Engine

MEMS Microphone tools

» Board: Microphone USB demo — STM32 based:

« STEVAL-MKI116V1 for MP34DB01
« STEVAL-MKI117V1 for MP34DT01
« STEVAL-MKI117V2 for MP45DT02

STM32F4 discovery kit — MP45

Lys & Koun3
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http://www.st.com/internet/com/MULTIMEDIA_RESOURCES/IMAGE/BOARD_PHOTO/stm32f4_discovery.jpg
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MOMC ana maccoBoro pbiHka B 2012

3-oceson ungposon AkcenepomeTp: LIS331DLH nnm LIS3DH

3-ocesom uudgposon M'mpockon: L3G4200D meHsieTcs Ha L3GD20

6-oceBoun unposon Komnac: LSM303DLM meHsietca Ha LSM303DLHC

6-oceson INEMO moaynb: LSM330DLC n LSM330D

[aTtumnk Ab6contotHoro flaBneHusa: LPS331AP

* LUndoposonn MukpodoH: MP45DT02 nnu MP34DTO1

Lys & Kounal
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Mcnonbsyem MOMC gatumku

AKkcenepomeTtp — LIS3DH

* /IamepeHune AnHenHoro yckopenus (m/c?),
LUOKOBbIE COCTOAHMSA, BUBpaLMM, NepeMelLeHUA
* HusKkoe notpebneHne, BbICOKas CKOPOCTb

MarHetomeTtp — LSM303DLHC
* I3mepeHune marimtHoro nons(faycc)
* ManeHbKkM pasamep, HU3Koe notpebneHune

Mpockon — L3GD20

* I3mepeHue yrnoson ckopoctu (°/c)

* MOHOCTPYKTypa, BblCOKaA CTabUAbHOCTD,
KOMMNAaKTHOCTb

Aatumnk pasneHuna — LPS331AP
* /IamepeHune abcontoTHOro aTMocdepHoro
AasneHuna (mbap), BbicoTbl, cBOH6OAHOIrO NageHUA
* BbICOKasA CKOPOCTb, BbICOKas CKOPOCTb

Lys q: Homnal
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bonble nHdopmaunm:

ViCroeleclol]
« Web site HOME ABOUT ST CONTACTS PRESS LOGIN

MEMS
Overview " Rso,ﬂg 7Relatg lngo
Accelerometers —

Digital Compasses

www.st.com/mems

Based on our advanced proprietary technologies, ST's MEMS INEMO,Engine sensor fuston suts

SVEDSSOnSy address the most innovative features required on the market, Advanced filtering and predictive
MEMS pressure sensors ranging from mobile and consumer applications to the innovative software for MEMS sensors
iNEMO-Inertial Modules needs of the healthcare and automotive markets. L3GD20 digital gyroscope
MEMS microphones From £250 to £2000 dps FS,
Housed in ultra-compact packages, MEMS achieve a high level of outstanding immunity to audio noise
motion-control detection, embedding the most useful smart
functions and minimizing the power consumption. LIS3DH 3-axis accelerometer with

embedded FIFO
FIFO enables smarter sensing-data
management

MP34DTO1 top-port microphone
Best-in-class audio quality in slim form

iNEMO Enginess
sensor fusion suite

- gildas.henriet@st.com

— Product Marketing Manager Europe & MEA
— Tel: +33 1 5807 7563
- Mob: +33 6 8286 8066

Lys & Kounal
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