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Abstract

This project aims to study and design Human Motion Detector Devices For
bringing motion signals to analyze abnormality of the body at all ages with three main
components 1) Human Motion Detector Device consists of two types of inertial sensors:
3-axis Accelerometer that measures proper acceleration and 3-axis Gyroscope that
measuring angular velocity. 2) Microcontroller control function of inertial sensors, signal
transfer from analog to digital and sends the motion signal to the Micro SD Card. When
the movement signal is used to perform the analysis motion data can be viewed by
computer. 3) Software to read the captured motion signal data. Output to 6-axis signal

graph, The graph will show different results according to various movements.
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Laaﬁﬂ'l's'méTqa'lm'iaa'm&imm%adﬂuﬁmﬂ%ﬁ’uwa%mgmﬁﬁ', slas saudanaseuuu
U wagdeausaltitunaauUian rusudasiaiiuiy

gﬂ*ﬁ 2.10 ¥28AN0T0aRN5A (SD Card)



11

2.1.3 lulasmraulnsaians

ugunsailed (C: Integrated Circuit) fianunsalusunsunisvinanlddudou aunse
fudeyalusudygruiineartrluimsuszinanaudrdmadnsdoyaddneasanuiile
iUl nunuiidosnisla

lulasasulnsataasnieluBnagiiviieni1us, Port aq”tu%mﬁmﬁuﬁm?j!&m%s
Sonlddnduneufmesinies Wwlnsreuinsamesidululasiusiwaivesainnils
Wugafumheyszinananans (CPU : Central Processing Unit) fildlunsufinwes weldsu
m‘aﬁmu'}uaﬂaaﬂmmwéﬁLﬁaﬁﬂﬂ’i‘tﬂmq%m&ﬁ’ma'}umuau fo unuilunisldaou
fperioIsasneuans1e o WudnsudriulilasiUseawes fagvhnssanasisudy
U mireaNsn , dudumn/ioinn visdud i lefideafu uasifinnasunegis
L%"llﬂéhEJLﬁalﬁﬁmmmmsammzamﬁ'umﬂ*ﬁlumummu 1 2995RA87 |, 2995019
foanseynsy 1asulasdyguoudenduiinea Wusu agufe

Microcontroller = Microprocessor + Memory + 1/0

lulaspaulnsataasainisadiluyszendldsuedianiiemiis lngdnazdunns
iluldilslussuuvasgunsaldu q (Embedded Systems) tieldnaununisineuuisatig
wu Mlusosud, wnevlulasng, wissuduoinia, insesdndrenludd Wudu sz
lulasmeulnsalaediivenvinzaudanisidlusuniuguvaieysenis

’LulﬂwwuﬁluimaauimaLaa‘s‘%ﬁmﬁnﬁLLanﬁ:gtgﬂmmﬁwwmﬂmwda%i'ﬂ
AIsuasue s iauTiduasiiou slilunmsdieyareludineniiames Jsaxiirimnu
avidavesusenulunsuuasdyaraewidoniuidnoa (ADC Voltage Resolution : R, )

ANALNNTT (2.5)

VDD ) V.\'s

Riw= Oa 5 2.5)
Taeii
Voo o IniAssguamaaslilasaovlnsaians
Ve Ao liidsshanvedilasreulnsaines

N fe dnulslaainnisiuasdynnn

Analog Signal [— Scaling == Filter

\/

Sampling &

— Multiplexer  [—>| Digital Signal
Hold

UM 2.11 NFLUIUNTTYINGIUTB A to D Converter

u
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2.2 MANNTSYDIADUNIADS

oo i ALansdoyaaniAsasnsadudyyiunsiadeulmdaiulily
M8A0A" SD Card Taglglusunsy Microsoft Office Excel Lgaﬂa’luwnsww%’mapmﬁwm
fdansndeulm dwsdulstlevdimainsumdiietidomandluldlunsitedsdnuue
AGRERHRER I

SD Card

Computer

Monitor Program

gﬂﬁ 2.12 ¥anNISYINUYDIAURNADS
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3.1 29asINwTEAULSIAULWN
gunsalinwssAuussiulusenuatuil Aossassiuues AP2112 Teeilswariden

v039Unsal Aasaluil

VIN[ 1] | 5 Jvour
GND[ 2 |
EN[ 3 | | 4 |aDuiNC

o

SUT 3.1 299559 AP2112 SU#i 3.2 ddiunn AP2112

Output Voltage Accuracy: +1.5%

Output Current: 600 mA (Min.)

Foldback Short Current Protection: 50 mA
Enable Function to Turn ON/OFF Vgour

Low Dropout Voltage (3.3V): 250mV at Qutput Current = 600 mA
Excellent Load Regulation: 0.2%/A

Excellent Line Regulation: 0.02%/V

Low Standby Current: 0.01 HA

Low Output Noise: 50 UVaus

10. PSRR: 100 Hz - 65 dB, 1 kHz - 65 dB

11. Operation Temperature Range: -40°C to 85°C

e R I

VOUT

VINOT VIN VOUTTQ
CIN 1uF AP2112 couTt
I I 1uF

ON —

I GND
OFF l

JUN 3.3 20355nwsvaiuuseiulnin +33 v
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[
3.2 (YUY
wulweiinauswarinanusundauildiaalusisauaduil Aorsessuues

LSM9DS1 Tpeiisnuasidunvaguiges aenaluil

JU 3.4 lwuweiinnnuswas Tamuisdey wes LSMIDS1

+2/+4/+8/+16 ¢ linear acceleration full scale
+4/+8/+12/+16 gauss magnetic full scale
+245/+500/+2000 dps angular rate full scale
16-bit data output

SPI / 12C serial interfaces

Analog supply voltage 1.9 V to 3.6 V
“Always-on” eco power mode down to 1.9 mA

ol o R

Embedded temperature sensor

9. Position and motion detection functions

10. Intelligent power saving for handheld devices
11. Operation Temperature Range: -40°C to 85°C

Vdd

= A

GND GND *C5
10nF(16V)

vdd 10
+
o]
T 100 nF

GND

GND GND

=] |oraaa —
Cafw

L] faaa

[ 7 |aaa

L3 [avo

p SCL/SPC

L] [res —

RES —

mrm
L

VRO:ID (TOP VIEW) E :l
| » sbaspispo | [ L] |res—4
] » SDO_AG |

RES —

m
[}
m

C=d

wiant | ]
ovi [ L]
ovan | ]

Mo
L
oo
=z 2
Z

z
A

> W oas

GND

<
<

Yv

JUN 3.5 299519983 LSMIDS1
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3.3 29959aUs¥alnia
gunsaldauszglnilusenuatuil Avasessiuues MCP73831 laulisuasidun

yoegunsel fasialuil

gﬂﬁ 3.6 7995571 MCP73831

1. Linear Charge Management Controller:
- Integrated Pass Transistor
- Integrated Current Sense
- Reverse Discharge Protection
2. Four Voltage Regulation Options:
- 4.20V, 4.35V, 4.40V, 4.50V
3. Programmable Charge Current: 15 mA to 500 mA
4. Automatic Power-Down
5. Temperature Range: -40°C to +85°C

Vin 4 3
O— Voo  Vaar + Single
4.7 png N 4.7 j.LFg g_ (L:Iéllcl:)n
PROG |2
4700 2 kQ
U sTAT Vss 2

SUTt 3.7 29938nUseqlui
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3.4 299sa1wleudayauuy USB to UART
gunsabimihideleudeyalusienuatull Aenessiuues CP2102N Tneil
TUadunvedgUnsal Aneludl

gﬂﬁ 3.8 199552ULUDS CP2102N

Integrated USB transceiver; no external resistors required
Integrated clock; no external crystal required

On-chip power-on reset circuit

On-chip voltage regulator — 3.3 V output

USB Battery Charger Detection

Single power supply of 3.0 to 3.6 VV or 3.0 to 5.25 V

N ;R W e

Data formats supported
- Data bits — 5, 6, 7, and 8
- Stop bits — 1, 1.5, and 2
- Parity — odd, even, mark, space, no parity
8. Baud rates: 300 baud to 3 Mbaud
- 512 byte receive buffer
- 512 byte transmit buffer
9. Works with existing COM port Applications
10. Supported on Windows, Mac, and Linux

221kQ
47.5kQ CP2102N Device
VBUS
[ VREGIN
usB L -
Connector
D-
Signal GND !
SPOS03BAHT or
equivalent USB ESD
protection diodes
(Recommended)
L GND

3UT 3.9 2eeseeleudayauuy USB to UART
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3.5 luganaea21u31 Micro SD Card
gunsainlilunsiiudeyadygraumsindeulmlussauatuiiie Micro SD Card
Ineilseauidenvasgunsnidail

gﬂ“ﬁ' 3.10 Micro SD Card module

1. Voltage Supply 3.3 V to 5V
2. Compatible: Micro SD Card
3. Maximum data transfer speed: 25mb/s - theoretical, practical they get to around
10mb/s write speed and about 20mb/s read speed for good cards
- SDHC card - from 4 to 32GB in size and available in three main speed
classes.
Max. possible transfer speeds:
Class 2 - 2 mb/s
Class 4 - 4 mb/s
Class 6 — 6 mb/s
Class 8 — 8 mb/s
Class 10 - 10 mb/s

Microcontroller [—
AREF —
GND — GND
s D13 e—t Y
- IOREF b2 H1s0 usD
— RESET D11-/PHN rFOs1
— 3.3V DiesPUM — SCK
5V D9PUM — — cs
GND D8 —
= GHND
- VIN 07—
D6/PUM —
— B D5/PWM —
— Al D4
— A2 DIPHM [—
— A3 pe —
— A4 D1/TX =
—AS DO/RX p—
YN C

Ufl 3.11 n15#92995 Micro SD Card

€aN
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3.6 lulaspoulnsaiaas

lulasmeulnsaaasitlélunismuaunisieudiurisuesgunsainsaaduns
wnaoulmayed 077 Ly sisueesnsInTunsadaulm nsiiudayaluda Micro SD
Card Wudu luswnuaduildlilaseoulnsaiaedives ESP32 Pico D4 Tneiswandunves
lulnsnoulnsaians dsieluil

gu'ﬁ 3.12 lulasaaulvsaians 1was ESP32 Pico D4

1. CPU and Internal Memory
® ESP32 contains two low- power Xtensa® 32- bit LX6 microprocessors. The
internal memory includes:
- 448 KB of ROM for booting and core functions.
- 520 KB of on-chip SRAM for data and instructions.
- 8 KB of SRAM in RTC, which is called RTC FAST Memory and can be used for
data storage; it is accessed by the main CPU during RTC Boot from the Deep-
sleep mode.
- 8 KB of SRAM in RTC, which is called RTC SLOW Memory and can be accessed
by the co-processor during the Deep-sleep mode.
- 768 bits are reserved for customer applications, including flash-encryption and
chip-ID.
2. 40 MHz crystal oscillator.
3. Providing complete Wi-Fi and Bluetooth functionalities.
® Wi-Fi frequency range: 2.4 ~ 2.5 GHz
® Bluetooth V4.2 BR/EDR and BLE specification
4. Operating voltage/Power supply: 2.7 V to 3.6 V
5. Operating current: Average 80 mA
6. Operating temperature range: -40 °C ~ 85 °C
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VDD33 VDD33A
A
Q_R21, . ~OR(1%) " Q vDD33
[op]
c15 16 TXDO
RXDO
10uF/6.3V(10%) 1UFI25V(10%) 022
019 VDD33A
ANT1 GN‘H o}
. = = % EEPRERERRE
2 C18 | [4.7pF ) VLVULIZOONDD
o -
3 17 1 F %z@zazqsgi’féﬁgﬁ
Eg>%2>m301¢A
L1 6 S 44 023008
roantd40 7pF 1.6nH ot 2
_ XX §
G = LNA_IN $27] VDDA GPI023 (38— :gfg
VDD33 B LNA_IN GPIO18 |53 o1
%3 VDD3P3 GPIOS [ FLASH_SD1
" = vDD3P3 SD_DATA_1(FLASH_SD1) (55
o 8 e 2 | SENSOR_VP SD_DATA O(FLASH_SD3) [—52 SR,
TRITA) o +— SENSOR_CAPP SD_CLK(FLASH_CLK) (55 TOAST ST
TENSORVN SENSOR_CAPN SD_CMD(FLASH_SD2) (55 570
N SENSOR_VN SD_DATA 31010 Fg——— o5 ——
033 CHIP_PU SD_DATA_2/109 =55——TTASH S0
_]c_w 55 71 VDET_1 I017({FLASH_SD0)
T VDET 2 VDD_SDIO_NC FLASH CS
1UF/25V(10%) 032 32K_XP - I016(FLASH_CS) EL
=
= GND E'
ZWO~
xNNNw“n-xor\lSB
1000853580
VDD33 §EEEEEBEEEEE
JOC0EE535000
ESP32_SIP T
R23 1033 ~ SR [R[RE[R v;[f% [N OVDD33A
10K(5%)(NC) 1925
10726
1027
1014
012
1012
1015
102
100
104

g‘u'fr'i 3.13 1935klasmaulnsalaasiues ESP32 Pico D4
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4.1 nmedaun1sinukazmsiiudeyavewuiwasaslu Micro SD Card
4.1.1 vadoun15¥Ues Accelerometer wag Gyroscope tagld Serial Monitor
uae Serial Plotter waslusunsu Arduino IDE

5.02, 0.61 0
=1.5%2, 0.67, -0.01 1]
-1.84, 0.60, 0.02 0
-2.24, 0.24, 0.06 0
-2.48, -0.43, -0.18 0
-2.55, -1.28, -0.41 0
-2.57, -1.37, -0.44 0
-2.27, -1.43, -0.53 0.87, -0.14,
0
0
0
0
0
0
0
0

.87, =-0.14,
-88, -0.14,
.87, -0.14,

~-2.43, -1.15, -0.47
-2.35, -0.73, -0.38
-2.32, -0.67, -0.30
-2.24, -0.61, -0.12
-2.36, -0.42, -0.05
-2.42, -0.37, 0.00

-2.35, -0.46, -0.31

-2.19, #0.81, -0.42 <87, -0.14,

JUN 4.2 manmadudaianisindeulninin Accelerometer uag Gyroscope Ing Serial
Monitor ¥83lUsinsu Arduino IDE

50.0

= o W a 5
JUM 4.3 msasaadudyraumsiraaulniain Accelerometer wag Gyroscope lng Serial
Plotter 9alUswnsu Arduino IDE wanstdunsinisiadaulng

Y o 2 [ v ¢ ; 4
e runIsiedeulnifinsiadulaannuiees zuansuy Serial Monitor

ot L p 4 U i U -
Judav 6 YA AIFUN 4.2 wansrimsLsalulnu X, Y, Z LLaSﬂ'lﬂ’nuL%mmguTuLmu % ¥,

Y

y v @ L

o as Y] € ooy P [ [y i ] o < &
Z muaneu Aumdyanwal ¢, Weatluauenaisiieg Tunisdiuamdendunsinng

o o o
el Aagud 4.3
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4.1.2 waasunsiiufeyadyanunisindoulwaluds Micro SD Card

Setup Sensor: OK!
5D Card Connect....Connect Failed---Pls. Chek your SD Card...

Setup Sensor: OK!
SD Card Connect....Connected |!!

/1l.csv
/2.csv
/3.esv
/4.csv
/5.csv
/6.csv
/7.cav
/B.csvl.11,
1.69, 1.53,
99, 1.6T

<97,
.98,
<98,
58,
.98,

.04, 0.02
.05, 0.02

.04, 0.01

.05, -0.02

.05, —0.01

.05, -0.04 v

1.48, 1.37
0.9

1. 0.81

2.46, 1.32, 0.86

3.05, 1.16, 0,54
3.42, 1.00, 0O

0 00 0o 0
L= = R R = T = R ]

'
< o

JUM 4.5 1iievinsiadis Micro SD Card aslugunsainsaadunisiadouln
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'y B SDHC (F)
File

Home

Share View

4 8 s soHC(R)

QL
o

g = |
Q

-
-
0

v
Bitems  1item selected 1.84 MB

o o 7 P v o [
3U# 4.6 Goyalu Micro SD Card Fagunsadlsivinmsifuls

nA@aun15¥iY waznisiiuteyaaslu Micro SD Card Tasumg ety
Aada Micro SD Card ’Iuaﬂnmmswwmimaauim el uuansinliviinsnsIvdeu
msAnRs Micro SD Card mgﬂw 4.4 flovinsfinsia Micro SD Card wily gUNT0i9LAIY
WU Micro SD Card wazazfifoninuuansirfansdnia udrgunsalasisininnisnsasy
Funynainisiedeulnaviud ﬁﬁﬂﬁ 4.5 mmfummsmmwaaavléfdw’faualé’amﬁwﬁﬁm’tu

Micro SD Card udlaenisun Micro SD Card sonuiidalumnaufimnes ﬂvmulwawauamﬂu
1] miﬂ‘w 4.6



24

4.2 NSVAEDUNITNINIUYDY Accelerometer WEDUAULEAINSINNYG 3 wAY
NAFDUNNTVINNUYBY Accelerometer sansiadaudiuluwny X wau Y way wny Z

(. o S ,
0.98, 0.03, 0.04
0.98, 0.03, 0.05
0.98, 0.03, 0.04
0.98, 0.03, 0.04
0.958, 0.03, 0.05
0.98, 0.03, 0.06
0.98, 0.03, 0.04
0.98, 0.03, 0.04
0.598, 0.04, 0.05
0.98, 0.03, 0.04
0.98, 0.03, 0.04
0. 0. 0.
0. 0. 0.
0. 0. [« {5

v

JUW 4.8 m3fudoyaann Accelerometer wnu X Eidu), unu Y @uas) way wnu Z@den)
o
wanadunsmnisiedeuln
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B B s 2ewv - Excel woadsiinnd Patiphan Phakdeebun 1) o
ilasmilnsta ws o w BW  Acobat  PowerPreot  senv  men Q) e £ el
whund 1 - &

A B

0.01 0.04 h
0.02 0.04 3 doununii
0.02 0.04
0.01 0.03
5 0.01 0.03
3 0.01 0.03
7 0.01 0.03
0.01 0.03
3 0.01 0.02
10 0.01 0.03
" 0.01 0.03
12 0.01 0.04
13 0.01 0.04
14 0.01 0.03
15 0.01 0.03
16 0.01 0.02
7 0.02 0.04
18 0.02 -0.04
a 0.02 0.04
a 0.01 -0.04
21 0.02 -0.05
0.01 -0.06
0.01 -0.06
0.01 0.06
0.01 -0.07
0.01 -0.07.
0.01 -0.07
0.01

JUT 4.9 doya Accelerometer wnu X @niiw), unw Y @) was wnu Z @wn) Tu Micro
SD Card @gunsallsivitnisiiuls

MsvadoUuNIIMAdaUN15YNIILY8Y Accelerometer Fyauiigniiv
wuanadusiiasions 3 ga uansiinsiodulian Accelerometer unu X, Y, Z anudndu
ﬁqgﬂﬁ 4.7 wanadunsndryao ﬁ'ﬁgﬂﬁ 4.8 uagiileth Micro SO Card u1dauuneuiinimes
9:14lusunsu Microsoft Office Excel iusfuaningiivasdayaiiuun sguil 4.9
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4.3 NISNAHBUNITNNNIUYDY Gyroscope WIDUNULERINTINNG 3 AL
VIAFBUNISYINUYDY Gyroscope MENISULUAUNTAISBULNY X UNW Y Uag W Z

L—IU.'!D, 25.81, 22.41
=7.53, 42.51, 15.18
-5.72, 44.69, 11.89
-5.08, 33.56, 6.05
-4.63, 32.09, 2.62
-5.99, 31.55, 1.49
-7.85, 28.54, -0.04
-8.57, 24.92, -0.33

-9.67, 22.59, 2.22
-9.75, 17.31, 0.52
-9.37, 8.61, 0.85
-8.89, 0.08, 1.295
-8.13, 0.91, 1.24
-7.82, 0.62, 0.38
-7.78, 0.58, -1.21

[ Autoscroll [] Show timestamp

3UN 4.11 ms3udeyann Gyroscope unu X @hidw), unu Y @uns) uaz unu Z @Gde)
wanadunsimnisinaoulm
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H %- s Tesw - Excel Patiphan Phakdesbunt M) o

u I I L T Jee e — Q et

Haununil

M Py

JUN 4.12 Yaya Gyroscope wnu X (@), unu Y (@wde) way wnu Z Ede9) lu Micro SD
Card agunsallaviansiiuly

msmaaumﬂum‘imaaumsmmu*’uaq Gyroscope ammmmmﬂum
LLamLUummewm 3 m LLammmmmwlmmﬂ Gyroscope Wnu X, Y, Z auea1au fagu
7 4.10 LLamLUuﬂﬁwammm m‘sﬂw 4.11 uazdlerh Micro SD Card snilauunsuiinines
Azl9lUsunIN Microsoft Office Excel L‘IJWYJLL?imﬂ‘i’IW‘UEN"U?J;;IJaWLnUm mgtl‘w 412
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5.1 dunan1vnaDs

MnnsAnwLardaingunsainsandunsiedeulmuywd gunsaiauisonsiadu
fuanansieadeulmld wazanunsaideyaiigunsalifiulilumbennudiuvimsiesed
e Iﬂaﬂ'aumaﬂ'ﬂqﬂﬂiﬂim’li@‘swﬁuﬁmmmmiLﬂﬁaulm Hamhlaviimsvageunsvinenu
Ej‘tJﬂiﬂiLﬁamwaaud’lqﬂﬂ3aim3’.;%1%’Uﬁ’mmfyj\mnwsLﬂﬁauiwaﬁﬁﬂWiﬁﬂaﬂummﬁ'aum'wﬂgne’faa
wielyl vansnTatudygraunisiadeulmvensues wazn1siiudayaluda Micro SD
Card Fagdmilsutsnvedauidiunismaasivdn 3 nsneass Usenoudae

nsnaaesil 4.1 Wunismaasunisvaiuuaznisifiudeyavessuieesluds
NU8ANNTT Micro SD Card Imalaf Serial Monitor wag Serial Plotter 9aslusunsy Arduino
IDE dsdnyaauiinsraduldanisumesazuandluguuuuiinania 6 4n vy Serial Monitor
Tneaiauit 6 qmﬁuﬁa AYYIUINYULTDINTIVIUATINTY (Accelerometer) 3 wNU Uae
dyyIINEULERINTIITUAMS TN (Gyroscope) 3 wNu G‘fﬁgﬂﬁ 4.2 uagvzuanslugy
vosnswinmaiadaulvivy Serial Plotter faguil 4.3 udsanudunsvaaeunindouds
wazmaiiuteyadygimumaadeulmludmiheaudi SD Card Tngld Serial Monitor 1y
geviuaslunsnsaaey taemnndiliiiinisfiads Micro SD Card vugUnanl gunsalazudsuy
Serial Monitor 91 “Connect Failed ---> Pls Check your SD Card ...” ﬁdgﬂﬁi 4.4 \flefinns
fimda Micro SD Card aUnsalagudauu Serial Monitor 91 “Connect 1I” wazazi3uyinnis
nssudyamsiadoulnyiui figui 4.5 fupougaievaammanossiumsnen SD
Card vugUnsaliiiovinisidadeyainldinisifudeyaiiuiniala Tasvinisidauy
AouRIRes FagUil 4.6 axiuldidiindunuana sV ifuidanuds annsodauansdysyia
iioTiaesild

MINAaasfl 4.2 uagnisvaassil 4.3 1un1saaeunsinanees Accelerometer
Lay Gyroscope ARy Tnsazuanaiuiaiay 3 yn dafaunuie 3 vessueiusazyin
U Serial Monitor ﬁqgﬂﬁ 4.7 LLangﬁ 4.10 wanadunsmnisiadeulmuy Serial Plotter
Fa3UT 4.8 uazgUT 4.11 uasiiletir SD Card wws29aevlunsufiunes 2ga1u13ain
fyananienedldnends lnssuansisiaviduyadingaduld uavanunsoadne
nsnsideulmandnardygals Tneldlusunsy Microsoft Office Excel ey 4.9
LL@SEU‘?{ 4.12
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5.2 39750INAN1INABDY

NIINAADUNITNINUVD Gyroscope LﬂﬁﬂﬂiLﬁué’ﬂwmzﬁmugywmﬁmﬂﬁegmﬁamﬁﬂ
nsnyuluurasunudnyuzdyyiavesnisuyuluuny 180 fiu 360 aaﬂﬁﬁuﬁmmﬂmwlﬂ
wileufuusfannsnvsuennsmuuiimsvauluuunifessulsd

Snwnsdyaomoni 6 Sy (e Accelerometer T unu X, WU Y wag uny
Z uay Gyroscope Tu U X, LN Y way unu Z wiasiensiuiuudienasgreniideya

YDIUABZLNUNTIATIZRLENTAlAnwsd T uLauLN Y
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1. Overview

1. Overview

The ESP32-PICO-D4 is a System-in-Package (SiP) module that is based on ESP32, providing complete Wi-Fi
and Bluetooth functionalities. The module has a size as small as (7.000+0.100) mm x (7.000+0.100) mm x
(0.940+0.100) mm, thus requiring minimal PCB area. The module integrates a 4-MB SP| flash.

At the core of this module is the ESP32 chip*, which is a single 2.4 GHz Wi-Fi and Bluetooth combo chip designed
with TSMC’s 40 nm ultra-low power technology. ESP32-PICO-D4 integrates all peripheral components seamlessly,
including a crystal oscillator, flash, filter capacitors and RF matching links in one single package. Given that no other
peripheral components are involved, module welding and testing is not required either. As such, ESP32-PICO-D4

reduces the complexity of supply chain and improves control efficiency.

With its ultra-small size, robust performance and low-energy consumption, ESP32-PICO-D4 is well suited for any
space-limited or battery-operated applications, such as wearable electronics, medical equipment, sensors and
other loT products.

Note:

* For details on ESP32, please refer to the document FSP32 Natashaet,

Table 1 provides the specifications of the ESP32-PICO-D4 module.

Table 1: ESP32-PICO-D4 Specifications

Categories Items Specifications
802.11 b/g/n (802.11n up to 150 Mbps)
WiE Protocols A-MPDU and A-MSDU aggregation and 0.4 us guard interval
support
Frequency range 2.4~25GHz
Protocols Bluetooth V4.2 BR/EDR and BLE specification
NZIF receiver with -97 dBm sensitivity
Bluetooth Radio Class-1, class-2 and class-3 transmitter
AFH
Audio CVSD and SBC
ADC, DAC, touch sensor, SD/SDIO/MMC Host Controller,
Niedlhsinmerimss SPI, SDIO/SPI Slave Controller, EMAC, motor PWM, LED
PWM, UART, I2C, I2S, infrared remote controller, GPIO, pulse
counter
On-chip sensor Hall sensor
A Integrated crystal 40 MHz crystal
Integrated SPI flash 4 MB
Operating voltage/Power supply | 2.7V~ 3.6V
Operating current Average: 80 mA
Minimum current delivered by
power supply SRS
Operating temperature range —40°C~85°C
Package size (7.000+0.100) mmx(7.000+0.100) mmx(0.940+0.100) mm
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2. Pin Definitions

2. Pin Definitions

2.1 Pin Layout
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Figure 1: ESP32-PICO-D4 Pin Layout (Top View)

2.2 Pin Description

The ESP32-PICO-D4 module has 48 pins. See pin definitions in Table 2.

Table 2: Pin Description

Name l No. | Type i Function

Analog
VDDA 1 P Analog power supply (2.3 V ~ 3.6 V)
LNA_IN 2 /0 RF input and output
VDDASP3 3 P Analog power supply (2.3 V ~ 3.6 V)
VDDA3P3 4 P Analog power supply (2.3 V ~ 3.6 V)
SENSOR_VP 5 | GPIO36, ADC1_CHO0, RTC_GPIOO0
SENSOR_CAPP | 6 | GPIO37, ADC1_CH1, RTC_GPIO1
SENSOR_CAPN | 7 I GPIO38, ADC1_CH2, RTC_GPIO?2
SENSOR_VN 8 I GPIO39, ADC1_CH3, RTC_GPIO3
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2. Pin Definitions

Name No. Type Function
High: On; enables the module

EN 9 | Low: Off; the module powers off
Note: Do not leave this pin floating.

1034 10 | ADC1_CH6, RTC_GPIO4

1035 11 I ADC1_CH7, RTC_GPIO5
32K_XP (32.768 kHz crystal oscillator input), ADC1_CH4, TOUCH9,

1032 12 I/O RTC_GPIO9
32K _XN (32.768 kHz crystal oscillator output), ADC1_CHS5, TOUCHS,

1033 13 110
RTC_GPIO8

1025 14 170 GPI025, DAC_1, ADC2_CH8, RTC_GPIO8, EMAC_RXDO0

1026 15 I/0 GPIO26, DAC_2, ADG2_CH9, RTC_GPIO7, EMAC_RXD1

1027 16 I/O GPIO27, ADC2_CH7, TOUCH7, RTC_GPIO17, EMAC_RX_DV

14 - o ADC2_CH6, TOUGH6, RTC_GPIO16, MTMS, HSPICLK, HS2_CLK,
SD_CLK, EMAC_TXD2

012 o Vo ADC2_CH5, TOUCHS, RTC_GPIO15, MTDI, HSPIQ, HS2_DATA2,
SD_DATA2, EMAC_TXD3

VDD3P3_RTC 19 P Input power supply for RTC 10 (2.3 V ~ 3.6 V)

i3 50 7 ADC2_CH4, TOUCH4, RTC_GPIO14, MTCK, HSPID, HS2_DATAS,
SD_DATA3, EMAC_RX_ER

1015 ), P ADC2_CH3, TOUCHS3, RTC_GPIO13, MTDO, HSPICS0, HS2_CMD,
SD_CMD, EMAC_RXD3

02 5 Vo ADC2_CH2, TOUCH2, RTC_GPIO12, HSPIWP, HS2_DATAO,
SD_DATAO

100 23 I/O ADC2_CH1, TOUCH1, RTC_GPIO11, CLK_OUT1, EMAC_TX_CLK

04 2 Vo ADC2_CHO, TOUCHO, RTC_GPIO10, HSPIHD, HS2_DATA1,
SD_DATA1, EMAC_TX_ER

1016 25 17O GPIO16, HS1_DATA4, U2RXD, EMAC_CLK_OQUT

VDD_SDIO 26 P Output power supply: the same voltage as VDD3P3_RTC

1017 27 IO GPIO17, HS1_DATAS5, U2TXD, EMAC_CLK_OUT_180

Sb2 28 le} GPIO9, SD_DATA2, SPIHD, HS1_DATA2, U1RXD

SD3 29 /0 GPIO10, SD_DATA3, SPIWP, HS1_DATA3, U1TXD

CMD 30 I/0 GPIO11, SD_CMD, SPICS0, HS1_CMD, U1RTS

CLK 31 17O GPIO6, SD_CLK, SPICLK, HS1_CLK, U1CTS

SDO 32 /0 GPIO7, SD_DATAO, SPIQ, HS1_DATAO, U2RTS

SD1 33 /0 GPIO8, SD_DATA1, SPID, HS1_DATA1, U2CTS

105 34 I/0 GPIOS, VSPICS0, HS1_DATA6, EMAC_RX_CLK

1018 35 IO GPIO18, VSPICLK, HS1_DATA7

1023 36 I/0 GPI023, VSPID, HS1_STROBE

VDD3P3_CPU 37 P Input power supply for CPU 10 (1.8 V ~ 3.6 V)

1019 38 /0 GPIO19, VSPIQ, UOCTS, EMAC_TXDO

1022 39 I/0 GPIO22, VSPIWP, UORTS, EMAC_TXD1

UORXD 40 I/0 GPIO3, UORXD, CLK_OUT2

UOTXD 41 IO GPIO1, UOTXD, CLK_OUT3, EMAC_RXD2
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2. Pin Definitions

Name No. Type Function
1021 42 /(0] GPIO21, VSPIHD, EMAC_TX_EN
VDDA 43 P Analog power supply (2.3 V ~ 3.6 V)
XTAL_N_NC 44 - NC
XTAL_P_NC 45 - NC
VDDA 46 P Analog power supply (2.3V ~ 3.6 V)
CAP2_NC 47 . NC
CAP1_NC 48 - NC
Notice:
* PinslO16, 1017, CMD, CLK, SDO and SD1 are used for connecting the embedded flash, and are not recommended
for other uses. For detalils, please see Section 6 Schematics.
® For connecting external PSRAM, SD3 (GPIO10) is recommended for PSRAM_CS. For details, please see Section
7 Peripheral Schematics.

2.3 Strapping Pins
ESP32 has five strapping pins, which can be seen in Chapter 6 Schematics:

* MTDI

GPIOO
* GPIO2
MTDO

GPIOS
Software can read the values of these five bits from register "GPIO_STRAPPING”.

During the chip’s system reset release (power-on-reset, RTC watchdog reset and brownout reset), the latches
of the strapping pins sample the voltage level as strapping bits of "0” or ”1”, and hold these bits until the chip
is powered down or shut down. The strapping bits configure the device’s boot mode, the operating voltage of
VDD_SDIO and other initial system settings.

Each strapping pin is connected to its internal pull-up/pull-down during the chip reset. Consequently, if a strapping
pin is unconnected or the connected external circuit is high-impedance, the internal weak pull-up/pull-down will
determine the default input level of the strapping pins.

To change the strapping bit values, users can apply the external pull-down/pull-up resistances, or use the host
MCU'’s GPIOs to control the voltage level of these pins when powering on ESP32.

After reset release, the strapping pins work as normal-function pins.

Refer to Table 3 for a detailed boot-mode configuration by strapping pins.

Table 3: Strapping Pins

Voltage of Internal LDO (VDD_SDIO)

Pin | Default 3.3V | 1.8V
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3. Functional Descriptions

3. Functional Descriptions

This chapter describes the modules integrated in ESP32-PICO-D4, and their functions.

3.1 CPU and Internal Memory
ESP32 contains two low-power Xtensa® 32-bit LX6 microprocessors. The internal memory includes:

® 448 KB of ROM for booting and core functions.

520 KB of on-chip SRAM for data and instructions.

8 KB of SRAM in RTC, which is called RTC FAST Memory and can be used for data storage; it is accessed
by the main CPU during RTC Boot from the Deep-sleep mode.

8 KB of SRAM in RTC, which is called RTC SLOW Memory and can be accessed by the co-processor during
the Deep-sleep mode.

1 Kbit of eFuse: 256 bits are used for the system (MAC address and chip configuration) and the remaining
768 bits are reserved for customer applications, including flash-encryption and chip-ID.

3.2 External Flash and SRAM

ESP32 supports multiple external QSPI flash and SRAM chips. More details can be found in Chapter SPI in the
ESP32 Technical Reference Manual. ESP32 also supports hardware encryption/decryption based on AES to pro-
tect developers’ programs and data in flash.

ESP32 can access the external QSPI flash and SRAM through high-speed caches.

* The external flash can be mapped into CPU instruction memory space and read-only memory space simul-
taneously.

= When external flash is mapped into CPU instruction memory space, up to 11 MB + 248 KB can be
mapped at a time. Note that if more than 3 MB + 248 KB are mapped, cache performance will be
reduced due to speculative reads by the CPU.

- When external flash is mapped into read-only data memory space, up to 4 MB can be mapped at a
time. 8-bit, 16-bit and 32-bit reads are supported.

* External SRAM can be mapped into CPU data memory space. Up to 4 MB can be mapped at a time. 8-bit,
16-bit and 32-bit reads and writes are supported.

The ESP32-PICO-D4 module integrates 4 MB of external SP| flash.

3.3 Crystal Oscillators
ESP32-PICO-D4 integrates a 40 MHz crystal oscillator.
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6. Schematics
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‘ ’l life.augmented

LSM9DS1

INEMO inertial module:

3D accelerometer, 3D gyroscope, 3D magnetometer

&

LGA-24L (3.5x3x1.0 mm)

o

Features

» 3 acceleration channels, 3 angular rate
channels, 3 magnetic field channels

e +2/+4/+8/+16 g linear acceleration full scale

e +4/+8/+12/+16 gauss magnetic full scale

e +245/+500/+2000 dps angular rate full scale

e 16-bit data output

e SPI/I2C serial interfaces

¢ Analog supply voltage 1.9V to 3.6 V

e “Always-on” eco power mode down to 1.9 mA

e Programmable interrupt generators

e Embedded temperature sensor

e Embedded FIFO

¢ Position and motion detection functions

e Click/double-click recognition

¢ Intelligent power saving for handheld devices

e ECOPACK®, RoHS and “Green” compliant

Datasheet - production data

Applications

e [ndoor navigation

e Smart user interfaces

e Advanced gesture recognition

e Gaming and virtual reality input devices
» Display/map orientation and browsing

Description

The LSM8DS1 is a system-in-package featuring a
3D digital linear acceleration sensor, a 3D digital
angular rate sensor, and a 3D digital magnetic
Sensor.

The LSM9DS1 has a linear acceleration full scale
of +2g/+4g/+8/+16 g, a magnetic field full scale of
+4/+8/+12/:16 gauss and an angular rate of
+245/+500/+2000 dps.

The LSM9DS1 includes an 1°C serial bus
interface supporting standard and fast mode
(100 kHz and 400 kHz) and an SPI serial
standard interface.

Magnetic, accelerometer and gyroscope sensing
can be enabled or set in power-down mode
separately for smart power management.

The LSMODS1 is available in a plastic land grid
array package (LGA) and it is guaranteed to
operate over an extended temperature range
from -40 °C to +85 °C.

Table 1. Device summary

Part number Temperature range [°C] Package Packing
LSM9DS1 -40 to +85 LGA-24L Tray
LSM9DS1TR -40 to +85 LGA-24L Tape and reel
March 2015 DoclD025715 Rev 3 1/72

This is information on a product in full production.

www.st.com



Pin description

LSM9DS1

1 Pin description

Figure 1. Pin connections
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LSM9DS1

Pin description

3

Table 2. Pin description

Pin # Name Function
vDDIO™ [ Power supply for I/O pins
SCL/SPC  |I2C serial clock (SCL) / SPI serial port clock (SPC)
VDDIO® | Power supply for /O pins
I°C serial data (SDA)
4 SDA/SDI/SDO | SPI serial data input (SDI)
3-wire interface serial data output (SDO)
SPI serial data output (SDO) for the accelerometer and gyroscope
5 SDO_A/G  |I2C least significant bit of the device address (SAO) for the accelerometer
and gyroscope
6 SDO M SPI serial data output (SDO) for the magnetometer
= I2C least significant bit of the device address (SAO0) for the magnetometer
SPIl enable
7 cS AIG I2C/SPI mode selection for the accelerometer and gyroscope
= (1: SPI idle mode / I°C communication enabled;
0: SP1 communication mode / 1°C disabled)
SPI enable
8 cs M I2C/SPI mode selection for the magnetometer
5 (1: SPI idle mode / I°C communication enabled;
0: SPI communication mode / 12C disabled)
9 DRDY_M | Magnetic sensor data ready
10 INT_M Magnetic sensor interrupt
11 INT1_A/G  |Accelerometer and gyroscope interrupt 1
12 INT2_A/G | Accelerometer and gyroscope interrupt 2
13 DEN_A/G | Accelerometer and gyroscope data enable
14 RES Reserved. Connected to GND.
15 RES Reserved. Connected to GND.
16 RES Reserved. Connected to GND.
17 RES Reserved. Connected to GND.
18 RES Reserved. Connected to GND.
19 GND 0 V supply
20 GND 0V supply
21 CAP Connected to GND with ceramic capacitor(®
22 VDD Power supply
23 vDD®) Power supply
24 C1 Capacitor connection (C1 = 100 nF)

R

Recommended 100 nF filter capacitor.

Recommended 100 nF filter capacitor.

10 nF (£10%), 16 V. 1 nF minimum value has to be guaranteed under 11 V bias condition.
Recommended 100 nF plus 10 LF capacitors.

Recommended 100 nF plus 10 pF capacitors.
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2 Module specifications
21 Sensor characteristics
@ Vdd =2.2 V, T = 25 °C unless otherwise noted@
Table 3. Sensor characteristics
Symbol Parameter Test conditions Min. | Typ.) | Max. | Unit
+2
- i +4
LA FS Linear acceleration i
measurement range +8
+16
14
i 18
M Fg |Magnetic gauss
measurement range +12
16
Anoad +245
G_FS ngular rate +500 dps
measurement range
+2000
Linear acceleration FS =2 g 0.061
Linear acceleration FS = +4 g 0.122
LA_So |Linear acceleration sensitivi mg/LSB
- ™ S Linear acceleration FS = 8 g 0.244 9
Linear acceleration FS=+16 g 0.732
Magnetic FS = +4 gauss 0.14
- = Magnetic FS = +8 gauss 0.29 mgauss/
M_GN |Magnetic sensitivi
- P 1 Magnetic FS = +12 gauss 0.43 LSB
Magnetic FS = +16 gauss 0.58
Angular rate FS = +245 dps 8.75 _—
G_So | Angular rate sensitivity Angular rate FS = +500 dps 17.50 n:- Sp;’
Angular rate FS = +2000 dps 70
Linear acceleration typical _
LATYOR zero-g level offset accuracy(® A 0 mg
M_TyOff |Zero-gauss level ®) FS = +4 gauss +1 gauss
Angular rate
ff = +3 d
6_Ty0 typical zero-rate level P =52000 §rp 0 ps
M_DF | Magnetic disturbance field Zero-gauss offset starts to degrade 50 gauss
Top Operating temperature range -40 +85 °C

e 3N o

12/72

Typical specifications are not guaranteed

Typical zero-g level offset value after soldering
Typical zero-gauss level value after test and trimming
Typical zero rate level offset value after MSL3 preconditioning

a. The product is factory calibrated at 2.2 V. The operational power supply range is from 1.9 Vto 3.6 V.
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2.2 Electrical characteristics
@ Vdd =22V, T = 25 °C unless otherwise noted®

Table 4. Electrical characteristics
Test

. (1) .
Symbol Parameter coridiiong Min. Typ. Max. Unit
Vdd Supply voltage 1.9 3.6 \%
Vdd_IO |Module power supply for /0 1.71 Vdd+0.1

Current consumption of the
Idd_XM | accelerometer and magnetic sensor in 600 HA
normal mode @)

Gyroscope current consumption in

Il G normal mode(®) 2 i

Top Operating temperature range -40 +85 °C
Trise | Time for power supply rising® 7 0.01 100 ms
Twait | Time delay between Vdd_IO and Vdd® 0 10 ms

1. Typical specifications are not guaranteed

2. Magnetic sensor in high-resolution mode (ODR = 20 Hz), accelerometer sensor in normal mode, gyroscope in power-down
mode

3. Accelerometer and magnetic sensor in power-down mode

4. Please referto Section 2.2.1: Recommended power-up sequence for more details.

b. LSM9DS1 is factory calibrated at 2.2 V.

3
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2.4.2 I2C - inter-IC control interface
Subject to general operating conditions for Vdd and Top.
Table 7. I°C slave timing values
I2C Standard mode(" 12C Fast mode (1)
Symbol Parameter Unit
Min Max Min Max
fiscy SCL clock frequency 0 100 0 400 kHz
twiscLy) SCL clock low time 4.7 13
s
twscLh) SCL clock high time 4.0 0.6
tsuspa) SDA setup time 250 100 ns
th(SDA) SDA data hold time 0 3.45 0 0.9 Us
thisT) START condition hold time 4 0.6
Repeated START condition
su(sR) setup time A% e
Us
tsu(sp) STOP condition setup time 4 0.6
Bus free time between STOP
WISP'SR) | and START condition 4 (3
1. Data based on standard I1°C protocol requirement, not tested in production.
Figure 4. I°C slave timing diagram
r REPEATE
START
START 7 \
/L laiery :
-t
T\ / ){ it 20 L e
: _ NP .
E : i - !t Sl
ten  twEny twsary
Note: Measurement points are done at 0.2-Vdd_IO and 0.8-Vdd_IO, for both ports
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LSM9DS1 functionality

3

3.1

3.2

3

LSM9DS1 functionality

Operating modes

In the LSMODS1 the accelerometer and gyroscope have two operating modes available:
only accelerometer active and gyroscope in power down or both accelerometer and
gyroscope sensors active at the same ODR. Switching from one mode to the other requires
one write operation: writing to CTRL_REG6_XL (20h), the accelerometer operates in
normal mode and the gyroscope is powered down, writing to CTRL_REG1_G (10h) both
accelerometer and gyroscope are activated at the same ODR.

Figure 5 depicts both modes of operation from power down.

Figure 5. Switching operating modes

Accelerometer

Only

Write CTRL_REG6_XL Write CTRL_REG1_G

Accelerometer
+

Gyro

Power Down - i

Write CTRL_REG1_G
With CTRL_REG6_XL = PD

The magnetic sensor has three operating modes available: power-down (default),
continuous-conversion mode and single-conversion mode. Switching from power-down to
the other modes requires one write operation to CTRL_REG3_M (22h), setting values in the
MDI[1:0] bits. For the output of the magnetic data compensated by temperature, the
TEMP_COMP bitin CTRL_REG1_M (20h) must be set to ‘1.

Gyroscope power modes

In the LSMODS1, the gyroscope can be configured in three different operating modes:
power-down, low-power and normal mode.

Low-power mode is available for lower ODR (14.9, 59.5, 119 Hz) while for greater ODR
(238, 476, 952 Hz) the device is automatically in normal mode. Table summarizes the ODR
configuration (ODR_G[2:0] bits setin CTRL_REG1_G (1 0h)) and corresponding power
modes.

To enable low-power mode, the LP_mode bit in CTRL_REG3_G (12h) has to be set to ‘1.

Low-power mode allows reaching low power consumption while maintaining the device
always on, refer to Table 10.
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Table 9. Gyroscope operating modes

ODR_G [2:0] ODR [Hz] Power mode
000 Power down Power-down
001 14.9 Low-power/Normal mode
010 59.5 Low-power/Normal mode
011 119 Low-power/Normal mode
100 238 Normal mode
101 476 Normal mode
110 952 Normal mode
Table 10. Operating mode current consumption

ODR [Hz] Power mode Current 0;:::mption“’
14.9 Low-power 19
59.5 Low-power 24
119 Low-power %4
238 Normal mode 4.3
476 Normal mode 4.3
952 Normal mode 4.3

1. Typical values of gyroscope and accelerometer current consumption are based on characterization data.

Table 11. Accelerometer turn-on time

ODR [Hz] BW =400 Hz" | Bw=200Hz(" | BW =100 Hz(" BW = 50 Hz("
14.9 0 0 0
59.5 0 0 0 0
119 1 1 1 2
238 1 1 2 4
476 1 2 4 ¢
952 2 4 7 14

1. The table contains the number of samples to be discarded after switching between power-down mode
and normal mode.

2
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4

4.1

2

Application hints

Figure 15. LSM9DS1 electrical connections

vdd

oo

GND GND

&1
100 nF
GND

*C5

IlOn.F(l(vV)

Vdd_10
—_ GND
C2 | ‘
ey r
T 1000 é r 4 l l I
Q Q
o c§E588E
AnlalSU ' 1=i
1 N O O
» scusec| [[7] 7 |res
vbp 1o | [7] (TORVIEW) L [res
<P sDASDUSDO | [ 7] L] |rRES——
<—» spo_AGI [] LT |res—
Errmmrrr
(A N I
Ig‘g'g EIZ %g E
2 a oo b '3 "s.
T = 6 a o i 4
I T l ll T GND

* C5 must guarantee 1 nF value under
11 V bias condition

External capacitors

The device core is supplied through the Vdd line. Power supply decoupling capacitors (C2,
C3 =100 nF ceramic, C4 = 10 uF Al) should be placed as near as possible to the supply pin
of the device (common design practice). Capacitor C1 (100 nF) should be a capacitor with

low ESR value and should be placed as near as possible to the C1 pin.

All voltage and ground supplies must be present at the same time to achieve proper

behavior of the IC (refer to Figure 15).
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6 Register mapping

The table given below provides a list of the 8/16-bit registers embedded in the device and
the corresponding addresses.

Table 21. Accelerometer and gyroscope register address map

Register address
Name Type Default Note
Hex Binary

Reserved - 00-03 - - Reserved
ACT_THS riw 04 00000100 00000000
ACT_DUR riw 05 00000101 00000000
INT_GEN_CFG_XL riw 06 00000110 00000000
INT_GEN_THS_X_XL riw 07 00000111 00000000
INT_GEN_THS_Y_XL riw 08 00001000 00000000
INT_GEN_THS_Z XL riw 09 00001001 00000000
INT_GEN_DUR_XL riw 0A 00001010 00000000
REFERENCE_G riw 0B 00001011 00000000
INT1_CTRL riw 0c 00001100 00000000
INT2_CTRL riw oD 00001101 00000000
Reserved - 0E - - Reserved
WHO_AM_| r OF 00001111 01101000
CTRL_REG1_G riw 10 00010000 00000000
CTRL_REG2_G riw 1 00010001 00000000
CTRL_REG3_G riw 12 00010010 00000000
ORIENT_CFG_G riw 13 00010011 00000000
INT_GEN_SRC_G r 14 00010100 output
OUT_TEMP_L r 15 00010101 output
OUT_TEMP_H r 16 00010110 output
STATUS_REG r 17 00010111 output
OUT_ X L G e 18 00011000 output
OUT_X_H_G £ 19 00011001 output
OUT_Y L G r 1A 00011010 output
OQUT_Y_H_G r 1B 00011011 output
OUT_ Z L G r 1C 00011100 output
OUT_Z H_G r 1D 00011101 output
CTRL_REG4 riw 1E 00011110 00111000
CTRL_REG5_XL riw 1F 00011111 00111000

)
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J

Table 21. Accelerometer and gyroscope register address map (continued)

Register address
Name Type Default Note
Hex Binary

CTRL_REG6_XL riw 20 00100000 00000000
CTRL_REG7_XL riw 21 00100001 00000000

CTRL_REGS riw 22 00100010 00000100

CTRL_REGY9 riw 23 00100011 00000000
CTRL_REG10 riw 24 00100100 00000000

Reserved - 25 - - Reserved
INT_GEN_SRC_XL r 26 00100110 output

STATUS_REG r 27 00100111 output

OUT_X_L_XL r 28 00101000 output

OUT_X_H_XL r 29 00101001 output

OUT_Y_L XL - 2A 00101010 output

OUT_Y_H XL r 2B 00101011 output

OUT_Z L_XL r 2C 00101100 output

OUT_Z_H_XL r 2D 00101101 output

FIFO_CTRL riw 2E 00101110 00000000

FIFO_SRC i 2F 00101111 output
INT_GEN_CFG_G riw 30 00110000 00000000
INT_GEN_THS_XH_G riw 31 00110001 00000000
INT_GEN_THS_XL_G riw 32 00110010 00000000
INT_GEN_THS_YH_G riw 33 00110011 00000000
INT_GEN_THS_YL G riw 34 00110100 00000000
INT_GEN_THS_ZH_G riw 35 00110101 00000000
INT_GEN_THS_ZL_G riw 36 00110110 00000000
INT_GEN_DUR_G riw 37 00110111 00000000

Reserved r 38-7F -- - Reserved
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7 Accelerometer and gyroscope register description

The device contains a set of registers which are used to control its behavior and to retrieve
linear acceleration, angular rate and temperature data. The register addresses, made up of
7 bits, are used to identify them and to write the data through the serial interface.

71 ACT_THS (04h)
Activity threshold register.

Table 23. ACT_THS register

SLEEP_ON |ACT_THS | ACT_THS | ACT_THS [ACT_THS | ACT_THS | ACT_TH [ACT THS
_INACT_EN 6 5 4 3 2 s1 0

Table 24. ACT_THS register description

SLEEP_ON_ Gyroscope operating mode during inactivity. Default value: 0
INACT_EN (0: gyroscope in power-down; 1: gyroscope in sleep mode)

ACT_THS [6:0] |Inactivity threshold. Default value: 000 0000

7.2  ACT_DUR (05h)

Inactivity duration register.

Table 25. ACT_DUR register

ACT_DUR | ACT_DUR [ ACT_DUR | ACT_DUR | ACT_DUR | ACT_DUR [ ACT_DUR | ACT_DUR
i 6 5 4 3 2 1 0

Table 26. ACT_DUR register description
ACT_DUR [7:0] |Inactivity duration. Default value: 0000 0000

7.3 INT_GEN_CFG_XL (06h)

Linear acceleration sensor interrupt generator configuration register.

Table 27. INT_GEN_CFG_XL register
AOI_XL 6D ZHIE_XL | ZLIE_XL | YHIE_XL | YLIE_XL | XHIE_XL | XLIE_XL

3

DoclD025715 Rev 3 41/72




Accelerometer and gyroscope register description

LSM9DS1

7.4

7.5
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Table 28. INT_GEN_CFG_XL register description

AOI_XL

AND/OR combination of accelerometer’s interrupt events. Default value: 0
(0: OR combination; 1: AND combination)

6D

6-direction detection function for interrupt. Default value: 0
(0: disabled; 1: enabled)

ZHIE_XL

Enable interrupt generation on accelerometer’s Z-axis high event. Default value: 0
(0: disable interrupt request; 1: interrupt request on measured acceleration value
higher than preset threshold)

ZLIE_XL

Enable interrupt generation on accelerometer’s Z-axis low event. Default value: 0
(0: disable interrupt request; 1: interrupt request on measured acceleration value
lower than preset threshold)

YHIE_XL

Enable interrupt generation on accelerometer’s Y-axis high event. Default value: 0
(O: disable interrupt request; 1: interrupt request on measured acceleration value
higher than preset threshold)

YLIE_XL

Enable interrupt generation on accelerometer’s Y-axis low event. Default value: 0
(0: disable interrupt request; 1: interrupt request on measured acceleration value
lower than preset threshold)

XHIE_XL

Enable interrupt generation on accelerometer’s X-axis high event. Default value: 0
(0: disable interrupt request; 1: interrupt request on measured acceleration value
higher than preset threshold)

XLIE_XL

Enable interrupt generation on accelerometer’s X-axis low event. Default value: 0
(0: disable interrupt request; 1: interrupt request on measured acceleration value
lower than preset threshold)

INT_GEN_THS_X_XL (07h)

Linear acceleration sensor interrupt threshold register.

Table 29. INT_GEN_THS_X_XL register

THS_XL_
X7

THS XL_ [ THS_XL_ | THS_XL_ | THS_XL_ [ THS_XL_ | THS XL_ | THS_XL_
X6 X5 X4 X3 X2 X1 X0

Table 30. INT_GEN_THS_X_XL register description

THS_XL_X[7:0]

X-axis interrupt threshold. Default value: 0000 0000

INT_GEN_THS_Y_XL (08h)

Linear acceleration sensor interrupt threshold register.

Table 31. INT_GEN_THS_Y_XL register

THS_XL_
Y7

THS_XL_ | THS_XL_ | THS_XL_ | THS_XL_ | THS_XL_ | THS_XL_ | THS_XL_
Y6 Y5 Y4 Y3 Y2 Y1 YO

Table 32. INT_GEN_THS_Y_XL register description

THS_XL_Y [7:0]

Y-axis interrupt threshold. Default value: 0000 0000

3
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7.6 INT_GEN_THS_Z_XL (09h)

Linear acceleration sensor interrupt threshold register.

Table 33. INT_GEN_THS_Z_XL register

THS_XL_Z | THS_XL_Z | THS_XL_Z [ THS_XL_Z | THS_XL_Z [ THS_XL_z|THS_XL_Z|THS XL Z
7 6 5 4 3 2 1 0

Table 34. INT_GEN_THS_Z_XL register description
THS_XL_Z [7:0] |Z-axis interrupt threshold. Default value: 0000 0000

7.7 INT_GEN_DUR_XL (0Ah)

Linear acceleration sensor interrupt duration register.

Table 35. INT_GEN_DUR_XL register
| WAIT_XL ] DUR_XL6 | DUR_XL5 | DUR_XL4 | DUR_XL3 | DUR_XL2 | DUR_XL1 | DUR_XLO

Table 36. INT_GEN_DUR_XL register description

WAIT_XL Wait function enabled on duration counter. Default value: 0
(0: wait function off, 1: wait for DUR_XL [6:0] samples before exiting interrupt)

DUR_XL [6:0] Enter/exit interrupt duration value. Default value: 000 0000

7.8 REFERENCE_G (0Bh)

Angular rate sensor reference value register for digital high-pass filter (r/w).

Table 37. REFERENCE_G register
BEF?_G REF6_G | REF5.G l REF4_G | REF3_G | REF2 G ] REF1_G | REF0_G

Table 38. REFERENCE_G register description
REF_G [7:0] Reference value for gyroscope’s digital high-pass filter (r/w).
Default value: 0000 0000

7.9 INT1_CTRL (0Ch)
INT1_A/G pin control register.

Table 39. INT1_CTRL register

INT1_IG [INT1_IG_| INT1_ INT1_ INT1_
G k= Fsss |INTI_OVR| INT1_FTH |INT1_Boot DRDY G | DRDY XL
‘YI DoclD025715 Rev 3 43/72
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Table 40. INT1_CTRL register description

INT1 1G G Gyroscope interrupt enable on INT 1_A/G pin. Default value: 0
T (0: disabled; 1: enabled)
INT IG XL Accelerometer interrupt generator on INT 1_A/G pin. Default value: 0
- (0: disabled; 1: enabled)
INT_FSS5 FSS5 interrupt enable on INT 1_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT_OVR Oveljrun interrupt on INT 1_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT_FTH FIFO threshold interrupt on INT 1_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT_ Boot Boot status available on INT 1_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT_DRDY_G Gyroscope data ready on INT 1_A/G pin. Default value: 0
(0: disabled; 1. enabled)
INT_DRDY XL Accelerometer data ready on INT 1_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT2_CTRL (0Dh)

INT2_A/G pin control register.

Table 41. INT2_CTRL register

INT2
INT2_IN INT2_ = INT2_ INT2_
ACT 0 FSSE INT2_OVR | INT2_FTH | DRDY_ DRDY G | DRDY XL
TEMP =
Table 42. INT2_CTRL register description
Inactivity interrupt output signal. Default value: 0
INT2_INACT (0: no interrupt has been generated; 1: one or more interrupt events have been
generated)
INT2_ FSS5 FSS5 interrupt enable on INT2_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT2_OVR Over.run interrupt on INT2_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT2_FTH FIFO threshold interrupt on INT2_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT2_ Temperature data ready on INT2_A/G pin. Default value: 0
DRDY_TEMP | (0: disabled; 1: enabled)
INT2_DRDY_G Gyroscope data ready on INT2_A/G pin. Default value: 0
(0: disabled; 1: enabled)
INT2_DRDY XL Accelerometer data ready on INT2_A/G pin. Default value: 0

(0: disabled; 1: enabled)

3
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711 WHO_AM | (OFh)
Who_AM_| register.
Table 43. WHO_AM_| register
| o [ 1 ] 0 1 0 0 0
712  CTRL_REG1_G (10h)

3

Angular rate sensor Control Register 1.

Table 44. CTRL_REG1_G register
[ooR_Gz | oDR_G1 | bR Go | Fs_G1 | Fs_Go r oM [ BW G1 | BW_ GO

1. This bit must be set to ‘0’ for the correct operation of the device.

Table 45. CTRL_REG1_G register description

ODR_G [2:0] Gyroscope output data rate selection. Default value: 000
/ (Refer to Table 46 and Table 47)
FS_G [1:0] Gyroscope full-scale selection. Default value: 00
™ (00: 245 dps; 01: 500 dps; 10: Not Available; 11: 2000 dps)
BW_G [1:0] Gyroscope bandwidth selection. Default value: 00

ODR_G [2:0] are used to set ODR selection when both the accelerometer and gyroscope
are activated. BW_G [1:0] are used to set gyroscope bandwidth selection.

The following table summarizes all frequencies available for each combination of the
ODR_G / BW_G bits after LPF1 (see Table 46) and LPF2 (see Table 47) when both the
accelerometer and gyroscope are activated. For more details regarding signal processing
please refer to Figure 28.

Table 46. ODR and BW configuration setting (after LPF1)

ODR_G2 ODR_G1 ODR_G0 ODR [Hz] Cutoff [Hz]("

0 0 0 Power-down n.a.

0 0 1 14.9 5

0 1 0 59.5 ; 19

0 1 1 119 38

1 0 0 238 76

1 0 1 476 100

1 1 0 952 100

1 1 1 n.a. n.a.

1. Values in the table are indicative and can vary proportionally with the specific ODR value.
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Table 47. ODR and BW configuration setting (after LPF2)

ODR_G [2:0] BW_G [1:0] ODR [Hz] Cutoff [Hz]("
000 00 Power-down n.a.
000 01 Power-down n.a.
000 10 Power-down na.
000 11 Power-down n.a.
001 00 14.9 n.a.
001 01 14.9 na.
001 10 14.9 n.a.
001 1 14.9 n.a.
010 00 59.5 16
010 01 59.5 16
010 10 59.5 16
010 11 59.5 16
011 00 119 14
oM 01 119 31
011 10 119 31
011 11 119 31
100 00 238 14
100 01 238 29
100 10 238 63
100 11 238 78
101 00 476 21
101 01 476 28
101 10 476 57
101 11 476 100
110 00 952 33
110 01 952 40
110 10 952 58
110 11 952 100
111 00 n.a. n.a.
111 01 n.a. n.a.
111 10 n.a. n.a.
111 11 n.a. n.a.

1. Values in the table are indicative and can vary proportionally with the specific ODR value.
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CTRL_REG2_G (11h)

Angular rate sensor Control Register 2.

Table 48. CTRL_REG2_G register

o ] o ]

o

o

INT_SELA1

INT_SELO

OUT_SEL1 | OUT_SELO

1. These bits must be set to ‘0’ for the correct operation of the device

Table 49. CTRL_REG2_G register description

INT_SEL [1:0]

INT selection configuration. Default value: 00
(Refer to Figure 28)

OUT_SEL [1:0]

Out selection configuration. Default value: 00
(Refer to Figure 28)

Figure 28. INT_SEL and OUT_SEL configuration gyroscope block diagram
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CTRL_REG3_G (12h)

Angular rate sensor Control Register 3.

Table 50. CTRL_REG3_G register

LP_mode | HP_EN

o

o HPCF3_G

HPCF2_G

HPCF1_G | HPCFO_G

1. These bits must be set to ‘0’ for the correct operation of the device

Table 51. CTRL_REG3_G register description

P e Low-power mode enable. Default value: 0
- (0: Low-power disabled; 1: Low-power enabled)
HP EN High-pass filter enable. Default value: 0
- (0: HPF disabled; 1: HPF enabled, refer to Figure 28)
HPCF_G [3:0] Gyroscope high-pass filter cutoff frequency selection. Default value: 0000
Refer to Table 52.
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Table 52. Gyroscope high-pass filter cutoff frequency configuration [Hz]("

; ODR=14.9 | ODR=59.5 | ODR=119 | ODR=238 | ODR=476 | ODR=952
HPCE_G [3:0] Hz Hz Hz Hz Hz Hz
0000 1 4 8 15 30 57
0001 0.5 2 4 8 15 30
0010 0.2 1 2 4 8 15
0011 0.1 0.5 1 2 4 8
0100 0.05 02 0.5 1 2 4
0101 0.02 0.1 0.2 0.5 1 2
0110 0.01 0.05 0.1 0.2 0.5 1
0111 0.005 0.02 0.05 0.1 02 0.5
1000 0.002 0.01 0.02 0.05 0.1 0.2
1001 0.001 0.005 0.01 0.02 0.05 0.1
1. Values in the table are indicative and can vary proportionally with the specific ODR value.
ORIENT_CFG_G (13h)
Angular rate sensor sign and orientation register.
Table 53. ORIENT_CFG_G register
[ o o | signx_G | SignY_G | Signz_G | Orient 2 | Orient 1 [ Orient_0
1. These bits must be set to ‘0’ for the correct operation of the device.
Table 54. ORIENT_CFG_G register description
SignX_G Pitch axis (X) angular rate sign. Default value: 0
(0: positive sign; 1: negative sign)
SignY_G Roll axis (Y) angular rate sign. Default value: 0
(0: positive sign; 1: negative sign)
SignZ_G Yaw axis (Z) angular rate sign. Default value: 0
(0: positive sign; 1: negative sign)
Orient [2:0] Directional user orientation selection. Default value: 000
INT_GEN_SRC_G (14h)
Angular rate sensor interrupt source register.
Table 55. INT_GEN_SRC_G register
0 IA_G ZH_G ZL_G YH_G YL_G XH_G XL_G
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Table 56. INT_GEN_SRC_G register description
A G Interrupt active. Default value: 0
- (0: no interrupt has been generated; 1: one or more interrupts have been generated)
7H G Yaw (Z) high. Default value: 0
= (0: no interrupt, 1: Z high event has occurred)
7L G Yaw (Z) low. Default value: 0
- (0: no interrupt; 1: Z low event has occurred)
YH G Roll (Y) high. Default value: 0
- (0: no interrupt, 1: Y high event has occurred)
YL G Roll (Y) low. Default value: 0
- (0: no interrupt, 1: Y low event has occurred)
XH G Pitch (X) high. Default value: 0
- (0: no interrupt, 1: X high event has occurred)
XL G Pitch (X) low. Default value: 0
= (0: no interrupt, 1: X low event has occurred)
717  OUT_TEMP_L (15h), OUT_TEMP_H (16h)

718

Temperature data output register. L and H registers together express a 16-bit word in two's
complement right-justified.

Table 57. OUT_TEMP_L register

Temp7 | Temp6 ITempS Temp4 Temp3 Temp2 Temp1 Temp0 l
Table 58. OUT_TEMP_H register
Temp11 |Temp11 Temp11 | Temp11 Temp11 Temp10 | Temp9 Temp8 l
Table 59. OUT_TEMP register description
Temp [11:0] Temperature sensor output data.
The value is expressed as two's complement sign extended on the MSB.
STATUS_REG (17h)

Status register.

Table 60. STATUS_REG register

BOOT
IG_XL INA — A
0 X 6 & CT | srarus ™ GDA XLDA
IYI DoclD025715 Rev 3 49/72
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719

7.20

7.21

7.22

50/72

Table 61. STATUS_REG register description

1IG_XL Accelerometer interrupt output signal. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-
ated)

IG_G Gyroscope interrupt output signal. Default value; 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-
ated)

INACT Inactivity interrupt output signal. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-
ated)

BOOT_ Boot running flag signal. Default value: 0

STATUS | (0: no boot running; 1: boot running)

TDA Temperature sensor new data available. Default value: 0
(0: new data is not yet available; 1: new data is available)

GDA Gyroscope new data available. Default value: 0
(0: a new set of data is not yet available; 1: a new set of data is available)

XLDA Accelerometer new data available. Default value: 0
(0: a new set of data is not yet available; 1: a new set of data is available)

OUT_X_G (18h - 19h)

Angular rate sensor pitch axis (X) angular rate output register. The value is expressed as a
16-bit word in two’s complement.

OUT_Y_G (1Ah - 1Bh)

Angular rate sensor roll axis (Y) angular rate output register. The value is expressed as a
16-bit word in two’s complement.

OUT_Z_G (1Ch - 1Dh)

Angular rate sensor Yaw axis (Z) angular rate output register. The value is expressed as a
16-bit word in two’s complement.

CTRL_REG4 (1Eh)

Control register 4.

Table 62. CTRL_REG4 register

ot

oM Zen G Yen_ G | Xen_ G ot LIR_XL1 | 4D_XL1

1. These bits must be set to ‘0’ for the correct operation of the device.

3
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Table 63. CTRL_REG4 register description

Zen G Gyroscope's Yaw axis (Z) output enable. Default value: 1
= (0: Z-axis output disabled; 1: Z-axis output enabled)
Yen G Gyroscope's roll axis (Y) output enable. Default value: 1
- (0: Y-axis output disabled; 1: Y-axis output enabled)
e B Gyroscope’s pitch axis (X) output enable. Default value: 1
- (0: X -xis output disabled; 1: X-axis output enabled)
LIR XL1 Latched Interrupt. Default value: 0
= (0: interrupt request not latched; 1: interrupt request latched)
4D option enabled on Interrupt. Default value: 0
4D_XL1 (0: interrupt generator uses 6D for position recognition; 1: interrupt generator uses
4D for position recognition)

7.23  CTRL_REG5_XL (1Fh)

Linear acceleration sensor Control Register 5.

Table 64. CTRL_REG5_XL register
DEC_1 ] DEC_0 | Zen XL | Yen XL | Xen XL | o)

oM o

1. These bits must be set to ‘0’ for the correct operation of the device.

Table 65. CTRL_REG5_XL register description
Decimation of acceleration data on OUT REG and FIFO. Default value: 00
(00: no decimation;
DEC_[0:1] 01: update every 2 samples;
10: update every 4 samples;
11: update every 8 samples)

Accelerometer’s Z-axis output enable. Default value: 1

Zen_XL : [ !
' (0: Z-axis output disabled; 1: Z-axis output enabled)
Yen XL Accelerometer’s Y-axis output enable. Default value: 1
R (0: Y-axis output disabled; 1: Y-axis output enabled)
| 's X-axi ; ;
Xen XL Accelerometer’s X-axis output enable. Default value: 1

(0: X-axis output disabled; 1: X-axis output enabled)

7.24  CTRL_REG6_XL (20h)

Linear acceleration sensor Control Register 6.

Table 66. CTRL_REG6_XL register

ODR_XL2 | ODR_XL1 | ODR_XLO | FS1 XL | FSO XL BWB%%A" BW XL1 | BW_XLO

3
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Table 67. CTRL_REG6_XL register description

ODR_XL
[2:0]

Output data rate and power mode selection. default value: 000 (see Table 68)

FS_XL
[1:0]

Accelerometer full-scale selection. Default value: 00
(00: +2g; 01: +16 g; 10: 24 g; 11: 8 g)

BW_SCAL_
ODR

Bandwidth selection. Default value: 0

(0: bandwidth determined by ODR selection:

- BW = 408 Hz when ODR = 952 Hz, 50 Hz, 10 Hz;

- BW =211 Hz when ODR = 476 Hz;

- BW = 105 Hz when ODR = 238 Hz;

- BW = 50 Hz when ODR = 119 Hz;

1: bandwidth selected according to BW_XL [2:1] selection)

BW_XL
[1:0]

Anti-aliasing filter bandwidth selection. Default value: 00

(00: 408 Hz; 01: 211 Hz; 10: 105 Hz; 11: 50 Hz)

ODR_XL [2:0] is used to set power mode and ODR selection. Table 68 indicates all the
frequencies available when only the accelerometer is activated.

Table 68. ODR register setting (accelerometer only mode)

ODR_XL2 ODR_XL1 ODR_XL0O ODR selection [Hz]
0 0 0 Power-down
0 0 1 10 Hz
0 1 0 50 Hz
0 1 1 119 Hz
1 0 0 238 Hz
1 0] 1 476 Hz
1 0 952 Hz
1 1 n.a.

7.25

CTRL_REG7_ XL (21h)

Linear acceleration sensor Control Register 7.

Table 69. CTRL_REG7_XL register

HR DCF1 DCFO o™ oM FDS ot HPIS1
1. These bits must be set to ‘0’ for the correct operation of the device
DoclD025715 Rev 3 [YI

52172




LSMODS1

Accelerometer and gyroscope register description

Table 70. CTRL_REG7_XL register description

HR

High resolution mode for accelerometer enable. Default value: 0
(0: disabled; 1: enabled). Refer to Table 71

DCF[1:0]

Accelerometer digital filter (high pass and low pass) cutoff frequency selection: the band-
width of the high-pass filter depends on the selected ODR. Refer to Table 71

FDS

Filtered data selection. Default value: 0
(0: internal filter bypassed; 1: data from internal filter sent to output register and FIFO)

High-pass filter enabled for acceleration sensor interrupt function on Interrupt. Default

HPIST  fvalue: 0
(0: filter bypassed; 1: filter enabled)

Table 71. Low pass cutoff frequency in high resolution mode (HR = 1)

HR CTRL_REG?7 (DCF [1:0]) LP cutoff freq. [Hz]
1 00 ODR/50

1 01 ODR/100

1 10 ODR/9

1 11 ODR/400

7.26  CTRL_REGS (22h)

Control register 8.

Table 72. CTRL_REGS register

LBOOT ] BDU |H_LACTIVE PP_OD | SIM |IF_ADD_INC| BLE ISW_RESET

Table 73. CTRL_REGS register description

BOOT

Reboot memory content. Default value: 0
(0: normal mode; 1: reboot memory content("))

BDU

Block data update. Default value; 0
(O: continuous update; 1: output registers not updated until MSB and LSB read)

H_LACTIVE

Interrupt activation level. Default value: 0
(0: interrupt output pins active high; 1: interrupt output pins active low)

PP_OD

Push-pull/open-drain selection on the INT1_A/G pin and INT2_A/G pin.
Default value: 0

(0: push-pull mode; 1: open-drain mode)

SIM

SPI serial interface mode selection. Default value: 0
(0: 4-wire interface; 1: 3-wire interface).

IF_ADD_INC

Register address automatically incremented during a multiple byte access with a
serial interface (I°C or SPI). Default value: 1

(0: disabled; 1: enabled)

BLE

Big/Little Endian data selection. Default value 0
(0: data LSB @ lower address; 1: data MSB @ lower address)

SW_RESET

Software reset. Default value: 0
(0: normal mode; 1: reset device)
This bit is cleared by hardware after next flash boot.

1. Boot request is executed as soon as internal oscillator is turned-on. It is possible to set bit while in power-
down mode, in this case it will be served at the next normal mode or sleep mode.
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1.27 CTRL_REGS (23h)

Control register 9.

Table 74. CTRL_REGS9 register

FIFO_ DRDY_ | 12C_DISAB
TEMP_EN | mask_bit LE

STOP_ON

0 )
0 SLEEP. G| 0 FTH

FIFO_EN

1. These bits must be set to ‘0’ for the correct operation of the device

Table 75. CTRL_REGS register description

SLEEP_G Gyroscope sleep mode enable. Default value; 0
(0: disabled; 1: enabled)

FIFO_TEMP_EN | Temperature data storage in FIFO enable. Default value: 0
(0: temperature data not stored in FIFO; 1: temperature data stored in FIFO)

DRDY_mask_bit | Data available enable bit. Default value: 0
(0: DA timer disabled; 1: DA timer enabled)

I2C_DISABLE |Disable I°C interface. Default value: 0
(0: both 12C and SPI enabled; 1: I°C disabled, SPI only)

FIFO_EN FIFO memory enable. Default value: 0
(0: disabled; 1: enabled)

STOP_ON_FTH |Enable FIFO threshold level use. Default value: 0
(0: FIFO depth is not limited; 1: FIFO depth is limited to threshold level)

7.28 CTRL_REG10 (24h)

Control register 10.

Table 76. CTRL_REG10 register
oM () oM ot o™ ST G o ST_XL
1. These bits must be set to ‘0’ for the correct operation of the device

Table 77. CTRL_REG10 register description

ST_G Angular rate sensor self-test enable. Default value: 0
(0: Self-test disabled; 1: Self-test enabled)

ST_XL Linear acceleration sensor self-test enable. Default value: 0
(0: Self-test disabled; 1: Self-test enabled)

7.29  INT_GEN_SRC_XL (26h)

Linear acceleration sensor interrupt source register.

Table 78. INT_GEN_SRC_XL register
0 IA_XL ZH_XL ZL_XL YH_XL YL_XL XH_XL XL_XL
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Table 79. INT_GEN_SRC_XL register description

A XL Interrupt active. Default value: 0.
- (0: no interrupt has been generated; 1: one or more interrupts have been generated)
ZH XL Accelerometer’s Z high event. Default value: 0
i (0: no interrupt, 1: Z high event has occurred)
7L XL Accelerometer’s Z low event. Default value: 0
- (0: nointerrupt; 1: Z low event has occurred)
YH XL Accelerometer’s Y high event. Default value: 0
- (0: no interrupt, 1: Y high event has occurred)
YL XL Accelerometer’s Y low event. Default value: 0
= (0: nointerrupt, 1: Y low event has occurred)
XH XL Accelerometer’s X high event. Default value: 0
- (0: nointerrupt, 1: X high event has occurred)
XL XL Accelerometer’s X low. event. Default value: 0
B (0: no interrupt, 1: X low event has occurred)

7.30  STATUS_REG (27h)

Status register.

Table 80. STATUS_REG register

BOOT_
STATUS

0 IG_XL IG_G INACT TDA GDA XLDA

Table 81. STATUS_REG register description

IG_XL Accelerometer interrupt output signal. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-

ated)

IG_G Gyroscope interrupt output signal. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-
ated)

INACT Inactivity interrupt output signal. Default value: 0
(0: no interrupt has been generated; 1: one or more interrupt events have been gener-
ated)

BOOT_ Boot running flag signal. Default value: 0
STATUS | (0: no boot running; 1: boot running)

TDA Temperature sensor new data available. Default value: 0
(0: a new data is not yet available; 1: a new data is available)

GDA Gyroscope new data available. Default value: 0
(0: a new set of data is not yet available; 1: a new set of data is available)

XLDA Accelerometer new data available. Default value: 0
(0: a new set of data is not yet available; 1: a new set of data is available)

3
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7.31

7.32

7.33

7.34

56/72

OUT_X_XL (28h

- 29h)

Linear acceleration sensor X-axis output register. The value is expressed as a 16-bit word in

two’s complement.

OUT_Y_XL (2Ah

- 2Bh)

Linear acceleration sensor Y-axis output register. The value is expressed as a 16-bit word in

two's complement.

OUT_Z_XL (2Ch

- 2Dh)

Linear acceleration sensor Z-axis output register. The value is expressed as a 16-bit word in

twao's complement.

FIFO_CTRL (2Eh)

FIFO control register.

Table 82. FIFO_CTRL register

LFMODEZ FMODE1

FMODEO | FTH4 | FTH3 FTH2 FTH1 FTHO

Table 83. FIFO_CTRL register description

FMODE [2:0] FIFO mode selection bits. Default value: 000
For further details refer to Table 84.

FTH [4:0] FIFO threshold level setting. Default value: 0 0000

Table 84. FIFO mode selection

FMODE2 |FMODE1 |FMODEO |Mode

0 0 0 Bypass mode. FIFO turned off

0 0 1 FIFO mode. Stops collecting data when FIFQ is full.

0 1 0 Reserved

0 1 1 Continuous mode until trigger is deasserted, then FIFO
mode.

1 0 0 Bypass mode until trigger is deasserted, then Continuous
mode.

1 1 0 Continuous mode. If the FIFO is full, the new sample over-
writes the older sample.

DoclD025715 Rev 3
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Connector for microSD™ Card (Push-push Type)

SCHA series

Compact low-profile type most suitable for mobile phones.

:Ql'

3D Memory
sard

13
. TN &
: ¥« RN
' s
3IM Card -
Ipins
‘or
N-SIM
. M Typical Specifications
1:”‘:“;,*% Items Specifications
ol Applicable media microSD™ Card
flemory
itick™ Mounting type Surface mounting type
Structure
omhine Type Mounting style Standard mount/ Reverse mount
Media ejection
or Sittictare Push-push type
‘ompact Operating — 20" '
lash™ temperature range L ' AN
v CMOS Voitage proof 500V AC Tminute
imera Module : n
Ins!.liatlon resistance 1,000MQ min.
(Initial)
Performance Eonf oot
Contact contdcts 100m Q max.
resistance BEteciion
Initial
(Initial) widital 500m Q max.
Insertion and
removal cycle G 09yclex
B Product Line
Media ejection g \ Stand-off Packing Drawing
structure Al (mm) system Bt B, No.
With switch SCHA4B0100 1
StariglShgount With switches and
Push-push type fly-out protection. 0 Taping SCHA4B0400 2
Reverse mount With switch SCHABB0200 3
B Packing Specifications
Taping Unit:mm
Reel size Export
— Number of packages (pcs.) v?i:;L vvagt; packags
No. — 1 case lase |\ (mm) | (mm) measurements
Lo /Japan | [export packing (mm)
SCHA4B0100
. SCHAB 2,000 6,000 12,000 244 S 403 ;4;03 %
SCHAS5B0200 1,500 4,500 9,000
w
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Data Sheet

600mA CMOS LDO REGULATOR WITH ENABLE

AP2112

General Description

The AP2112 is CMOS process low dropout linear
regulator with enable function, the regulator delivers
a guaranteed 600mA (min.) continuous load current.

The AP2112 provides 1.2V, 1.8V, 2.5V, 2.6V, 2.8V
and 3.3V regulated output and 0.8V to 5V adjustable
output, and provides excellent output accuracy +1.5%,
also provides an excellent load regulation, line
regulation and excellent load transient performance
due to very fast loop response. The AP2112 has

built-in auto discharge function.

The regulator features low power consumption, and
provides SOT-23-5, SOT-89-5, and SOIC-8 packages.

Features

Output Voltage Accuracy: +1.5%

Output Current: 600mA (Min.)

Foldback Short Current Protection: 50mA
Enable Function to Turn ON/OFF Vour

Low Dropout Voltage (3.3V): 250mV (Typ.)
@IOUT=60{}HIA

Excellent Load Regulation: 0.2%/A (Typ.)
Excellent Line Regulation: 0.02%/V (Typ.)

Low Quiescent Current: 55uA (Typ.)

Low Standby Current: 0.01pA (Typ.)

Low Output Noise: SOIJ.VRMS

PSRR: 100Hz -65dB, 1kHz -65dB

OTSD Protection

Stable with 1.0puF Flexible Cap: Ceramic,
Tantalum and Aluminum Electrolytic

Operation Temperature Range: -40°C to 85°C
ESD: MM 400V, HBM 4000V

Applications

Laptop Computer
Portable DVD
LCD Monitor

SOT-23-5

SOIC-8 (Option 1)

SOT-89-5

SOIC-8 (Option 2)

Figure 1. Package Types of AP2112

Mar. 2013 Rev. 2.0

BCD Semiconductor Manufacturing Limited
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Pin Configuration

K Package
SOT-23-5

VIN[ 1]
GND[ 2 |
En[ 3]

| 5 Jvour

[ 4 ]abumnc

RS
vouT VIN

sl [

IRERE

NC GND EN

M Package
SOIC-8

vout[ 1|

NC| 2

(8 | vIN
| 7 | GND
6 | GND
|5 ] EN

NC| 3

ne [4 ]

R5/R5A Package
SOT-89-5
RSA
vouT VIN

sl [¢]

HBENA

EN GND NC

Figure 2. Pin Configuration of AP2112 (Top View)

Pin Descriptions

PIN No. N o
SOT-23-5 | SOT-89-5 | SOIC-8 — eseriptions
1 4 8 VIN Input Voltage
2 2 6,7 GND GND
3 (R5)
3 5 EN Chip Enable, H — normal work, L — shutdown output
1 (R5A)
4 ADJ/NC Adqut Output for ADJ version/No Connection for Fixed
Version
1 (RS)
2,3,4 NC No Connection
3 (R5A)
5 5 1 VOouT Output Voltage

Mar. 2013 Rev. 2.0

BCD Semiconductor Manufacturing Limited
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600mA CMOS LDO REGULATOR WITH ENABLE AP2112

Functional Block Diagram

___________________________ 1
| a1ysyal AN
EN T Shutdown Logic Q
| |
| : |
| Thermal Foldback |
{ Shutdown Current Limit :
1 EO
|
| ¥ :
| (SH1M5
| f AT 89 VOouT
| 3MQ
[ |
| |
| /AL |
GND ; |
2(2)6.72] |
Qe g7 NN Acco BN P, AT O LEWL AdT SN 4 AN B ool LY TR J
A (BY{CHD]

A: SOT-89-5 (R5)
B: SOT-89-5 (R5A)
C: SOIC-8

D: SOT-23-5

Figure 3. Functional Block Diagram of AP2112 for Fixed Version

=
=

EN Q Shutdown Logic

AW

AN
:
:
o Tv
e e e NG
5
g

Foldback
Current Limit

Thermal
Shutdown

ADJ/NC

VRer —

SOT-23-5

Figure 4. Functional Block Diagram of AP2112 for Adjustable Version

Mar. 2013 Rev. 2.0 BCD Semiconductor Manufacturing Limited
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Ordering Information

ARII20-0 O

| G1: Green
Circuit Type
Blank: Tube
TR: Tape & Reel
Package
K: SOT-23-5 1.2V: Fixed Output 1.2V
M: SOIC-8 1.8V: Fixed Output 1.8V
R5/R5A: SOT-89-5 2.5V: Fixed Output 2.5V
2.6V: Fixed Output 2.6V
2.8V: Fixed Output 2.8V
3.3V: Fixed Output 3.3V
ADJ: Adjustable Output
Package Ten;{:::::"re Condition Part Number Marking ID Packing Type
1.2V AP2112K-1.2TRG1 G3L Tape & Reel
1.8V AP2112K-1.8TRGI G3M Tape & Reel
2.5V AP2112K-2.5TRG1 G3N Tape & Reel
SOT-23-5 -40 to 85°C 2.6V AP2112K-2.6TRG1 G5N Tape & Reel
2.8V AP2112K-2.8TRGI G3Q Tape & Reel
33V AP2112K-3.3TRG]I G3P Tape & Reel
ADJ AP2112K-ADJTRG1 G3T Tape & Reel
L2 AP2112M-1.2G1 2112M-1.2G1 Tube
AP2112M-1.2TRGI 2112M-1.2G1 Tape & Reel
- AP2112M-1.8G1 2112M-1.8G1 Tube
AP2112M-1.8TRG1 2112M-1.8G1 Tape & Reel
AP2112M-2.5G1 2112M-2.5G1 Tube
SOIC-8 -40 to 85°C 2.5V
AP2112M-2.5TRG1 2112M-2.5G1 Tape & Reel
268 AP2112M-2.6G1 2112M-2.6G1 Tube
AP2112M-2.6TRG1 2112M-2.6G1 Tape & Reel
3 S AP2112M-3.3G1 2112M-3.3G1 Tube
AP2112M-3.3TRG1 2112M-3.3G1 Tape & Reel
1.2V(RS) AP2112R5-1.2TRG1 G37D Tape & Reel
1.8V(R5) AP2112R5-1.8TRGI G37E Tape & Reel
SOT-89-5 -40 to 85°C 2.5V(R5) AP2112R5-2.5TRG1 G37F Tape & Reel
2.6V(RS) AP2112R5-2.6TRG1 G13F Tape & Reel
3.3V(R5) AP2112R5-3 3TRG1 G37G Tape & Reel
1.2V(R5A) AP2112R5A-1.2TRG1 G33C Tape & Reel
1.8V(R5A) AP2112R5A-1.8TRG1 G33E Tape & Reel
SOT-89-5 -40 to 85°C 2.5V(R5A) AP2112R5A-2.5TRG1 G28G Tape & Reel
2.6V(R5A) AP2112R5A-2.6TRG1 GI3E Tape & Reel
3.3V(R5A) AP2112R5A-3.3TRG1 G28H Tape & Reel

BCD Semiconductor's Pb-free products, as designated with "G1" suffix in the part number, are RoHS compliant
and Green.

Mar. 2013 Rev.2.0 BCD Semiconductor Manufacturing Limited
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AP2112

Absolute Maximum Ratings (Note 1)

Parameter Symbol Value Unit

Power Supply Voltage Vee 6.5 v

Operating  Junction Temperature T, 150 oC

Range

Storage temperature Range Tstc -65 to 150 ©

Lead Temperature o

(Soldering, 10 Seconds) Treap % c
SOT-23-5 184

Thermal Resistance °

(Junction to Ambient)(No Heatsink) O5a DR 4 G
SOT-89-5 120

ESD (Machine Model) 400 \Y

ESD (Human Body Model) 4000 \'

Note 1: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. These are stress ratings only, and functional operation of the device at these or any other conditions
beyond those indicated under “Recommended Operating Conditions” is not implied. Exposure to “Absolute
Maximum Ratings” for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Min Max Unit

Supply Voltage Vin 2.5 6.0 \'%

melem Operation ~ Temperature T, _40 85 oC
ange

Mar. 2013 Rev. 2.0 BCD Semiconductor Manufacturing Limited
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600mA CMOS LDO REGULATOR WITH ENABLE AP2112

Electrical Characteristics (Continued)

AP2112-3.3 Electrical Characteristic (Note 2)
Vin=4.3V, C=1.0pF (Ceramic), Coyr=1.0uF (Ceramic), Typical T,=25°C, unless otherwise specified (Note 3).

Parameter Symbol Test Conditions Min Typ Max | Unit
Output Voltage Vour Vin=4.3V, ImA<Iopr<30mA *;’g‘g‘; | 33 Lol %
Maximum Output Current | Touramas 32‘313‘2’5 IV 10 3,350V 600 mA
Load Regulation (AVBU]L[:T ou) 7 —43V, ImASIop<600mA. | -1 0.2 1 %A
Line Regulation (AVOAU{//: our)/ 4.3V<VNS6V, Tour=30mA -0.1 0.02 0.1 %/V

[ouT=10mA ] 8
Dropout Voltage Vbrop lou=300mA 125 200 mV
[our=600mA 250 400
Quiescent Current Ig Vin=4.3V, lour=0mA 55 80 LA
Standby Current Isrp Vin=4.3V, Vgy in OFF mode 0.01 1.0 LA
Izzg:r Supply Rejection| PSRR 5:52;330\2 yarp(| £100Hz & dB
[our=100mA f=1KHz 65
%lr:lpp;lctr;?;tcag(‘?oeﬁicient (& VourVour)/ AT '[I(‘):S:(()):EAto 85°C “aih g
IShort Current Limit IsporT Vour=0V 50 mA
RMS Output Noise Vioise INo Load, 10Hz<f<100kHz 50 UVRrMs
Ven High Voltage Vi Enable logic high, regulator on 1.3 6.0
Ven Low Voltage Vi Enable logic low, regulator off 0 0.4 Y
Start-up Time tg INo Load 20 Hs
EN Pull Down Resistor RpDV 3.0 MQ
Vour Discharge Resistor Ropcug Set EN pin at Low 60 Q
¥2;?e:;ture S Torsp 160 oC
Therrnal- Shutdown| T 25
Hysteresis HXOISD
SOT-23-5 96
Thermal Resistance Oic SOIC-8 75 °C/W
ISOT-89-5 47

Note 2: To prevent the Short Circuit Current protection feature from being prematurely activated, the input
voltage must be applied before a current source load is applied.
Note 3: Production testing at T,=25°C. Over temperature specifications guaranteed by design only.

Mar. 2013 Rev. 2.0 BCD Semiconductor Manufacturing Limited
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HD 7™ Bk
| AW | Data Sheet

600mA CMOS LDO REGULATOR WITH ENABLE AP2112

Typical Application (Note 4)

VOUT 1.2v/1.8V/

VIN VIN VOUT 2.5V/2.6V/
2.8V/3.3V
couT
:}: 1uF

CIN == 1yF AP2112

VEN
ON ———
e GND
OFF l
For Fixed Voltage Versions L
VOuT
VINo * VIN VOUT L .,

CIN 1uF AP2112

R1

—j—

| ADJ/NC
R2

GND
Vour=0.8*(1+R1/R2) V l =

Note 4: It is recommended to use X7R or X5R dielectric capacitor if 1.0uF ceramic capacitor is selected as
input/output capacitors.

o)
=
1
PPl
=8
®C
_'

Figure 21. AP2112 Typical Application

Mar. 2013 Rev. 2.0 BCD Semiconductor Manufacturing Limited
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MICROCHIP

MCP73831/2

Miniature Single-Cell, Fully Integrated Li-Ion,
Li-Polymer Charge Management Controllers

Features:

* Linear Charge Management Controller:
- Integrated Pass Transistor
- Integrated Current Sense
- Reverse Discharge Protection
* High Accuracy Preset Voltage Regulation: + 0.75%
+ Four Voltage Regulation Options:
- 4.20V, 4.35V, 4.40V, 4.50V
* Programmable Charge Current: 15 mA to 500 mA
» Selectable Preconditioning:
- 10%, 20%, 40%, or Disable
Selectable End-of-Charge Control:
- 5%, 7.5%, 10%, or 20%
Charge Status Output
- Tri-State Output - MCP73831
- Open-Drain Output - MCP73832
* Automatic Power-Down
* Thermal Regulation
+ Temperature Range: -40°C to +85°C
* Packaging:
- 8-Lead, 2 mm x 3 mm DFN
- 5-Lead, SOT-23

Applications:

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

¢ Cellular Telephones

* Digital Cameras

* MP3 Players

* Bluetooth Headsets

* USB Chargers

Typical Application

500 mA Li-lon Battery Charger

Vin 4 3
Voo Vear + Single
4.7 uF 4.7 pF Li-lon

g i g-c:'eu
PROG |2
4700 2k
L STAT Vss _2
MCP73831

Description:

The MCP73831/2 devices are highly advanced linear
charge management controllers for use in space-
limited, cost-sensitive applications. The MCP73831/2
are available in an 8-Lead, 2 mm x 3 mm DFN package
or a 5-Lead, SOT-23 package. Along with their small
physical size, the low number of external components
required make the MCP73831/2 ideally suited for
portable applications. For applications charging from a
USB port, the MCP73831/2 adhere to all the
specifications governing the USB power bus.

The MCP73831/2 employ a constant-current/constant-
voltage  charge  algorithm  with  selectable
preconditioning and charge termination. The constant
voltage regulation is fixed with four available options:
4.20V, 4.35V, 4.40V or 4.50V, to accommodate new,
emerging battery charging requirements. The constant
current value is set with one external resistor. The
MCP73831/2 devices limit 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 disabled. Refer to Section 1.0 “Electrical
Characteristics” for available options and the
Product Identification System for standard options.

The MCP73831/2 devices are fully specified over the
ambient temperature range of -40°C to +85°C.

Package Types
MCP73831/2 MCP73831/2
2x3 DFN* SOT-23-5

Vop[1:© ___.18]PROG sSTAT[A] ~ [B]PROG
Vop[2i1 EP 'i7]NC Vss[Z]

Vear|3i1 @ !B Vss Vaar[3] [4]Vpp
Vpar|4: =" "I5|STAT

*Includes Exposed Thermal Pad (EP); see Table 3-1.

© 2005-2014 Microchip Technology Inc.
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MCP73831/2

ELECTRICAL
CHARACTERISTICS

1.0

Absolute Maximum Ratingst

Vo amons onss s o it s SR 7.0V
All Inputs and Outputs w.r.t. 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 (1.5 kQ in Series with 100 pF).......> 4 kV

T 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.

Machine Model (200 pF, No Series Resistance).............400V
DC CHARACTERISTICS
Electrical Specifications: Unless otherwise indicated, all limits apply for Vbp= [Vrec(typical) + 0.3V] to 6V, Ty = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vgeg (typical) + 1.0V]
Parameters Sym. Min Typ. Max. [ Units | Conditions
Supply Input
Supply Voltage Vbp 3.75 - 6 A%
Supply Current Isg — 510 1500 pA | Charging
— 53 200 pA | Charge Complete,
No Battery
- 25 50 A | PROG Floating
5% 1 5 HA | Vpp < (Vgar - 50 mV)
~ 0.1 2 PA_ | Vbp < Vstop
UVLO Start Threshold VsTART 3.3 3.45 3.6 V| Vpp Low-to-High
UVLO Stop Threshold Vstop 3.2 3.38 35 V | Vpp High-to-Low
UVLO Hysteresis Vhys — 70 — mV
Voltage Regulation (Constant-Voltage Mode)
Regulated Output Voltage VRreG 4.168 4.20 4.232 V' | MCP7383X-2
4317 4.35 4.383 V | MCP7383X-3
4.367 4.40 4.433 V | MCP7383X-4
4.466 4.50 4.534 V | MCP7383X-5
Vop = [Vreg(typical)+1V]
loyt = 10 mA
Ta =-5°C to +55°C
Line Regulation [(AVpaT/ - 0.09 0.30 %N | Vpp = [Vreg(typical)+1V] to
Vear)/AVppl 6V, loyt = 10 mA
Load Regulation [AVBATVBAT] — 0.05 0.30 % |lout =10 mA to 50 mA
Voo = Vrea(typical)+1V]
Supply Ripple Attenuation PSRR — 52 — dB | lgyt=10 mA, 10Hz to 1 kHz
— 47 — dB | loyr=10 mA, 10Hz to 10 kHz
- 22 — dB |[loyt=10 mA, 10Hz to 1 MHz
Current Regulation (Fast Charge Constant-Current Mode)
Fast Charge Current lrReG 90 100 110 mA | PROG = 10 kQ
Regulation 450 505 550 mA [ PROG = 2.0 k, Note 1
12.5 14.5 16.5 mA | PROG = 67 kQ
Tp =-5°C to +55°C
Note 1: Not production tested. Ensured by design.

M

© 2005-2014 Microchip Technology Inc.
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MCP73831/2
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DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vreg(typical) + 0.3V] to 6V, Ta = -40°C to +85°C.
Typical values are at +25°C, Vpp = [Vreg (typical) + 1.0V]
Parameters I Sym. Min. ’ Typ. Max. I Units I Conditions
Preconditioning Current Regulation (Trickle Charge Constant-Current Mode)
Precondition Current lprec/ IREG 7.5 10 125 % | PROG =2.0 kQ2to 10 kQ2
Ratio 15 20 25 % |PROG=2.0kQto 10 ko
30 40 50 % | PROG =2.0 kQ2to 10 k2
—_ 100 —_ % | No Preconditioning
Tp =-5°C to +55°C
Precondition Voltage Vet / VReG 64 66.5 69 % | Var Low-to-High
Threshold Ratio 69 715 74 % | Vgar Low-to-High
Precondition Hysteresis Vphys — 110 — mV | Vgar High-to-Low
Charge Termination
Charge Termination lterm / lREG 3.75 5 6.25 % |PROG =2.0kQ2to 10 kQ
Current Ratio 5.6 75 9.4 % |PROG=2.0kQto 10 kQ
8.5 10 11.5 % |PROG=2.0kQto 10 kQ
15 20 25 % |PROG=2.0kQto 10 kQ
Ta =-5°C to +55°C
Automatic Recharge
Recharge Voltage VRTtH! VREG 91.5 94.0 96.5 % | Vgar High-to-Low
Threshold Ratio 94 96.5 99 % | Vgar High-to-Low
Pass Transistor ON-Resistance
ON-Resistance Rpson — 350 — I mq) ] Vpp = 3.75V, T; = 105°C
Battery Detection
Battery Detection Current IBAT DET - 6 — WA | Vgar Source Current
No-Battery-Present VNo_BaT —_ Vreg + — V' | Vgat Voltage = Vio_par for
Threshold 100 mV No Battery condition
No-Battery-Present Zno_BAT 2 — —_ MQ [ Vgat Impedance 2 ZNO_BAT
Impedance for No Battery condition,
Note 1
Battery Discharge Current
Output Reverse Leakage | IpiscHARGE -z 0.15 2 MA | PROG Floating
Current By 0.25 2 WA | Vpp Floating
—_ 0.15 2 MA | Vpp < VsTopP
—_ -5.5 -15 pPA | Charge Complete
Status Indicator — STAT
Sink Current lsink — —_ 25 mA
Low Output Voltage VoL —_ 0.4 1 V  |Igink =4 mA
Source Current Isource - — 35 mA
High Output Voltage Vou _ Vpp-0.4 Vpp- 1 V  |lsource =4 mA (MCP73831)
Input Leakage Current Ik — 0.03 1 HA | High-Impedance
PROG Input
Charge Impedance Rprog 2 - 67 kQ
Range
Minimum Shutdown Rprog 70 — 200 kQ
Impedance
Automatic Power Down
Automatic Power Down VPDENTER Vpp<(Vpar Vop<(Vgar —_ 3.5V < Vgar < VReg
Entry Threshold +20 mV) +50 mV) Vpp Falling
Note 1: Not production tested. Ensured by design.

m
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MCP73831/2

DC CHARACTERISTICS (CONTINUED)

Electrical Specifications: Unless otherwise indicated, all limits apply for Vpp= [Vgeg(typical) + 0.3V] to 6V, Tp=-40°C to +85°C.
Typical values are at +25°C, Vpp = [Vreg (typical) + 1.0V]
Parameters Sym. Min. Typ. Max. Units Conditions
Automatic Power Down VppEXIT —_— Vop<(Vear Vpp<(Vgar 3.5V < Var < VReg
Exit Threshold +150 mV) +200 mV) Vpp Rising
Thermal Shutdown
Die Temperature Tsp —_ 150 —_ °C
Die Temperature TspHys — 10 — °C
Hysteresis

Note 1: Not production tested. Ensured by design.

AC CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vbp = [VRreg (typical) + 0.3V] to 12V,
Ta = -40°C to +85°C. Typical values are at +25°C, Vpp = [Vrgg (typical) + 1.0V]

Parameters Sym. Min. | Typ. | Max. Units Conditions
UVLO Start Delay tsTART — — 5 ms | Vpp Low-to-High
Constant-Current Regulation
Transition Time Out of tpELAY — - 1 ms | Vgar < Vpry to Vear > Verh
Preconditioning
Current Rise Time Out of trise — —_ 1 ms | lgyt Rising to 90% of Igeg
Preconditioning
Termination Comparator trERM 0.4 1.3 3.2 ms | Average lgyt Falling
Filter
Charge Comparator Filter tcHARGE 0.4 1.3 3.2 ‘ms | Average Vgar
Status Indicator
Status Output turn-off torr —_ — 200 s  |[lgink =1 mAto 0 mA
Status Output turn-on ton aay = 200 s |lgnk=0mAto 1 mA

TEMPERATURE SPECIFICATIONS

Electrical Specifications: Unless otherwise indicated, all limits apply for Vbp = [VReg (typical) + 0.3V] to 12V.
Typical values are at +25°C, Vpp = [Vrgg (typical) + 1.0V]
Parameters I Sym. I Min. l Typ. I Max. I Units I Conditions

Temperature Ranges

Specified Temperature Range Ta -40 — +85 °C

Operating Temperature Range T, -40 — +125 *C

Storage Temperature Range Ta -65 — +150 °C

Thermal Package Resistances

5-Lead, SOT-23 04a e 230 — °C/W | 4-Layer JC51-7 Standard
Board, Natural Convection
(Note 2)

8-Lead, 2 mm x 3 mm, DFN 0ya — 76 — °C/W | 4-Layer JC51-7 Standard
Board, Natural Convection
(Note 1)

Note 1: This represents the minimum copper condition on the PCB (Printed Circuit Board).

2: With large copper area on the PCB, the SOT-23-5 thermal resistance (64a) can reach a typical value of
130°C/W or better.

m

© 2005-2014 Microchip Technology Inc. DS20001984G-page 5



MCP73831/2

3.0 PIN DESCRIPTION

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLES
Pin No.
Symbol Function
DFN SOT-23-5
1 4 Vb Battery Management Input Supply
2 —_ Vop Battery Management Input Supply
3 3 Vgat Battery Charge Control Output
4 — Vear Battery Charge Control Output
5 1 STAT Charge Status Output
6 2 Vgs Battery Management 0V Reference
P — NC No Connection
8 5 PROG Current Regulation Set and Charge Control Enable
9 —_ EP Exposed Thermal Pad (EP); must be connected to Vgg.

3.1 Battery Management Input Supply
(Vbp)

A supply voltage of [Vreg (typical) + 0.3V] to 6V is
recommended. Bypass to Vgg with a minimum of
4.7 pF.

3.2 Battery Charge Control Output
(Vaar)

Connect to positive terminal of battery. Drain terminal
of internal P-channel MOSFET pass transistor. Bypass
to Vgg with a minimum of 4.7 pF to ensure loop stability
when the battery is disconnected.

3.3 Charge Status Output (STAT)

STAT is an output for connection to an LED for charge
status indication. Altemnatively, a pull-up resistor can be
applied for interfacing to a host microcontroller.

STAT is a tri-state logic output on the MCP73831 and
an open-drain output on the MCP73832.

3.4 Battery Management 0V Reference
(Vss)

Connect to negative terminal of battery and input
supply.

3.5  Current Regulation Set (PROG)

Preconditioning, fast charge and termination currents
are scaled by placing a resistor from PROG to Vgg.

The charge management controller can be disabled by
allowing the PROG input to float.

3.6 Exposed Thermal Pad (EP)

An internal electrical connection exists between the
Exposed Thermal Pad (EP) and the Vgg pin. They must
be connected to the same potential on the Printed
Circuit Board (PCB).

For better thermal performance, it is recommended to
add vias from the land area of EP to a copper layer on
the other side of the PCB.

’ n

© 2005-2014 Microchip Technology Inc.

DS20001984G-page 11



>

SILICON LABS

USBXpress™ Family
CP2102N Data Sheet

The CP2102N devices, part of the USBXpress family, are de-
signed to quickly add USB to your applications by eliminating
firmware complexity and reducing development time.

These highly-integrated USB-to-UART bridge controllers provide a simple solution for
updating RS-232 designs to USB using a minimum of components and PCB space.
CP2102N includes a USB 2.0 full-speed function controller, USB transceiver, oscillator,
and Universal Asynchronous Receiver/Transmitter (UART) in packages as small as 3
mm x 3 mm. No other external USB components are required for development. All cus-
tomization and configuration options can be selected using a simple GUI-based config-
urator. By eliminating the need for complex firmware and driver development, the
CP2102N devices enable quick USB connectivity with minimal development effort.

CP2102N is ideal for a wide range of applications, including the following:
* POS terminals * Medical equipment
+ USB dongles + Data loggers
* Gaming controllers

" 'CP2102N

USB Battery
Charger
Detect

Remote
Wakeup

Voltage
Regulator

USB Connector £ o=

960 byte
Configuration 8%
Memory

uUsB USB Function
External battéry Transceiver Controller
charging
circuitry :
512 byte 512 byte
TX Buffer i RX Buffer

Feature is related to:

B uss

silabs.com | Building a more connected world.

KEY FEATURES

No firnware development required
Simple GUI-based configurator

Integrated USB transceiver; no external
resistors required

Integrated clock; no external crystal
required

USB 2.0 full-speed compatible
Data transfer rates up to 3 Mbaud

USB Battery Charger Detection (USB BCS
1.2 Specification)

Remote wakeup for waking a suspended
host

Low operating current : 9.5 mA
Royalty-free Virtual COM port drivers

48 MHz

Oscillator External

| circuitry for
- USB suspend
states

External RS-232
transceiver or
UART circuitry

B uarT B overall system

Rev, 1.3



CP2102N Data Sheet
Feature List and Ordering Information

1. Feature List and Ordering Information

R EE-0@-0 D

;

L—p Silicon Labs Xpress Product Line

|—> Tape and Reel (Optional)

L Package Type — QFN20, QFN24, or QFN28

Temperature Grade — —40 to +85 °C (G)

Firmware Revision
—— Hardware Revision
—» USBXpress Family, USB-to-UART Bridge

Figure 1.1. CP2102N Part Numbering

The CP2102N devices have the following features:

* Single-Chip USB-to-UART Data Transfer
* Integrated USB transceiver; no external resistors required
* Integrated clock; no external crystal required

Internal 960-byte programmable ROM for vendor ID, prod-
uct ID, serial number, power descriptor, release number,
and product description strings

* On-chip power-on reset circuit
On-chip voltage regulator — 3.3 V output
Pin compatible with CP2101/2/9 (QFN28 package)
Pin compatible with CP2104 (QFN24 package)
« USB Function Controller
* USB Specification 2.0 compliant; full-speed (12 Mbps)
* USB suspend states supported via SUSPEND pins
* USB Battery Charger Detection (USB BCS 1.2 Specifica-
tion)
* Remote wakeup for waking a suspended host
*» Single power supply of 3.0t0 3.6 Vor 3.0to 5.25 V

* Universal Asynchronous Receiver/Transmitter (UART)
* All handshaking and modem interface signals
« Data formats supported
« Data bits — 5, 6, 7, and 8
« Stop bits — 1, 1.5, and 2
+ Parity — odd, even, mark, space, no parity
* Baud rates: 300 baud to 3 Mbaud
+ 512 byte receive buffer
512 byte transmit buffer
Hardware or Xon/Xoff handshaking supported
* Virtual COM Port Device Drivers
= Works with existing COM port Applications
= Supported on Windows, Mac, and Linux
* Royalty-free distribution license
* Direct Driver Support
* Royalty-free distribution license

Table 1.1. Product Selection Guide

Part Number

‘Battery Charger Detect.

Separéte vio

and VDD Pins
(RoHS Compliant)
Temperature Range

{=)]

e

5 o
B =

CP2102N-A02-GQFN28 7 Yes —_ Yes -40 to +85 °C QFN28
CP2102N-A02-GQFN24 4 —— Yes Yes -40 to +85 °C QFN24
CP2102N-A02-GQFN20 4 e — Yes -40 to +85 °C QFN20

Note:

1. Devices with the same ordering part number may have different types of pin 1 indicators. However, all of these variants can use
the same landing diagram as long as the recommended landing diagram instructions are followed.

silabs.com | Building a more connected world.




CP2102N Data Sheet
Typical Connection Diagrams

2.3 UsB

The figure below shows a typical connection bus-powered diagram for the USB pins of the CP2102N devices including ESD protection
diodes on the USB pins.

Note: There are two relevant restrictions on the VBUS pin voltage in self-powered and bus-powered configurations. The first is the ab-
solute maximum voltage on the VBUS pin, which is defined as VIO + 2.5 V in Table 3.10 Absolute Maximum Ratings on page 15. The
second is the Input High Voltage (VIH) for VBUS to detect when the device is connected to a bus, which is defined as VIO — 0.6 V in
Table 3.7 GPIO on page 13. A resistor divider (or functionally-equivalent circuit) on VBUS is required to meet these specifications and
ensure reliable device operation. In this case, the current limitation of the resistor divider prevents high VBUS pin leakage current, even
though the VIO + 2.5 V specification is not strictly met while the device is not powered.

22.1 kQ
47.5kQ - CP2102N Device
VBUS
L VREGIN
USB D+ [ =
Connector D- N
Signal GND
: SPO503BAHT or
T :\ equivalent USB ESD
protection diodes
(Recommended)
P GND

Figure 2.5. Bus-Powered Connection Diagram for USB Pins

silabs.com | Building a more connected world.




CP2102N Data Sheet
Typical Connection Diagrams

The figure below shows a typical connection self-powered diagram for the USB pins of the CP2102N devices including ESD protection
diodes on the USB pins.

Note: There are two relevant restrictions on the VBUS pin voltage in self-powered and bus-powered configurations. The first is the ab-
solute maximum voltage on the VBUS pin, which is defined as VIO + 2.5 V in Table 3.10 Absolute Maximum Ratings on page 15. The
second is the Input High Voltage (VIH) for VBUS to detect when the device is connected to a bus, which is defined as VIO — 0.6 V in
Table 3.7 GPIO on page 13. A resistor divider (or functionally-equivalent circuit) on VBUS is required to meet these specifications and
ensure reliable device operation. In this case, the current limitation of the resistor divider prevents high VBUS pin leakage current, even
though the VIO + 2.5 V specification is not strictly met while the device is not powered.

22.1 kQ _
CP2102N Device
47.5kQ
_ VBUS
_ L =  VBUS
USB D+ l: D
Connector D- >—>
R D-

Signal GND

SPOS03BAHT or

%‘ i\ equivalent USB ESD
protection diodes
(Recommended)

Figure 2.6. Self-Powered Connection Diagram for USB Pins

silabs.com | Building a more connected world. Revi1.30]=8




CP2102N Data Sheet
Electrical Specifications

3.1.8 USB Transceiver
Table 3.8. USB Transceiver

 Symbol  Test Condition

: bﬁfameter

Transmitter

Output High Voltage VoH Vpp 2 3.0V 28 — — \

Output Low Voltage VoL Vpp 2 3.0V e - 0.8 Vv

Output Crossover Point Vcrs 1.3 - 2.0 \Y

Output Impedance Zprv Driving High 28 36 44 Q
Driving Low 28 36 44

Pull-up Resistance Rpy Full Speed (D+ Pull-up) 1.425 1.5 1.575 kQ

Output Rise Time Tr Full Speed 4 — 20 ns

Output Fall Time Te Full Speed 4 — 20 ns

Receiver

Differential Input Vpi [ (D+) - (D) | 0.2 — — vV

Sensitivity

Differential Input Common Mode Vem 0.8 — 2.5 \

Range

Input Leakage Current I Pullups Disabled — <1.0 o HA

Refer to the USB Specification for timing diagrams and symbol definitions.

3.2 Thermal Conditions

Table 3.9. Thermal Conditions

Parameter  TestCondition

Thermal Resistance (Junction to BJa QFN20 Packages - 60 - ‘cw
Ambient)
QFN24 Packages — 30 - °C/W
QFN28 Packages - 26 - °C/wW
Thermal Resistance (Junction to B¢ QFN20 Packages = 32.9 - °C/w
Case
) QFN24 Packages - 24.2 - ‘CwW
QFN28 Packages - 18.8 - *C/wW
Thermal Characterization Parame- |W,r QFN20 Packages - 0.88 — °*C/W
ter (Junction to Top)
QFN24 Packages - 0.3 - °‘C/W
QFN28 Packages - 0.3 - ‘C/W
Note:
1. Thermal resistance assumes a multi-layer PCB with any exposed pad soldered to a PCB pad.

silabs.com | Building a more connected world, Rev. 1.3 | 14




CP2102N Data Sheet
Functional Description

4. Functional Description

4.1 USB Function Controller and Transceiver

The Universal Serial Bus function controller in the CP2102N is a USB 2.0 compliant full-speed device with integrated transceiver and
on-chip matching and pull-up resistors. The USB function controller manages all data transfers between the USB and the UART as well
as command requests generated by the USB host controller and commands for controlling the function of the UART.

The USB Suspend and Resume signals are supported for power management of both the CP2102N device as well as external circuitry.
The CP2102N will enter Suspend mode when Suspend signaling is detected on the bus. On entering Suspend mode, the CP2102N
asserts the SUSPEND and SUSPENDD signals. SUSPEND and SUSPENDbD are also asserted after a CP2102N reset until device con-
figuration during USB Enumeration is complete.

The CP2102N exits Suspend mode when any of the following occur:

1. Resume signaling is detected or generated.

2.A USB Reset signal is detected.

3. A device reset occurs.

4.USB Remote Wakeup functionality is enabled and the WAKEUP pin is grounded.

On exit of Suspend mode, the SUSPEND and SUSPENDb signals are de-asserted. Both SUSPEND and SUSPENDb temporarily float
high during a CP2102N reset. If this behavior is undesirable, a strong pull-down (10 kQ) can be used to ensure SUSPENDb remains
low during reset.

4.2 Universal Asynchronous Receiver/Transmitter (UART) Interface

The CP2102N UART interface consists of the TX (transmit) and RX (receive) data signals as well as the RTS, CTS, DSR, DTR, DCD,
and RI control signals. The UART supports RTS/CTS, DSR/DTR, and Xon/Xoff handshaking.

The UART is programmable to support a variety of data formats and baud rates. If the Virtual COM Port drivers are used, the data
format and baud rate are set during COM port configuration on the PC. If the USBXpress drivers are used, the CP2102N is configured
through the USBXpress API. The data formats and baud rates available are listed in the table below.

Table 4.1. Data Formats and Baud Rates

Data Bits 5,6,7,and 8

Stop Bits 1,1.57, and 2
Party Types none, even, odd, mark, space
Baud Rates 300, 600, 1200, 1800, 2400, 4000, 4800, 7200, 9600, 14400,

16000, 19200, 28800, 38400, 51200, 56000, 57600, 64000,
76800, 115200, 128000, 153600, 230400, 250000, 256000,
460800, 500000, 576000, 921600, 1000000, 1200000, 1500000,
2000000, 3000000

Note:
1. 5-bit only.

silabs.com | Building a more connected world. Rev. 1.3 | 17




CP2102N Data Sheet
Functional Description

4.2.1 Baud Rate Generation

The baud rate generator is very flexible, allowing the user to request any baud rate in the range from 300 baud to 3 Mbaud. If the baud
rate cannot be directly generated from the 48 MHz oscillator, the device will choose the closest possible option. The actual baud rate is
dictated by the following equations.

48 MHz
2 x Prescale x Requested Baud Rate

48 MHz
2 x Prescale x Clock Divider

Clock Divider =

Actual Baud Rate =

In both cases, the Prescale value is 4 if the Requested Baud Rate is < 365 baud and 1 if the Requested Baud Rate value is > 365
baud.

Most baud rates can be generated with an error of less than 1.0%. A general rule of thumb for the majority of UART applications is to
limit the baud rate error on both the transmitter and the receiver to no more than +2%. The Clock Divider value is rounded to the near-
est integer, which may produce an error source. Another error source will be the 48 MHz oscillator, which is accurate to +0.25%. Know-
ing the actual and requested baud rates, the total baud rate error can be found using the equation below.

Actual Baud Rate
Requested Baud Rate

Baud Rate Error (%) = 100 x (1 » ):I: 0.25%

4.2.2 Sending Break Signaling

The CP2102N supports break signaling with an external 10k Ohm resistor between TXD and ground. This resistor is sufficient for break
signaling across all baud rates.

When a Send Break command is received, the CP2102N halts adding new data to the transmitter FIFO and will wait 6 byte times for in-
flight data to complete transmission. It will not process other USB transactions such as RX data reception or GPIO commands while
waiting - transactions will be processed once break is initiated. During this time, if enabled, the RS-485 signal will begin asserting. If
RTS TX Control is enabled, RTS will also begin asserting. Once the 6 byte time has expired, the CP2102N places the TXD line in a
high-impedance state - ignoring flow control status - and the external resistor pulls down TXD to initiate a break.

While sending break the TXT LED toggle is active. USB transactions including RX data reception and GPIO commands function nor-
mally.

When a Stop Break command is received, the CP2102N removes TXD from the high impedance state. It is held for 1 byte time to allow
for stabilization. After that time has expired the transmitter resumes normal operations, and the RS485 and RTS (if RTS TX Control is
enabled) signals wait the specified hold time.
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