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(THELMA: THick Epitaxial Layer for Microactuators and Accelerometers)
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Source: iFixit teardown report
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9 : A+M+G
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( a : m/sec² )

Dual Chip in One Package
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(Gauss)

:  0.5 ~ 0.6 Gauss

3axis Digital 1.3/8.1 gauss



(E-compass) –

� Analog supply voltage: 2.5 V to 3.3 V 
� Digital supply voltage IOs: 1.8 V 
� Power-down mode 
� 3 magnetic field channels and 3 acceleration 

channels 
� 1.3 to 8,1 gauss magnetic field full-scale 
� 2 g/ 4 g/ 8 g dynamically selectable 

fullscale
� 16-bit data out 
� I2C serial interface 
� 2 independent programmable interrupt 

generators for free-fall and motion detection 
� Embedded self-test 
� Accelerometer sleep-to-wakeup function 
� 6D orientation detection 

on 

(LSM303DLH : 3 + 3 )

(E-compass) –

Parameter Typ. Unit
Linear acceleration sensitivity ( ) 1 Mg/digit
Linear acceleration sensitivity change vs. 
temperature ( vs. )

0.01 %/ C

Linear acceleration typical zero-g level offset 
( )

20 Mg

Linear acceleration zero-g level change vs. 
temperature ( vs. )

0.1 mg/ C

Magnetic gain setting ( ) 430 LSB/gauss

Magnetic cross-axis sensitivity ( ) 1 %FS/gauss
Magnetic resolution ( ) 8 mgauss

* Vdd = 2.5 V, T = 25 C unless otherwise noted
* Linear acceleration measurement range 2.0 g
* Magnetic measurement range 4.0gauss 



( Ω : degree/sec )

Drive mode

Roll mode Yaw mode

Vdrive

Ω

aCor = -2 Ω x Vdrive
a: Coriolis acceleration
Ω: rata of rotation
V: velocity of proof mass

(Gyroscopes) –

� 2.7 V to 3.6 V single-supply operation
� Wide operating temperature range (-40 

C to +85 C)
� High stability over temperature
� Analog absolute angular-rate outputs
� Two separate outputs for each axis (1x 

and 4x amplified)
� Integrated low-pass filters
� Low power consumption
� Embedded power-down
� Embedded self-test
� Sleep mode

(LPR430AL: dual-axis pitch and roll 300 dps analog gyroscope)



(Gyroscopes) –

Parameter Typ. Unit
Measurement range ( ) 1200

(not amplified)
dps

Sensitivity ( ) 0.83 mV/dps
Sensitivity change vs. temperature 
( vs. )

0.07 %/ C

Zero-rate level ( ) 1.5 V
Zero-rate level change vs. temperature 
( vs. )

0.05 dps/ C

Non linearity ( ) 1 % FS
Bandwidth ( ) 140 Hz
Rate noise density ( ) 0.018 dps/√ Hz

* Vdd = 3 V, T = 25 C unless otherwise noted

Pressure Sensor ( mbar )

Pressure

∆ R
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Membrane

A
S

IC



Pressure Sensor (mbar )

15970
15975
15980
15985
15990
15995
16000
16005
16010
16015
16020
16025

1 292 583 874 1165 1456 1747 2038 2329 2620 2911 3202 3493 3784

Row data 32 avarage

elevator

my desk

3rd floor

stair

2rd floor

stair

1rd floor

basement

elevator

my desk

� The relationship between the units is:
1 atm = 14.7 psi = 76 cm.Hg = 29.92 in.Hg = 1.01325 bar = 1013.25 mbar

� The atmospheric pressure vs. altitude can be expressed as Equation 

where:
P = the air pressure at the 

altitude in the unit of mbar
P0 = the standard atmosphere, 

1013.25 mbar
Altitude = the height above sea 

level in meters

( Pressure Sensor) –

� Piezoresistive pressure sensor
� Very low power consumption
� 300 -1100 mbar absolute pressure range
� 0.1 mbar resolution
� Embedded offset and span temperature 

compensation
� Embedded 16-bit ADC
� SPI and I2C interfaces
� Supply voltage: 2.2 V to 3.6 V
� 1.8 V compatible IOs
� High shock survivability (10000 g)

(LPS001DL: 300 - 1100 mbar absolute digital output barometer)



( Pressure Sensor) –
Parameter Typ. Unit
Operating pressure range 
( )

300 -1100 mbar

Resolution in normal Mode 
( )

0.1
(P=1013 mbar; T=25 C)

mbar

Accuracy ( ) 20
(P=300 to 1100 mbar; T=25 C)

mbar

Accuracy over temperature range 
( vs. )

1.5
(P=1013 mbar; T=25 C to 60 C)

mbar

Pressure sensitivity ( ) 16 LSb/mbar
* Vdd = 2.5 V, T = 25 C unless otherwise noted

Absolute Vacuum, Zero psi

Atmospheric Pressure
(1 bar -100Kpa –14.5 psi)

Absolute 
Pressure 

Differential 
Pressure 

Absolute 
pressure Sensor 
– One inlet hole 
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APPLICATION CURRENT 
MEMS

NEW 
MEMS FUNCTION
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*  Magnetometer needs Accelerometer for inclination compensation. A+M is called e-compass in ST 
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*  Magnetometer needs Accelerometer for inclination compensation. A+M is called e-compass in ST 

(2)

Pictures are used as example of application



Star Walk

Sleep Cycle 
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iNEMO™ ST

iNEMO3-axis 
Accelerometer

3-axis 
Gyroscope

3-axis 
Magnetometer

1-axis Pressure 
Sensor

iNEMO
Engine

330

10 Degrees of Freedom



iNEMO™: iNErtial MOdule
Smart sensor: combination of sensors, data 
processing and information transmission

THANK YOU!
For more information, please contact 
chiung.lee@st.com or visit  
www.st.com
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iNEMO V2.2 
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iNEMO V2.2 
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iNEMO V2.2 
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iNEMO V2.2 
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iNEMO V2.2 
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iNEMO V2.2 
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iNEMO V2.2 
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� 2. DfuSe GUI : 
� -> -> STMicroelectronics -> DfuSe ->

DfuSe Demonstration”.
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� 3. (C:\Program 
Files\STMicroelectronics\iNEMO Suite\Firmware\DFU_Images)
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� 4. Vendor ID = 0483, Product ID = 7007
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� 5. 
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� 6.
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� 7. DFU
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� 8. DFU
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� iNEMO SDK

� visual studio iNEMO SDK
�

� iNEMO2_SDK.h, INEMO2_SDK.lib, iNEMO2_SDK.dll
� iNEMO2_SDK.h API

� For example 
� C:\Programe Files\Stmicroelectronics\iNEMO v2 

SDK\iNEMO2_SDK Client
� iNEMO_SDK Client.cpp
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� http://www.st.com/internet/evalboard/product/250
367.jsp

� http://www.st-
inemo.com.tw/index.php?name=download
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