InvenSense Application Note

InvenSense Motion Sensor Universal
Evaluation Board (UEVB) User Guide

PURPOSE

This document describes the hardware and circuitry on the Universal Evaluation Board (UEVB). The UEVB is used to
SO tdzr (S Y2aild 2F Ly@Sy{SyasSQa OdaNNByid Y2iA2y aSyaiay3da o:
covers applying the UEVB to adar system, and requires the understanding of key signals and circuit functions,
hardware jumper settings, and port connections.

USAGE

This UEVB provides tipnine axes of motion sensircpmprised of:

Digitaloutput of 3-axis gyroscope with us@rogrammable fultiscale ranges
Digitaloutput of 3-axis accelerometer with usgerogrammable fuHscale ranges
Digitaloutput of 3-axis magnetometer

On-chip temperature sensor

Data is measured using arhip ADCs and is transmitted ové€Clor SPI interfaces

=A =4 -4 -4 A

The UEVB may be used by itself utilizing SPCosdrial communications interfaces. Alternatively, itmay be
connected to the InvenSense ARM Controller Board for connectivity to a host computer via USB interface.

The UEVB was designed to supportup tax@s MPUs (Motion Processing Units) vatbuilt-in compass (MPU
91xxandMPU92x%. Connecting an external compass board to the UEVB may require the user to connect their
third-party compass to the UEVB via its auxilidgg/bus. The UEVB is populatéth an external compass, and can
access the main or auxiliadQ bus lines provided by the sengaiJX_DA and AUX_CL) via resisfifions.

The UEVB is leddee and RoHS compliant.

RELATED DOCUMENTS

Please refer to the product specification of the main motion serfeorelectrical characteristics, pinout and
applications details. Sensor product specificas@an be found atvww.invensense.comrFor product specifications
for unreleased partsplease contact the InvenSensales department asales @invensense.com



http://www.invensense.com/
file://data2/Users/ashih/MyDocs/Alex/Projects/Universal-EVB/Menu/sales@invensense.com
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UEVBOVERVIEW

CKS | 9+, K2zadla Yz2ald 2F Ly@Sy{SyaSQa Y2iA2y &aSyaz2zNar | yR
the UEVB, resistor options were implemented &asy and flexible circuit configuratiorizor example, Table la

shows the most popular parts thatfon the UEVB. Table 1b lists the resistor options for different configurations.

TABLE 1APARTS FOR UEVB FOOTPRINTS

UEVB PART PACKAGE TYPF PIN
IDENTIFIER NUMBER | SENSOR TYP| FEATURE] & DIMENSIONS| COUNT
ITG3400 3-axis gyro QFN, 3 x3x 0.9 mm 24
3- axis gyro,
MPU5400 2-axis accel (X, ) QFN, 3x3x0.9 mm 24
MPU65xx 6-axis (accel, gyro] QFN, 3 x3x 0.9 mm 24
MPU68xx 6-axis (accel, gyro] QFN, 3 x 3x 0.9 mm 24
ULA MPUO2xx | 23S (accel, gyrol - AKM QFN, 3x3x 1 mm 24
compass) compass
ICM103xxX 3-axis accel QFN, 3x 3 x 0.9 mm 24
(Most of) i ]
ICM206xX 6-axis (accel, gyro] QFN, 3 X3 X0.75 my 24
ICM20gcx | O8X1S (accel, gyrop - AKM LGA, 3 x 3 x thm 24
compass) compass
IDG20xx 2-axis gyro (X,Y) ols QFN, 3 x3x0.75 mn 16
I XZ20xx 2-axis gyro (X, 2) ols QFN, 3 x3x0.75 mn 16
IDG25xx 2-axis gyro (X,Y) QFN, 3x3x 0.9 mm 16
(Mostof) 2-axis gyro (X, 2) QFN, 3x3x 0.9 mm 16
ULB I XZ25xX
ITG35xx 3-axis gyro QFN, 3x3x 0.9 mm 16
i QFN, 38 x 0.9 mm
ITG352x 3-axis gyro oIS QFN, 3 x 3 x 0.75 mn 16
ITG3701 3-axis gyro oIS QFN, 3x 3 x0.75 mn 16
ITG358x 3-axis gyro Custom QFN, 3x 3 x 0.9 mm 16
ITG1010 3-axis gyro QFN, 3x3x 0.9 mm 16
1S22510 l-axis gyro (2) QFN, 3x3x 0.9 mm 16
ulicC IXZ2510 2-axis gyro (X, 2) QFN, 3x3x 0.9 mm 16
ICM20608 | 6-axis (accel, gyro| QFN, 3x3x0.75 mn 16
ICG20660 6-axis (accel, gyro] QFN, 3 x3x0.75 mn 16
IMU-30xx 3-axis gyro QFN, 4 x 4 x 0.9m 24
MPU30xx 3-axis gyro QFN, 4 x 4 x 019m 24
MPU33xx 3-axis gyro QFN, 4 x 4 x 019m 24
ulb MPU60xx | 6-axis (accel, gyro] QFN, 4x 4 x 0.8m 24
MPU615x 6-axis (accel, gyro] QFN, 4 x 4 x 0.9mm 24
MPUo1xx | @IS (accel, gyro LGA, 4 x & 1mm 24
compass)

* Future Product. ContadhvenSenseakes for availability.
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TABLE 1BRESISTOR OPTIONS

wMy ' mM{m 0O

Functiors as# 3

__ R22 =0w
‘AfiV_LOGIC Pin Resistor
Option for All Footprints . R18 = On
Functiors as
V_LOGIC
- R22 = Open
R1,R3,R5,R7 = 0w
Reserved

R2,R4,R6,R8 = Open
U1A Resistor

Option

R1,R3,R5,R7 = Open
MPU92xxand other QFN24

3x3x 1mm parts

R2,R4,R6,R8 = 0w

R19=1Q m
Pin15 = High
R20 = Open
U1D Resistor
Option
R19 = Open
Pinl15 = Low
R20=1Q m
R11,R13 = 0w
Connects U2 to primar¢C bus
R12,R14 = Open
U2 Resistor
Option

R11,R13 = Open
Connects U2 to Ul's auxilia”Cl

bus (if available)

R12R14 = Ow
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There are foudifferent footprints on the UEVB PCB (Figures 1A, 1B, 1C anw fibvarious motion sensor$ut
only one maybe populated at a time.

3 [15]
] 7] 1] 1z
UlA UlB
a QFN/LGA24 e 2] QFN/LGA16 [
4 3x3mm (5] 2 3x3mm ]
] (4] ] B
3 3]
RISIRIEIENE o]l [[~]]=]
Figure A: U1A (QFN/LGA24_3x8m) Figure B: U1B (QFN/LGA16_3x8m)
= BIEEIEIER
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] 2] ] 7]
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giain miERiElElE
Figure T U1C (QFN/LGA16_3x3m) Figure D: U1D (QFN/LGA24_4xdm)

The UEVB is populated with componemwisly on its top sideKigure 2)Yo achieve ease of measurement access. A 10
x 2 connector (CN1) is designed to interface with the InvenSense ARM Controller Board, which is a host
microcontroller board useful for programming the registers of the sensor on the UEVB and accessing sansar da
a PC or laptop through the USB port.

A 3pin power selection header (JP1) is provided to choose the volegfor VDD. Similarly, a@n VDDIO
selection header (JP2) allows the user to selectthe power source forthe®aandd Sy a 2 NQ& RAIAGF £ L krh
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KEY FUNCTIONS AND PINOUTS

The motion sensing UEVB is a fully assembled and tested evalbatod, allowing for simple and swift

SOl f dz GA 2y 2V Zaxks@ngis @Ak @dsedpe/¥/ Zaxis accelerometer, and-X-/ Z-axis

compass. The motion sensing device has a primary interface to talk to the application processor and a yecondar
interface that allows a user to communicate with an external sensor, such as a pressure sensor or compass.

The motion sensing device utilizes InvenSéhg@eprietary MEMS technology with driven vibrating masses to
produce a functionally complete, leaost motion sensor. The motion processing unitincorporatég-)Z-axis
low-pass filters and an EEPROM foranp factory calibration of the sensor. Factdrymmed scale factors

eliminate the need for external active components and-erskr calibratim. Abuiltin ProportionaiTo-Absolute
Temperature (PTAT) sensor provides temperature compensation information. Refer to the product specification
document for each sensor to obtain more details on specéitsorfeatures.

I2C/SP1 BUS CONNECTIONS

The UEVB communicates with a system procegsgrinvenSense ARM controller bogtbrough the custom
header using either the?C or the SPI serial interface. The device always acts as a slave when communicating with
the system processor.

Part Number:
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Figure 2.Top Side of the UEVB (e GIPU-65xX
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UEVB

SCHEMATIC

INV Universal EVB
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UEVB

BILL OF MATERIAL (BOM)

The UEVB offers filRA F T SNB y (i

. haazx

There are two BOM versions for Uldhd one eaclone forU1lA UlBandU1C

TABLERA. BILL OF MATERIAL R@R (e.g. with MPU92XX

GKAOK 02 0SNRAZB2C2D2aRd2E)y Sy { Sy a §

ITEM QUANTI REFERENCE PART PCB FOOTPRINT
Header10x 2, M,
1 1 CN1 90D, 2.54 2.54mm HDB2X14NRA
C1,C2,C3,C4,C5,C6,C7,C8,C9,C11,C12,
2 16 C13,C14,C18,C19,C20 0.1uF €0402
3 1 C10 2200pF C0402
4 2 C15,C17 2.2uF C0402
5 1 Cil6 0.033pF C0402
3-Pin Header2.54x
7 2 JP1JP2 2 54mm, Male SIR3P
9 8 R9,R10,R15,R19,R21,R23,R24,R25 101 m R0402
10 7 R1,R3,R5R7,R11,R13 R22 om R0402
11 1 R18 11 m R0402
13 1 UlA MPU92xx QFN24_3x3 mm
17 1 u2 AK8963C BGA14 _2X2 mm
18 1 U4 XC6210B302MB SOT25
TABLER BILL OF MARHAL FOR U1B (e.g. with FB&XX
ITEM QUANTI REFERENCE PART PCBFOOTPRINT
Header10x2, M, 90D,
1 1 CN1 2 54%2 541mm HDB2X14NRA
C1,C2,C3,C4,C5,C6,C7,C8,C9,C11,
2 16 C12,C13,C14,C18,C19,C20 0.1uF €0402
3 1 C10 2200pF C0402
4 2 C15.C17 2.2uF C0402
5 1 C16 0.033pF C0402
3-Pin Header2.54x
7 2 JP1JP2 2.54mm, Male SIR3P
9 8 R9,R10,R15,R19,R21 R23,R24,R25 101 m R0402
10 3 R11,R13,R22 Om R0402
11 1 R18 11 m R0402
QFN16_3X3
14 1 UiB ITG35xx (0.5PitchA
BGA14_2X2
17 1 u2 AK8963C (0.4Pitch)
18 1 U4 XC6210B302MB SOT25
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UEVB

TABLEQ BILL OF MATREAL FOR U1C (e.g. with {IGLO

ITEM QUANTITY] REFERENCE PART PCB FOOTPRINT
Header 10x2, M, 90D,
1 1 CN1 D edxo A HDB2X14NRA
C1,C2,C3,C4,C5,C6,C7,C8,C9,C11,
2 16 C12,C13,C14,C18,C19,C20 0.1uF €0402
3 1 C10 2200pF C0402
4 2 C15,C17 2.2F C0402
5 1 C16 0.033yF C0402
3-Pin Header2.54x
7 2 JP1,JP2 > 5amm. Male SIR3P
9 8 R9,R10,R15,R19,R21,R23,R24,R25 | 101 m R0402
10 3 R11,R13,R22 om R0402
11 1 R18 11 m R0402
QFN16_IT36_3X3
15 1 U1C ITG1010 — 190
(0.5PITCH)A
BGAL4 2X2
17 1 u2 AK8963C ©APITCH)
18 1 U4 YB1210ST25R300 | SOT235

TABLED. BLL OF MATERIAL FOR U1D, OP-A@N. with MPU60XX)

ITEM QUANTITY REFERENCE PART PCB FOOTPRINT
Header 10x2, M, 90D,
1 1 CN1 A HDB2X14NRA
C1,C2,C3.C4,C5C6,7,C8,CI.CI1,
2 16 C12,C13,C14,C18,C19,C20 0.1uF €0402
3 1 C10 2200pF C0402
4 2 C15C17 2.2F C0402
5 1 C16 0.033yF C0402
3-Pin Header2.54x
7 2 JP1,JP2 > S 4mm. Male SIR3P
9 8 R9,R10R15,R19R21 R23 R24 R25 101 m R0402
10 3 R11R13R22 om R0402
11 1 R18 11 m R0402
16 1 U1D MPU-60xx QFN24_4X4(0.5 PittH
17 1 u2 AK8963C BGAL4_2X2(0.4Pitph
18 1 U4 XC6210B302MB SOT25
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TABLEE BLL OF MATERIAL FOR U1D, OP-BI@ly. with MPU91XX)

ITEM QUANTITY] REFERENCE PART PCBFOOTPRINT
Header10x2, M, 90D,
1 1 CN1 5 5A%2 541 HDB2X14NRA
C1,C2,C3,C4,C5,C6,C7,C8,C9,C11,
2 16 C12,C13,C14,C18,C19,C20 0.1uF €0402
3 1 C10 2200pF C0402
4 2 C15.C17 2.2UF C0402
5 1 C16 0.033uF C0402
3-Pin Header2.54 x
7 2 JP1,JP2 2 54mm, Male SIR3P
9 6 R9,R10,R15,R21,R24 R25 101 m R0402
10 5 R11,R13,R20,R22 R23 om R0402
11 1 R18 11 m R0402
16 1 uibD MPU91xx QFN24_4X4(0.5 Pitgh
17 1 u2 AK8963C BGA14_2X2(0.Ritch
18 1 v4 XC6210B302MB SOT25
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POWERSUPPLY CONNECTIONS

JP1 and JP2 are@nheaders which allow the user to select between anboard LDO (Lowoltage Dropout
Regulator, U4) and an external DC supply (VIN) to power the motion sensor t&ids daease refer tdable 3.

TABLE 3. POWER SELECTION JUMPERS (JP1, JP2)

JP1 PIN NUMBER SIGNAL DESCRIPTION
1-2 Shunted VDD = 3V (from LDO, VIN %\B.net name 3V0)
2-3 Shunted VDD = VIN (from an external source)
JP2 PIN NUMBER SIGNAL DESCRIPTION
1-2 Shunted VDDIO = VDD
2-3 Shunted VDDIO = 1.8V (from an external source, net name 1V8

The onboard lownoise 3V LDO offers an outptitat is called 3VO (Figure 3). Using thil ensure that the sensor
performance will meet dataheet specifications.

Selecting VIN to powemhé chip/board is generally done while designing and evaluating an embedded platform,
GKSNE (KS K2aid LINRPOSaaz2NJlyR NBfFIGSR St SOGNRYyAOa ySSR
supply.

Ifa userintends to use the dmoard 3V power soure, an external VIN must be provided wiitthe rangeof
3.1~6.0V to ensure the LDO works properly.

Ifthe user provides a VIN power lewdlx3.6V, JP1 and JP2 must be shunted across pidssince the motion
AaSYyaz2NBRQ 55 | yR +55DMBV.2LISNI GA2yFf NI y3aSa I NS

'.F
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UEVB CONNECTOR SIGNALS DESCRIPTION

TABLE 4. USER INTERFACE CONNECTOR SIGNALS (CN1)

CNL PIN

NUMBER CN1SIGNAINAME SIGNAL DESCRIPTION
1 AUX DA AUX_DA. AuxiliaryCserialdatasignal

2,4,9,12,

14,16, 19, .

25, 26. 27, N.C N.C. Do not connect to these pins
28
3 AUX_CL AUX_C. AuxiliaryaCserid clocksignal
5 1v8 1Vv8 Pwer. Receive power from InvenSense ARM controller board

an external source.
6 DRDY DRDY. Bta ready and FIFterrupt signals
7 INT INT. hterrupt output signalto controller.
8 #3 Test SignalNot used indC mode; used as chigelect pinin SPI mode
10 DRDYCMP Compass (U2) DRDEompass data ready signal
11 TPO Ted Sgnal
13 VPP Ted Sgnal
15, 17 GND GND. ®und connection
18 REGOUT REGOUT. Sy & 2 dtipaegudagbr output
20 SCL_SCLK SCL/SCLHKEC or SPprimary seriaklocksignal
21 FSYNC FSYNC. &me synchronization inpdibr camera applications
22 SDA SDI SDA/MOSII2Cprimarydataor SPI MOSI signal
23 VIN Power. Receive power from InvenSense ARM controller board or 4
external source.
— —

24 ADO_SDO glgl():]l:/lolds(;)mwest(LSB)address bitn I°C modeor SPI MISO signial
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CONNECTING THE FSYNC LINE

¢KS C{.b/ tAYS Aa AyYlSydabiRatoresisteozit S arfinputirom@e cad¢id pRtiornrh YI 3 S
to the UEVB, andis iended tosynchronize the motiorsensor seriabus transfer with the master timing set by
the camera system.

SERIAL BUS LEVELS, SPEEDFERMINATIONS

The UEVBsupports ¥C communications up to 4Hz or SPI communications up 1MHz clock rates for writing.
In SPI modet can be operated atup to 2BIHz for reading. The€ bus operdrain pultup resistor® m n arg m 0
connected to VDDIO.
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DATA GATHERING OPTIONS
CKS Y2GA2Yy aSyaz2NRa RAIA[LGE. @SYBEEINRENIIFbh@ I O AENWIK A P
a host PC, an InvenSense ARM controller board may be used.

CONNECTION TBIEINVENSENSE ARM CONTROLLER BOARD

For communications via USB with a hostcomputer, the UEVB can be connected to the hsecAR& controller
board. InvenSense provides a softwaoel to support the collection of sensor data through the UEVB/ARM
controller board combo connected to a PC/laptop via a USB port. Please refer ltoviireSense Data Logger (IDL)
Application Notesdocument for additional instructions on how to use tis®ftwareto obtainsensor data. This
information can be provided by your local field team on amasded basis.

Figure 4 shows the connection of the UEVB to litneenSens@RM controller board. Coneé&ons between the two
boards are made via header CN1 on the UEVB and connector JP6lownéh&ense ARMontroller Board.

Figure 4. UEVB connected tbe InvenSense ARM Controller Board

USE OF THE UEVB WITHOUT AN ARM CONTROLLER BOARD

I12C andSPI signals are made available on header CN1. Users may develop their own tools to communicate with the
UEVB as there is no bus mode selection setting required.













