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ANALOG
DEVICES

3-Axis, +2 g/+4 o/+8 g/=16 g
Digital Accelerometer

ADXL345

H.|

FEATURES

Ultralow power: as low as 23 pA in measurement mode and
0.1 pAin standby mode atVs= 2.5V (typical)

Power consumption scales automatically with bandwidth

User-selectable resolution
Fixed 10-bit resolution
Full resolution, where resolution increases with g range,

up to 13-bit resolution at +16 g (maintaining 4 mg/LSB
scale factor in all granges)

Embedded memory management system with FIFO
technology minimizes host processor load

Single tap/double tap detection

Activity/inactivity monitoring

Free-fall detection

Supply voltage range: 2.0Vto 3.6V

I/0 voltage range: 1.7V to Vs

SPI (3- and 4-wire) and I’C digital interfaces

Flexible interrupt modes mappable to either interrupt pin

Measurement ranges selectable via serial command

Bandwidth selectable via serial command

Wide temperature range (-40°C to +85°C)

10,000 g shock survival

Pb free/RoHS compliant

Small and thin: 3 mm x 5 mm x 1 mm LGA package

APPLICATIONS

Handsets

Medical instrumentation
Gaming and pointing devices
Industrial instrumentation
Personal navigation devices
Hard disk drive (HDD) protection

GENERAL DESCRIPTION

The ADXL345 is a small, thin, ultralow power, 3-axis accelerometer
with high resolution (13-bit) measurement at up to +16 g. Digital
output data is formatted as 16-bit twos complement and is acces-
sible through either a SPI (3- or 4-wire) or I’C digital interface.

The ADXL345 is well suited for mobile device applications. It
measures the static acceleration of gravity in tilt-sensing appli-
cations, as well as dynamic acceleration resulting from motion
or shock. Its high resolution (3.9 mg/LSB) enables measurement
of inclination changes less than 1.0°.

Several special sensing functions are provided. Activity and
inactivity sensing detect the presence or lack of motion by
comparing the acceleration on any axis with user-set thresholds.
Tap sensing detects single and double taps in any direction. Free-
fall sensing detects if the device is falling. These functions can
be mapped individually to either of two interrupt output pins.

An integrated memory management system with a 32-level first in,
first out (FIFO) buffer can be used to store data to minimize host
processor activity and lower overall system power consumption.

Low power modes enable intelligent motion-based power
management with threshold sensing and active acceleration
measurement at extremely low power dissipation.

The ADXL345 is supplied in a small, thin, 3 mm x 5 mm x 1 mm,
14-lead, plastic package.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

Table 5. Pin Function Descriptions

ADXL345

TOP VIEW
(Not to Scale)

SCUSCLK

Voowo [ 1 | |

GND || 2

RESERVED | 3

GND [ 4
GND | 5

Vs| &
NOTES

1. NC = NO INTERNAL CONNECTION.

SDA/SDI/SDIO

SDO/ALT ADDRESS

RESERVED

o7e25.002

Figure 3. Pin Configuration (Top View)

. NC

| 4

Pin No. Mnemonic Description

1 Vooio Digital Interface Supply Voltage.

2 GND This pin must be connected to ground.

3 RESERVED Reserved. This pin must be connected to Vs or left open.

4 GND This pin must be connected to ground.

5 GND This pin must be connected to ground.

6 Vs Supply Voltage.

7 3 Chip Select.

8 INT1 Interrupt 1 Output.

9 INT2 Interrupt 2 Output.

10 NC Not Internally Connected.

11 RESERVED Reserved. This pin must be connected to ground or left open.

12 SDO/ALT ADDRESS Serial Data Output (SPI 4-Wire)/Alternate 1°C Address Select (I°C).

13 SDA/SDI/SDIO Serial Data (I*C)/Serial Data Input (SPI 4-Wire)/Serial Data Input and Output (SP1 3-Wire).
14 SCL/SCLK Serial Communications Clock. SCL is the clock for I°C, and SCLK is the clock for SPI.
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SPECIFICATIONS

Ta=25°C,Vs=2.5V, Vooro = 1.8 V, acceleration = 0 g, Cs = 10 pF tantalum, Cyo = 0.1 puF, output data rate (ODR) = 800 Hz, unless
otherwise noted. All minimum and maximum specifications are guaranteed. Typical specifications are not guaranteed.

ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Rating
Acceleration

Any Axis, Unpowered 10,000 g

Any Axis, Powered 10,000 g
Vs -03Vto +3.9V
Vooro -03Vto+3.9V
Digital Pins -03VtoVoovo+0.3Vor39yV,

whicheveris less

All Other Pins -03Vto +3.9V
Output Short-Circuit Duration | Indefinite

(Any Pin to Ground)
Temperature Range

Powered -40°Cto +105°C

Storage -40°Cto +105°C

Stresses at or above those listed under Absolute Maximum

Ratings may cause permanent damage to the product. Thisis a
stress rating only; functional operation of the product at these

or any other conditions above those indicated in the operational

section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may

affect product reliability.

Table 1.
Parameter Test Conditions Min Typ' Max | Unit
SENSOR INPUT Each axis
Measurement Range User selectable +2,+4,+8,+16 g
Nonlinearity Percentage of full scale +05 %
Inter-Axis Alignment Error +0.1 Degrees
Cross-Axis Sensitivity? +1 %
OUTPUT RESOLUTION Each axis
All g Ranges 10-bit resolution 10 Bits
+2 g Range Full resolution 10 Bits
+4 g Range Full resolution 11 Bits
+8 g Range Full resolution 12 Bits
+16 g Range Full resolution 13 Bits
SENSITIVITY Each axis
Sensitivity at Xour, Your, Zour All g-ranges, full resolution 230 256 282 LSB/g
+2 g, 10-bit resolution 230 256 282 LSB/g
+4 g, 10-bit resolution 115 128 141 LSB/g
+8 g, 10-bit resolution 57 64 Al LSB/g
+16 g, 10-bit resolution 29 32 35 LSB/g
Sensitivity Deviation from Ideal All g-ranges +10 %
Scale Factor at Xour, Your, Zour All g-ranges, full resolution 35 3.9 43 mg/LSB
+2 g, 10-bit resolution 35 3.9 43 mg/LSB
+4 g, 10-bit resolution 7.1 7.8 8.7 mg/LSB
+8 g, 10-bit resolution 14.1 15.6 17.5 mg/LSB
+16 g, 10-bit resolution 28.6 31.2 345 mg/LSB
Sensitivity Change Due to Temperature +0.01 %/°C
0g OFFSET Each axis
0 g Output for Xour, Your -150 O +150 | mg
0 g Output for Zour -250 O +250 | mg
0 g Output Deviation from Ideal, Xour, Your +35 mg
0 g Output Deviation from Ideal, Zour +40 mg
0 g Offset vs. Temperature for X-, Y-Axes +04 mg/°C
0 g Offset vs. Temperature for Z-Axis +12 mg/°C
NOISE
X-, Y-Axes ODR =100 Hz for +2 g, 10-bit resolution or 0.75 LSB rms
all g-ranges, full resolution
Z-Axis ODR = 100 Hz for +2 g, 10-bit resolution or 1.1 LSBrms
all g-ranges, full resolution
OUTPUT DATA RATE AND BANDWIDTH User selectable
Output Data Rate (ODR)*** 0.1 3200 | Hz
SELF-TEST®
Output Change in X-Axis 0.20 2.10 g
Output Change in Y-Axis -2.10 -020 | g
Output Change in Z-Axis 030 3.40 g
POWER SUPPLY
Operating Voltage Range (Vs) 20 25 3.6 '
Interface Voltage Range (Voo vo) 1.7 1.8 Vs vV
Supply Current ODR = 100 Hz 140 pA
ODR< 10 Hz 30 pA
Standby Mode Leakage Current 0.1 pA
Turn-On and Wake-Up Time’ ODR = 3200 Hz 14 ms
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Figure 28. X-Axis Self-Test Response at 25°C Vs= 2.5V
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Figure 29. Y-Axis Self-Test Response at 25°C Vs= 2.5V
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Figure 30. Z-Axis Self-Test Response at 25°C, Vs= 2.5V
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Figure 31. Current Consumption at 25°C, 100 Hz Output Data Rate, Vs= 2.5V
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Figure 32. Current Consumption vs. Output Data Rate at 25°C—10 Parts,
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Figure 33. Supply Current vs. Supply Voltage, Vsat 25°C
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APPLICATIONS INFORMATION

POWER SUPPLY DECOUPLING

A 1 pF tantalum capacitor (G) at Vsand a 0.1 pF ceramic capacitor
(Cuo) at Voo o placed close to the ADXL345 supply pins is
recommended to adequately decouple the accelerometer from
noise on the power supply. If additional decoupling is necessary,
a resistor or ferrite bead, no larger than 100 €, in series with Vs
may be helpful. Additionally, increasing the bypass capacitance
on Vs to a 10 pF tantalum capacitor in parallel with a 0.1 pF
ceramic capacitor may also improve noise.

Care should be taken to ensure that the connection from the
ADXIL345 ground to the power supply ground has low impedance
because noise transmitted through ground has an effect similar
to noise transmitted through Vs. It is recommended that Vs and
Vopuo be separate supplies to minimize digital clocking noise
on the Vs supply. If this is not possible, additional filtering of
the supplies, as previously mentioned, may be necessary.

Vs Voo vo
cs ;.: ‘ ; c|0
N N
Vs Voo vo
ADXL345
SDA/SDI/SDIO
3- OR 4-WIRE
INTERRUPT INT1 SDO/ALT ADDRESS SPI OR 2C
CONTROL INT2 SCL/SCLK INTERFACE
GND CcS
™\

hd

oreesoe

Figure 44. Application Diagram

MECHANICAL CONSIDERATIONS FOR MOUNTING

The ADXL345 should be mounted on the PCB in a location
close to a hard mounting point of the PCB to the case. Mounting
the ADXL345 at an unsupported PCB location, as shown in
Figure 45, may result in large, apparent measurement errors
due to undampened PCB vibration. Locating the accelerometer
near a hard mounting point ensures that any PCB vibration at
the accelerometer is above the accelerometer’s mechanical sensor
resonant frequency and, therefore, effectively invisible to the
accelerometer. Multiple mounting points, close to the sensor,
and/or a thicker PCB also help to reduce the effect of system
resonance on the performance of the sensor.

ACCELEROMETERS
PCB

N\
t+

MOUNTING POINTS

0OM250%

Figure 45. Incorrectly Placed Accelerometers

TAP DETECTION

The tap interrupt function is capable of detecting either single
or double taps. The following parameters are shown in Figure 46
for a valid single and valid double tap event:

e  The tap detection threshold is defined by the THRESH_TAP
register (Address 0x1D).

e The maximum tap duration time is defined by the DUR
register (Address 0x21).

e The tap latency time is defined by the latent register
(Address 0x22) and is the waiting period from the end
of the first tap until the start of the time window, when a
second tap can be detected, which is determined by the
value in the window register (Address 0x23).

e  The interval after the latency time (set by the latent register) is
defined by the window register. Although a second tap must
begin after the latency time has expired, it need not finish
before the end of the time defined by the window register.

Xui W

i TIME LIMIT FOR ' |

| |+~ TAPS (DUR) \| |
imﬂ._ TIME wm:)owson_,l

© TIME SECOND TAl.’ (WINDOW)

{(LATENT)
1) H
. (memmcccccccees
g : SINGLE TAP DOUBLE TAP
. INTERRUPT INTERRUPT 5
g :
-

Figure 46. Tap Interrupt Function with Valid Single and Double Taps

If only the single tap function is in use, the single tap interrupt
is triggered when the acceleration goes below the threshold, as
long as DUR has not been exceeded. If both single and double
tap functions are in use, the single tap interrupt is triggered
when the double tap event has been either validated or
invalidated.
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OUTLINE DIMENSIONS

PAD A1 ~BSC
049 BOTTOM VIEW
CORNER 1 — — 0.813 x 0.50
=L A
5.00 0.80 _
BSC BSC = ]
-t
0.50 L] -
LF~ E-l |(- H |
TOP VIEW -‘_ _~ 1.01
1.00 —_ iy St
098 — ENDVIEW 074 -
088 0.69

SEATING /

PLANE

0316 2010-A

Figure 61. 14-Terminal Land Grid Array [LGA]

(CC-14-1)

Solder Terminations Finish Is Au over Ni
Dimensions shown in millimeters

FRNE B/ AR R E RS

ORDERING GUIDE

Measurement | Specified Package
Model’ Range (g) Voltage (V) | Temperature Range | Package Description Option
ADXL345BCCZ +2,+4, +8, +16 | 25 -40°C to +85°C 14-Terminal Land Grid Array [LGA] CC-14-1
ADXL345BCCZ-RL +2,+4, +8, +16 | 2.5 -40°C to +85°C 14-Terminal Land Grid Array [LGA] CC-14-1
ADXL345BCCZ-RL7 | +2,+4, +8,+16 | 25 -40°C to +85°C 14-Terminal Land Grid Array [LGA] CC-14-1

EVAL-ADXL345Z
EVAL-ADXL345Z-DB
EVAL-ADXL345Z-M

EVAL-ADXL345Z-S

Evaluation Board

Evaluation Board

Analog Devices Inertial Sensor Evaluation
System, Includes ADXL345 Satellite

ADXL345 Satellite, Standalone

' Z=RoHS Compliant Part.



Limit"2
Parameter Min Max Unit Description
fscl 400 kHz SCL clock frequency
t 2.5 HS SCL cycle time
tz 0.6 Hs tuie, SCL high time
ta 1.3 T3 twow, SCL low time
ts 0.6 S tup sta, start/repeated start condition hold time
ts 100 ns tsu, par, data setup time
te> 456 0 09 S tuo par, data hold time
ty 0.6 US tsu, s1a, Setup time for repeated start
ts 0.6 T tsu, sto, stop condition setup time
to 1.3 HS teur, bus-free time between a stop condition and a start condition
tio 300 ns tg, rise time of both SCL and SDA when receiving
0 ns tg, rise time of both SCL and SDA when receiving or transmitting
tn 300 ns tr, fall time of SDA when receiving
250 ns tr, fall time of both SCL and SDA when transmitting
Co 400 pF Capacitive load for each bus line

" Limits based on characterization results, with fsa. = 400 kHz and a 3 mA sink current; not production tested.

? All values referred to the Vi and the Vi levels given in Table 11,

' tsis the data hold time that is measured from the falling edge of SCL. It applies to data in transmission and acknowledge.

“ A transmitting device must internally provide an output hold time of at least 300 ns for the SDA signal (with respect to Vaima of the SCL signal) to bridge the
undefined region of the falling edge of SCL

* The maximum ts value must be met only if the device does not stretch the low period (ts) of the SCL signal.

® The maximum value for ts is a function of the clock low time (t3), the clock rise time (tyo), and the minimum data setup time (ts.w). This value is calculated as

tsima) = T3 = Tio = tsimin).

/

K

%ﬂlh}

SCL

— |-

START
CONDITION

ty —»

REPEATED STOP

START CONDITION
CONDITION

SEERH IV RENBNFER

725034

ADXL345

PROCESSOR

D IN/OUT

D OUT

PROCESSOR
D OUT
D IN/OUT
:
D OUT %

Figure 34. 3-Wire SPI Connection Diagram

ADXL345
Ccs

SDI
SDO
SCLK

PROCESSOR

D OUT

D OUT

D IN 2
Q

D OUT S

Figure 35. 4-Wire SPI Connection Diagram
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Figure 17. AD9850/CGPCB Electrical Schematic

ADO9850BRS (28-Lead SSOP)

74HCT574 H-CMOS Octal Flip-Flop

470 pF Ceramic Chip Capacitor
0.1 uF Ceramic Chip Capacitor
10 puF Tantalum Chip Capacitor
22 pF Ceramic Chip Capacitor
3.3 pF Ceramic Chip Capacitor
33 pF Ceramic Chip Capacitor
8.2 pF Ceramic Chip Capacitor
22 pF Ceramic Chip Capacitor

Resistors

R1

R2

R3, R9, R10, R11
R4, R5

R6, R7

R8

Connectors

J2,]3,J4
J5t0]9

Inductors
L1
L2

3.9 kQ Resistor
50 Q Resistor
2.2 kQ Resistor
100 kQ Resistor
200 Q Resistor
100 Q Resistor

Banana Jack
BNC Connector

910 nH Surface Mount
680 nH Surface Mount



