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ANALOG
DEVICES

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

ADXL345

FEATURES

URralow power: 51 bow a3 40 pA in measurement mode and
0.7 A in standby mode st Vs « 25V iypical)
Poreer conuemption 1 ales petomatic ally weh bandwisth
User-velectable resalution
Fined 10 hit tesodutinn
Full resolution, whees resolution increasses with g rangs,
WP 10 1 E-Dit tebodumion 3T £ 16 § (Maintaining 4 m'LS8
scale tactor in all g ranges)
Embedded, patent peading FIFO technology sinimizes hest
Prodessod boad
Tap'doubls tap detection
ACKIITY WNSCTIVITY Dm0 g
Frowe Gl detection
Supply voltage range: 2.0V 10 16V
VO voltage range 1.7 V10 ¥y
WP (L and &-wire) snd 1°C digital intarfaces
Flexible intenrupt moder mappahie 10 edther mtertupt pin
Mearurwment ranges selectabio via tenal command
Mandwedth vedectable vis sadiad command
Wids tempersture sangs (-40°C 10 +8%°C)
19,008 g vhos k wurvival
Pb feesRoMS compliant
Senall and thire 5 mm < 5 mum « 1 o LGA package

APPLICATIONS

Mandeets

Medical intrementation
Gaming and posniting deviced
Industrisl mstrumentation
Patronal navigation devices
Hard dish drive (HDD) protedtion
Fitness equigsment
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GENERAL DESCRIPTION

Thie ADXEIE5 o wenall, i, bow poowier, 3 scovbisimmetor

with hagh reschution (15 et ) messuremsent &t op % 116 g Digital
oxtpet duta s Formatied aa 16- b twen comploment snd i acom-
witde throagh sither 3 SPT 13- or &-wine) or 1'C Jigital interface

The ADXESS by welll suited foe mobsle devioe applications. it
mwaseres the wabn scceleratson of gravity In Wt -wmsing sppii-
caom. i well 5 dnama scceleraion reseling from moton
or shock. v high sessduon (4 mg LR onables messerernent
of indination cunges bess thas 107

Severad gpecial wnning fencSons are provided, Activity and
Inactivity sensing detect the presence oc lack of msotion and if
the siceberation on any s esoeeds 3 user-wet level. Tap sensing
detects singhe snd doudhle Lapa. Free-fall wensmg detocts of the
device b falling, These functions can be mupped 10 oo of twe
inkerrupt oetpul pios. An inteprated. palomt peoding 32-leved
fimst b, first ont (HUFOY Daffer cam be usod b0 stove data b0
it hosd froceisod inler vinlios

Lovw pospr moden enabde mtellipent ssotion- b power
muanagermers with thresdvld seming and actove sccelerstion
mearerement o cutendy bow power disipation

The ADKLMS s voppliod i o sl thin, 3 mm = 5 mn »

1 mm, 1 &-Joud, plestic package




FUNCTIONAL BLOCK DIAGRAM
Vs Vop o
ADXL 345 POWER
MANAGEMENT
£
| ] (] ] r
1 SENSE N \ | N CONTROL INT 1
— ELECTRONICS [—] ADS R INTERRUPT
3.A318 || || v V| " Locic INT 2
SENSOR
I
L [ N SDA/SDUSDIO
FIFO SERIALLO SDO/ALT
ADDRESS
SCL/SCLK
A &
O O
GND cs

Alisee ooz )0 Sopd Bl ) 1, axka claal o Slas 5 > Pinout
s (gl dadad cqy ol slaadle a4 ol 4Dl Az gm0 e ol
A L8 Glae o |y dxdad saled e a5 285 gl p) ol ) s A5 Sl
laasl oleds ) danlad 0)dsd o (5 )l3Kal lrasl aieSs aSul § (sl g
slodle I can (Wlead )ld8 o)l cele sloaie cy> WSe

VEL S KW E I | g s

Qs [ 1 - 16 ]Vcc
Qc [2 15 ] Qa
N | E 14 [] ser
Qg [ 4 13 ] OF
Qr []5 12 [] rerx
Q [ls i1 [] srerx
Qs [7 10 ] SRCIR
GND []s 9] e
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VCC:1s the supply voltage (commonly 6V or ¥/¥V), CLK 1s clock,

CLR 1is clear, OE is output enable

ol sduiS las ,_.,T Al YL L o)lo 0gmg o)l Codle o SO pb LS S

Jes Ve 5ldg b 5 ail o active low go 3l oo ol a5 ool Lire 2l a0 ool
Seh e Jld Vee L a5 active high Llis 0 05 5 e

g2 S5
/ | NSNS | SESN ) SE—— S—— ——
3 2 1 20 19
 []4 18] sEr
Qe []5 17[] oE
Ne []s 16| nc
Qr []7 15 [| rerx
Qe []= 14[] srerx
9 10 11 12 13
| o I o [ e e B |
ZERET:

polie mos 3 le el ol .ol ool dalsl jo SO 2SIl laseie ol 32 Jolas

3 55 e S Ceaglie yud il ) LB Wilgs e dnlad S am0 o LS |y 3lhae
DS 395 3 lge 00

ABSOLUTE MAXIMUM RATINGS
Table 2.
Parameter Rating
Acosderation
Any Axis, Unpowesed 10,0004
Arty Astis, Powered 100004
Ve -03Vte 436V
Veore =03V 1w 436V
Diaital Pins =03V e Voo +03V or
36V, whichave| i less
All Othyer Pins ~03Vte 436V
Qutput ShotLCircuit Duration Indefinee
(Any Pin to Ground)
Temperature fange
Powered =407C o +1057C
Storage =40"C 10 +105"C
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7.3 Recommended Operating Conditions
Vel OpESANG fTee- A lemgaratae Tange (uniess ctherwrie noted)”!

b 2
Vg Susply voltage
Ve =2V
Vi Highieved sl vollage Vo =45 Y 115 115 v
vlncv 42 42
Ve =22V 0L 0%
Vi Lowdewl npat volage Vee 56V 135 18] v
Voo 2RV i "
Vi Irgat veftage 0 Ve 0 Vee! ¥
Vg Oulpat voltage 0 Vg 0 Vee| V
Ve =2V o 1000
Aldv  irgedt Eaneon ree of [ ey Voo 545V £00 00! m
Ver =8V 400 400
Ta Tperairs) oo 2 emporabse 55 125 4D 8] T
(1) AN urumed nguts of B deacr onut be hekd Ve o GND Yo s groges devior cgeration. Sew the 1) agplication regont,
of Show o Flosting CMOS frgns, SOADOL

@ lzm-mnnmmmv.m 05V eV, mn = 15 V), e s 8 polenial 1 go 50 e wiong siie bom
mmu-&rnm Oparatng with B epats of § © 1000 ro and Vo 2V does not demage the devoe,
Bowewer . Rrctorally the puts are nol ersansd wide I e sl count, of logghe Operiing modes.

plp yo axhd o Slae a5 iz loged iz L SO gllo Sladad 5l Sy
Ao e il (opf 5ol a0 (i jldg) caliee sl L

Input Voltage Range Tnput Current
15 %0
~ 8
@m // g x =30,
- et P-‘-—-
2 NEGATIVE / 3 50 l I -
E /WME E 40 W +15 T
- [
£ s 0
E / 20— '|f*'-+5I Ve
¥ |/ 0 B
0 5 10 15 U535 a5 5 25 45 65 85 105 135
V'oRV" POWER SUPPLY VOLTAGE(V,,) T, ~TEMPERATURE (C)
Supply Current Voltage Gaimn
T, © N
3 él —1
s R R, =208
30 & T
E 2 g 0 . o 2003
E = :
[ A T S L e E 40
B et
O e
1] 10 0 n 1] 10 0 30 0
SUPPLY VOLTAGE(V,,,) SUPPLY VOLTAGE(V,.)
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ADXL345

Pc

With T3 tied Migh 1 Yoy the ADXL38S i n 1'C mode,
requriag 3 simple 2-wire cosnection s dhown in Fagere & The
AUKLMS conforms 1o the UM MN20E PC-Bas Spacificntion wad
Uber Aasssal, R, 00— 19 Jume 2007, availsble froen NXP
Semuoneddactor I wapports stasdand (100 kits) aod fat (400 LM1)

1 cthar devices soe conmmcted to the saave 1'C bax, the nemminal
eperating vakags kovel of U other devices canoet exored Ve
By mmooe than 9.3 V. Eaversal pall o resinoes, B, are secessary
for peuper 1'C operation. Refer bo the LA IOXM FFC- B
Specificarion and User Manwwd, Frv 03— 19 lune 2007, when
schacting pull up sestuor raluet 1 aere profes operation.

day tramedor modes i the tining perameten given in Table 11 10, 1°C Digital InputéOwtpat Volunge

and Figure 19 ser et Senghe- o0 anadtiple byse teaditwrides are :H-“ e ™3 [T
wapporied, 2 shown @ Figere 9. With the SDO/ALT ADDRESS “Ohgeal ingut vorage

o Bigh, the 7-bit PC addoess for thhe device ks Sxi D), followed by Low Lavel Iagmet Veltage (Vi) 025 XVonee | Vs
hW&M.ﬂ-n&nhaﬁdh!hnﬂ Mg Leved put Vokage (Ve 075 xVaore | Viin
An sernaie P'C addrom of 0253 (ollowed by the /W bit) can Oigeal Outonst Votage

be chasen by grounding the SOOVALT ADDIRESS ple (Fin 12). . Low Liwsl Output Valtage (V) 02 xVoew | Vi
This tramshates 00 QeA for & write and QAT for a read. ‘e taabead:

e twuted.
Wi bt g s 0nly o Vs € TV W W > ' B ot i B4 ¥ .

Veowo

m-.-n.—v—--a-_-

oS col alize glajloe glp dgei laSel Lld leoailns I aw
Sy dete jlows slaSeh Cdil Lol wigd azsls o] Glbl s asle e
S oSS sl gyl cpl 5l sl iedne plply it LI slaodg
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Typical Single - Supply Appllcations ( V.= 5.0 V,.)

LED Driver
Mma Ve
Fa
R,
i

Curent Momitor
R &

Viltage Follower

Llowiluo g omua e jloe SO 50 605 5w 0gou dy Siladad 5l 20
Sials sl SaSs Lls Wil e opl azes e a3l | axlad layout 4 asg5
Tl asle a5 0l ceal SOL Cllasdle o Syl Blue boys3 e

DS oolazl LT 5l 5

ACCELFROMETEES
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Input —— Process — Output

Figure 1.1 Process to be controlled.

Desired output Actuating
—_— -
response device

Process — Output

Figure 1.2 Open-loop control system (with feedback).

Desired output
response

Comparison

Controller & Process » Output

N

Y

073

Measurement t

Figure 1.3 Closed-loop feedback control system (with feedback).
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Closed -loop control system: Flush toilet

Plant : water tank — —l
Input : water flow
Output : water level hit) LN

Expected value : h, float ___,_..-r"‘"'
Sensor : float M
h:

Controller : lever - — -
. byl (— — — —
Actuator : piston — J— —

Controller Actuator Plant B
b, . q, ® h ® %{ threshold
Lever Pizton g
Water Tanlk —
] %@
Float
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FIGURE 1.4
Watt’s flyball governor.

Water

FIGURE 1.5 t ]
Water-level float regulator. Float
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FIGURE 1.6

(a) Automobile

steering control system. (b)
The driver uses the difference
between the actual and the
desired direction of travel to
generate a controlled
adjustment of the steering

wheel.

FIGURE 1.7

A negative Input
desired

feedback system oelj:;t

block diagram

depicting a basic
closed-loop control system.
The control device is often

called a “controller.”
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FIGURE 1.8
A three-axis control system For inspecting individual semiconductor wafers

with a highly sensitive camera.
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FIGURE 1.9
The Utah/MIT Dextrous Robotic Hand: A dextrous robotic hand having 18

degrees of freedom
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(a) Open-loop (without feedback) control of the speed of a turntable.
(b) Block diagram model

sl |y s s 5350 (nl ) peiS (g0 S S ye lgie 4y de 550 S
) SloasS cugii Lo j5ige 4 (695,35 S5 slp w5 o0 Jlesl H5i50 S5 L
O3 b bl w05 @l 3 1) 5l 0550 (g WlsS 0 AT uiS o0 l]
a5l oolaiul b i ol Ccsl ol ools Las VYV (Q) KO 50 (SGaus
P90 4 g 0dd Cogll Sy (nl.aiS oo obul ) ey b canline 51y (6 5L
T3 5 S o o 1S ol8ias Slaseiio b dils ol So Sol 055 o Jlac!

el 00 ools HLas VIZV (D) ISKs e

JYVWEIWING VRNV] P PR T | ‘_JSJS.LLJJB&_}L}WHS&&JJBT Cowddy (gl

40



Sedd s w55 opl R o0 Bl s S 0 sy So sl s >
Uos 5Lds ol onds ools HLas VY2V @) S j0 a5 0,5 o IS0 i 4zl
Syl ge oty yiagSL 5k 5 (59959 S5 e S5 )

5l il s 5 GL) LAY S (o0 aians 45 oo il Lo
Lot 2alS gl g oo oo grasly Lallas dy (oo gimms L5 ol V1)) S
s s o (gllas 45" il LT I o 385 (gliml b S o IS
B p oy S 4 L ddls s 4

Battery Y —
AAA v
Speed ) g
setting am[pjlgﬁer u DC motor
Tachometer
(a)
Control device Actuator Process
Desired E _
5;:;; - Amplifier > mrc}for » Turntable :ic;l;;l
(Voltage) P
Measured speed Sensor
(voltage) Tachometer
(b)
FIGURE 1.12
(a) Closed-loop control of the speed of a turntable.
(b)Blockdiagram model.
:Turntable tyagS U
bjﬁgﬂhusi'duua)fahuad.} QJJ?‘}DJUCAS)”JG“'GJuﬂ
Sy (o0 095 )90 I (gl eoler aplii alpwg SO )5 029
> 3 Y gore WS oo (G S 0 0]
ALBY 3O s

41



=1k e

il gl (3353 J ySS s
A JpIﬁOTJJJM_LS'LFAL?bbJ)ﬁWJL?HIGIﬁd_ijju_ig'Ln

S Gaa ol

R VEL ] e C LS Sy JVR PR - VE S0
S g |y b Slaseis

S olml s g S Wiz L SO

L7 g obml Glp (SOncen); aey o Bogx gt
Sy lg3 o 053 (ol pinns el 00 ooliil ) lass 4 5,0 Seilogsl
2l S lS S s asliial B 5y 5 g 0B s 55 LS ki
O 5 45 el S il i ) 5 A o SRS i
o S50 5 oo 1,8 oolail 590 Lag lo 590 T kel o BL ;) sl Jue
oolaiul 5L dal> wiwows SO 5l Col salls Jlagl w0 aS o5l g
P i o s 3 (6 583linn 3915 (sl gt joim 45 L] 5l auS’ s
A1y el 0155 0 45 el g 552,400 LB gl g o o,
05 8 Glies 51 Feduzmn el 20 &l 00 (et S Sl S

LS o 00liasl Ay il o] 3 Ky 0 o] S 6l o0 (g S o5l
o 59 sl g7 aad cile @l g S (2 () d>s0) L Sun
SLE VY S s Wl 3,8 sl oalgml 5 35515 e (f5rn .l i
Abb oo b o, d b aS 55 SOl gl aub e el 00l o0lo
SIS S (F o ya) i J 5 a0 45 (6 e iy 55 o8l
555 5515 e o el (F el o) S s Slaiein ol (355
JS2) a5 Seop e et Sy s S e 4 ) (ks 9 S
S S o0 ol 1) adsl e S0 g S Lo p ez B L0 O

42



G530 oy S5 00D (53 y4elip e )91 JUSws SOl 5L Al s
85 sbolen 5 o osliid (odpud b (e el (sl (5 g5l
Sl gt o 1 Saked 5S tanns el 00 00l L VIV F (@) S
55,50 s b 1, s (ol 5 55 o aliid 35505 el o (5 S 3l
LS (oo pelas Sl @Y 5 (elSa 1) S 8590 ey Gl pl WS (oe Al

el 0a ools LIV NF(D) IS5 o a5 ek ylon

glucose

Concentrat ion

VR Ve

Breakfast Lunch Dhnnner

Tme ——»

FIGURE 1.13
The blood glucose and insulin levels
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(a)Open-loop(without feedback) control and(b) closed-loopcontrol of blood
glucose.
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