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Aaueria wys | Faneu | unadonersilud | wosthuiioy
Thermal conductivity (W/cm-k) 20 1.5 0.455 0.28
Electron mobility (cmz/\/-s) 2,000 1,500 8,800 3,900
Hole mobility (ch/V-s) 1,800 600 400 1,900
Electron saturated velocity (cm/s) | 2.7x10 | 1x10’ 1.2x10 5x10°
Hole saturated velocity (cm/s) 1.05x10" | 9x10° 1x10’ 4x10°
Density of states effective mass
Electron Q57 1.1 0.068 0.55
Hole 1.2 0.8 0.5 0.37
Effective density of states
Conduction band (cm™) 1x10” | 2.8x10" 4.7x10" 1.04x10"
Valence band (cm”) 3x10” | 1x10” 7x10" 6.0x10"
Breakdown field (V/em) 10’ 5x10° 3x10° 10"
Resistivity (Q.cm) 10" 10’ 10° 10
Dielectric constant (g) 5.9 11 12.5 15.8
Energy gap (eV) 5.45 1.1 1.42 0.72
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Matrial Yield Strength Knoop Hardness | Young’s Modulus Density

(10" dynes/cm2) (kg/mmz) (10" dynes/cm’) (gm/cm’)

Diamond* 53 7000 10.35 3.5
SiC* 21 2480 7.0 3.2
TiC* 20 2470 4.97 4.9
ALO, 15.4 2100 3:3 4.0
Si,N,* 14 3486 3.85 3l
Iron 12.6 400 1.96 7.8
Si0, 8.4 820 0.73 2.5
SiM 7.0 850 1.9 2.3
Steel 4.2 1500 2.1 7.
W 4.0 485 4.1 19.3
Stainless Steel 2.1 660 2.0 79
Mo 2.1 275 343 10.3
Al 17 130 0.70 2.7

* Single Crystal
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TuUAAA (Bending Moment , M) A3l 9218
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L _1;{ B % (2.4)

¥

§ 1 ar LY o w ﬁ; . & 1
dio B ilumiaueqdd (Young’s modulus) dmiuildumasfuilu Polycrystallines dafinn

(MY 11.43 x 10" dynes/cm2
T o A Ay - 9 o 4 o 1 a
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s

¥719904A1H dmTumuniiglidmasuinsaninnunie w ez la

W, h’
= 1”2 (2.5)

a o g1 g [ yd ] Y g
NAUNITN 2.4 i]m'ﬁuhlﬂ?'lﬂ'lﬁ’]ﬁ’]ll']ﬁ'ﬂﬁﬂlﬂ’] M ulﬂﬂ%zﬁ’ﬂl’lﬁﬂ“’lﬂ'ﬁzﬂﬁlﬂ]lﬂ ANUUNITH
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& EI, 2
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141301 lvvow E:o Nx=09LMA=0

] Ed
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(2.6)

2.7

(2.8)

(2.9)

(2.10)

[l 9
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_-FL

M’ + Fx
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d’y (FL)
E]de—2=—[—T+Fx (2.12)
g, B, B e (2.13)
" dx 2 2
FL , Fx°
Bi, i S S +Cx+C, (2.14)
13ou lvueun
F {3Lx*-2x?
x) = 7,15
y(x) EIJ( ™ J £ )

P d nyr A = ° 0w a P
031N 2.1 wmuladuloluswnnszin Funsyiinuuiaszinanisnseaienssluiau

3 o i ¥
N4 daiuagld

F =-F, (2.16)
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¥ [ 3Ls* 3%
=t 5.5
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2.1.3.1 mydamsdumaldmsniiag
A = = a ' ; a
edemliseaninyaauqanyaiaazlasoussiioon lUssuuszifianisaoy
& oA a A o Y ol 1
dupsvuuAvziinovldynanauios 9 munmndwll FdnuazmIseuausaniinisnuag
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Hagdaunsna llusenmisviaail

—&w, ! 1 j), (O)+ Cl)” (O)
Yu(E) =€y, (O)COS%H( = LI (2.18)
(IJ”
o @, duanutivesszuumeldmsmioalasiis dafi
a)f) = a)n l_é:z (219)
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Vi
Ty === (2.20)
1-£&°
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2. ipNNIAINTOUARY (Envelop) Muann1sii 2.17 Sasiduveiewtagavesaiugn

' A ~ e ) 1o & oA
n AvAAUGNN n+1 BIWWEAUNINY T i]gl‘l_]u@]ﬂu

=h.

KB el 2R (2.21)

T N

A1 (K= asf a = & a Y o 1 =1 ac .
dieladenmadugusssumaluaunsn 2.21 atiowldidudmuandonm3sy (Logarithm

ras

e y
decrement , O ) #9117 laauns lnud il

g Y| 278
o =1In (D) \ﬁ—w:._éz. (2.22)

q:; o y d

2.1.3.2 msauuuumamelausarsnueuuaaulas
3/ v . o @ ar @ a (] s g g/ s
MU FO) = F, sin (Ot - () nsziinudins10iusasuse aniuee Idmsuin

1 v
VBTV v, (1) Nerun1sna 1) dail

Y, ()= %R(, sin(wt — @) (2.-23)

360 R 'jﬁf’aﬂmmw 19 (Displacement responsc factor) Tay

2 2
R, =4|1- (ﬂJ + 2/;(3} (2.24)
a)” a)ll

Ed
uaz ¢ 1{luignndmas (Phase lag) Taviiaunisdadl

4 =tan" (2.25)
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2.2 ﬂsmgmimﬁmwmumumuim (Piezoresistive effect)
[ =) n:f 7 = s E Y
2.2.1 qudseansamuiumumislnuandy
auyAsmumuiamisdinmdumusuduridy p, fanuen L ade d uay
3
WU tinszua lnarmumidy [ uaziusesuanasoumiy v aativeeildanudiuniu R 5
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AIAQLL

B oo O (2.27)
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S lFusandamadiuaue sz lianud umun dountas gl

dR = d[p—L) (2.28)
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R Yo, L t d
By epen (2.30)
R Yo, .
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Usngmsol Piezoresistive udadanlavuulas lilifiosnnvunavesiunlfouulasldae ud

o

' ' Vv
moundrynge o OP /P 1uied



21

9INNYYD9gA (Hook’s Law) nana 131 ludaquaty o wiladlivuiadibe sasidiuszning
L= = d‘ é 1 lﬂ' : U as
ANUANLEEANATEAZTAIAI FeA1nafin1ungueIga (Hook's Law) HiSundidaiinisia

HARIYBIITANT® Igaaueedes (Modulus of elastic of material) A9ANA1H 2.31

E_Stress_F/A_O'

s B P 231
Strain A/l (2:31)
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2.2.2 duilszantamumumusislsmugisazmuung [7]
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F
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nngUn 2.6 dellusala 9 wnsgihinuTaqudnihldTagiuianudufady wuh

= o @ dw | s {

auTWih (E) sxfinnuduiusfuanumumivassue (/) wag anudu (o) faaunmsi

2.32

E=pl+nJ (2.32)

d‘i = = e Y
Wo p An WNAANAIUNIY
: w e -.\r‘ . ey o
7 fo dulszansilelgsanindmueaes

o s c; = 4;’ ) = d’ =y
dwmsveaun Iihimediulusiemala q Tulasawdn WeRorsaionayns

3/
=

7232 &!,E%I}'] i]:mmim%ﬂu"lﬁ’ﬁq

E, = pyJ, +ma,pyJ, (2.33)

P = a o 3/ a v
e p, f9 WAANNUATUNIULITUAY

4 = = - . - . . .
7T fe duszansnlelaSavidauen (Longitudinal Piezoresistive Coefficient)

v do awo v

o = as
vinnguetlony auuIWihzlianuduiusiuisannudumuuazanu

UL UNTZUAAITUNITN 2.34

E = jJ (2.34)

dounumanaumsn 2.34 asluaumsn 2.33 wldn

Py =pod +mopl (2.35)
H30
P =Pyt 7,00, (2.36)
Lol NI (2.37)
P
A

2P g, (2.38)

P

Tuwesdvinuiosmuald 7 fo dudszdndifio o33 WRYa v (Transverse

v v
Piezoresistive Coefficient) A417UI1INAUNITN 2.33 D9 2.38 92181
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o 0, (2:39)
Po

2.2.3 wiglasgsunlinaurnmes [8]

' o o S " <& ' o =
ufioTa3dvinauaned (GF) illumnendannyliveuns daluudas Tequedion

o1 Qs Y L= = 3 = =; r_é
L Tashnunaudamesiimgaesnmeiunniuiianllumsnlanunlasgs Faawse

3
=

fuanunsuramos lugiiuwia 1y 18d il

_AR1
R ¢

GF (2.40)

3
o s 1 =1 =R = U =1 =1 =
dmsuauie lasaWilinuumames tdmusonnsauensen U 1dsnne aune Tasani
v
1 o [ =
nanmesame1d (GF) uazaufiolasawiinauamesana (GF) Tasmiisaenss

3/ 3
3 1 [ Y a o = Yo
Auanaiuiuegiuyiavesag InoRarsun 1adei

2.2.3.1 Jagnuilu Isotropic 9]

1 o A
a2 laaunaunnmesaail

GF ,=——— (2.41)

e S (2.42)
Py &

o € A AN EAMINYTT

2.2.3.2 }J%Tﬁqiﬁlﬂu Anisotropic Homogeneous Polycrystalline |9]

o

o o -:sy
vlaunaunames aell

GF, =—2L (2.43)
I S]l
T

GF, =X (2.44)
SH

iJo S,, o Complexing Coefficient @MFURALINYIAN S, = 0.09493 x 107 Cm’ dyre”



24

2.2.3.3 ?ﬁﬁgﬁl‘ﬂu Random Polycrystalline [9]

Yy v
v oM A as

! 3 1 = a
ﬂ’i!.ﬂi]l,l.“v‘!ﬂLﬂ@iﬂtﬁ'lu’]iﬂ‘ﬂﬂﬁi}'lﬂﬂﬁ1’T'Iﬂ1mﬁﬂﬂﬁwuﬂﬁﬂlﬂﬂﬁuﬂiﬁﬁﬂﬁﬂﬂ'lw

AUNMUAWYNI (<TC>) Aeaumsi 2.45

f:;_ﬂ’jz,ded;zﬁ 045
'lf_o?dedgﬁ

o0 Jg=

()=

6 =0
g="

y o ' 2 i . = @ n’j '
o O uaz ¢ 1Wluynsz1919 Arbitrary Coordinate 1A% Principle Coodinate $3174a11150H1F1

104 < > lAlauma l9nguosgauazainaumisi 237 238 2.40 2.41 iaz2.44 9314

<7T.'> = GF, (2.46)

L
E

(z,)=GF, (2.47)

1

| —

d'i =) 1 o

do E femdwwegda dmSuASumysa E = 11.43x10” dynes.cm™ [9]
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nAauMI 241 A1 €, senunsom ldnnmswnsan 91037 2.1(n) TavegIddai

O T y(x) (2.48)
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Li Q
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31 2.7 23050508
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AVO = K R lR a EJ %Ri_ R 2. R SENSOR R 4 (1_77) (2'49)
e A § e 3 (I+a) I 2 SENSOR 4
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v, =V, IR IR [1 a _ ][ A;x/_fm;me J(l _ ?7) (2.50)
fp e gt +a SENSOR
R R

i nm

" k4
as v

B
dmiunsaiia g M=o Ry<<R, uazR,<<R,_asiusgldaumslniaal

AR o
AV, = _V_z{ SENSOR ] (2.51)

4 RSEM\'( R

InauMsh 2.51 dnhidasimslaoulassasise (Aa) wgand Tz ldanuhlunsaey

AUDIDATUTI AITUNITN 2.51

. AV :( AR gson J (2.52)
I/,' 4 R.'ﬁ'f:‘N.\'( R Aa

2.4 manadaneuuuuteu lolainsin

2.4.1 MIMIMUBINIA [10]
L] H d 1 = = v @ s [ o
Tuadenriuuazmu lamganssumeatinuesding 19T udasuszgasimua lag

£
@ ar 1

A { s
1aM) aauiusaIamauenald Funanaielaemsnadismsazatonuunon'le Ta

1 4
Tnsnesiidnyazdagii 2.8 uaziiaumsasae 1

B o cl-c;
_ _ wafer 1 2
M = J‘” , p dxdydz = P - X —c. (&=83 )

W P =p,=233x10" kgm"

h = ANUHUUDUHUFANDU

walter

C, = anunihavesdmasuiguveania

aa

C, =anunhavesmnavuivenvesuia
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:; ar =; g w aa 9/
suf 2.8 dnvasvewai ldnnmsiadaneudlsmsazaronuuion o TaTnsin

Ed

1N 2.8 IIEnsamanuduRutyes ¢, uay ¢, 1adsil
¢, =C - hwq{br V2 (2.54)
o o 9
unuaums 2.54 asluaunsi 2.53 12 1d

M = p% [Cﬁ = (Cl ~ By N2 )] (2.55)

2.4.2 Ugnsemsnaganeu
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Q’: u’l’ dd’ Yo aa o g s 9 @ as @ e
NVUADUNG 4 MIAUNDY 'D’ﬂﬂ“lfﬂﬂ’ﬂ‘ll1ﬂﬂ$ﬁﬂﬂllﬂﬂﬂ31ﬁTﬂﬂﬂﬂcﬁﬁﬂﬂullﬁzﬂﬂﬂu

3 ]
=t ! = =]

3
arzAvaiioyyaveany leasensaiiatuiens 1dlsuimfudaaen saus Complexing

Vv ]
Agent vzAnsansnaza1wluih 148 Tasesazanefivuldiuuinioddrofunarvesiia wy

@

-EPD (EthyleneDiamine : Pyrocatechol : DI ; E:P:D)
2NH,(CH,),NH, +3(C,H,(OH),)+ 6H,0 + Si -

2NH,(CH,), NH; +Si+(C,H,0, ), +6H,0+2H, (2.56)

-KOH (Potassium Hydroxide)
2KOH + H,0 + Si — K, SiO, +2H, (2.57)

-TMAH (Tetramethyl Ammonium Hydroxide ; (CH,),NOH )

4(CH,), NOH + Si+ H,0 — SiOH, +4(CH,),N* + H,0 (2.58)

2.4.3 OATINMINATANDY
2.43.1 0ATIMINATARDUILHIV (100) THasazaiy EPD [11]
(o5au lAoziiu (Ethylene Diamine) iiinvounadldifid Hammuiddiuaa fga

o G 2 d a a o . @
woaszann 120 °C dena B luemailunameauniswzfamsesndlad (Oxidize) il
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o d“y ~ A 3y o ._43' ¥ a = [ =
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d = 4 o o a A yya A o s
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2.4.3.2 9AIMINATANDUIZINV(100)luasazare KOH [11]
KoH iluvewduniadyniianmidiumaus sunsoazaienilda duldesnals
Tuommeansaganui idneme donan KOH M DI v ldmsazaeiilaiia
vinmsAny N ldududaneuszuiu100) aslumsazats KoH Alanududy 4Tuans

=

o v aa v o do a o i
vz ldensIMsiadanousyuIu(100) duwusiugungil AsgUf 2.10
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Low Cost =100 g Single Axis

Accelerometer with Analog Output

ADXL190*

FEATURES

iIMEMS® Single Chip IC Accelerometer
40 Milli-g Resolution

Low Power Z mA

400 Hz Bandwidth

+5.0 V Single Supply Operation

2000 g Shock Survival

APPLICATIONS

Shock and Vibration Measurement
Machine Health

Shipping Recorders

Military Fuze, Safe and Arm

GENERAL DESCRIPTION

The ADX1.190 is a complete acceleration measurement system
on a single monolithic IC. It contains a polysilicon surface-
micromachined sensor and signal conditioning circuitry to
implement an open-loop acceleration measurement architecture.
The ADXI190 is capable of measuring both positive and nega-
tive accelerations up to +100 g, making it suitable for shock and
vibration measurement,

Typical noise floor is 4 mg/VFZ allowing signals below 40 milli-
to be resolved. The ADXI.190 can measure both dynamic accel-
erations, (typical of vibration) or static accelerations, (such as
inertial force or gravity).

The ADXL190 has a two-pole Bessel switched-capacitor filter.
Bessel filters, sometimes called linear phase filters, have a step
response with minimal overshoot and a maximally flat group

*Patent Pending.
IMEMS is a cegistered trademark of Analog Devices, Inc.

REV. 0

Information furnished by Analog Devices is believed to be accurate and
reliable, However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM
TP
(DO NOT CONNECT)
s
0.1puF I

delay. The -3 dB frequency of the poles is preset at the factory
to 400 Hz. These filters are also completely self-contained and
buffered, requiring no external components.

The producr features a built-in self-test feature that exercises
both the mechanical structure and electrical circuitry. When
triggered by a logic high on the self-test pin, an electrostatic
force acts on the beam equivalent to approximately 20% of full-
scale acceleration input, and thus a proportional voltage change
appears on the output pin. No external components other than a
decoupling capacitor are required.

The ADXL190 is available in a hermetic 14-lead surface mount
cerpak, specified over the —40°C to +105°C temperature range.

One Technology Way, P.0. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999
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ADXI.] 90‘—3 PEC I FI cATI DNS (Th = Ty t0 Tygpr, Vs = +5 V, Acceleration = 0 gunless otherwise noted)

ADXLI90WQC

Parameter Conditions Min Typ Max Units
SENSOR INPUT )

Dynamic Range 3 Without Zero-g Adjust +105 g

Alignment Error x1 Degrees

Nonlinearity 0.2 2}2

Cross Axis Sensitivity +2
SENSITIVITY

Initial* Ratiometric 16.5 18.0 19.5 mV/g

Temperature Drift® A from +25°C +0.5 %
ZERO ¢ BIAS LEVEL

Initial>? Ratiometric 23 2.5 2.7 v

0 g Offset vs. Temperature® A from +25°C 1.0 £ _

Zero g Adjustment Gain 045 0.50 0.55 AVoyr/AV 0 g Adjust

Zero g Adjust Pin Inpur Impedance 20 30 40 kQ
NOISE PERFORMANCE

Noise Density 4 12 mgl\fl_{z—— ms
FREQUENCY RESPONSE

3 dB Bandwidth 360 400 Hz

Sensor Resonant Frequency 24 kHz
SELF-TEST

Output Change* 450 990 mVY

Logic “1” Voltage 35 v

Logic “0” Voltage 1.0 \%

Input Impedance 50
ANALOG OUTPUT

Qurtpur Voltage Range Ioyr =+100 pA 0.25 Vs-025 | V

Capacitive Load Drive 1000 pF
POWER SUPPLY ;

Specified Performance 4.75 5.95 v

Quiescent Supply Current 2.0 5.0 mA
TEMPERATURE RANGE

Specified Performance —40 +105 °®C
NOTES

;meluct isltested at 50 g, and the cambination of 0-g error, sensitivity error, and output voltage swing measurements provide the calculations for dynamic range.
0-g is nominally Vy/2. Use of the 0-¢ adjustment pin is used to null the 0-¢ crro, resulting in increased dynamic range. It can also be used to create an asymmetrical
dynamic range if so dcsired.

© OUIput response is ratiometric and is described by the following equarion. Vaur (accel, Vg) = [Vy/2 2(a V. +
Wherea = 0.2 V, b=2.712 x 10° lg,c=0.178 x 107 1/g/V. ' USRS S 0 -

'Measured at 100 Hz, +50 &

Specification refers 1o the maximum change in parameter from its initial value at +25°C to jrs WOTST cas|

| ! 1 ¢ value at Tyne or Tagax.

ST pin Logic “0” 10 *17; AVour = (AVour @ 5 V) x (Vg5 V). e OF Thoax
‘\II n:lin nr_u:l max specifications are guaranteed. Typical specifications are not tested or guarantecd.
pecifications subject 1o change without norice.
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ADXL190

ABSOLUTE MAXIMUM RATINGS*
Acceleration (Any Axis, Unpowered for 0.5ms) ...... 2000 g
Acceleration (Any Axis, Powered for 0.5 ms) ........ 1000 ¢
+Vg —03Vw+7.0V
Short Circuit Duration (Any Pin to Common) .. .. Indefinite
Operating Temperature ................ -55°C o +125°C
Storage TeEMPEEure . .y .u v cvmana s -65°C to +150°C
*Stresses above those listed under Absolute Maximum Ratings may canse perma-
nent damage to the device. This is a stress rating only; the functional operation of
the device ntthese or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliabiliry.

Drops onto hard surfaces can cause shocks of greater than 2000 £
and exceed the absolute maximum rating of the device. Care
should be exercised in handling to avoid damage.

PIN CONFIGURATION
NC : AL =17
NC 2 1BV,

NC i3 ADXL150 123 NC
NC T4 TOPVIEW M|[[INC

momrm':s 10— Vour
NC cfe 8|3 SELF-TEST
COMMON |7 [ ZERO g ADJUST

NC =NO CONNECT

Figure 1 shows the response of the ADXL190 to the earth’s
gravitational field. The output values shown are nominal. They
are presented to show the user what type of response to expect
from each of the output pins due to changes in orientation with
respect to the earth.

PIN FUNCTION DESCRIPTIONS
Pin No. Function #PINT  PINT = N
1,2,3,4,6,11, 12 No Connect ! i g E
5 Test Point (Do Not Connect) . - = =
7 Common = "=
8 Zero g Adjust OUTPUT AT
: Lol Sici- il A
10 Vour
A0nnn
13, 14 Vs = s E
) | = y‘ g
PACKAGE CHARACTERISTICS w1 # TTTTTOT S
1
Package e_m Bjc Device Wﬁght Tmmxr TYPICAL m‘q;m 1
14-Lead Cerpak | +110°C/W +30°C/W | 5 Grams = —
T7TT7T77777
T S 0
Figure 1. ADXL190 Response Due to Gravity
ORDERING GUIDE
# Specified Temperature Packa
% ge Packa
Model Axis Voltage Range Description Opﬁo:e
ADXL190WQC 1 5V —40°C 1o +105°C 14-Lead Cerpak QC-14

== =« ESDSENSITIVEDEVICE




ADXL190

APPLICATIONS
All the circuitry needed to drive the sensor and convert the
capacitance change to voltage is incorporated on-chip requiring
no external components except for standard power supply de-
coupling. Both sensitivity and the zero-g value are ratiometric to
the supply voltage, so that ratiometric devices following the
accelerometer (such as an ADC, etc.) will track the accelerom-
eter if the supply voltage changes. The output voltage (Voyr) is
a function of both the acceleration input (a) and the power
supply voltage (Vs) as follows:

Vour= V2 - (Sensitivity X V55 V x a)

Adjusting the 0 g Bias Level

In some cases the user may have an asymmetrical input or may
want to fine adjust the zero-g output level to obtain maximum
dynamic range. The zero-g level is adjusted by supplying a
voltage. to the zero-g adjustment pin (see Figure 2).

+Vs

ADXL190 Sk

ACCELERATION
SIGNAL

&5 ZERO g ADJUST
u.1,u=; e s
Figure 2. Optional Zero-g Adjust Circuit Detail

Any voltage difference between the zero-g adjustment pin and
Vs/2 is reduced by a factor of 6 by the internal resistor divider.
This is then gained by the factor of 3 in the output stage for a
total gain of 0.5 for the zero-g adjustment. (Note: The ratio of
the resistors in the divider is consistent from part-to-part; how-
ever, the absolute values can have a +30% tolerance). The
zero-g adjustment voltage can be set up by a variety of methods
including a potentiometer (as shown in Figure 2), a PWM sig-
nal, or with a simple three-state output.

The simplest way is by adding a resistor berween the ZERO g

ADJUST pin and Vs or ground. The output will be offset by:

Offser (V) = (7.5 % V)/(30 + R)
where R is in kQ and connected to Ve
Offser (V) = (7.5 x V(30 + R)

" where R is in kQ and connected o ground.

Resistors may also be connected to microcontroller /O pins as
shown in Figure 3. Using two I/Os that may be set to Vs, ground,
or three-state, there are seven possibilities as shown in Table I
(01?: cannot set one I/O pin to Vs and the other to ground).
Using such a system, any ADXL100 may be user trimmed to
ourput 2.5 V + 35 mV at zero g.

|

Table I. Offsets Produced Using the Circuit in Figure 3 for Vs

=5V

Offset Voltage
P1 ro Produced Offsetin g
Three-State | Three-State | 0 mV 0
Three-State | 0 -71 mV —4
0 Three-State | -134 mV -7.4
0 0 -191 mV -10.6
Three-State 1 71 mV 4
1 Three-State 134 mV 7.4
1 1 191 mV 10.6

Another way to adjust the zero g offset is to supply a voltage to

* the ZERO g ADJUST pin. The difference between Vs/2 and

the voltage at the ZERO g ADJUST pin is reduced by a factor
of 6 (as a result of the internal 5 kQ and 25 kQ voltage divider)
and then multiplied by a factor of 3 in the output stage of the
ADZXI1L190 resulting in a total gain of 0.5. Offset is thus de-
scribed by the following equation:
Offser (V) = (Voltage at the ZERO g ADJUST Pin - V/2)/2

This voltage may be produced by a variety of methods includ-
ing a PWM signal from a microcontroller. Care must be taken
that the output impedance of this voltage source is less than

5 kQ and that there is very little ripple (noise). Any noise at the
ZERO g ADJUST pin will cause outpur errors.

If an asymmetric range of acceleration is required (e.g., +75 g
to -125 g) a resistor may be connected between the ZERO g
ADJUST and ground or Vs as described above. For example:

For a range of +75 g 10 —125 g the offset required is -25 g.
-25 g at 18 mV/g = 450 mV of offset is required.
Rearranging the offset equations above:

R = [(7.5 x Vs)loffser] ~30 = 53.3 kQ connected to ground.
For asymmetric operation the g range midpoint may be shifted

up to +80 g typically.

MICROCONTROLLER

250k
P

500k
PO

ZERD g
ADJUST

ADXL180

Figure 3. An Offset Adjustment Scheme
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ADXL190

OUTLINE DIMENSIONS

Di h in inches and (mm).

14-Lead Cerpak
(QG-14)
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