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Outline

» specifications

e system diagram
e sense element
e force-feedback
e resolution

Ref: Analog Devices ADXL-50

&
Design Example (ADXL-05/50 © 1996 B. Boser 2



XLO5 Specifications

« full scale +1..5¢g

e sensitivity 200 mVig ... 1Vlg

e resolution 5 milli-g in 100 Hz (1 g = 9.8 m/s?)
* noise floor 500 pg/rt-Hz

e bandwidth 1.6 ... 4 kHz

e resonance 12 kHz

o linearity 0.2 % of full scale

« off-axis sensitivity +2 %

e alignment error + 10

o supply 5V, 8 mA
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Functional Block Diagram
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Sense Element
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Electrical Interface

(capacitor values estimated)
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Electrical Block Diagram
XL-05
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Capacitive Interface
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Electrical Block Diagram
XL-50

(O DENOTES EXTERNAL +3.4v +3.4v v .

PIN CONNECTION L

2 330 330
c2 37 PREAMP
-O ——C Ven
o/
J_ EXTERNAL ¢l exaernaL | © —O
OSCILLATOR DEMODULATION
DECOUPLING CAPACITOR
CAPACITOR o YU L
1MHz -AA- .
OSClLATOR — 1 SYNCHRONOUS L
180° [ DEMODULATOR NTERNAL
LOOP GAIN = 10
o5V O— +5V SYNC \ tg%%sacx
'i" COMMON st
VRer - i y .:I' <
O INTERNAL +0.2v
+aav | | REFERENCE ¢
3 \f“o__(D__ +3.4V
VWAS-AAA--AAA BUFFER :
"1 BV AMPLIFIER
+

. 50kQ
434V 418V 402V
O Vour SELF-TEST
coM Vin- )]

increased input range (509): use all fingers for feedback
(share with sense operation)

M Design Example (ADXL-05/50) © 1996 B.Boser 10



Capacitive Interface
XL-50
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XL-05 vs XL-50 Comparison

XL-05 XL-50 performance

gain

sense voltage (peak-to-peak) 1.2V 0.6V 2X

resonant frequency 12kHz 24kHz 4X
(increased mass, softer springs)

Increased sense capacitance 1.5x

Total performance improvement of XL-05 over XL-50: 12x
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Bootstrapping
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Demodulation
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Demodulator & Lowpass Filter




Force-Feedback
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Differential Force
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AC Coupling
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Self-Test
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Stability Analysis

Q3 proof _|lowpass .
in mass filter
. 1 1
Loop Gain Ts)= o X s
SS+s +w? 1-
N Q , wLPFJ
proo\ff mass |owpa§s filter

M Design Example (ADXL-05/50) © 1996 B.Boser 20



ol

—

Bode Plot
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Narrow-Banding
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Maximum Loop-Gain
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Matlab Simulation
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Simulation Result
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Closed Loop Frequency
Response
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Resonance peak not attenuated by feedback.
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Noise Floor
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Noise Analysis

signal amplitude: signal power:
(assume sinusoidal signal)
AC
V=N * e — 1ivg V2
0 V, =< E =—
202 8
V, dC
=—X— X /AX
C, dx
V. C. Aa noise power:
=0 » 0 « ) 2
CO X (L)rz Vih = (Samp) Af
V, Aa
=5 = 2 nVv 2
X, W = (5002%) Af
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Minimum Detectable Signal

signal power = noise power

2

(Aa) _ wrz XOSamp
Af =8 V,

8(2nx12krad/s)2x 2mx  500%
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—~
~

=350 Measured: 600 pg/rt-Hz
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Minimum Detectable Displacement
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