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DEVICES

Monolithic Accelerometer
with Signal Conditioning

ADXL50*

FEATURES

Full-Scale Measurement Range: +50 g

Self-Test on Digital Command

Single Supply Operation: +5 V to +24 V

Output Range: 0.25 V to 4.75 V

Accuracy of Span: 8% over —55°C to +125°C

Uncommitted Output Amplifier for Custom Scaling
and Zero-g Level Adjustment

Programmable Bandwidth: DC up to 1 kHz

Additional Filtering: 2-Pole with External Passive

Components
High Shock Survival: >2000 g Unpowered
APPLICATIONS
Crash Detection for Airbag Deployment and Seatbelt
Retraction

Vibration Analysis and Cancellation
Measurement, Characterization and Instrumentation,
e.g., Crash Dummies

GENERAL DESCRIPTION

The ADXL50 is a monolithic accelerometer which combines a
polysilicon micromachined sensor with signal conditioning and
signal processing circuitry. It is capable of measuring both posi-
tive and negative acceleration in the =50 g range, offering a
bandwidth of dc up to 1 kHz.

The ADXLS50 uses a capacitive measurement scheme. The ana-
log output is directly proportional to acceleration, and is fully

*Patents pending.

PIN CONFIGURATIONS
(TO-100 Metal Can)

REF OUT
SELF-TEST
INPUT

GND

NOISE REDUCTION
CAPACITOR, C,

PRE-AMP
OUT, Vpg

DEMODULATOR
CAPACITOR, C;

DEMODULATOR
CAPACITOR, C,

scaled, referenced and temperature compensated resulting in
high accuracy and linearity over the automotive temperature
range.

A digitally commandable self-test allows the sensor beam to be
electrostatically deflected at any time, producing an output volt-
age which corresponds to the —50 g output of a healthy sensor
beam.
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ADXL50 - SPEC|FICAT|0NS (T, = +25°C and Vg = +5 V, unless otherwise noted.)

Parameter Test Conditions Min Typ Max Units
INPUT

Measurement Range’ Tamm 10 Tamax —-50 +50 g

Transverse Sensitivity Tamin 10 Taax 2 %
PREAMPLIFIER

Zero-g Output Applied Acceleration = 0 g 1.75 1.80 1.85 \Y%

Sensitivity 20 mV/g

Full-Scale Output Span Applied Acceleration = —50gto +50 g 0.8 2.80 \%

Output at Self-Test? Pin 7 = “High” 0.80 A"

Voltage Noise® At Bandwidth = 0.3 kHz +0.33 % FS

At Bandwidth = 1.0 kHz +0.6 % FS

UNCOMMITTED AMPLIFIER

Input Offset Voltage T 10 Tpax +10 mV

Input Bias Current Tamm to Tyax 10 nA

Open-Loop Gain 100 dB

Output Swing No Output Load 0.10 Vs—0.1 A%

Output Swing Output Current = 100 pA 0.25 4.75 \"

Capacitive Load 1000 pF
ACCURACY

Initial Accuracy S % FS

Overall Accuracy of Span Tammn 0 Tpmax 8 % FS
LINEARITY

Overall Linearity Tamn 10 Tarax 0.5 % FS
FREQUENCY RESPONSE

Bandwidth? C, = 25 nF (See Figure 1) 1 kHz

Resonant Frequency* 22 kHz
REFERENCE

Output Voltage 3.395 3.400 3.405 v

Output Voltage Drift Tamin to Tapax 50 ppm/°C

Power Supply Rejection (DC) 60 dB

Output Current 500 RA
POWER SUPPLY

Operating Voltage® +4.75 +5 +5.25 A%

Quiescent Supply Current 10 13 mA
TEMPERATURE

Operating Range Tumin 10 Tamax —55 +125 °C
PACKAGE Metal Can ADXL50H

Side Brazed Ceramic ADXLS50D

NOTES

'Positive acceleration, causing the output of the preamplifier to rise, is defined as follows: Header Package: acceleration in the plane of Pins 5 and 10, towards
Pin 10. Pin 10 is identified by the metal tab (see “PIN CONFIGURATIONS” diagram). Ceramic Package: acceleration in the plane of the package, towards
the end of the package containing the notch.

2Applying +5 V to the self-test input has an effect on the acceleration sensing element equivalent to applying an acceleration of —50 g to the ADXLS50.

3The bandwidth is user-programmable, and set by an external capacitor (C, in Figure 1). C, = 25 nF sets the —3 dB point at 1 kHz, the maximum recom-
mended measurement frequency. The bandwidth is inversely proportional to C,.

4With the bandwidth set at the recommended maximum (i.e., 1 kHz), the beam resonant frequency produces a peak at 3% below the passband signal level.
*The ADXL50 is guaranteed to meet the above specifications operating from a supply of +5 V = 5%. It will continue to operate, and will suffer no permanent
damage, from a supply as high as +24 V (see “Absolute Maximum Ratings”).

°A noise reduction capacitor, Cy;, = 16 nF, must be connected from Pin 4 to ground.

Specifications subject to change without notice.
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ADXLS0

ABSOLUTE MAXIMUM RATINGS*

Acceleration (Any AXiS) . . .. vt it 2000 g
TV +24 V
Output Short Circuit Duration . . ............. Indefinite
Operating Temperature . ............. —55°C 1o +125°C
Storage Temperature . ............... —65°C to +150°C

PIN DESIGNATIONS
10-Pin Metal Can

Pin Function

+Vg

Demod Cap, C,

Demod Cap, C,

Noise Reduction Cap, C,
Ground'

Vger Out

Self-Test Input

Pre-Amp Output
Uncommitted Amp Output
Uncommitted Amp V;—

O D00 NN B WN =

p—

REF OUT
SELF-TEST
INPUT

GND

NOISE REDUCTION
CAPACITOR, C,

PRE-AMP
OUT, Vo

DEMODULATOR

v,
CAPACITOR, C, °

DEMODULATOR
CAPACITOR, C,

+Vg

*Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only; the functional
operation of the device at these 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
reliability.

14-Pin Ceramic

Pin Function
1 NC?
2 NC
3 Demod Cap, C,
4 Demod Cap, C,
S NC
6 Noise Reduction Cap, C,
7 Ground?
8 NC
9 Vger Out
10 Self-Test Input
11 Pre-Amp Output
12 Uncommitted Amp Output
13 Uncommitted Amp Vi—
14 +Vg
./
ne[1]e [14] +%s
ne [ 2] [13] UNCOMMITTED AMP Vv, -
DEMOD CAP, Cy E ADXL50 E UNCOMMITTED AMP OUTPUT
DEMOD CAP, C, E TOP VIEW E PRE-AMP OUTPUT
(Not to Scale)
NC E orioSeake E SELF-TEST INPUT
OISE REDUCTION
Nos CAP, C, ] 9] Vier ouT
GROUNDS [ 7 | [8]ne
NC = NO CONNECT
NOTES

'The case of the metal can package is connected to Pin 5, Ground.
2“NC” designates that the pin is unconnected internally.
3The lid of the side brazed ceramic package is connected to Pin 7, Ground.

This information applies to a product under development. Its characteristics and specifications are subject to change without notice.
Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.
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ADXL50

ADXL50 PRODUCT DESCRIPTION

The ADXLS0’s novel architecture merges surface micro-
machined polysilicon with BIMOS circuitry and laser wafer-
trimmed thin-film resistors. The sensor is a differential capacitor
so it is inherently stable over temperature. Analog’s expertise in
signal conditioning, along with the large portfolio of proven
BiMOS circuits, allow the ADXIL.50 to be fully scaled, refer-
enced and temperature compensated. No external active compo-
nents are required to interface directly to an ADC.

For additional flexibility, the ADXL50 has an uncommitted out-
put amplifier for user programming of the output zero-g level,
scaling, and filtering. The output span of the ADXL50’s pre-
amp is 1.8 V 1.0 V at =50 g. The uncommitted output ampli-
fier allows the user to adjust the zero-g level and output span
(up 10 0.25 V 10 4.75 V) by adding external resistors. External
capacitors may be added to the resistor network for 1 or 2 poles
of filtering.

The ADXLS50 can be powered from a standard +5 V supply
and is robust enough to survive harsh automotive conditions and
shocks of more than 2000 g unpowered. The structure of the
ADXL50 is intrinsically more stable over temperature than
piezoelectric or piezoresistive techniques.

SELF TEST FEATURE

The ADXLS50 employs on-chip test circuits for a self-test at any
time. The tight mechanical spacings on the sensor allow electro-
static manipulation of the beam structure with a +5 V supply.
With a digital input to begin the ADXL50’s self-test, the beam
is deflected in a controlled manner resulting in an output which
is within 5% of the specified negative full-scale output.

APPLICATIONS

AMPLIFYING AND OFFSET SHIFTING THE PREAMP
SIGNAL

The unconditioned output of the ADXL50’s preamplifier is

1.8 V at 0 g acceleration with a span of =1.0 V for =50 g input,
i.e., 20 mV/g. An uncommitted output amplifier has been in-
cluded on the chip to enhance the user’s ability to offset the 0 g
level and to amplify and filter the signal. In Figure 1, it can be
seen that access is provided to the inverting input and the out-
put of this amplifier via Pins 10 and 9, respectively, while the
noninverting input is connected internally to +1.8 V, which is
derived from the on-chip 3.4 V reference.

The scaling factor in the configuration shown is given by
—R;/R, (since the amplifier is in inverter mode) and the offset is
provided by R,. Therefore, if the span desired is +2.25 V for
the =50 g input, then R;/R, should be chosen such that

& ~ Vospan  2.25 o

1?1 B ‘IPR span B 1.0
where Vpy span is the output from the preamplifier and V,
span is the uncommitted amplifier’s output, giving

R; = 2.25 x R, 2
R, can then be found from the following equation, derived from
standard amplifier theory:
R, = 1.8 X Ry

T y,-18

where V_, is the desired 0 g output level.

3
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Figure 1. Connections to Be Made to the ADXL50 to Provide an Analog Signal of 0.25 V to 4.75 V, with a Bandwidth of 1 kHz
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Analog Devices assumes no obligation regarding future manufacture unless otherwise agreed to in writing.

This Materia

—4— REV.0

Copyrighted By Its Respective Manufacturer



This Materia

ADXLS0

To provide an output span of +2.25 V, with a 0 g output of
+2.5 V, then R, could be set at 100 kQ). From Equation 2,
R; = 225 kQ, and using Equation 3, R, = 579 kQ.

A general transfer function for the circuit, given by the resistor
configuration shown, is:

R g1+ 5
R, ' R,

which for the resistor values given reduces to:

Vo = (1.8 — Vpr) 2.25 + 2.50

Vo = (1.8 = Vpg])

FILTERING THE PREAMP SIGNAL

The uncommitted output amplifier can also be used to filter the
signal, if more filtering is required than the 1 pole inherently
provided at 1 kHz by the 25 nF demodulation capacitor. The
circuit shown in Figure 2, which gives a gain of 3.94, provides
an extra 3 poles of filtering at 200 Hz, without using any exter-
nal active components.

ADXL FAMILY

Analog Devices’ ADXL family of accelerometers provides a
fully conditioned analog output voltage proportional to accelera-
von. The family is expected to include accelerometers with mea-
surement ranges from *2 g up to =500 g. There are products
planned with dual axis and redundant sensing.

The product features of the ADXL series make them ideal for
automotive applications such as crash detection/airbag deploy-
ment, antilock brake systems, active suspension, and vibration
analysis and suppression.

REDUNDANCY

Multiple sensors on the same IC are possible with the ADXL.50’s
architecture due to the small size of the sensor itselt and the
high density of the BiMOS circuitry. Monolithic dual axis accel-
erometers can be made by placing the sensors orthogonally on
the die. Some sharing of the support circuitry will provide even
greater economic value.

ADXL50
| OUTPUT
PRE-AMP
1.8v AMP
+
Ver 94—+ ANALOG OUT, ¥,
8 ’10:
\Ij 11
1
1.8nF
a7k 27kQ
62k 430kQ
g l M
10nF $ g 12nF
GND GND

Figure 2. Using the Uncommitted Output Amplifier to Provide an Extra 2 Poles of Filtering, with a Gain of 3.94
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ADXL50

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

TO-100
Metal Can
— REFERENCE PLANE
0.185 (4.70) 0.750 (19.05) 0.160 (4.06)
0.165 (4.19) 0.500 (12.70) 0.110 (2.79)
0.250
(6.35)
MIN

0.370 (9.40)

0.335 (8.51) ——— 0,045 (1.14)
0.335 (8.51) —— / 0.027 (0.69)
0.305 (7.75) /\

0.040 (1.02) MAX —»]
0.230 (5.84) BSC
0.045 (1.19) E 0.027 (0.69)
0.010 (0.25) SEATING
PLANE
D-14
Ceramic DIP
0.005 (0.13) 098 (2.49)
" e MiN -»| l¢m\x
oo or
14 8
PIN 1
0.060 (1.52) |1_| S — 111 0.310 (7.87)

0.015 (0.38) 0.220 (5.59)

0.785 (19.94) MAX
0.200 (5.08) X‘r
MAX

0.200 (5.08) —po{jt- | |

_______ 0.150 0.015 (0.38)
(3.81) 1% 5.008 (0.20)
MIN 0.320 (8.13)

-

bl St 0290 (7.37)
0125 (3.18) 0.023 (0.58) 0.100 0.070 (1.78)
X . X X 7
0.014 (0.36) (; S5::) 0030 076) \ gpprive PLANE
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