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               Application Specification

      Accelerometer ACH-04-08-05          114-27002
       27 AUG 98 Rev A

©Copyright 1996 by MSI.  All International Rights Reserved. 1 of 10

INFORMATIONAL For drawings, technical data or samples, call 610-650-1500 
NOTES AND Specifications subject to change. Consult MSI for latest specifications.
DISCLAIMER

PN: 1003800-5   LOC ER

1.0 INTRODUCTION

This specification covers the application requirements of Measurement Specialties Accelerometer ACH-04-08-05.
The accelerometer contains three piezoelectric sensing elements oriented to simultaneously measure acceleration
in three orthogonal, linear axes.  Internal JFET’s provide for a low impedance, buffered output with a wide variety of
possible, application specific, signal conditioning circuitry.  The sensor responds over a broad frequency range, from
below 0.5Hz to above 5kHz, as a result of the integrated electronics and the damped sensing elements.  

The ACH-04-08-05 accelerometer can be used in a wide range of applications including motional measurement and
control systems, speaker feedback systems, vibration switches, shipment monitor and material handling systems,
security systems, computer input/output devices, and data loggers.  The device is not IR reflow solderable.

Features of the accelerometer include:

 Fully Contained 3-Axis Accelerometer  Three Simultaneous Analog Outputs
 Low Frequency Response  Low-Impedance Output
 High Resonant Frequency & Low Q  Ultra-Low Power
 Excellent Linearity  Low Cost

2.0 REFERENCE MATERIALS
2.1 Revision Summary
This paragraph is reserved for a revision summary of changes and additions made to this specification.  Revision A
changes include: document format, improved transverse sensitivity, interface circuit corrections, Analog Test PCB
Kit description, and additional performance curves.
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Printed in U.S.A. For drawings, technical data or samples, contact call 610-650-1500. 
Specifications subject to change. Consult MSI for latest specifications.

2.2 Customer Assistance
Reference MSI Part Number 1003800-5 and call (610) 650-1500 in the USA or +49 6074 862 822 in Europe to
obtain additional product information.

2.3 Drawings
MSI Customer Drawings are available for specific products.  The information contained in Customer Drawings takes
priority if there is a conflict with this specification or with any other technical document supplied by MSI.

2.4 Absolute Maximum Ratings
CHARACTERISTICS VALUE UNITS

Applied Voltage (VDD with respect to GND) +28 V

Package Power Dissipation 100 mW

ESD (Mil-Std-883, Method 3015.6) 2000 V

2.5 Pin Descriptions
PIN NUMBER NAME DESCRIPTION

1 D/S1-Y Y-Axis JFET Drain or Source

2 D/S2-Y Y-Axis JFET Source or Drain

3 CTG Connect to GND

4 SGND Sensor Common 

5 D/S1-X X-Axis JFET Drain or Source

6 D/S2-X X-Axis JFET Source or Drain

7 RGND-X Resistor GND for the X-Axis

8 GND Device power - negative voltage with respect to VDD

9 CTG Connect to GND

10 RGND-Z Resistor GND for the Z-Axis

11 D/S1-Z Z-Axis JFET Drain or Source

12 D/S2-Z Z-Axis JFET Source or Drain

13 CTG Connect to GND

14 RGND-Y Resistor GND for the Y-Axis
Note: JFET is symmetrical.  The DRAIN and SOURCE are interchangeable.

2.6 Environmental Characteristics
CHARACTERISTICS (T=25 C) SYMBOL MIN TYP MAX UNITS

Operating Temperature TOP -40 - +85 C

Storage Temperature TS -40 - +105 C

Relative Humidity ‡ RH 0 - 95 %R.H.

Maximum Shock (Any Axis) SMAX 1,000 - - g
 Nominal sensitivity will typically change less than ±15% over temperature range. ‡ Humidity must be non-condensing.
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2.7 Specification

CHARACTERISTIC (T=25 C) SYMBOL MIN TYP MAX UNITS

X Axis Sensitivity   MX 1.07 1.80 - mV/g

Y Axis Sensitivity   MY 1.07 1.80 - mV\g

Z Axis Sensitivity   MZ 1.07 1.35 - mV/g

Lower Frequency Limit (3dB Point) fL3dB - 0.35 0.7 Hz

Upper Frequency Limit (3dB Point) fU3dB 4,000 5,000 - Hz

Resonant Frequency fo - 9,200 - Hz

Resonant Q QR - 10 - Hz/Hz

Transverse Sensitivity MT - 10 - %

Base Strain Sensitivity - - 0.05 - g/μ

Temperature Transient Sensitivity - - 0.2 - g/ C/min

Dynamic Range - - ±250 - gʼs

Linearity - - 0.1 1.0 %

Equivalent Noise (100Hz) e100 - 0.2 - mg/ Hz

Weight - - 0.35 - grams
  Reference Frequency is 10 Hz.
  Assumes constant current bias, guarded Drain & Source
 Tighter sensitivity tolerances available.  Consult factory for options.     

2.8 Electrical Specifications

CHARACTERISTICS (T=25 C) SYMBOL MIN TYP MAX UNITS

Gate-Drain Voltage - -30 - - V

Gate-Source Voltage - -30 - - V

Gate Current - - - 10 mA

Power Dissipation - - - 360 mW

Power Derating - - 3.27 - mW/oC

Gate-Source Cut-Off Voltage VGS(OFF) -0.5 - -1.8 V

Saturation Drain Current IDSS 10 - 150 μA

CS Forward Transconductance gFS 50 - 210 μS
 JFETʼs similar to 2N4117.  Three per unit. 
 Specifications modified from standard 2N4117 JFETʼs.
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2.9.1 Equivalent Electrical Schematic

2.9.2 Interface Test Circuit (One Channel Shown)
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3.0 REQUIREMENTS
3.1 Detailed Description

Each of the three sensing elements is a small cantilever beam consisting of a metal substrate with a piezoelectric
polymer element affixed to one side.  Each beam is supported at one end while the opposite end is allowed to flex in
response to acceleration.  The beam flex strains the piezoelectric material which in turn generates a charge
proportional to the applied acceleration.

The beams are oriented to sense acceleration in the defined X, Y, and Z axes.  Note that the X and Y axes are at a
45o angle relative to the accelerometer’s package.

3.2 Electrical Interface

The ACH-04-08-05 contains three JFET’s, one for each channel, which function as impedance converters easing
electrical interface requirements.  The JFET’s are similar to the industry standard part number 2N4117.  The JFET’s
MUST be biased for the accelerometer to function properly.  There are many possible interface circuits.  The JFET
biasing circuit, used in MSI’s final production test, is shown on page 4.  Two other example circuits are shown below.
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The constant-current bias circuit minimizes device-to-device and temperature related JFET transconductance
variations keeping the JFET gain near one (1).  With the additional operational amplifier, the circuit has a gain of
x148, a one-pole low-pass filter at 159Hz, and a one-pole high-pass filter at 0.34Hz.  The circuit’s component values
and DC reference/supply voltages can be scaled to fit many applications.  

The resistor bias circuit positions the operating point in the middle of the transconductance curve again minimizing
transconductance variations.  This circuit can also be powered from a single-supply voltage by creating an artificial
ground, VREF.

The following figure shows the circuit used in MSI’s Analog Test PCB (only one channel shown) which is available to
quickly evaluate the basic characteristics of the ACH-04-08-05 accelerometer.  Contact the factory to receive more
information about the Analog Test PCB.  Here, a resistor biasing scheme is used.  The circuit runs from a single
supply voltage by generating a reference voltage, VREF.  The circuit has a gain of x47.8, a high-pass corner
frequency of 0.34Hz, and a low-pass corner frequency of 185Hz.  These values, as well as the operational amplifier,
are easily changed to suit specific applications.  As shown, the circuit typically draws only 13μ A for all three axes.

3.3 Sensitivity Variation versus Temperature

The ACH-04-08-05's typical sensitivity variation versus temperature is shown on Page 5.  As shown, the sensor
output varies +10% / -24% from -40oC to +85oC, respectively, relative to 25oC.  From 0oC to +70oC, the sensitivity
variation is typically +5% / -16%, respectively.  For many applications, this variation is acceptable (less than ±2dB
from -40oC to +85oC).  If a tighter tolerance is required, the ACH-04-08-05 is easily temperature compensated.  A
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simple method is to use linear temperature coefficient resistors in the feedback network of the operational amplifier
used to condition the accelerometer’s signal.  KOA Speer Electronics, Inc.® (Bradford, PA) manufactures a variety of
these resistors (LT73 and MLT product family).  Using a -2800ppm/oC temperature compensating resistor yields a
sensitivity variation of ±4% from -40oC to +85oC.  From 0oC to +70oC, a variation of only ±2% is obtained using a
-3300ppm/oC resistor.  Note that since the resistors have negative temperature coefficients, they need to be placed
in the circuit such that the gain increases with increasing temperature.

3.4 Temperature Transient Sensitivity

Because of the its very low operating frequency, the ACH-04-08-05 exhibits high Temperature Transient Sensitivity
(TTS).  TTS is defined as the accelerometer’s output response to RAPID temperature changes and is expressed in
equivalent g’s per degree C.  This effect should not be confused with the ACH-04-08-05's sensitivity shift versus

temperature which is defined at static (unchanging) temperatures and is unrelated to TTS (see above).  The ACH-
04-08-05's TTS will manifest itself as a low frequency (“DC”) drift when the device is subjected to temperature
gradients.  Even small temperature changes can produce significant DC drift.

TTS results primarily from differences in the thermal coefficients of expansion (TCE) of the various materials in the
accelerometer.  During product development, every effort is made to match TCE’s, however, many mismatches are
unavoidable.  Even small TCE mismatches can lead to high TTS when combined with low frequency measurement
capability since TTS is primarily a low frequency phenomena.

Fortunately, it is easy to minimize TTS effects.  The key is to prevent air currents, which are at various temperatures,
from circulating around the ACH-04-08-05.  These “wind currents” can be minimized by encasing the accelerometer
in a shell.  The shell can be made of almost anything.  Successful TTS minimization shells have been made from
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plastic, paper, metal, etc.  In fact, wind shields have been successfully integrated into the housing of the final circuit
board assembly negating the need for additional parts.  While the shell does not have to be air-tight, tighter seals
provide better performance.  Encapsulating the ACH-04-08-05 can also provide an effective wind shield.  To ensure
that the ACH-04-08-05's housing is not compressed under the weight of the encapsulant, MSI recommends that a
spacer be placed above the unit.  Note that the best performance is obtained by combining a wind shell with
encapsulation.

3.5 Base Strain Sensitivity

The ACH-04-08-05 displays Base Strain Sensitivity (BSS) for many of the same reasons that it displays TTS;
namely, low frequency operation and low modulus/high TCE materials.  BSS is defined as the amount of output
signal generated as a result of bending in the accelerometer’s mounting surface and is expressed in terms of
equivalent g’s per input micro-strain, g/μ .

The best way to minimize BSS effects is to stiffen the mounting structure.  Stiffer mounting structures are typically
less susceptible to bending.  However, since the ACH-04-08-05 is designed to be attached to a circuit board, it may
be impractical to stiffen the mounting surface.   In this situation, the accelerometer can be mounted at the end of a
“cantilever beam” routed into the circuit board, where minimal strain is coupled into the accelerometer.  Mounting
arrangements such as this are very effective for low frequency applications.  However, they are unacceptable for
high frequency measurements where the signal to be measured is near or above the resonant frequency of the
circuit board, cantilever beam.  Implementation of a cantilever beam, strain minimization design requires careful
analysis to accurately position the cantilever resonance well above the frequency range of interest.

3.6 IC Package

To insure proper protection against RF and EM interference, the outer surface of the package is conductive and
electrically connected to the GND pin.  Exercise caution when laying out PC boards to ensure that no uninsulated
traces are located under the package.  They could contact the package surface and be shorted to GND.  It is
recommended that all 14 pins of the package be soldered to the PC board to insure good mechanical coupling of
acceleration, motion, and shock.  Complete soldering will also eliminate undesirable mechanical resonances of the
IC package. 
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The package is sealed to eliminate the effects of normal exposure to the environment and typical cleaning
processes found in an electronic manufacturing facility.  However, the package seal is not hermetic and exposure to
acidic, basic, corrosive, or aqueous environments is not recommended.  Because of process variations, the ACH-04-
08-05 should be qualified through the intended production assembly processes (soldering, wash, etc.) before
releasing to production.  The device is NOT IR reflow solderable.  Recommended alternative soldering processes
include laser, hand and hot bar soldering.  The ACH-04-08-05 can be manufactured to suit wave (not IR) soldering
processes. Contact MSI for more detailed information.

3.7 ACH-04-08-05 Mechanical Dimensions
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information to
verify, before placing orders, that information being relied on is current and complete. All products are sold subject
to the terms and conditions of sale supplied at the time of order acknowledgement, including those pertaining to
warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI’s standard warranty. Testing and other quality control techniques are utilized to the extent TI
deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL
APPLICATIONS. INCLUSION OF TI PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY
AT THE CUSTOMER’S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating safeguards
must be provided by the customer to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance or customer product design. TI does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of TI covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI’s publication of information regarding any third party’s
products or services does not constitute TI’s approval, warranty or endorsement thereof.

Copyright ® 1998, Texas Instruments Incorporated
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Jim Karki
Advanced Analog Products

Advanced Analog Applications Group

Abstract
This paper describes a complete solution for digital measurement of acceleration. An AMP accelerometer
sensor is used for the conversion between mechanical acceleration and electrical analog. This electrical signal
is then conditioned using Texas Instruments’ TLV2772 op amp (on the Universal Op Amp EVM), digitized using
the TLV1544 ADC EVM, and processed with the TMS320C5X EVM. This provides the user with a quick and easy
way to evaluate a complete 3-axis accelerometer solution.
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1 Introduction

Accelerometers are used in aerospace, defense,
automotive, household appliances, instrumentation,
audio, transport, material handling, etc. This application
report develops a data collection system for
acceleration in 3 axis.

Figure 1 shows a block diagram of a typical analog
data collection system. This application presents
information about the sensor, signal conditioning, ADC,
processor, display, and memory.

DACADC

Power
Supply

Distribution

Sensor Processor Analog
Output

Display Memory

Signal
Conditioning

Signal
Conditioning

Figure 1–1. Typical Analog Data Collection System
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2 System Description

Figure 2.1 shows the accelerometer system diagram
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Figure 2–1. Accelerometer System Diagram
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2.1 Sensor
An AMP ACH04-08-05 shock sensor converts
mechanical acceleration into electrical signals. The
shock sensor contains three piezoelectric sensing
elements oriented to simultaneously measure
acceleration in three orthogonal linear axes. The
sensor responds from 0.5 Hz to above 5 kHz. An
internal JFET buffers the output. Typical output voltage
for x and y axis is 1.80 mV/g. Typical output voltage for
the z axis is 1.35 mV/g. Refer to AMP’s web site at
http://www.amp.com/sensors for in-depth information
about this sensor, piezo materials in general, and other
related products.

2.2 Signal Conditioning
Circuitry using the Texas Instruments TLV2772
operational amplifier provides amplification and
frequency shaping of the shock sensor output. Due to
its high slew rate and bandwidth, rail-to-rail output
swing, high input impedance, high output drive and
excellent dc precision the TLV2772 is ideal for this
application. The device provides 10.5 V/±s slew rate
and 5.1 MHz gain bandwidth product while consuming
only 1 mA of supply current per amplifier. The
rail-to-rail output swing and high output drive make this
device ideal for driving the analog input to the TLV1544
analog-to-digital converter. The amplifier typically has
360 ±V input offset voltage, 17 nV/vHz input noise
voltage, and 2 pA input bias current. Refer to Texas
Instruments’ web site at http://www.ti.com and search
on TLV2772 to download a TLV2772 data sheet,
literature #SLOS209.

The Universal Operational Amplifier EVM is used to
construct the ACH04-08-05 shock sensor and TLV2772
operational amplifier circuitry. The Universal
Operational Amplifier EVM facilitates construction of
surface mount operational amplifier circuits for
engineering evaluation. Refer to Texas Instruments’
web site at http://www.ti.com to download the Universal
Operational Amplifier EVM User’s Manual, literature
#SLVU006.

2.3 ADC
The TLV1544 EVM provides analog-to-digital
conversion. The TLV1544 is a low-voltage (2.7 V to 5.5
V dc single supply), 10-bit analog-to-digital converter
(ADC) with serial control, 4 analog inputs, conversion
time = 10 ±s, and programmable 1 ±A power down
mode. Refer to Texas Instruments’ web site at
http://www.ti.com to download a TLV1544 data sheet,
literature #SLAS139B, TLV1544 EVM User’s Manual,
literature #SLAU014, and related information.

2.4 Processor, Memory, and Display
The TMS320C5x EVM controls and collects data
samples from the TLV1544. Refer to Texas
Instruments’ web site at http://www.ti.com to download
the TMS320C5x EVM Technical Reference, literature
#SPRU087, and related information .

The TMS320C5x EVM installs into a PC platform. The
PC provides programming and control of the
TMS320C5x EVM , and provides resources for file
storage or other processing of the collected data.

3 System Specification Requirements

The following system specification requirements were
derived to guide the design.

3.1 G-Force Measurement Requirements
Range: °50g

Noise: 0.05g pk-pk (equivalent input noise
measured in g)

Resolution: 0.1g

Frequency Response: 1 Hz to 500 Hz (min 3 dB BW)

3.2 Power Requirements
Input Voltage: 3 V °10%, Noise = 30 mV pk-pk

(20 MHz BW)

Input Current: 5 mA (max) (power requirements for
sensor and signal conditioning
circuitry)
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4 Sensor and Signal Conditioning Design

Circuit design is a 3-step process:

1. Hand analysis

2. SPICE simulation

3. Circuit breadboard and lab testing

The signal from the sensor must be amplified and
frequency shaped to provide a signal that the ADC can
properly convert into a digital number.

The schematic in Figure 4–1 shows the topology used
in this application for 1 axis of the sensor and signal
conditioning circuit.

Input power is 3 V and ground. The TLV431 precision
voltage regulator, when configured as shown, produces
a nominal 1.23-V reference voltage. This voltage
provides the signal reference for the signal conditioning
circuitry and the bias voltage for the internal JFETs in
the shock sensor.

The transfer function of the signal conditioning circuit is
derived by several means, the easiest of which may be
by using super position. Perform a dc analysis, perform
an ac analysis, and superimpose the results.

1/2
TLV2772

–

+

VDD

2

3

8

1

4

R4

C2R3

R2

VREF

C1Input From Sensor

Shock Sensor

1 Axis ACH–04–08–05

VDD

C3

R5 Output
to ADC

Signal
ConditioningVREF

VDD

C
R

A

TLV431

VREF

Voltage Referance
R1

R6

Figure 4–1. 1-Axis Accelerometer Sensor and Signal Conditioning Circuit

1/2
TLV2772

–

+

VDD

2

3

8

1

4

R4R3

Vdc

Signal
Conditioning

VREF

Vn

Vp

Figure 4–2. DC Circuit Model

4.1 Hand Analysis
In hand analysis, simplifying assumptions make
solutions easier to derive. If the circuit does not
function as anticipated, these assumption must be
reevaluated.

4.1.1 DC Analysis
To perform a dc analysis, assume all inductors are
short circuits and all capacitors are open circuits.

Assume that the resistance of R2 is insignificant
compared to the input impedance of the op amp.
Therefore, Vref will appear at the positive input to the
op amp.

Assuming the ADC input does not impose a significant
load on the circuit, the voltage divider formed between
the ADC input and R5 can be disregarded.
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The dc model shown in Figure 4–2 is based on the
assumptions made above.

The gain of the amplifier with reference to the negative
input, Vn, is:

Vdc
Vref

– R4
R3

or Vdc –Vref R4
R3

Vdc
Vref

1 R4
R3

or Vdc Vref 1 R4
R3

The gain of the amplifier with reference to the
positive input, Vp is:

Superimposing the positive and negative dc gains of
the amplifier results in:

Vdc = Vref

The output of the amplifier is referenced to Vref. The ac
response is superimposed upon this dc level.

4.1.2 AC Analysis
For ac analysis break the circuit into 3 parts and
determine the transfer functions;
ϖ H1(s) = Vp / Vi
ϖ H2(s) = Vo / Vp
ϖ H3(s) = Vadc / Vo

Combine the results to obtain the overall transfer
function:
ϖ H(s) = Vadc / Vi

Where Vi is the input signal from the shock sensor and
Vadc is the output signal to the analog-to-digital
converter. Figure 4–3 shows the ac model with the dc
sources shorted.

1/2
TLV2772

–

+

VDD

2

3

8

1

4

R4

C2R3

C1

C3

R5

Output
to ADC

Signal
ConditioningR2

vO

vn

vp
vI

Vadc

Input
Form

Sensor

Figure 4–3. AC Circuit Model

4.1.2.1 H1(s)=Vp /Vi
Capacitor C1 and resistor R2 form a passive high-pass
filter from the sensor input to the high impedance
positive input to the TLV2772 where:

Vp Vi R2
R2 1 sC1

or

H1(s)
Vp
Vi

R2
R2 1 sC1

4.1.2.2 H2(s) = Vo / Vp
The amplifier gain is found by solving for H2(s) =
Vo/Vp. The solution is a non-inverting amplifier with:

H2(s) Vo
Vp

1 Z
R3

Where:

Z R4
1 sC2R4

H2(s) Vo
Vp

1 R4
R3

1
1 sC2R4

substituting

4.1.2.3 H3(s) = Vadc / Vo
Assuming that the input impedance to the TLV1544
ADC is very high in comparison to the impedance of
C3 and R5, C3 and R5 form a passive low-pass filter
where:

H3(s) Vadc
Vo

1
1 sC3R5

Vadc Vo 1
1 sC3R5

or

4.1.2.4 H(s) = Vadc / Vi
Superimposing the results from above gives the overall
transfer function:

H(s) Vadc
Vi

R2
R2 1 sC1

1 R4
R3

1
1 sC2R4

1
1 sC3R5

To find the complete response, add the ac and dc
components so that:

Vadc = Vi H(s) + Vref

4.1.3 Gain Calculation
Since the TLV2772 is capable of rail-to-rail output, with
a 3 V supply, Vout min = 0 V and Vout max = 3 V. With
no signal from the sensor, Vout nom = reference
voltage = 1.23 V. Therefore, the maximum negative
swing from nominal is 0 V – 1.23 V = –1.23 V, and the
maximum positive swing is 3 V – 1.23 V = 1.77 V.

Model the shock sensor as a low impedance voltage
source with output of 2.25 mV/g max in the x and y axis
and 1.70 mV/g max in the z axis, and calculate the
required amplification of the signal conditioning circuit
as follows:

Gain = Output Swing × (Sensor Sensitivity ⊥ Acceleration)
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To avoid saturating the op amp, base the gain
calculations on the maximum negative swing of
–1.23 V and the maximum sensor output of 2.25 mV/g
for the x and y axis, and 1.70 mV/g for the z axis.
Therefore:

Gain(x,y) = –1.23 V × ( 2.25 mV/g μ (–50g)) = 10.9 and
Gain(z) = –1.23 V × ( 1.70 mV/g μ (–50g)) = 14.5

Choosing R3 = 10 kℜ and R4 = 100 kℜ, gives a gain of
11 in the x and y channels. Choosing R3 = 7.5 kℜ and
R4 = 100 kℜ, gives a gain of 14.3 in the z channel.

4.1.4 Bandwidth Calculations
To calculate the component values for the frequency
shaping characteristics of the signal conditioning
circuit, use 1 Hz and 500 Hz as the minimum required
3-dB bandwidth from the specifications requirements.

4.1.4.1 Component Values for H1(s) = Vp / Vi
To minimize the value of the input capacitor required to
set the lower cutoff frequency, a large value resistor is
required for R2. A 1 Mℜ resistor is used here. To set
the lower cutoff frequency, the value for capacitor C1
must be:

C1 = 1 × (2ο μ lower cutoff frequency (Hz) μ R2 (ℜ))

C1 = 1 × (6.28 μ 1 Hz μ 1 Mℜ) = 0.159 ±F

A more common 0.22-±F capacitor is used for C1. This
moves the lower cutoff frequency to 0.724 Hz.

Figure 4–4 shows the bode plot approximation to
the input transfer function, H1(s) = Vp/Vi.
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Figure 4–4. Bode Plot H1(s) = Vp/Vi

4.1.4.2 Component Values for H2(s) = Vo/Vp
To minimize phase shift in the feedback loop caused by
the input capacitance of the TLV2772, it is best to
minimize the value of feedback resistor R4. Also, to
reduce the required capacitance in the feedback loop,
a large-value resistor is required for R4. A compromise
value of 100 kℜ is used for R4. To set the upper cutoff
frequency, the required capacitor value for C2 is:

C2 = 1 × (2ο μ upper cutoff frequency (Hz) μ R4 (ℜ))

C2 = 1 × (6.28 μ 500 Hz μ 100 kℜ) = 3.18 nF

A more common 2.2 nF capacitor is used for C2. This
changes the upper cutoff frequency to 724 Hz.
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Figure 4–5. Bode Plot of H2(s) = Vo/Vp

Using the amplifier gain calculated above, Figure 4–5
shows the bode plot approximation to the transfer
function H2(s) = Vo/Vp for the x and y channels. The z
channel is the same except the gain is slightly higher in
the pass band.

4.1.4.3 Component Values for H3(s) = Vadc/Vo
Resistor R5 and capacitor C3 cause the signal
response to roll-off further. To set the frequency for this
roll off to begin at the upper cutoff frequency, select
1×(2ο⊥C3(F) μ R4(ℜ)) = upper cutoff frequency(Hz).

With R5 = 1 kℜ and C3 = 0.22 ±F, the roll-off frequency
= 1 × (6.28 μ 0.22 ±F μ 1 kℜ) = 724 Hz.

Figure 4–6 shows the bode plot approximation to the
transfer function H3(s) = Vadc/Vo.
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Figure 4–6. Bode Plot of H3(s) = Vadc/Vo

4.1.4.4 Transfer Function H(s) = Vadc / Vi
Superimposing the previous bode plot approximations
results in the bode plot approximation for the overall
transfer function to be expected from the signal
conditioning circuit as shown in Figure 4–7.
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Figure 4–7. Bode Plot of H(s) = Vadc/Vi

4.2 Spice Simulation
Spice simulation verifies the results of hand analysis
and provides a more accurate result than what is
practical by hand.

The proper models must be used to perform SPICE
simulation of the shock sensor and signal conditioning
circuit.

The data sheet for the ACH-04-05-08 shock sensor
states that the internal JFET used to drive the output is
similar to the industry standard 2N4117. To model the
sensor, a signal source is used to drive the gate of a
2N4117 JFET and proper bias is applied.

Modeling the signal conditioning circuit is straight
forward except that most available SPICE versions do
not have a library model for the TLV2772. This is easily
remedied. Place a similar part on the schematic and
modify its model with the model editor to match that of
the TLV2772. Figure 4–8 below shows the TLV2772
sub-circuit model (as printed in the TLV2772 data
sheet).
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.SUBCKT TLV2772-X 1  2  3  4  5
C1 11 12 2.3094E-12
C2 6 7 8.0000E-12
CSS 10 99 2.1042E-12
DC 5 53 DY
DE 54 5 DY
DLP 90 91 DX
DLN 92 90 DX
DP 4 3 DX
EGND 99 0 POLY(2)  (3,0)  (4,0)  0  .5  .5
FB 7 99 POLY(5)  VB  VC  VE  VLP  VLN  0  19.391E6 – 1E3  1E3  19E6 – 19E6
GA  6 0 11 12 150.80E-6
GCM 06 10 99 7.5576E-9
ISS 3 10 DC 116.40E-6
HLIM 90 0 VLIM  IK
J1 11 2 10 JX1
J2 12 1 10 JX2
R2 6 9 100.0E3
RD1 4 11 6.6315E3
RD2 4 12 6.6315E3
RO1 8 5 17.140
RO2 7 99 17.140
RP 3 4 4.5455E3
RSS 10 99 1.7182E6
VB 9 0 DC 0
VC 3 53 DC .1
VE 54 4 DC .1
VLIM 7 8 DC 0
VLP 91 0 DC 47
VLN 0 92 DC 47
.MODEL DX D(IS=800.0E-18)
.MODEL DY D(IS=800.0E-18  Rs=1m  Cjo=10p)
.MODEL JX1 PJF(IS=2.250E-12  BETA=195.36E-6  VTO=–1)
.MODEL JX2 PJF(IS=1.750E-12  BETA=195.36E-6  VTO=–1)
.ENDS

Figure 4–8. TLV2772 Sub-Circuit Model

Figure 4–9 shows the schematic used for SPICE
simulation. Figures 4–10 show the simulation results.
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0 0

0
0
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Figure 4–9. SPICE Simulation Schematic

The SPICE simulations show agreement with the hand
calculations and the bode plot approximations.

The analyses above do not consider the frequency
response of the shock sensor, which falls off below
0.5 Hz and above 5 kHz. The data sheet for the

ACH-04-08-05 does not specify the role-off
characteristics of the shock sensor’s frequency
response, but in general it is expected that there will be
more attenuation in the signal below 0.5 Hz and above
5 kHz.

Figure 4–10. SPICE Simulation Results
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5 Circuit Realization

The shock sensor and signal conditioning circuits are
built on area 100 of two Universal Operational Amplifier
EVM boards (SLOP 120–1). One EVM board holds a
TLV2772, an ACH-04-05-08, a TLV431, and required
ancillary devices. The other board has only a TLV2772
and required ancillary devices. The signal conditioning
circuit is constructed by installing required components
and wiring. The two boards share signals and sources

through board-to-board connectors. Standoffs and
screws secure the two boards together. Figure 5–1
shows the schematic diagram with reference
designators for using area 100 on two Universal
Operational Amplifier EVM boards.

Tables 5–1 and 5–2 summarize reference designator
part descriptions to construct the shock sensor and
signal conditioning circuits.

Table 5–1. Board 1 – Universal Operational Amplifier EVM Area 100

REFERENCE
DESIGNATOR DESCRIPTION

REFERENCE
DESIGNATOR DESCRIPTION

R101 1 Mℜ 1% SMT C101 Not used

R102 10 kℜ 1% SMT C102 2200 pF 5% NPO SMT

R103 Not used C103 2.2 ±F 20% Y5V SMT

R104 100 kℜ 1% SMT C104 0.1 ±F 10% X7R SMT

R105 100 kℜ 1% SMT C105 2200 pF 5% NPO SMT

R106 Not used C106 Not used

R107 10 kℜ 1% SMT C107 Not used

R108 1 Mℜ 1% SMT C108 Not used

R109 Use 0.22 ±F 10% X7R SMT Capacitor C109 0 ℜ or Jumper

R110 Use 0.22 ±F 10% X7R SMT Capacitor C110 Not used

R111 0 ℜ or Jumper C111 Not used

R112 Not used C112 Not used

R113 Not used U101 TLV2772CD

R114 2.2 kℜ 5% SMT U102 TLV431ACDBV5

R115 0 ℜ or Jumper V1+ 3 V power input

R116 Not used VREF1 Signal conditioning reference

R117 Not used GND1 Signal and power ground

R118 Not used R119 0 ℜ or Jumper

A1OUT X Axis output B104+ Y Axis input form ACH-04-05-08 pin 2

A101– Not used B103+ Jump to VREF1

A102– Jump to VREF1 B102– Jump VREF1

A103+ Jump to VREF1 B101– Not used

A104+ X Axis input from ACH-04-05-08 pin 6 B1OUT Y Axis output

Table 5–2. Board 2 – Universal Operational Amplifier EVM Area 100

REFERENCE
DESIGNATOR DESCRIPTION

REFERENCE
DESIGNATOR DESCRIPTION

R101 Not used C101 Not used

R102 Not used C102 Not used

R103 Not used C103 Not used

R104 0 ℜ or Jumper C104 0.1 ±F 10% X7R SMT

R105 100 kℜ 1% SMT C105 2200 pF 5% NPO SMT

Nintendo Exhibit 1066 
IPR2024-00667 - Page 602



3-V Accelerometer Featuring TLV2772

 15

Table 5–2. Board 2 – Universal Operational Amplifier EVM Area 100

DESCRIPTION
REFERENCE
DESIGNATORDESCRIPTION

REFERENCE
DESIGNATOR

R106 Not used C106 Not used

R107 7.5 kℜ 1% SMT C107 Not used

R108 1 Mℜ 1% SMT C108 Not used

R109 Use 0.22 ±F 10% X7R SMT Capacitor C109 0 ℜ or Jumper

R110 Not used C110 Not used

R111 Not used C111 Not used

R112 Not used C112 Not used

R113 0 ℜ or Jumper U101 TLV2772CD

R114 Not used U102 Not used

R115 Not used V1+ 3 V from Board 1

R116 Not used VREF1 Signal conditioning reference from Board 1

R117 Not used GND1 Circuit common connect to board 1 GND1

R118 Not used R119 0 ℜ or Jumper

A1OUT Z Axis output B104+ Not used

A101– Not used B103+ Not used

A102– Jump to VREF1 B102– Not used

A103+ Jump to VREF1 B101– Not used

A104+ Z Axis input from ACH-04-05-08 pin 12 B1OUT Not used

The ACH-04-08-05 shock sensor mounts in the
breadboard area on board 1. Table 5–3 summarizes
the connections.

Table 5–3. Board 1 – Universal Operational
Amplifier EVM Area 100 ACH-04-08-05

Connections

ACH-04-08-05

PIN NAME BOARD 1 CONNECTIONS

1 D/S1–Y V1+

2 D/S2–Y B104+

3 CTG GND1

4 SGND VREF1

5 D/S1–X V1+

6 D/S2–X A104+

7 RGND–X VREF1

8 GND GND1

9 CTG GND1

10 RGND–Z VREF1

11 D/S1/Z V1+

12 D/S2–Z To board 2

13 CTG GND1

14 RGND–Y VREF1

Board-to-board connectors provide required
connections between board 1 and board 2. The
required board-to-board connections are GND1, V1+,
and VREF. Also, pin 12 of the ACH-04-08–05 must be
connected to A104+ on board 2. This is accomplished
by using board-to-board connectors in the breadboard
area and connecting the appropriate nodes thereto.

Figure 5–1 is the schematic of the 3-axis realization of
the 1-axis circuit shown in Figure 4–1, except for output
filter components R5 and C3. To ease component
placement, the output filters for each channel are
placed on the TLV1544 EVM. For standalone testing of
the signal conditioning circuit without the TLV1544
EVM, temporarily place the filter components on board
1 and board 2. Remove them for final integration.
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Figure 5–1. Signal Conditioning Schematic using
Two Universal Operational Amplifier EVM Boards
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5.1 Test of Signal Conditioning Circuit
After constructing the signal conditioning circuit, and
before connecting the shock sensor, tests were run to
verify the signal conditioning circuit performed as

expected. An AP Instruments network analyzer was
used to measure the gain and phase response.
Figure 5–2 shows the results are very much the same
as the SPICE simulation predicted.

Mag (dB) Phase (deg.)

Figure 5–2. Network Analyzer Display

5.2 Test of Shock Sensor and Signal
Conditioning Circuit

After connecting the shock sensor, the measurement of
acceleration was verified. A spring loaded test fixture
was constructed to induce simple harmonic motion into
the sensor. Figure 5–3 shows a diagram of the test
fixture. By measuring the deflection from center and
the frequency of the oscillation, the acceleration is
calculated as:

a = – ψ2 μ cos(ψt +υ )
Where

a is acceleration

ψ is frequency of oscillation in radians
x is the maximum deflection from center
υ is the phase

Board 2

Board 1

X

Figure 5–3. Spring Test Fixture

While monitoring the output of all 3 axes with an
oscilloscope, the system was set into motion along the
x-axis. Figure 5–4 shows the result displayed on an
oscilloscope. Channel 1 is the x-axis, channel 2 is the
y-axis, and channel 3 is the z-axis.

About 0.25” mechanical deflection was measured
visually. An oscilloscope was used to measure the
frequency of oscillation and the peak voltage
amplitude. Using the above formula to find the peak
acceleration expected from the mechanical movement
(ignoring the sign):

a (peak) = (2ο μ 16)2⊥(0.25in/s2) = 2524in/s2 = 6.58g
Where g = 32 ft/s2

To check the output of the signal conditioning circuit,
use the formula:

128 mV
g

1.80 mV
1

11
6.46 g

a (peak)
Peak voltage output
Sensor output · Gain

Using the typical x–axis output = 1.80mV/g, there is
good agreement between the two calculations.
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Figure 5–4. Output Displayed on Oscilloscope

Note that output is seen on the y-axis and z-axis. The
ACH-04-08-05 data sheet specifies a transverse
sensitivity of 15%. Fifteen percent of the x-axis peak
signal output is 19.2 mV. The peak y axis signal is
40 mV and the peak z-axis signal is 26 mV. Transverse
sensitivity does not account for the observation. While
the primary motion was in the x-axis, motion was
noticed in the other 2 axes as well.

5.3 TLV1544 EVM
For this application the fast conversion mode of the
TLV1544 ADC is used and three of the four analog
inputs are converted one after the other. This results in
a sampling frequency of 28 ksps. By Nyquist’s
sampling theorem the frequency content of the input
analog signal must be insignificant for frequencies
the sampling frequency and above. In this system, the
signal is attenuated by over 40 dB at the Nyquist
frequency.

5.3.1 Interfacing the Signal Conditioning Circuit
to the TLV1544 EVM

The TLV1544 EVM provides a power supply, analog
signal conditioning circuitry, ADC (TLV1544), and
circuitry to support the interface to a DSP or micro
controller.

Refer to the TLV1544 EVM User’s Guide, literature
#SLAU014, for detailed descriptions of the board and
its functions.

To interface the shock sensor and signal conditioning
circuit to the TLV1544 EVM, minor modifications are
required on the TLV1544 EVM. To ease circuit
realization, place the output filter for each axis signal,
R5 and C3 in Figure 4–1, on the TLV1544 EVM.

The TLV1544 has 4 analog inputs. In this application,
channel 0 samples the reference voltage from the
signal conditioning circuit, channel 1 samples the
x–axis output, channel 2 samples the y–axis output,
and channel 3 samples the z-axis output. Make the
following modifications to the TLV1544 EVM, REV–:

Channel 0 Modifications:
ϖ Remove U4, R26, R27, and R28.
ϖ Jumper U4–2 to U4–3.
ϖ Place a 1-kℜ resistor for R28.
ϖ Place a 22-±F capacitor between A0 and ground.

Channel 1 Modifications:
ϖ Remove U5, R29, and C19.
ϖ Jumper U5–3 to U5–6.
ϖ Place a 1-kℜ resistor for R29.
ϖ Place a 0.22-±F capacitor for C19.

Channel 2 Modifications:
ϖ Place a 1-kℜ resistor for JP3.
ϖ Place a 0.22-±F capacitor across D6.

Channel 3 Modifications:
ϖ Place a 1-kℜ resistor for JP4.
ϖ Place a 0.22-±F capacitor across D8.

Switch SW1 to operate the TLV1544 EVM at 3 V. Set
the TLV1544 reference voltage input to 2.4 V by
installing jumpers JP1–1, 2 and JP2–1, 2. Use the 3 V
power supply on the TLV1544 EVM to supply power to
the shock sensor and the signal conditioning circuit.

Table 5–4 shows the interface connections between
the signal conditioning circuit and the TLV1544 EVM,
REV–.

Table 5–4. Interface Between Signal
Conditiioning Circuit and TLV1544 EVM

SIGNAL CONDITIONING CIRCUIT TLV1544 EVM

Board 1 V1+ AVDD

Board 1 GND1 GND

Board 1 VREF1 (signal reference) JP19 (U2–2)

Board 1 A1OUT (X axis output) Analog Input 1

Board 1 B1OUT (Y axis output) Analog Input 2

Board 2 A1OUT (Z axis output) Analog Input 3

Figure 5–5 is a schematic drawing for the interface
between the signal conditioning circuit and the
TLV1544.
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5.4 Interfacing the TLV1544 EVM to the
TMS320C5C EVM

Figure 5–6 shows the connections required to interface
the TLV1544 EVM to the TMS320C5X EVM. For

further details refer to Interfacing the TLV1544
Analog-to-Digital Converter to the TMS320C50 DSP
Applications Report literature # SLAA025.

1 kℜ

1 kℜ

1 kℜ

1 kℜ

0.22 ±F

6

7

8

9

A0

A1

A2

A3

TLV1544

TP19

Analog Input 1

Analog Input 2

Analog Input 3

GND

VREF1

X–Axis Output

Y–Axis Output

Z–Axis Output

V1

GND1

Signal
Conditioning

TLV1544EVM

AVDD
0.22 ±F 0.22 ±F 22 ±F

Figure 5–5. Schematic – Signal Conditioning to TLV1544 ADC

B19

J1

A26

B26

B27

A27

B21

B28

A28

A25

40

46

124

106

43

109

104

45

INT3

CLKR

CLKX

DX

DR

XF

FSX

FSR

TMS320C50 DSP

1

J5

4

7

8

10

12

3

TLV1544ADC

4

3

2

1

16

13

EOC

I/O CLK

DATA IN

DATA OUT

CS

FS

GNDGND

TMS320C5X EVMTLV1544 EVM

Figure 5–6. Interface Between TLV1544 EVM and TMS320C5X EVM

5.5 The TMS320C5X EVM
The TMS320C5X EVM plugs into an ISA slot in a PC.
Refer to TMS320C5X Evaluation Module Technical
Reference literature # SPRU087 for detailed
information on its use. The TMS320C5X C Source
Debugger is also required. Refer to TMS320C5X C

Source Debugger User’s Guide literature # SPRU055B
for user information.
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6 Error and Noise Analysis

Error analysis can predict the errors to be expected
under normal operating conditions. Two analyses are
presented: gain error and noise.

Gain errors contribute to uncertainty in the system
output given a known input.

Noise is a random electrical event that occurs in all
conductors. Noise imposes a statistical uncertainty on
the system’s electrical signals.

The system can be calibrated to compensate for the
effect of gain errors. The uncertainty associated with
noise, on the other hand, prohibits any type of
compensation.

Two of the most widely used types of error analysis are
worst case analysis and sum of squares analysis. The
major task in performing an error analysis is to identify
and quantify the error sources.

Worst case analysis assumes that all errors compound,
one on top of the other. Therefore, the maximum error
in all circuit elements is added to arrive at the total
system error.

Sum of squares analysis assumes that some errors will
tend to cancel each other. By summing the square of
all the errors and taking the square root, the result
takes this cancellation effect into account. A sum of
squares analysis gives a realistic idea of how well the
typical system will perform. This is the type of analysis
that will be presented. A sum of squares analysis uses
the following formula;

Total System Error
k

n 1

Error2n

Where the subscript n indicates an individual error
component and k is the total number of error
components.

System gain error analysis is presented first, followed
by system noise analysis.

6.1 System Gain Error Analysis
Gain errors are errors that contribute to uncertainty in
the system output, given a known input.

The system is essentially an ac system  in which dc
errors can be compensated. Therefore, dc errors
caused by reference voltage errors, offset voltages,
and the like are not included in this error analysis.

6.1.1 Sensor Gain Error
The shock sensor’s output varies, and this contributes
to uncertainty in the system output given a known
input. The data sheet for the ACH-04-08-05 states the
output sensitivity:

CHARACTERISTIC MIN TYP MAX UNIT

X-axis sensitivity 1.35 1.80 2.25 mV/g

Y-axis sensitivity 1.35 1.80 2.25 mV/g

Z-axis sensitivity 1 1.35 1.70 mV/g

This is a °25% tolerance in the output voltage for the
same acceleration input. Thus the error assigned to
this component is 25%.

6.1.2 Signal Conditioning Gain Error
Errors in the signal conditioning circuit also contribute
to uncertainty in the system output, given a known
input. The analysis is limited to the pass band of the
amplifier circuit. In its pass band the gain of the
amplifier is given by:

A 1
b

1

1 1
ab

a = open loop amplification of the
operational amplifier

Where:

And
b R4

R4 R3

The term 1/ab is seen as an error term in this equation
because it is desired to set the gain of the circuit with
the 1/b term (ratio of R3 to R4). To minimize this error,
the open loop amplification of the operational amplifier
should be as large as possible so that 1/ab is very
close to 0. In this application the TLV2772’s open loop
amplification is the lowest at the upper cutoff frequency.
At 1 kHz the open loop amplification is about 75 dB or
5600. Using this value: 1/ab = 0.000016, and the
deviation of the amplifier gain from ideal is 0.002%.

The error caused by the op amp gain setting resistors
is the tolerance of the resistors. In this case, 1%
resistors add an error of 1%.

6.1.3 ADC Gain Errors
Errors caused by sampling of the signal by the ADC
also need to be analyzed. Figure 6–1 shows a
simplified schematic to use for analysis.
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Set initial conditions where Vadc = Vo and Vsample =0.
To simplify the analysis, notice that the time constant
R5C3 = 0.22 ms is much longer than the time constant
RadcCadc = 55 ns, because C3 is 4000 times larger
than Cadc. In this system the TLV1544’s I/O CLK is
being driven at 5 MHz. The sampling period = 6 I/O
CLK periods = 1.2 ±s. Because C3 >> Cadc, when the
switch closes during sampling, C3 acts like a voltage
reservoir for charging Cadc via Radc. During the
sampling period very little charge is transferred from
Vo. The sampling period, 1.2 ±s = 29 μ 55 ns or 29
RadcCadc time constants. Therefore, at the end of the
sampling the period, the voltage across Cadc and C3
is essentially equal, the sample voltage is set by the
ratio of C3 to Cadc;

VO

R5

1 kℜ

Vadc
Rdac

1 kℜ

C3
0.22 ±F

Cadc
55 pF

t = 0
TLV1544 Sampling Circuit

VSample

Figure 6–1. Sampling Input Model

Vsample Vadc C3
Cadc C3

0.99975 Vadc

The error attributed is 0.025%.

The other sources of error in the ADC can be read from
the data sheet. As stated earlier, the system is
essentially an ac system, and dc errors are not
included in the error analysis. Therefore, only the
maximum linearity error from the data sheet, which is
°1 LSB, is included. With 10 bits of resolution or 1024
codes the error = 0.0976%.

6.1.4 Total Gain Error
From this point on in the system, the signal is digital,
and it is assumed there are no errors which cannot be
corrected for.

Calculating the total error as the square root of the sum
of the error squared results in:

25%2 0.002%2 1%2 0.025%2 0.0976%2 25.02%

The uncertainty associated with the shock sensor
output dominates the error analysis. Calibration is
required to insure accurate measurement of
acceleration.

6.2 System Noise Analysis
The first step to analyzing system noise is to qualify
and quantify noise sources within the system. Next, the
components must be added to see the overall effect on
the system.

In this system the noise sources are the shock sensor,
the resistors, and the amplifier. Since all three channels
are essentially the same, the noise analysis is
performed on one channel. Reference designators
from Figure 4–1 are used with the component values
as calculated above for channel z.

Because the z-axis of the shock sensor has about 30%
less sensitivety than either x-axis or y-axis, 30% more
gain is required in channel z. The results of the
analysis show the dominant noise source is the sensor.
The noise specification for the sensor is given in
mg/∗Hz and converted to equivalent input noise
voltage. Therefore, the noise voltage, as calculated in
this analysis, will be higher in channel z, but not
significantly so.

It is typical in amplifier circuits to identity equivalent
input noise voltage per root Hertz for system
components. This is then multiplied by the equivalent
noise bandwidth and amplifier noise gain. The result is
the total system noise. It is convenient to work in RMS
values to compute the total system noise, then to
convert to peak-to-peak (pk-pk) and compare to 1 LSB
to see the effect on the ADC’s output. The following
formula is used:

Total System Noise
(in RMS Volts)

k

m 1

ENB ·en2
m·An2

Where ENB is the equivalent noise bandwidth in hertz,
the subscript m indicated an individual equivalent input
noise source, en, in RMS volts per root Hertz, An is the
noise gain of the amplifier, and k is the total number of
noise sources referred to the input.

Normally, noise in RMS voltage is multiplied by
numbers ranging from 5 to 7 to convert to peak-to-peak
(pk-pk) voltage. This accounts for the large crest factor
seen in noise signals. The pk-pk value of noise voltage
is of concern when driving the input to an ADC
converter. A multiplication factor of 6 is used in this
analysis to convert RMS into pk-pk.

The equivalent noise bandwidth (ENB) accounts for the
noise transmitted above the upper cutoff frequency as
a result of the finite roll-off, or tail of the frequency
response curve. For a 2nd order system, ENB is 1.11
times the normal bandwidth. For this system, 
ENB = 1.11(724 – 0.7) = 802.9 Hz. It is convenient and
acceptable to use ENB = 803 Hz.
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The amplifier noise gain is the noninverting gain of the
amplifier, which is equal to 14.3.

6.2.1 Sensor Noise Analysis
From the ACH-04-08-05 data sheet the shock sensor
has a specification for equivalent noise at 100 Hz equal
to 0.2 mg/∗Hz. Using the typical z-axis value for
sensitivity, 1.35 mV/g, the equivalent noise in volts/∗Hz
is 0.27 ±V/∗Hz. The data sheet gives no further details
as to the spectral shape of the noise from the shock
sensor. For this analysis, assume the noise voltage
from the ACH-04-08-05 is flat over the bandwidth of the
system.

6.2.2 Signal Conditioning Noise Analysis
For Vdd = 2.7 V, the TLV2772 data sheet specifies
equivalent input noise voltage of 147 nV/vHz at 10 Hz
and 21 nV/∗Hz at 1 kHz. Because the TLV2772 is a
CMOS input op amp, the input noise current is
insignificant with the circuit values being used.

The resistors in the signal conditioning amplifier’s input
circuit contribute thermal noise voltage:

4kTR
Hz

Where k is Boltzmann’s Constant = 1.38 μ 10–23J/K

T is temperature in Kelvin

R is resistance in ohms

Hz if frequency in Hertz

R2 contributes 128 nV/∗Hz. R3 and R4 appear in
parallel at the negative input for noise calculations.
Together they contribute 10.7 nV/∗Hz. Resistor R1
adds 40 nV/∗Hz.

Resistor R5 adds thermal noise voltage = ∗(4KTR/Hz)
to the system. The value of the resistor is small and the
noise is not amplified by the amplifier. Therefore the
effect of R5 on the overall system noise is negligible.

Adding the foregoing is straightforward for all
components except the amplifier’s input noise.
Referring to the equivalent input noise voltage vs
frequency graph in the data sheet for the TLV2772
(Figure 39) it can be seen that the equivalent input
noise voltage is characterized by 1/f noise over the
bandwidth of the system’s operation. The input noise is
a combination of the 1/f noise and the white noise of
the op amp: en2 = (K2/f)+ew2 where en is the equivalent
input noise voltage per root Hertz, K is a proportionality
constant and f is frequency in Hertz, and ew is the
white noise specifiction for the op amp. K can be
calculated from the values on the equivalent input
noise vs frequency graph to be about 450 nV. By
integrating the noise density over the frequency range
of operation, the input noise can be computed by:

eoa ENB e2
w K 2 In

fH
fL

Where eoa is the equivalent input noise voltage over
the bandwidth in RMS volts

K is a proportionality constant, equal to 450 nV RMS

fL is the lower cutoff frequency, 0.724 Hz and 
fH is the upper cutoff frequency, 724 Hz.

The result is eoa = 1.32 ±V RMS.

6.2.3 Total Noise Analysis
Adding the system noise sources results in:

14.3 803 (0.27E-6)2 (128E-9)2 (10.7E-9)2 (40E-9)2 (1.32E-6)2

0.124 mV RMS

Total System Noise =
(in RMS Volts)

To convert to pk-pk voltage, multiply by 6. Then Total
System Noise pk-pk = 0.743 mV pk-pk.

The TLV1544 ADC has 10 bits of resolution. With a
voltage reference = 2.4 V, 0.743 mV pk-pk of noise is
equivalent to about 1/3 LSB.
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7 System Test and Evaluation

With the shock sensor and signal conditioning circuit
interfaced to the TLV1544 EVM and the TMS320C5X
EVM, proceed with testing and evaluation of the
system performance.

The program listings as published in the Interfacing the
TLV1544 Analog-to-Digital Converter to the
TMS320C50 DSP Applications Report literature
#SLAA025 can be used as a starting point. Appendix A
contains program listings based on these, except they
modify program flow so that the TLV1544 performs
consecutive conversions of three of its four channels.
When motion in any axis is detected, the program
stores 3000h samples in memory from each channel.

Once the data is stored, it can be saved as a COFF file
using the “store data” utility provided with the
TMS320C5X C-Source Debugger. To read the data into
an Excel spread sheet, a utility program is required to

convert the hexadecimal numbers into decimal ASCII
format. Source code listings are included in
Appendix A.

With the data converted and loaded into Excel, it can
be converted into equivalent acceleration in g using the
formula:

g
ADC Sample ADC Ref Volts

210
–Sig Ref Volts

1
Sensor output Gain

Figure 7–1 shows the x-axis acceleration graphed in
Excel from data collected when testing the signal
conditioning and shock sensor circuits. It can be seen
that the results match the results as presented
previously.

10053

X AXIS ACCELERATION

–10

–8

–6

–4

–2

0

2

4

6

8

1 719 1437 2155 2873 3591 4309 5027 5745 6463 7181 7899 8617 9335 10771 11489 12207

SAMPLE NUMBER

g

Figure 7–1. X-Axis Acceleration Graphed in Excel
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8 Calibration Data/Analysis

8.1 Calibration
The acceleration sensor and the signal conditioning
circuitry were housed in a Bud CU-234 box, which was
machined to mount on a fixture plate for calibrated
testing. The calibrated acceleration source used was
an Unholtz Dickie T-1000 vibration tester. The
specifications for this machine are:
ϖ 1 inch maximum displacement
ϖ 70 in/s maximum velocity
ϖ 75g maximum sine acceleration °10% operational

tolerance
ϖ 5 Hz to 5 kHz frequency range °1/4 Hz frequency

operational tolerance
ϖ Cross axis output 25% maximum

Signals from the signal conditioning circuitry were
routed to the TLV1544 ADC via coaxial cables. Sine
wave acceleration was used and data was collected at
various acceleration levels and frequencies on all 3
axis. Data for each axis was plotted over frequency
and acceleration using the mean sensitivity. The data
was analyzed and the errors calculated. Tables 8–1
through 8–6 and Figures 8–1 through 8–6 show the
result. Figure 8–7 shows the output vs. input for each
axis when averaged over frequency.

A maximum cross axis sensitivity of 17.6% from y-axis
to x-axis was observed. Resonance was observed in
the z-axis at 2 kHz.

Table 8–1. X-Axis Output Vs. Input Using X-Axis
Mean Sensitivity = 1.16 mV/g

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 1.20 1.20 1.20 1.05 0.83

10 11.50 11.00 10.56 8.70

20 21.86 20.94 17.45

50 53.80 51.15 42.60

10 Hz

20 Hz

50 Hz

100 Hz

500 Hz

30

20

10

0
0 10 20 30

X
-a

xi
s

40

50

Input

60

40 50

Figure 8–1. X-Axis Output vs. Input
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Table 8–2. X-Axis % Error

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 20.00% 20.00% 20.00% 5.00% –17.50%

10 15.00% 10.00% 5.60% –13.00%

20 9.30% 4.70% –12.75%

50 7.60% 2.30% –14.80%

0

–5

–20

–20
0 10 20 30

5

15

Input

20

40 50

10

–10

X
-a

xi
s 

– 
E

rr
o

r 
– 

%

10 Hz
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Figure 8–2. X-Axis % Error

Table 8–3. Y-Axis Output Vs. Input Using Y-Axis
Mean Sensitivity = 1.35 mV/g

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 1.03 1.03 1.11 1.03 0.88

10 10.50 9.80 9.70 9.85

20 19.65 19.18 20.10

50 49.65 47.00 52.55
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Figure 8–3. Y-Axis Output vs. Input
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Table 8–4. Y-Axis % Error

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 2.50% 2.50% 10.50% –2.50% –12.50%

10 5.00% –2.00% –3.00% –1.50%

20 –1.75% –4.13% 0.50%

50 –0.70% –6.00% 5.10%

20 Hz 500 Hz

10 Hz

50 Hz
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Figure 8–4. Y-Axis % Error

Table 8–5. Z-Axis Output Vs. Input Using Z-Axis
Mean Sensitivity = 1.01 mV/g

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 0.89 0.97 0.97 0.97 1.13

10 8.20 8.35 8.20 11.70

20 16.80 16.55 23.40

50 41.30 41.55 59.10
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Figure 8–5. Z-Axis Output vs. Input
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Table 8–6. Z-Axis % Error

g/f 10 Hz 20 Hz 50 Hz 100 Hz 500 Hz

1 –11.00% –3.00% –3.00% –3.00% 13.00%

10 –18.00% –16.50% –18.00% 17.00%

20 –16.00% –17.25% 17.00%

50 –17.40% –16.90% 18.20%
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Figure 8–6. Z-Axis % Error
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Figure 8–7. Average Output vs. Input Over
Frequency for Each Axis
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Appendix A. Source Code Listings

*****************************************************************************************

* TITLE         : ADC Interface routine                                                 *

* FILE          : ACCELER1.ASM                                                          *

* FUNCTION      : MAIN                                                                  *

* PROTOTYPE     : void MAIN ()                                                          *

* CALLS         : Wait ()                                                               *

*                 Channels ()                                                           *

* PRECONDITION  : N/A                                                                   *

* POSTCONDITION : N/A                                                                   *

* DESCRIPTION   :

* AUTHOR        : AAP Application Group, Dallas                                         *

*                 CREATED 1998(C) BY TEXAS INSTRUMENTS INCORPORATED.                    *

* REFERENCE     : TMS320C5x User’s Guide, TI 1997                                       *

*               : Data Aquisation Circuits, TI 1998                                     *

*****************************************************************************************

    .mmregs

    .sect ”.vectors”

    .copy ”vectors.asm”

    .sect ”.data”

    .copy ”values.asm”

    .def    _MAIN

    .def    ACT_CHANNEL

    .def    ADWORD

    .def    ADCOUNT

    .def    ADMEM

    .def    isr_save

    .def    FINITO

    .def    data_loc_point0

    .def    data_loc_point1

    .def    data_loc_point2

    .def    data_loc_point3

    .def    MEMCOUNT

    .def    TST_CH1;

    .def    TST_CH2;

    .def    TST_CH3;

AD_DP       .usect ”.variabl”, 0        ;

ACT_CHANNEL .usect ”.variabl”, 1        ; jump address to init. new channel

ADWORD      .usect ”.variabl”, 1        ; send–bytes to the ADC

ADCOUNT     .usect ”.variabl”, 1        ; counter for one channel

ADMEM       .usect ”.variabl”, 1        ; points to act. memory save location
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isr_save    .usect ”.variabl”, 1               ; memory location to save AR7 during interrupts

FINITO      .usect ”.variabl”, 1               ; shows, that the sampling is completed

MEMCOUNT    .usect ”.variabl”, 1               ; counter for samples per channel

TST_CH1     .usect ”.variabl”, 1               ;

TST_CH2     .usect ”.variabl”, 1               ;

TST_CH3     .usect ”.variabl”, 1               ;

data_loc_point0 .usect ”.variabl”, 1           ;

data_loc_point1 .usect ”.variabl”, 1           ;

data_loc_point2 .usect ”.variabl”, 1           ;

data_loc_point3 .usect ”.variabl”, 1           ;

    .sect ”.text”

_MAIN:

*****************************************************************************************

* INITIALIZATION BODY

*****************************************************************************************

* DSP INITIALIZATION

    SETC    INTM                         ; DISABLE GLOBAL INTERRUPTS

    LDP     #0;

    OPL     #0038h, PMST                 ; Configure PMST (allocate IRQ)

    APL     #0000h, PDWSR                ; clear PDWSR (zero wait states)

    APL     #00F0h, CWSR                 ; clear CWSR  (zero wait states)

* SERIAL PORT INITIALIZATION

SPI_INI:

    APL     #07F38h,SPC                 ; clear Res, DLB, FO, XRST, RRST  and FREE in SPC

    OPL     #00038h,SPC                 ; Set Burst Mode,

                                       ; CLKX=1/4CLKOUT1,

                                       ; FSX generated by DSP

    OPL     #080C0h,SPC                 ; activate transmitter and receiver

* INITIALIZE USER INFORMATIONS FOR DATA AQUISITION

    CALL    CHANNELS                    ; load informations about ADC channel and

                                       ; memory location for data saving

* Enable Interrupts

    LDP     #0

    OPL     #00014h,IMR                 ; Unmask RINT and INT3

    CLRC    INTM                        ; enable global interrups

* FIRST SEND OPERATION MODE TO TLV1544

    LDP     #ADWORD

    LACL    ADWORD

    CLRC    XF                         ; Enable Chip Select

    SAMM    DXR                        ; move ADWORD into DXR (DXR = fast conversation mode)

*****************************************************************************************

* initialize MEMCOUNT and data_loc_pointx

*****************************************************************************************
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    SPLK    #data_loc_0,data_loc_point0  ;

    SPLK    #data_loc_1,data_loc_point1  ;

    SPLK    #data_loc_2,data_loc_point2  ;

    SPLK    #data_loc_3,data_loc_point3  ;

    SPLK    #TRIG_REF,TST_CH1  ;

    SPLK    #TRIG_REF,TST_CH2  ;

    SPLK    #TRIG_REF,TST_CH3  ;

    SPLK    #numb_data_all,MEMCOUNT  ;

*****************************************************************************************

* MAIN BODY FOR A PROGRAM, UNRELATED TO AD–CONVERTING                                   *

* PROCESSOR SLEEP AT NONACTIVITY TIMES                                                  *

* INSTEAD OF THE IDLE INSTRUCTION, USER CAN RUN THEIR OWN PROGRAM                       *

*****************************************************************************************

USERINTERFACE:

    SPLK    #00000h,FINITO      ; sampling not finished yet                             *

 

*****************************************************************************************

* testing the input samples against trigger values to start                             *

* the final sampling of the accelerator                                                 *

*****************************************************************************************

TRIP_LOOP:

    LDP     #TST_CH1            ;

    LACC    TST_CH1             ;

    SUB     #TRIP_HIGH          ;

    BCND    TRIG,GEQ            ;

    LACC    TST_CH1             ;

    SUB     #TRIP_LOW           ;

    BCND    TRIG,LEQ            ;

    LDP     #TST_CH2            ;

    LACC    TST_CH2             ;

    SUB     #TRIP_HIGH          ;

    BCND    TRIG,GEQ            ;

    LACC    TST_CH2             ;

    SUB     #TRIP_LOW           ;

    BCND    TRIG,LEQ            ;

    LDP     #TST_CH3            ;

    LACC    TST_CH3             ;

    SUB     #TRIP_HIGH          ;

    BCND    TRIG,GEQ            ;

    LACC    TST_CH3             ;

    SUB     #TRIP_LOW           ;

    BCND    TRIG,LEQ            ;

    B       TRIP_LOOP           ;

*****************************************************************************************
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* start the final sampling of the accelerator

*****************************************************************************************

TRIG:

    SPLK    MAIN_CHANNEL0,ACT_CHANNEL  ; set the next INTERRUPT–BRANCH–ADDRESS to the

                                      ; MAIN sampling

M1:

    LDP     #FINITO;

    LACC    FINITO ;

    SUB     #00001h                   ;

    BCND    M1, LT

*****************************************************************************************

* sampling is done, wait until user interrupt

*****************************************************************************************

M2:

    NOP                             ; no operation

    B       M2;

*****************************************************************************************

* END_CONV_IRQ:

*   Interrupthandler for the external INT3–IRQ, which is the end of conversation signal

*   of the ADC. The Routine will enable the Chip Signal again and send the next sample

*   instruction, contained in ADWORD, to the ADC.

*****************************************************************************************

END_CONV_IRQ:

* MAIN IRQ ROUTINE

    LDP     #ADWORD

    LACL    ADWORD

    CLRC    XF                     ; Enable Chip Select

    SAMM    DXR                    ; move ADWORD into DXR

    RETE                           ; Return to Wait loop

*****************************************************************************************

* RECEIVE_IRQ:

*   Interrupthandler for serial receive of the SPI interface. The Routine will disable the

*   Chip Signal and store the received sample into the by ADMEM specified memdory location.

*   It also checks, how many samples were made of the actual channel and if all done, it

*   will call the procedure CHANNELS to load the next channel specifications.

*****************************************************************************************

RECEIVE_IRQ:

* save AR7 before handling the IRQ routine

    ldp     #isr_save

    sar     ar7,isr_save          ; save AR7 in isr_save

* MAIN IRQ ROUTINE (Data collection from ADC)

    CLRC    SXM                  ; Clear sign bit

    LDP     #0;
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    LACC    DRR,10                 ; load content of DRR in ACCh; shift 10

    LDP     #ADMEM;

    MAR     *,AR7;

    LAR     AR7, ADMEM             ; AR7 = ADMEM

    SACH    *+                     ; save sample in the memory

    SAR     AR7, ADMEM             ; ADMEM++

    LAR     AR7, ADCOUNT;          ; AR7 = ADCOUNT

    LACL    ADCOUNT;

    SUB     #1                     ; increment ACC

    SACL    ADCOUNT                ; ADCOUNT=ADCOUNT–1

    BCND    KEEP_ON,NEQ            ; if ADCOUNT not 0 jump to KEEP_ON

    LACC    ACT_CHANNEL            ; load addr. to set new sampling channel

    CALA                           ; jump into the subroutine

KEEP_ON:

    SETC    XF                     ; Disable Chip Select

* restore AR7 before jump back into the user software

    ldp     #isr_save

    lar     ar7,isr_save           ; load old AR0

    RETE                           ; Return from Interrupt

.copy ”channels.asm”

.end

**********************************************************************************************

* TITLE         : TLV1544C ADC Interface routine                                             *

* FILE          : Channels.ASM                                                               *

* FUNCTION      : CHANNELS                                                                   *

* PROTOTYPE     : void CHANNELS ()                                                           *

* CALLS         : N/A                                                                        *

* PRECONDITION  : N/A                                                                        *

* POSTCONDITION : N/A                                                                        *

* DESCRIPTION   :

* AUTHOR        : AAP Application Group, Dallas                                              *

*                 CREATED 1998(C) BY TEXAS INSTRUMENTS INCORPORATED.                         *

* REFERENCE     : TMS320C5x User’s Guide, TI 1997                                            *

*               : Data Aquisation Circuits, TI 1998                                          *

**********************************************************************************************

    .text

CHANNELS:

WAKE_UP:

    LDP     #AD_DP                   ; point to AD Data Page

    SPLK    #fast_conv,ADWORD        ; The first Word to send is fast_conv to wake up the ADC

                      ; from power down

    SPLK    #tresh,ADMEM             ; DATA LOCATION = THRES, because first received byte

                      ; is meaningless
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    SPLK    #1,ADCOUNT                    ; NUMBER OF DATA 0

    SPLK    #one_more,ACT_CHANNEL         ; set new jump level

    RET

one_more:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_1,ADWORD             ; The first Word to send is fast_conv to

                           ; wake up the ADC from power down

    SPLK    #tresh,ADMEM                  ; DATA LOCATION = THRES, because first

                           ; received byte is meaningless

    SPLK    #4,ADCOUNT                    ; NUMBER OF DATA 0

    SPLK    #CHANNEL1,ACT_CHANNEL         ; set new jump level

    RET

CHANNEL1:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_1,ADWORD             ; SELECT CHANNEL 0

    SPLK    #TST_CH3,ADMEM                ; DATA LOCATION 0

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA 0

    SPLK    #CHANNEL2,ACT_CHANNEL         ; set new jump level\

    RET

CHANNEL2:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_2,ADWORD             ; SELECT CHANNEL 0

    SPLK    #TST_CH1,ADMEM                ; DATA LOCATION 0

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA 0

    SPLK    #CHANNEL3,ACT_CHANNEL         ; set new jump level

    RET

CHANNEL3:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_3,ADWORD             ; SELECT CHANNEL 0

    SPLK    #TST_CH2,ADMEM                ; DATA LOCATION 0

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA 0

    SPLK    #CHANNEL1,ACT_CHANNEL         ; set new jump level

RET

MAIN_CHANNEL0:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_0,ADWORD             ; SELECT CHANNEL

    LACL    data_loc_point3               ;

    SACL    ADMEM                         ; load actual memory pointer

    ADD     #1                            ; increment ACC

SACL    data_loc_point3               ; save new memory pointer

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA

    SPLK    #MAIN_CHANNEL1,ACT_CHANNEL    ; set new jump level

    RET
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MAIN_CHANNEL1:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_1,ADWORD             ; SELECT CHANNEL

    LACL    data_loc_point0               ;

    SACL    ADMEM                         ; load actual memory pointer

    ADD     #1                            ; increment ACC

SACL    data_loc_point0               ; save new memory pointer

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA

    SPLK    #MAIN_CHANNEL2,ACT_CHANNEL    ; set new jump level\

    RET

MAIN_CHANNEL2:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_2,ADWORD             ; SELECT CHANNEL

    LACL    data_loc_point1               ;

    SACL    ADMEM                         ; load actual memory pointer

    ADD     #1                            ; increment ACC

SACL    data_loc_point1               ; save new memory pointer

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA

    SPLK    #MAIN_CHANNEL3,ACT_CHANNEL    ; set new jump level

    RET

MAIN_CHANNEL3:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #channel_3,ADWORD             ; SELECT CHANNEL

    LACL    data_loc_point2               ;

    SACL    ADMEM                         ; load actual memory pointer

    ADD     #1                            ; increment ACC

SACL    data_loc_point2               ; save new memory pointer

    SPLK    #00001h,ADCOUNT               ; NUMBER OF DATA

    LACL    MEMCOUNT                      ;

    SUB     #1                            ; increment ACC

    SACL    MEMCOUNT                      ; ADCOUNT=ADCOUNT–1

    BCND    FINITISIMO,EQ                 ; if ADCOUNT not 0 jump to KEEP_ON

    SPLK    #MAIN_CHANNEL0,ACT_CHANNEL    ; set new jump level

RET

FINITISIMO:

    SPLK    #00001h,FINITO                ; set finish sign

    SPLK    #CHANNEL_END,ACT_CHANNEL      ; set new jump level

RET

* TLV1544 POWER DOWN AFTER TRANSITIONS

CHANNEL_END:

    LDP     #AD_DP                        ; point to AD Data Page

    SPLK    #power_down,ADWORD            ; SELECT CHANNEL 0

    SPLK    #0,ADCOUNT                    ; NUMBER OF DATA 0
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    SPLK    #CHANNEL_END,ACT_CHANNEL ; set new jump level

    RET

**********************************************************************************************

* TITLE         : TLV1544C ADC Interface routine                                             *

* FILE          : values.ASM                                                                *

* FUNCTION      : N/A                                                                       *

* PROTOTYPE     : N/A                                                                       *

* CALLS         : N/A                                                                       *

* PRECONDITION  : N/A                                                                       *

* POSTCONDITION : N/A                                                                       *

* DESCRIPTION   : contains the control data for the TLV 1544, the starting address to       *

*                save the samples to the DSP memory and the number of samples               *

*                 according each channel                                                      *

* AUTHOR        : AAP Application Group, Dallas                                              *

*                CREATED 1998(C) BY TEXAS INSTRUMENTS INCORPORATED.                         *

* REFERENCE     : TMS320C5x User’s Guide, TI 1997                                            *

*               : Data Aquisation Circuits, TI 1998                                          *

**********************************************************************************************

channel_0       .set    0000h                  ; Select TLV1544 channel 0

channel_1       .set    2000h                  ; Select TLV1544 channel 1

channel_2       .set    4000h                  ; Select TLV1544 channel 2

channel_3       .set    6000h                  ; Select TLV1544 channel 3

power_down      .set    8000h                   ; Software Power Down

fast_conv       .set    9000h                  ; Fast Conversion Rate

slow_conv       .set    0A00h                  ; Slow Conversion Rate

test_200        .set    0B00h                   ; (Vreg+ – Vreg–)/2

test_000        .set    0C00h                   ; Vreg–

tets_3FF        .set    0D000h                 ; Vreg+

num_data_0      .set    1FFh                   ; Number of Data from channel 0

num_data_1      .set    200h                   ; Number of Data from channel 1

num_data_2      .set    200h                   ; Number of Data from channel 2

num_data_3      .set    200h                   ; Number of Data from channel 3

tresh           .set    1000h                   ; address to waste the first input sample

                                               ; after initialization

data_loc_0      .set    01000h                  ; Start data location for channel 0

data_loc_1      .set    04000h                  ; Start data location for channel 1

data_loc_2      .set    07000h                  ; Start data location for channel 2

data_loc_3      .set    0A000h                  ; Start data location for channel 3

numb_data_all   .set    03000h                  ; how many samples per channel to do

TRIP_HIGH       .set    023bh                   ; high trigger value = 1.34 V

TRIP_LOW        .set    01e7h                   ; low trigger value = 1.14 V

TRIG_REF        .set    0211h                   ; mean value of no triggering = 1.24 V

**********************************************************************************************

* TITLE         : TLV1544C ADC Interface routine                        *
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* FILE          : vectors.ASM                                                                *

* FUNCTION      : N/A                                                                        *

* PROTOTYPE     : N/A                                                                        *

* CALLS         : N/A                                                                        *

* PRECONDITION  : N/A                                                                        *

* POSTCONDITION : N/A                                                                        *

* DESCRIPTION   : defines the interrupt vector table.                                        *

*                 if RINT occurs: vector points to RECEIVE_IRQ subroutine                    *

*                 if INT3 occurs: vector points to END_CONV_IRQ subrout.                     *

* AUTHOR        : AAP Application Group, Dallas                                              *

*                 CREATED 1998(C) BY TEXAS INSTRUMENTS INCORPORATED.                         *

* REFERENCE     : TMS320C5x User’s Guide, TI 1997                                            *

**********************************************************************************************

.mmregs

RS      b   _MAIN             ;0x00; RESET

INT1    b   INT1              ;0x02; external user interrupt #1

INT2    b   INT2              ;0x04; external user interrupt #2

INT3    b   END_CONV_IRQ      ;0x06; external user interrupt #3

TINT    b   TINT              ;0x08; internal timer interrupt

RINT    b   RECEIVE_IRQ       ;0x0A; Serial Port receive interrupt

XINT    b   XINT              ;0x0C; Serial Port transmit interrupt

TRNT    b   TRNT              ;0x0E; TDM receive interrupt

TXNT    b   TXNT              ;0x10; TDM transmit interrupt

INT4    b   INT4              ;0x12; external user interrupt #4

.space  14*16             ;0x14–0x21; reserved area

TRAP    b   TRAP              ;0x22; trap instruction vector

NMI     b   NMI               ;0x24; non–maskable interrupt

/*******************************************************************************************/

/* TITLE         : Hexadecimal to ASCII – Decimal Converter                                */

/* FILE          : B_H_C502.PAS                                                            */

/* FUNCTION      : N/A                                                                     */

/* PROTOTYPE     : N/A                                                                     */

/* CALLS         : N/A                                                                     */

/* PRECONDITION  : N/A                                                                     */

/* POSTCONDITION : N/A                                                                     */

/* DESCRIPTION   : strip header from COFF file and convert                                 */

/*                                hexadecimal numbers into ASCII–decimal                   */

/* AUTHOR        : AAP Application Group, Dallas                                           */

/*                 CREATED 1998(C) BY TEXAS INSTRUMENTS INCORPORATED.                      */

/* REFERENCE     :                                                                         */

/* NOTE       : Written in PASCAL                                                          */

/******************************************************************************************/

uses crt,dos,printer;
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type

   positionstyp=record

   AAAA :word;

   END;

var

   pos          :positionstyp;

   satz1 :file of positionstyp;

   inpfile,ffile        :string[20];

   na,c         :char;

   s2           :string[2];

   i            :integer;

   A,n          :char;

   AA          :byte;

   tin          :file of byte;

   tout         :text;

   offset       :byte;

   nb          : byte;

   number       :longint;

   number_low   :longint;

   number_high  :longint;

begin

repeat

  clrscr;

  writeln;

  writeln(’ TEXAS INSTRUMENTS (C) SOFTWARE’);

  writeln(’ 1998 ’);

  writeln;

  write(’ hard drive for input binary hexadecimal file(16bit) : ’);  na:=readkey;
writeln(na,’:);

  write(’ file name: ’);

  readln(ffile);ffile:=na+’:+ffile;

  assign(tin,ffile);{$i–} reset(tin);{$i+}

  i:=IoResult;

  if (i<>0) then

    begin

     repeat

       writeln(’ file not found, new Input Name? [Y/N]’);

       n:=upcase(readkey);

     until ((n=’Y’) or (n=’N’));

    end;

  if i=0 then n:=’w’;

until ((n=’N’) or (n=’w’));

if n<>’N’ then

begin
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inpfile:=ffile;

repeat

  writeln;

  write(’ hard drive for decimal output file : ’);  na:=readkey; writeln(na,’:);

  write(’ file name: ’);  readln(ffile);ffile:=na+’:+ffile;

  assign(tout,ffile);{$i–} reset(tout);{$i+}

  i:=IoResult;

  if (i=0) then

    begin

     repeat

       writeln(’ file already found, should I overwrite it? [Y/N]’);

       n:=upcase(readkey);

     until ((n=’Y’) or (n=’N’));

    end

  else n:=’Y’;

until n=’Y’;

    rewrite(tout);writeln;

    writeln(tout,’binary Hex_dec–convertion, made by  TI: ’);

    writeln(tout,’Input_file: ’,inpfile);

    read(tin,nb);

    reset(tin);

   for i:=1 to 70 do read(tin,nb);

   repeat

     read(tin,nb);

     number_low:=nb;

     read(tin,nb);

     number_high:=nb;

     number:=number_high*256+number_low;

     writeln(number);

     writeln(tout,number,’;’);

   until eof(tin);

   close(tin);

   close(tout);

   readln;

end;

end.

{A=97 0=48}
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REV . B

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
otherw ise under any patent or patent rights of Analog Devices.

a �1 g  to �5 g  Single Chip Accelerometer
 with Signal Conditioning

ADXL05*
FEATURES
5 milli-g Resolution
Noise Level 12� Less than the ADXL50
User Selectable Full Scale from �1 g to �5 g
Output Scale Selectable from 200 m V / g to 1 V / g
Complete Acceleration Measurement System on a

Single Chip IC
Self Test on Digital Com mand
+5 V Single Supply Operation
1000 g Shock Survival

APPLICATIO NS
Lo w Cost Sensor for Vibration Measurement
Tilt Sensing w ith Faster Response than Electrolytic or

Mercury Sensors
M ore Sensitive Alarms and M otion Detectors
Affordable Inertial Sensing of Velocity and Position

floor is 500 μg/√Hz, (12× less than the ADXL50), allowing sig-
nals below 5 milli-g to be resolved.  The ADXL05 is a force bal-
anced capacitive accelerometer with the capability to measure
both ac accelerations (typical of vibration) or dc accelerations
(such as inertial force or gravity). Three external capacitors and
a +5 volt regulated power supply are all that is required to
measure accelerations up to ±5 g. Three resistors are used to
configure the output buffer amplifier to set scale factors from
200 mV/g to 1 V/g.  External capacitors may be added to the
resistor network to provide 1 or 2 poles of filtering.  No addi-
tional active components are required to interface directly to
most analog to digital converters (ADCs).

The device features a TTL compatible self-test function that
can electrostatically deflect the sensor beam at any time to verify
that the sensor and its electronics are functioning correctly.

The ADXL05 is available in a hermetic 10-pin TO-100 metal
can, specified over the 0°C to +70°C commercial, and –40°C to
+85°C industrial temperature ranges. Contact factory for avail-
ability of automotive grade devices.

*Patents pending.

© Analog Devices, Inc., 1996

One Technology Way, P.O. Box 9106, Norwood. MA 02062-9106,  U.S.A.
Tel: 617 /329-4700 Fax: 617 /326-8703

GENERAL DESCRIPTION
The ADXL05 is a complete acceleration measurement system
on a single monolithic IC. The ADXL05 will measure accelera-
tions with full-scale ranges of ±5 g to ±1 g or less. Typical noise

FUNCTIONAL BLOCK DIAGRAM
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4 DEMODULATOR

BUFFER
AMP

PREAMP

OSCILLATOR

ADXL05

C2

OSCILLATOR
DECOUPLING
CAPACITOR
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ADXL05–SPECIFICATIONS
       ADXL05J/A

Parameter Conditions Min Typ Max Units
SENSOR INPUT

Measurement Range Guaranteed Full Scale –5 +5 g
Nonlinearity Best Fit Straight Line, 5 g FS 0.2 % of FS
Alignment Error1 ±1 Degrees
Transverse Sensitivity2 ±2 %

SENSITIVITY
Initial Sensitivity at VPR +25°C 175 200 225 mV/g
Initial Sensitivity at VOUT +25°C, R3/R1 = 5 0.875 1.000 1.125 V/g
Temperature Drift3 ±0.5 % of Reading

ZERO g BIAS LEVEL at VPR

Initial Offset 1.50 1.80 2.10 V
vs. Temperature3 ±25/40 mV
vs. Supply VS = 4.75 V to 5.25 V 10 32 mV/V

NOISE PERFORMANCE at VPR

Voltage Noise Density BW = 4 Hz to 1 kHz 500 1000 μg/√Hz
Noise in 100 Hz Bandwidth 5 mg rms
Noise in 10 Hz Bandwidth 1.6 mg rms

FREQUENCY RESPONSE
3 dB Bandwidth4 C1 = 0.022 μF (See Figure 9) 1000 1600 Hz
3 dB Bandwidth4 C1 = 0.010 μF 4 kHz
Sensor Resonant Frequency 12 kHz

SELF TEST INPUT
Output Change at VPR

5 ST Pin from Logic “0” to “1” –0.85 –1.00 –1.15 V
Logic “1” Voltage 2.0 V
Logic “0” Voltage 0.8 V
Input Resistance To Common 50 kΩ

+3.4 V REFERENCE
Output Voltage 3.350 3.400 3.450 V
Output Temperature Drift3 ±5 mV
Power Supply Rejection DC, VS = +4.75 V to +5.25 V 1 10 mV/V
Output Current Sourcing 500 μA

PREAMPLIFIER OUTPUT
Voltage Swing 0.25 VS – 1.4 V
Current Output Source or Sink 30 80 μA
Capacitive Load Drive 100 pF

BUFFER AMPLIFIER
Input Offset Voltage6 Delta from Nominal 1.800 V ±10 ±25 mV
Input Bias Current 5 20 nA
Open-Loop Gain DC 80 dB
Unity Gain Bandwidth 200 kHz
Output Voltage Swing IOUT = ±100 μA 0.25 VS – 0.25 V
Capacitive Load Drive 1000 pF
Power Supply Rejection DC, VS = +4.75 V to +5.25 V 1 10 mV/V

POWER SUPPLY
Operating Voltage Range 4.75 5.25 V
Quiescent Supply Current 8.0 10.0 mA

TEMPERATURE RANGE
Operating Range J 0 +70 °C
Specified Performance A –40 +85 °C
Automotive Grade* –40 +125 °C

NOTES
1Alignment error is specified as the angle between the true and indicated axis of sensitivity, (see Figure 2).
2Transverse sensitivity is measured with an applied acceleration that is 90° from the indicated axis of sensitivity. Transverse sensitivity is specified as the percent of
  transverse acceleration that appears at the VPR output. This is the algebraic sum of the alignment and the inherent sensor sensitivity errors, (see Figure 2).
3Specification refers to the maximum change in parameter from its initial at +25°C to its worst case value at TMIN to TMAX.
4Frequency at which response is 3 dB down from dc response assuming an exact C1 value is used. Maximum recommended BW is 6 kHz using a 0.010 μF capacitor, refer to
 Figure 9.
5Applying logic high to the self-test input has the effect of applying an acceleration of –5 g to the ADXL05.
6Input offset voltage is defined as the output voltage differential from 1.800 V when the amplifier is connected as a follower. The voltage at this pin has a temperature drift
  proportional to that of the 3.4 V reference.

*Contact factory for availability of automotive grade devices.

All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed.
Specifications subject to change without notice.

(TA = TMIN to TMAX, TA = +25�C for J Grade Only, VS = +5 V, @ Acceleration = 0 g,
 unless otherwise noted)

REV B
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ADXL05

R1

NOMINAL VALUES:
R1 = 49.9kΩ
R3 = 100kΩ (G=2)
R2 = 255kΩ (G=2)

DC COUPLED CONNECTION (�2 g  Full Scale)
(@  VOUT Terminal (Pin 9), unless otherwise noted. 0 g Bias Level = +2.5 V, C1 = 0.022 �F, R2 = 2.57 R3)

            ADXL05J/A
Parameter Conditions Min Typ Max Units

Buffer Gain G = R3/R1* 2
FULL-SCALE RANGE –2 +2 g
SENSITIVITY @ +25°C 350 400 450 mV/g

Temperature Drift TMIN to TMAX ±0.5 % of Reading

ZERO g BIAS LEVEL @ +25°C 1.75 2.5 3.2 V
Temperature Drift +25°C to TMIN or TMAX ±50/80 mV

FREQUENCY RESPONSE dc 1000 Hz

*Note: Resistor tolerance will affect system accuracy.  Use of ±1% (or better) metal film resistors is recommended.

AC COUPLED CONNECTION (�1.5 g  Full Scale)
(@  VOUT Terminal (Pin 9), unless otherwise noted. 0 g Bias Level = +2.5 V, C1 = 0.022 �F, R2 = 2.57 R3

            ADXL05J/A

Parameter Conditions Min Typ Max Units

Buffer Gain G = R3/R1* 5
FULL-SCALE RANGE –1.5 +1.5 g
SENSITIVITY @ +25°C 875 1000 1,125 mV/g

Temperature Drift TMIN to TMAX ±0.5 % of Reading

ZERO g BIAS LEVEL @ +25°C 2.5 V
Temperature Drift +25°C to TMIN or TMAX 2/5 mV

FREQUENCY RESPONSE C4 = 3.3 μF, R1 = 49.9 kΩ 1 1000 Hz

*Note: Resistor tolerance will affect system accuracy.  Use of ±1% (or better) metal film resistors is recommended.

System Performance Specifications–ADXL05
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OBSOLETE

Nintendo Exhibit 1066 
IPR2024-00667 - Page 729



ADXL05

REV B

Package Characteristics

Package �JA �JC Device Weight

10-Pin TO-100 130°C/W 30°C/W 5 Grams

ORDERING GUIDE

Model Temperature Range

ADXL05JH 0°C to +70°C
ADXL05AH –40°C to +85°C

ABSOLUTE MAXIMUM RATINGS*
Acceleration (Any Axis, Unpowered for 0.5 ms)  . . . . . . 1000 g
Acceleration (Any Axis, Powered for 0.5 ms)  . . . . . . . . . . 500 g
+VS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . –0.3 V to +7.0 V
Output Short Circuit Duration

(VPR, VOUT, VREF Terminals to Common)  . . . . . . . Indefinite
Operating Temperature  . . . . . . . . . . . . . . . . . –55°C to +125°C
Storage Temperature  . . . . . . . . . . . . . . . . . . . –65°C to +150°C
*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.

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADXL05 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!

ESD SENSITIVE DEVICE

Drops onto hard surfaces can cause shocks of greater than 1000 g
and exceed the absolute maximum rating of the device. Care
should be exercised in handling to avoid damage.

PIN DESCRIPTION

+5 V The power supply input pin.

C2 Connection for an external bypass capacitor (nominally 0.022 μF)
used to prevent oscillator switching noise from interfering with
other ADXL05 circuitry. Please see the section on component
selection.

C1 Connections for the demodulator capacitor, nominally 0.022 μF.
See the section on component selection for application information.

COM The power supply common (or “ground”) connection.

VREF Output of the internal 3.4 V voltage reference.

ST The digital self-test input. It is both CMOS and TTL compatible.

VPR The ADXL05 preamplifier output providing an output voltage of
200 mV per g of acceleration.

VOUT Output of the buffer amplifier.

VIN– The inverting input of the uncommitted buffer amplifier.

CONNECTION DIAGRAM
10-Header (TO-100)
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ADXL05
Polarity of the Acceleration Output
The polarity of the ADXL05 output is shown in the Figure 1.
When oriented to the earth’s gravity (and held in place), the
ADXL05 will experience an acceleration of +1 g. This corre-
sponds to a change of approximately +200 mV at the VPR out-
put pin. Note that the polarity will be reversed to a negative
going signal at the buffer amplifier output VOUT, due to its
inverting configuration.

+1g

INDICATED POLARITY IS THAT
OCCURRING AT VPR.

TAB

PIN 5

+
–

F igure 1. Output Po larity at VPR

Acceleration Vectors in Three Dimensions
The ADXL05 is a sensor designed to measure accelerations that
result from an applied force. The ADXL05 responds to the
component of acceleration on its sensitive X axis. Figures 2a
and 2b show the relationship between the sensitive “X” axis and
the transverse “Z” and “Y” axes as they relate to the TO-100

Z

Z

X

 TRANSVERSE Z AXIS

SENSITIVE (X) AXIS

SIDE VIEW

X

TAB
 PIN 5

F igure 2a. Sensitive X and Transverse Z Ax is

TRANSVERSE Y AXIS
TOP VIEW

Y

X

Y

SENSITIVE (X) AXIS

X

TAB
PIN 5

F igure 2b . Sensitive X and Transverse Y Ax is

GLOSSARY OF TERMS
Acceleration: Change in velocity per unit time.

Acceleration Vector: Vector describing the net acceleration
acting upon the ADXL05 (AXYZ).

g: A unit of acceleration equal to the average force of gravity
occurring at the earth’s surface. A g is approximately equal to
32.17 feet/s2, or 9.807 meters/s2.

Nonlinearity: The maximum deviation of the ADXL05 output
voltage from a best fit straight line fitted to a plot of acceleration
vs. output voltage, calculated as a % of the full-scale output
voltage (@ 5 g).

Resonant Frequency: The natural frequency of vibration of
the ADXL05 sensor’s central plate (or “beam”). At its resonant
frequency of 12 kHz, the ADXL05’s moving center plate has a
peak in its frequency response with a Q of 3 or 4.

Sensitivity: The output voltage change per g unit of accelera-
tion applied, specified at the VPR pin in mV/g.

Sensitive Axis (X): The most sensitive axis of the accelerom-
eter sensor. Defined by a line drawn between the package tab
and Pin 5 in the plane of the pin circle. See Figures 2a and 2b.

Sensor Alignment Error: Misalignment between the
ADXL05’s on-chip sensor and the package axis, defined by
Pin 5 and the package tab.

Total Alignment Error: Net misalignment of the ADXL05’s
on-chip sensor and the measurement axis of the application.
This error includes errors due to sensor die alignment to the
package, and any misalignment due to installation of the sensor
package in a circuit board or module.

Transverse Acceleration: Any acceleration applied 90° to the
axis of sensitivity.

Transverse Sensitivity Error: The percent of a transverse ac-
celeration that appears at the VPR output. For example, if the
transverse sensitivity is 1%, then a +10 g transverse acceleration
will cause a 0.1 g signal to appear at VPR (1% of 10 g). Trans-
verse sensitivity can result from a sensitivity of the sensor to
transverse forces or from misalignment of the internal sensor to
its package.

Transverse Y Axis: The axis perpendicular (90°) to the pack-
age axis of sensitivity in the plane of the package pin circle. See
Figure 2.

Transverse Z Axis: The axis perpendicular (90°) to both the
package axis of sensitivity and the plane of the package pin
circle. See Figure 2.
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ADXL05

REV B

package. Figure 2c describes a three dimensional acceleration
vector (AXYZ) which might act on the sensor, where AX is the
component of interest. To determine AX, first, the component
of acceleration in the XY plane (AXY) is found using the cosine
law:

AXY = AXYZ (cosθXY) then

              AX = AXY (cosθX)

Therefore: Nominal VPR = 200 mV/g (AXYZ) (cosθXY) cosθX

Axyz

–Z AXIS

X AXIS

Y AXIS

Axy

Ax
θxy

θx

F igure 2c. A Vector Analysis of an Acce leration Acting
Upon the ADXL05 in Three D imensions

Note that an ideal sensor will react to forces along or at angles
to its sensitive axis but will reject signals from its various trans-
verse axes, i.e., those exactly 90° from the sensitive “X” axis.
But even an ideal sensor will produce output signals if the trans-
verse signals are not exactly 90° to the sensitive axis. An accel-
eration that is acting on the sensor from a direction different
from the sensitive axis will show up at the ADXL05 output at a
reduced amplitude.

Table I shows the percentage signals resulting from various θX

angles. Note that small errors in alignment have a negligible
effect on the output signal. A 1° error will only cause a 0.02%
error in the signal. Note, however, that a signal coming 1° off of
the transverse axis (i.e., 89° off the sensitive axis) will still con-
tribute 1.7% of its signal to the output. Thus large transverse
signals could cause output signals as large as the signals of
interest. Table I may also be used to approximate the effect of
the ADXL05’s internal errors due to misalignment of the die to
the package. For example: a 1 degree sensor alignment error will
allow 1.7% of a transverse signal to appear at the output.

Table I. Ideal Output Signals for Off Axis Applied
Accelerations Disregarding Device Alignment and
Transverse Sensitivity Errors

% of Signal Appearing Output in gs for a 5 g
θX at Output Applied Acceleration

0 100% 5.000 (On Axis)
1° 99.98% 4.999
2° 99.94% 4.997
3° 99.86% 4.993
5° 99.62% 4.981
10° 98.48% 4.924
30° 86.60% 4.330
45° 70.71% 3.536
60° 50.00% 2.500
80° 17.36% 0.868
85° 8.72% 0.436
87° 5.25% 0.263
88° 3.49% 0.175
89° 1.7% 0.085
90° 0% 0.000 (Transverse Axis)

Mounting Fixture Resonances
A common source of error in acceleration sensing is resonance
of the mounting fixture. For example, the circuit board that the
ADXL05 mounts to may have resonant frequencies in the same
range as the signals of interest. This could cause the signals
measured to be larger than they really are. A common solution
to this problem is to dampen these resonances by mounting the
ADXL05 near a mounting post or by adding extra screws to
hold the board more securely in place.

When testing the accelerometer in your end application, it is
recommended that you test the application at a variety of fre-
quencies in order to ensure that no major resonance problems
exist (refer to Analog Devices Application Note AN-379).

10

90

100

0%

0.5ms

F igure 3. 500 g Shock Overload Recovery . Top Trace, PCB
Reference Acce lerometer Output: 500 g/Vertica l D iv ision .
Bottom Trace, ADXL05 Output at VPR
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THEORY OF OPERATION
The ADXL05 is a complete acceleration measurement system
on a single monolithic IC.  It contains a polysilicon surface-
micro machined sensor and signal conditioning circuitry which
implements a force-balance control loop. The ADXL05 is ca-
pable of measuring both positive and negative acceleration to a
maximum level of ±5 g.

Figure 16 is a simplified view of the ADXL05’s acceleration
sensor at rest. The actual structure of the sensor consists of 46
unit cells and a common beam. The differential capacitor sensor
consists of independent fixed plates and central plates attached
to the main beam that moves in response to an applied accelera-
tion. The two capacitors are series connected, forming a
capacitive divider with a common movable central plate. The
sensor’s fixed capacitor plates are driven differentially by a
1 MHz square wave: the two square wave amplitudes are equal
but are 180° out of phase from one another. When at rest, the
values of the two capacitors are the same, and therefore, the
voltage output at their electrical center (i.e., at the center plate)
is zero.

CS1
CS2

BEAM

FIXED
OUTER
PLATES

UNIT CELL
CS1 = CS2

DENOTES ANCHOR

CENTER PLATE

F igure 16. A S imp lified D iagram of the ADXL05
Sensor at Rest

Figure 17 shows the sensor responding to an applied accelera-
tion. When this occurs, the common central plate or “beam”
moves closer to one of the fixed plates while moving further
from the other. This creates a mismatch in the two capacitances,
resulting in an output signal at the central plate. The output
amplitude of the signal varies directly with the amount of accel-
eration experienced by the sensor.

BEAM

FIXED
OUTER
PLATES

UNIT CELL
CS1 < CS2

TOP VIEW

APPLIED
ACCELERATION

CS1

CS2 DENOTES ANCHOR

CENTER PLATE

F igure 17. The ADXL05 Sensor Momentarily Respond ing
to an Externa lly App lied Acce leration

Figure 18 shows a block diagram of the ADXL05. The voltage
output from the central plate of the sensor is buffered and then
applied to a synchronous demodulator which is clocked, in
phase, with the same oscillator that drives the fixed plates
of the sensor. If the applied voltage is in sync and in phase
with the clock, a positive output will result. If the applied volt-
age is in sync but 180° out of phase with the clock, then the
demodulator’s output will be negative. All other signals will be
rejected. An external capacitor, C1, sets the bandwidth of the
demodulator.

CS1

CS2

+3.4V +1.8V +0.2V

COM

+3.4V

VREF

+5V

INTERNAL
REFERENCE

+1.8V

VIN–

BUFFER
AMPLIFIER

VOUT

1MHz
OSCILLATOR

+0.2V

0°

180°

+1.8V

3MΩ

EXTERNAL
DEMODULATION

CAPACITOR

C1 C1

33kΩ33kΩ

+5V

PREAMP

+1.8V

LOOP GAIN = 10

VPR

INTERNAL
FEEDBACK
LOOP

RST

SYNCHRONOUS
DEMODULATOR

+3.4V

75Ω

+3.4V

SYNC

COMMON

+5V +5V

EXTERNAL
OSCILLATOR
DECOUPLING
CAPACITOR

C2

DENOTES EXTERNAL
PIN CONNECTION

+3.4V

SELF–TEST
(ST)

50kΩ

BEAM

F igure 18. Functional B lock D iagram
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The output of the synchronous demodulator drives the
preamp—an instrumentation amplifier buffer which is refer-
enced to +1.8 volts. The output of the preamp, VPR, is fed back
to the outer plate of the sensor through a 3 MΩ isolation resis-
tor. The VPR voltage electrostatically resets the sensor back to its
0 g position and is a direct measure of the applied acceleration.

The output of the ADXL05’s preamplifier is 1.8 V ±  200 mV/g,
with an output range of ±1 V for a ±5 g  input.  An uncommit-
ted buffer amplifier provides the capability to adjust the scale
factor and 0 g offset level over a wide range. An internal refer-
ence supplies the necessary regulated voltages for powering the
chip and +3.4 volts for external use.

A self-test is initiated by applying a TTL “high” level voltage
(> +2.0 V dc) to the ADXL05’s self-test pin, which causes the
chip to apply a deflection voltage to the beam which moves it an

amount equal to –5 g (the negative full-scale output of the de-
vice). Note that the ±15% tolerance of the self-test circuit is not
proportional to the sensitivity error, see Self-Test section.

BASIC CONNECTIONS FOR THE ADXL05
Figure 19 shows the basic connections needed for the ADXL05
to measure accelerations in the ±5 g range with an output scale
factor 400 mV/g, a 2.5 V 0 g level, a ±2.0 V full-scale swing
around 0 g, and a 3 dB bandwidth of approximately 1.6 kHz.

Using the circuit of Figure 19, the overall transfer function  is:

    
VOUT = R3

R1
1.8V –VPR( )( ) + R3

R2
(1.8)( ) +1.8V

SENSOR

REFERENCE 6

91083215

7

4 DEMODULATOR

BUFFER
AMP

PREAMP

OSCILLATOR

ADXL05

C2
0.022μF

OSCILLATOR
DECOUPLING
CAPACITOR

C3
0.1μF

+5V DEMODULATOR
CAPACITOR

C1 C1COM R1
49.9kΩ

VPR VIN– R3
100kΩ

VREF
OUTPUT

R2
274kΩ

+3.4V

VOUT

SELF-TEST 
(ST)

+1.8V

0.022μF

 F igure 19. ADXL05 App lication Prov id ing an Output Sensitiv ity of 400 mV/g ,
 a +2.5 V 0 g Leve l and a Bandw idth of 1 kHz
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BUFFER
AMP

0.1μF

+5V

VOUT

0.022μF

C1

C1

+3.4V
REF

COM

1.8V

6 8

9

10

1

2

3

4

0.022μF

C2

PRE-AMP

VPR

R1b

R3VIN–

OUTPUT SCALE FACTOR =                       x VPR OUTPUT
VPR OUTPUT: 200mV/g

R3
(R1a + R1b)

5

ADXL05

R1a

F igure 21. Externa l Sca le Factor Trim m ing

Setting the Accelerometer’s 0 g Bias Level, AC Coupled
Response
If a dc (gravity) response is not required—for example in motion
sensing or vibration measurement applications—ac coupling can
be used between the preamplifier output and the buffer input as
shown in Figure 22. The use of ac coupling between VPR and
the buffer input virtually eliminates any 0 g drift and allows the
maximum buffer gain without clipping.

Resistor R1 and capacitor C4 together form a high pass filter
whose corner frequency is 1/(2 π R1 C4). This means that this
simple filter will reduce the signal from VPR by 3 dB at the
corner frequency, and it will continue to reduce it at a rate of
6 dB/octave (20 dB per decade) for signals below the corner
frequency.

Note that capacitor C4 should be a nonpolarized, low leakage
type. If a polarized capacitor is used, tantalum types are pre-
ferred, rather than electrolytic. With polarized capacitors, VPR

should be measured on each device and the positive terminal of
the capacitor connected toward either VPR or VIN—whichever is
more positive

The 0 g offset level of the ADXL05 accelerometer is preset at
+1.8 V. This can easily be changed to a more convenient level,
such as +2.5 V which, being at the middle of the supply voltage,
provides the greatest output voltage swing.

When using the ac coupled circuit of Figure 22, only a single re-
sistor, R2, is required to swing the buffer output to +2.5 V.
Since the “+” input of the buffer is referenced at +1.8 V, its
summing junction, Pin 10, is also held constant at +1.8 V.
Therefore, to swing the buffer’s output to the desired +2.5 V
0 g bias level, its output must move up +0.7 V (2.5 V – 1.8 V =
0.7 V). Therefore, the current needed to flow through R3 to
cause this change, IR3, is equal to:

    
IR3 = 0.7 Volts

R3 inOhms

USING THE INTERNAL BUFFER AMPLIFIER TO VARY
THE ACCELEROMETER’S OUTPUT SCALE FACTOR
AND 0 g BIAS LEVEL
The ADXL05 accelerometer has an onboard buffer amplifier
that allows the user to change the output scale factor and 0 g
bias level.

The output scale factor of an accelerometer is simply how many
volts output are provided per g of applied acceleration. This
should not be confused with its resolution. The resolution of the
device is the lowest g level the accelerometer is capable of  mea-
suring. Resolution is principally determined by the device noise
and the measurement bandwidth.

The 0 g bias level is simply the dc output level of the accelerom-
eter when it is not in motion or being acted upon by the Earth’s
gravity.

Setting the Accelerometer’s Scale Factor
Figure 20 shows the basic connections for using the onboard
buffer amplifier to increase the output scale factor. The nominal
output level in volts from VPR (the preamplifier output) is equal
to the g forces applied to the sensor (along its sensitive axis)
times 200 mV/g. The use of the buffer is always recommended,
even if the preset scale factor is adequate, as the buffer helps
prevent any following circuitry from loading down the VPR
output.

BUFFER
AMP

C3
0.1μF

+5V

VOUT

0.022μF

C1

C1

+3.4V
REF

COM

1.8V

6 8

9

10

1

2

3

4

0.022μF

C2

PRE-AMP

VPR R1 R3VIN–

OUTPUT SCALE FACTOR =        x VPR OUTPUT
VPR OUTPUT: 200mV/g

R3
R1

5

ADXL05

F igure 20. Basic Buffer Connections

In Figure 20, the output scale factor at Pin 9 (VOUT) is the out-
put at VPR times the gain of the buffer, which is simply the value
of resistor R3 divided by R1. Choose a convenient scale factor,
keeping in mind that the buffer gain not only amplifies the sig-
nal but any noise or drift as well. Too much gain can also cause
the buffer to saturate and clip the output wave form.

The circuit of Figure 20 is entirely adequate for many applica-
tions, but its accuracy is dependent on the pretrimmed accuracy
of the accelerometer and this will vary by product type and
grade. For the highest possible accuracy, an external trim is rec-
ommended. As shown by Figure 21, this consists of a potenti-
ometer, R1a, in series with a fixed resistor, R1b.
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With a dc coupled connection, any difference between a non-
ideal +1.8 V 0 g  level at VPR and the fixed +1.8 V level at the
buffer’s summing junction will be amplified by the gain of the
buffer. If the 0 g level only needs to be approximate and the
buffer is operated a low gain, a single fixed resistor, R2, can still
be used. But to obtain the exact 0 g output desired or to allow
the maximum output voltage swing from the buffer, the 0 g
offset will need to be externally trimmed using the circuit of Fig-
ure 23. Normally, a value of 100 kΩ is typical for R2.

The buffer’s maximum output swing should be limited to
±2 volts, which provides a safety margin of ±0.25 volts before
clipping. With a +2.5 volt 0 g level, the maximum gain the
buffer should be set to (R3/R1) equals:

      
    

2Volts
200 mV/g Times the Max Applied Acceleration in gs

Note that the value of R1 should be kept as large as possible,
20 kΩ or greater, to avoid loading down the VPR output.

The device scale factor and 0 g offset levels can be calibrated us-
ing the Earth’s gravity as explained in the section “calibrating
the ADXL05.”

BUFFER
AMP

0.1μF

+5V

VOUT

0.022μF

C1

C1

+3.4V
REF

COM

1.8V

8

9

10

1

2

3

4

0.022μF

C2

PRE-AMP

VPR R1 R3VIN–

5

ADXL05

6

R2
100kΩ

0g
LEVEL
TRIM

50kΩ
S.F. =

R3
R1

R1 ≥ 20kΩ

VX

FULL
SCALE

±1g

±2g

±4g

±5g

mV
per g

2000

1000

500

400

R1
kΩ

30.1

40.2

40.2

49.2

R3
kΩ

301

200

100

100

RECOMMENDED COMPONENT VALUES FOR
VARIOUS OUTPUT SCALE FACTORS

    F igure 23. Typ ica l Component Va lues for C ircu it w ith
    Externa l 0 g Trim m ing
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PRE-AMP

VPR R1 R3VIN–
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10

C4

R2

SCALE FACTOR =
R3

R1

1
2πR1 FL

C4 =

FOR A +2.5V 0g LEVEL,
IN AN AC COUPLED
CONFIGURATION,
R2 = 2.57 R3

FULL
SCALE
RANGE

±2g

±5g

±2g

±5g

±5g

SCALE
FACTOR

IN
mV/g

1000

400

1000

400

400

DESIRED
LOW

FREQUENCY
LIMIT, FL

R1
IN
kΩ

49.9

127

49.9

127

127

CLOSEST
C4

VALUE

0.10μF

0.039μF

1.0μF

1.5μF

15μF

R2 VALUE
IN kΩ FOR
+2.5V 0g
LEVEL

640

640

640

640

640

R3
IN
kΩ

249

249

249

249

249

RECOMMENDED COMPONENT VALUES

30Hz

30Hz

3Hz

1Hz

0.1Hz

   F igure 22. Typ ica l Component Va lues for AC Coup led
   C ircu it

In order to force this current through R3, the same current
needs to flow from Pin 10 to ground through resistor R2.  Since
Pin 10 is always held at +1.8 V, R2 is equal to:

    
R2 = 1.8 Volts

IR3

Therefore, for an ac coupled connection and a +2.5 V 0 g
output:

    
R2 = 1.8Volts × R3

0.7Volts
= 2.57 × R3

If ac coupling is used, the self-test feature must be monitored at
VPR, rather than at the buffer output (since the self test output is
a dc voltage).

Setting the Accelerometer’s 0 g Bias Level, DC Coupled
Response
When a true dc (gravity) response is needed, the output from
the preamplifier, VPR, must be dc coupled  to the buffer input.
For high gain applications, a 0 g offset trim will also be needed.
The external offset trim permits the user to set the 0 g offset
voltage to exactly +2.5 volts, since this is at the center of the +5
volt power supply it will allow the maximum output swing from
the buffer without clipping.
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The equivalent rms noise of the bandpass filter is equal to

    500 μg / Hz × (1.5 FH ) – (FL /1.5) .

For example, the typical rms noise of the ADXL05 using 1 pole
ac coupling with a bandwidth of 10 Hz and 1 pole low-pass
filter of 100 Hz is:

    Noise (rms) = 500 μg / Hz × 1.5(100) – (10 /1.5)

    = 5,987 μg rms or ≈ 5.9 mg rms

Because the ADXL05’s noise is for all practical purposes
Gaussian in amplitude distribution, the highest noise amplitudes
have the smallest (yet nonzero) probability. Peak-to-peak noise
is therefore difficult to measure and can only be estimated due
to its statistical nature. Table II is useful for estimating the
probabilities of exceeding various peak values, given the rms
value.

Table II.

Nominal Peak-to- % of Time that Noise Will Exceed
Peak Value Nominal Peak-to-Peak Value

2.0 × rms 32%
4.0 × rms 4.6%
6.0 × rms 0.27%
6.6 × rms 0.1%
8.0 × rms 0.006%

RMS and peak-to-peak noise (for 0.1% uncertainty) for various
bandwidths is estimated in Figure 24. As shown by the figure,
device noise drops dramatically as the operating bandwidth is
reduced. For example, when operated in a 1 kHz bandwidth,
the ADXL05 typically has an rms noise level of 19 mg. With
±5 g applied accelerations, this 19 mg resolution limit is nor-
mally quite satisfactory; but for smaller acceleration levels the
noise is now a much greater percentage of the signal. As shown
by the figure, when the device bandwidth is rolled off to 100 Hz,
the noise level is reduced to approximately 6 mg, and at 10 Hz it
is down to less than 2 mg.

Alternatively, the signal-to-noise ratio may be improved consid-
erably by using a microprocessor to perform multiple measure-
ments and then compute the average signal level. When using
this technique, with 100 measurements, the signal-to-noise ratio
will be increased by a factor of 10 (20 dB).

DEVICE BANDWIDTH VS. MEASUREMENT
RESOLUTION
Although an accelerometer is usually specified according to its
full scale (clipping) g level, the limiting resolution of the device,
i.e., its minimum discernible input level, is extremely important
when measuring low g accelerations.

The limiting resolution is predominantly set by the measure-
ment noise “floor” which includes the ambient background
noise and the noise of the ADXL05 itself. The level of the noise
floor varies directly with the bandwidth of the measurement. As
the measurement bandwidth is reduced, the noise floor drops,
improving the signal-to-noise ratio of the measurement and in-
creasing its resolution.

The bandwidth of the accelerometer can be easily reduced by
adding low-pass or bandpass filtering.  Figure 24 shows the typi-
cal noise vs. bandwidth characteristic of the ADXL05.

3dB BANDWIDTH – Hz
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F igure 24. No ise Leve l vs. 3 dB Bandw idth

The output noise of the ADXL05 scales with the square root of
the measurement bandwidth. With a single pole roll-off, the
equivalent rms noise bandwidth is π divided by 2 or approxi-
mately 1.5 times the 3 dB bandwidth. For example, the typical
rms noise of the ADXL05J using a 100 Hz one pole post filter is:

    Noise (rms ) = 500 μg/ Hz × 100(1.5) = 6,124 μg or 6.1 mg rms

For the bandpass filter of Figure 27 where both ac coupling and
low pass filtering are used, the low frequency roll-off, FL, is de-
termined by C4 and R1 and the high frequency roll-off, FH, is
determined by the 1-pole post filter R3, C5.
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OPTIONAL CAPACITOR
FOR 3-POLE FILTERING

OUTPUT

SCALE
FACTOR

TRIM

20kΩ

R7
71.5kΩ

OFFSET AND
SCALING
AMPLIFIER

2-POLE FILTER

BUFFER
AMP

VOUT

VREF

1.8V
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PRE-AMP

VPR

R4b

VIN–

ADXL05

R6
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0g
LEVEL
TRIM

R4a

C4

2

4

7

6AD820

R5
42.2kΩ

R1
82.5kΩ

R3
82.5kΩC3

0.01μF

+5V

R5

3

6

+3.4V

2-POLE FILTER
COMPONENT VALUES

 C4μF

0.0033

0.01

0.033

0.1

3dB
  BW (Hz)

300

100

30

10

C3μF

0.027

0.082

0.27

0.82

OFFSET AND SCALING
AMPLIFIER COMPONENT VALUES

FULL
SCALE

±1g

±2g

±4g

±5g

mV
per g

2000

1000

500

400

R4a
kΩ

10

10

10

10

GAIN

10.00

4.98

2.50

2.00

R5
kΩ

301

200

100

100

R4b
kΩ

24.9

35.7

35.7

45.3

F igure 26. Two-Po le F iltering C ircu it w ith Gain and 0 g
O ffset Ad justment

Bandpass Filtering
Figure 27 shows how the combination of ac coupling and low-
pass filtering together form a bandpass filter that provides an
even greater improvement in noise reduction.
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30

3

1

0.1

49.9

249

49.9

249

249

0.10μF

0.022μF

1.0μF

0.68μF

6.8μF

249

249

249

249

249

640kΩ

640kΩ

640kΩ

640kΩ

640kΩ

300

300

100

100

10

SCALE
FACTOR

IN
mV/g

DESIRED
LOW

FREQUENCY
LIMIT, FL

R1
VALUE
IN kΩ

CLOSEST
C4

VALUE

DESIRED
HIGH

FREQUENCY
LIMIT, FH

R3
IN
kΩ

CLOSEST
C5

VALUE

VALUE
OF R2

FOR +2.5V
0g LEVEL

F igure 27 AC Coup ling and Low-Pass F iltering Used
Together to Prov ide a Bandpass Function

Low-Pass Filtering
The bandwidth of the accelerometer can easily be reduced by
using post filtering. Figure 25 shows how the buffer amplifier
can be connected to provide 1-pole post filtering, 0 g offset trim-
ming, and output scaling. The table provides practical compo-
nent values for various full-scale g levels and approximate circuit
bandwidths. For bandwidths other than those listed, use the
formula:

or simply scale the value of capacitor C4 accordingly, i.e., for an
application with a 50 Hz bandwidth, the value of C4 will need
to be twice as large as its 100 Hz value. If further noise reduc-
tion is needed while maintaining the maximum possible band-
width, then a 2- or 3-pole post filter is recommended. These
provide a much steeper roll-off of noise above the pole fre-
quency. Figure 26 shows a circuit that uses the buffer amplifier
to provide 2-pole post filtering. Component values for the 2-
pole filter were selected to operate the buffer at unity gain. Ca-
pacitors C3 and C4 were chosen to provide 3 dB bandwidths of
10 Hz, 30 Hz, 100 Hz, and 300 Hz.

In this configuration, the nominal buffer amplifier output will be
+1.8 V ±  the 200 mV/g scale factor of the accelerometer. An
AD820 external op amp allows noninteractive adjustment of 0 g
offset and scale factor. The external op amp offsets and scales
the output to provide a +2.5 V ±  2 V output over a wide range
of full-scale g levels.

BUFFER
AMP

0.1μF

+5V

VOUT

0.022μF

C1

C1

+3.4V
REF

COM

1.8V

8

9

10

1

2

3

4

0.022μF

C2

PRE-AMP

VPR R1b R3
VIN–

5

ADXL05

6

R2

0g
LEVEL
TRIM

50kΩ

R1a

C4

OPTIONAL SCALE
FACTOR TRIM*

*TO OMIT THE OPTIONAL SCALE FACTOR
TRIM, REPLACE R1a AND R1b WITH A FIXED
 VALUE 1% METAL FILM RESISTOR.
SEE VALUES SPECIFIED IN TABLES BELOW.
NOTE: FOR NONINTERACTIVE TRIMS,
SET SCALE FACTOR FIRST, THEN OFFSET.

COMPONENT VALUES FOR VARIOUS
FULL-SCALE RANGES AND BANDWIDTHS

FULL
SCALE

±1g

±2g

±4g

±5g

mV
per g

2000

1000

500

400

R1a
kΩ

10

10

10

10

R2
kΩ

100

100

100

100

C4
μF

0.056

0.0082

0.0082

0.0056

3dB
BW (Hz)

10

100

200

300

R3
kΩ

301

200

100

100

R1b
kΩ

24.9

35.7

35.7

45.3

3dB BW = 1
2π R3 C4

F igure 25. Using the Buffer A mp lifier to Prov ide 1-Po le
Post F iltering Plus Sca le Factor and 0 g Leve l Trim m ing

    
C4 = 1

(2πR3)Desired 3dB Bandwidth in Hz
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ADXL05
Additional Noise Reduction Techniques
Shielded wire should be used for connecting the accelerometer to
any circuitry that is more than a few inches away—to avoid 60 Hz
pickup from ac line voltage. Ground the cable’s shield at only one
end and connect a separate common lead between the circuits;
this will help to prevent ground loops. Also, if the accelerometer
is inside a metal enclosure, this should be grounded as well.

Methods for Reducing  0 g Offset  Drift
When using any accelerometer with a dc (gravity sensing) re-
sponse, the 0 g offset level will exhibit some temperature drift.
For very high accuracy applications, one very straightforward
approach is to use a low cost crystal oven to maintain the accel-
erometer at a constant temperature. These ovens are available in
a variety of different temperatures. After the circuit has been built
and is operating correctly, the crystal oven can be mounted over
the accelerometer and powered off the same +5 V power supply.

The ovens may be purchased from Isotemp Research, Inc., P.O.
Box 3389, Charlottesville, VA 22903, phone 804-295-3101. For
more details on crystal oven compensation, refer to application
note AN-385.

Other methods for 0 g drift compensation include using a low
cost temperature sensor such as the AD22100 to supply a mi-
croprocessor with the device temperature. If the drift curve of
the accelerometer is stored in the μP, then a software program
can be used to subtract out the drift. Alternatively, a simple 1st
order (straight line) correction circuit can be used to subtract
out the linear portion of the accelerometer’s drift by using a
temperature sensor and op amp to supply a small compensation
current. For more details on software and hardware drift com-
pensation, refer to application note AN-380.

ACCELEROMETER APPLICATIONS
Popular applications for low g accelerometers tend to fall into
three categories: measurement of tilt and orientation, inertial
measurement of acceleration, velocity and distance, and vibra-
tion or shock measurement.

The ADXL05 is a “dc” accelerometer, meaning that it is ca-
pable of measuring static accelerations such as the Earth’s grav-
ity. The ADXL05 differs from other acceleration measurement
technologies such as piezoelectric and piezofilm sensors which
can only respond to ac signals greater than approximately 1 Hz.
This dc capability is required for tilt and inertial measurement.
For ac shock or vibration the ADXL05 can measure frequencies
of up to 4 kHz and has the added benefit of measuring all the
way down to dc.

Using the ADXL05 in Tilt Applications
The ADXL05’s precision dc characteristics make it suitable for
tilt measurement. It can directly measure the Earth’s gravity and
use this constant force as a position reference to determine incli-
nation. As shown in Figure 28, the accelerometer should be
mounted so that its sensitive axis is perpendicular to the force of
gravity, i.e., parallel to the Earth’s surface. In this manner, it
will be most sensitive to changes in orientation (when it is orien-
tated 90° to the force of gravity). Its output can be then de-
scribed by the sine function; a tilt occurring at an angle θ will
cause a voltage output equal to:

    
VOUT = Accelerometer Scale Factor V

g
⎛
⎝

⎞
⎠ × sin θ( )×1g⎡

⎣⎢
⎤
⎦⎥

+ zero g output(V )

θ

1g 1g

θ

F igure 28. Two Possib le Orientations for T ilt Measurement

Conversely, for a given acceleration signal and assuming no
other changes in the axis or interfering signals, the tilt angle is
proportional to the voltage output as shown in Figure 29. The
angle, θ can be calculated using:

    
θ = arcsin 1g ×

VOUT – zero g output(V )
Scale Factor (V/ g)

⎡

⎣⎢
⎤

⎦⎥
⎛
⎝
⎜

⎞
⎠
⎟

ANGLE OF TILT

500

400

–500
–90 90–70 –50 –30 –10

100

–200

–300

–400

300

200

–100

0

10 30 50 70

V
O

U
T
 @

 5
00

m
V
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F igure 29. VO UT vs. T ilt Ang le

The use of an accelerometer in tilt applications has several ad-
vantages over the use of a traditional tilt sensor. A traditional tilt
sensor consists of glass vial filled with a conductive liquid, typi-
cally a mercury or electrolytic solution. Besides being larger
than an XL05, it requires additional signal conditioning cir-
cuitry. The settling time and frequency response is limited by
the amount of time required for the liquid to stop sloshing
around in the vial. In high vibration environments, or where
high lateral accelerations may be present, it may not be possible
to resolve the tilt signal above the “slosh” noise.  The acceler-
ometer has faster frequency (up to 50 ×) response and set-
tling time. Interfering vibrations may be filtered out if
necessary, an impossibility with a liquid tilt sensor, since one
cannot filter the liquid. Finally, in the presence of lateral accel-
erations, an accelerometer provides more useful information,
i.e., an acceleration signal, which if cleverly signal processed,
can provide both a tilt and an acceleration output.  A single ac-
celerometer can be used to measure tilt over a 180° range; two
accelerometers gives a complete 360° of measurement.

An important characteristic for an accelerometer used in a tilt
application is its 0 g offset stability over temperature.  The
ADXL05 typically exhibits offsets that deviate no more than
0.1 g over the 0°C to +70°C temperature range, corresponding
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control of system and mounting resonances are critical to proper
measurement.  Refer to the application note AN-379, available
from Analog Devices.

CALIBRATING THE ADXL05
If a calibrated shaker is not available, both the 0 g level and scale
factor of the ADXL05 may be easily set to fair accuracy by using
a self-calibration technique based on the 1 g (average) accelera-
tion of the earth’s gravity. Figure 30 shows how gravity and
package orientation affect the ADXL05’s output. Note that the
output polarity is that which appears at VPR; the output at VOUT
will have the opposite sign. With its axis of sensitivity in the
vertical plane, the ADXL05 should register a 1 g acceleration,
either positive or negative, depending on orientation. With the
axis of sensitivity in the horizontal plane, no acceleration (the
0 g bias level) should be indicated.

0g
(a)

0g
(b)

–1g
(c)

+1g
(d)

INDICATED POLARITY IS THAT
OCCURRING AT VPR.

F igure 30. Using the Earth’s Grav ity to Self-Ca librate the
ADXL05

To self-calibrate the ADXL05, place the accelerometer on its
side with its axis of sensitivity oriented as shown in “a.” The 0 g
offset potentiometer, Rt, is then roughly adjusted for midscale:
+2.5 V at the buffer output (see Figure 25).

Next, the package axis should be oriented as in “c” (pointing
down) and the output reading noted. The package axis should
then be rotated 180° to position “d” and the scale factor poten-
tiometer, R1a, adjusted so that the output voltage indicates a
change of 2 gs in acceleration. For example, if the circuit scale
factor at the buffer output is 400 mV per g, then the scale factor
trim should be adjusted so that an output change of 800 mV is
indicated.

Adjusting the circuit’s scale factor will have some effect on its
0 g level so this should be readjusted, as before, but this time
checked in both positions “a” and “b.” If there is a difference in
the 0 g reading, a compromise setting should be selected so that
the reading in each direction is equidistant from +2.5 V. Scale
factor and 0 g offset adjustments should be repeated until both
are correct.

REDUCING POWER CONSUMPTION
The use of a simple power cycling circuit provides a dramatic
reduction in the ADXL05’s average current consumption. In
low bandwidth applications such as shipping recorders, this
simple, low cost circuit can provide substantial power reduction.

If a microprocessor is available, only the circuit of Figure 31 is
needed. The microprocessor supplies a TTL clock pulse to gate
buffer transistor Q1 which inverts the output pulse from the μP

to a 5° tilt error over the entire temperature range. Straight-
forward calibration schemes discussed in this data sheet may be
used to reduce or compensate for temperature drift to improve
the absolute accuracy of the measurement.

Using the ADXL05 in Inertial Measurement Applications
Inertial measurement refers to the practice of measuring accel-
eration for the purpose of determining the velocity of an object
and its change in position, or distance traveled. This technique
has previously required expensive inertial guidance systems of
the type used in commercial aircraft and military systems. The
availability of a low cost precision dc accelerometer such as the
ADXL05 enables the use of inertial measurement for more cost
sensitive industrial and commercial applications.

Inertial measurement makes use of the fact that the integral of
acceleration is velocity and the integral of velocity is distance.
By making careful measurements of acceleration and math-
ematically integrating the signals, one can determine both veloc-
ity and the distance traveled. The technique is useful for
applications where a traditional speed and distance measure-
ment is impractical, or where a non-contact, relative position
measurement must be made.

A practical inertial measurement system uses multiple acceler-
ometers to measure acceleration in three axes, and gyroscopes to
measure rotation in three axes, the requirement for a 6 degree of
freedom system. For simpler systems where one or more of the
axes can be constrained, it is possible to build a system with
fewer accelerometers and gyros.

The measurement system must take the acceleration sensor and
calibrate out all static errors including any initial inaccuracy or
temperature drift. A mathematical model is used to describe the
performance of the sensor in order to calibrate it. If these errors
are not removed, then the process of double  integration will
quickly cause any small error to dominate the result. Most prac-
tical systems use microprocessors for error correction and a tem-
perature sensor for temperature drift compensation. Another
approach is to maintain all of the sensors at a controlled tem-
perature. The microprocessors have the additional advantage of
providing a low cost method of performing the single and
double integration of the acceleration signal.

The stability and repeatability of the accelerometer is the most
important specification in an inertial system. The ADXL05 is
“well behaved” that is, its response and temperature characteris-
tics are easy to model and correct, and once modeled they are
very repeatable.  For example, temperature performance can be
adequately modeled using first order, (straight line) approxima-
tions for most applications, and other errors such as on-axis and
pendulous rectification are minimal.  This greatly simplifies the
math required to correct the sensor.

Vibration and Shock Measurement Applications
The ADXL05 can measure shocks and vibrations from dc to
4 kHz. Typical signal processing for vibration signals includes
fast Fourier transforms, and single and double integration for
velocity and displacement.  It is possible to build a single inte-
grator stage using the ADXL05’s output buffer amplifier in
order to provide a velocity output.

The sensitivity of the accelerometer will typically vary only
±0.5% over the full industrial temperature range, making it one
of the most stable vibration measurement devices available. In
vibration measurement applications, mechanical mounting and
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500mV

F igure 33. Top Trace: Vo ltage at Pin 1; Bottom Trace:
Buffer Output W ith R1 = R3 = 100 kΩ, CF = 0.01 μF

COMPONENT SELECTION
LOAD DRIVE CAPABILITIES OF THE VPR AND BUFFER
OUTPUTS
The VPR and the buffer amplifier outputs are both capable of
driving a load to voltage levels approaching that of the supply
rail. However, both outputs are limited in how much current
they can supply, affecting component selection.

VPR Output
The VPR pin has the ability to source current up to 500 μA but
only has a sinking capability of 30 μA which limits its ability to
drive loads. It is recommended that the buffer amplifier be used
in most applications, to avoid loading down VPR. In standard
±5 g applications, the resistor R1 from VPR to VIN– is recom-
mended to have a value greater than 20 kΩ to reduce loading
effects.

Capacitive loading of the VPR pin should be minimized. A load
capacitance between the VPR pin and common will introduce an
offset of approximately 1 mV for every 10 pF of load. The VPR

pin may be used to directly drive an A/D input or other source
as long as these sensitivities are taken into account. It is always
preferable to drive A/D converters or other sources using the
buffer amplifier (or an external op amp) instead of the VPR pin.
Buffer Amplifier Output
The buffer output can drive a load to within 0.25 V of either
power supply rail and is capable of driving 1000 pF capacitive
loads. Note that a capacitance connected across the buffer
feedback resistor for low-pass filtering does not appear as a
capacitive load to the buffer. The buffer amplifier is limited to
sourcing or sinking a maximum of 100 μA. Component values
for the resistor network should be selected to ensure that the
buffer amplifier can drive the filter under worst case transient
conditions.

Self-Test Function
The digital self-test input is compatible with both CMOS and
TTL signals. A Logic “l” applied to the self-test (ST) input will
cause an electrostatic force to be applied to the sensor which
will cause it to deflect to the approximate negative full-scale
output of the device. Accordingly, a correctly functioning accel-
erometer will respond by initiating an approximate  –1 volt

so that the duty cycle is correct when the pulse is re-inverted
again by transistor, Q2, which cycles the accelerometer’s supply
voltage on and off.

ADXL05

VPR VIN– VOUT

5 8 10 R3 9R1

CF

VOUT

FROM μP
OR

FIGURE 1b

Q1

10kΩ
2N3906

0.1μF

BUFFER

+5V

12N2222

100kΩ

10kΩ
Q2

F igure 31. Basic Power Cycling C ircu it

Figures 32 and 33 show typical waveforms of the accelerometer
being operated with a 10% duty cycle: 1 ms on, 9 ms off. This
reduces the average current consumption of the accelerometer
from 8 mA to 800 μA, providing a power reduction of 90%. The
μP should sample acceleration during the interval between the
time the 0 g level has stabilized (≈ 400 μs using a 0.022 μF
demod cap) and the end of the pulse duration. The measure-
ment bandwidth of a power-cycled circuit will be set by the
clock pulse rate and duty cycle.  In this example, 1 sample can
be taken every 10 ms which is 100 samples per second or 100
Hz. As defined by the “Nyquist criteria,” the best case measure-
ment bandwidth is FS/2 or half the clock frequency. Therefore
50 Hz signals can be processed if adequate filtering is provided.

10

0%

200μs2V

1V

100

90

F igure 32. Top Trace: Vo ltage at Pin 1;
Bottom Trace: Output at VPR

Higher measurement bandwidths can be achieved by reducing
the size of the demodulation capacitor below 0.022 μF and in-
creasing the pulse frequency. A 0.01 μF capacitor was con-
nected across the feedback resistor of the ADXL05 buffer to
improve its transient characteristics. The optimum value for this
capacitor will change with buffer gain and the cycling pulse rate.
For more details, refer to application note AN-378.
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low-pass filtering generally results in smaller capacitance values
and better overall performance. It is also a convenient and more
precise way to set the system bandwidth. Post filtering allows
bandwidth to be controlled accurately by component selection
and avoids the ±40% demodulation tolerance. Note that signal
noise is proportional to the square root of the bandwidth of the
ADXL05 and may be a consideration in component selection—
see section on noise.

Care should be taken to reduce or eliminate any leakage paths
from the demodulator capacitor pins to common or to the +5 V
pin. Even a small imbalance in the leakage paths from these pins
will result in offset shifts in the zero-g bias level. As an example,
an unbalanced parasitic resistance of 30 MΩ from either de-
modulator pin to ground will result in an offset shift at VPR of
approximately 50 mV. Conformal coating of PC boards with a
high impedance material is recommended to avoid leakage prob-
lems due to aging or moisture.

MINIMIZING EMI/RFI
The architecture of the ADXL05 and its use of synchronous de-
modulation make the device immune to most electromagnetic
(EMI) and radio frequency (RFI) interference. The use of syn-
chronous demodulation allows the circuit to reject all signals ex-
cept those at the frequency of the oscillator driving the sensor
element. However, the ADXL05 does have a sensitivity to RFI
that is within ±5 kHz of the internal oscillator’s nominal fre-
quency of 1 MHz and also to any odd harmonics of this fre-
quency. The internal oscillator frequency will exhibit part to
part variation in the range of 0.5 MHz to 1.4 MHz.

In general the effect is difficult to notice as the interference must
match the internal oscillator within ±5 kHz and must be large
in amplitude. For example: a 1 MHz interference signal of
20 mV p-p applied to the +5 V power supply pin will produce a
200 mV p-p signal at the VPR pin if the internal oscillator and
interference signals are matched exactly or at odd harmonics. If
the same 20 mV interference is applied but 5 kHz above or be-
low the internal oscillator’s frequency, the signal level at VPR will
only be 20 mV p-p in amplitude.

Power supply decoupling, short component leads (especially for
capacitors C1 and C2), physically small (surface mount, etc.)
components and attention to good grounding practices all help
to prevent RFI and EMI problems. Good grounding practices
include having separate analog and digital grounds (as well as
separate power supplies or very good decoupling) on the printed
circuit boards. A single ground line shared by both the digital
and analog circuitry can lead to digital pulses (and clock signals)
interfering with the sensor’s onboard oscillator. In extreme
cases, a low cost radio frequency choke (≈10 μH) may be
needed in series with the accelerometer’s power supply pin.
This, together with the recommended 0.1 μF power supply by-
pass capacitor, will form an effective RF filter. The use of an RF
choke is preferred over a resistor since any series resistance in
the power supply will “unregulate” the device from the supply,
degrade its power supply rejection and reduce its supply voltage.

output change at VPR. If the ADXL05 is experiencing an
acceleration when the self-test is initiated, the VPR output will
equal the algebraic sum of the two inputs. The output will stay
at the self-test level as long as the ST input remains high and
will return to the 0 g level when the ST voltage is removed.

A self-test output that varies more than ±15% from the nominal
–1.0 V change indicates a defective beam or a circuit problem
such as an open or shorted pin or component.

Operating the ADXL05’s buffer amplifier at Gains > 2, to pro-
vide full-scale outputs of less than ±5 g, may cause the self-test
output to overdrive the buffer into saturation. The self-test may
still be used in the case, but the change in the output must then
be monitored at the VPR pin instead of the buffer output.

Note that the value of the self-test delta is not an exact indica-
tion of the sensitivity (mV/g) of the ADXL05 and, therefore,
may not be used to calibrate the device for sensitivity error.

In critical applications, it may be desirable to monitor shifts in
the zero-g bias voltage from its initial value. A shift in the 0 g
bias level may indicate that the 0 g level has shifted which may
warrant an alarm.

Power Supply Decoupling
The ADXL05 power supply should be decoupled with a 0.1 μF
ceramic capacitor from +5 V pin of the ADXL05 to common
using very short component leads. For other decoupling consid-
erations, see EMI/RFI section.

Oscillator Decoupling Capacitor, C2
An oscillator decoupling capacitor, C2, is used to remove
1 MHz switching transients in the sensor excitation signal, and
is required for proper operation of the ADXL05. A ceramic
capacitor with a minimum value of 0.022 μF is recommended
from the oscillator decoupling capacitor pin to common. Small
amounts of capacitor leakage due to a dc resistance greater than
1 MΩ will not affect operation (i.e., a high quality capacitor is
not needed here). As with the power supply bypass capacitor,
very short component leads are recommended.  Although
0.022 μF is a good typical value, it may be increased for reasons
of convenience, but doing this will not improve the noise perfor-
mance of the ADXL05.

Demodulator Capacitor, C1
The demodulator capacitor is connected across Pins 2 and 3 to
set the bandwidth of the force balance control loop. This capaci-
tor may be used to approximately set the bandwidth of the ac-
celerometer. A capacitor is always required for proper operation.

The frequency response of the ADXL05 exhibits a single pole
roll-off response, see Figure 4.

A nominal value of 0.022 μF is recommended for C1. In gen-
eral, the design bandwidth should be set 40% higher than the
minimum desired system bandwidth due to the ±40% tolerance,
to preserve stability C1 should be kept > 0.01 μF.

The demodulation capacitor should be a low leakage, low drift
ceramic type with an NPO (best) or X7R (good) dielectric.

In general, it’s best to use the recommended 0.022 μF capacitor
across the demodulator pins and perform any additional low-
pass filtering using the buffer amplifier. The use of the buffer for
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0.160 (4.06)
0.110 (2.79)

0.034 (0.86)
0.027 (0.69)

0.045 (1.14)
0.027 (0.69)
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(2.92)
BSC
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8
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1

4

2

3
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0.230 (5.84)
BSC

REFERENCE PLANE

SEATING PLANE

0.335 (8.51)

0.305 (7.75)

0.370 (9.40)
0.335 (8.51)

0.750 (19.05)

0.500 (12.70)

0.045 (1.14)

0.010 (0.25)

0.040 (1.02) MAX

0.185 (4.70)
0.165 (4.19)
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The Wayback Machine - https://web.archive.org/web/19970606212637/http://www.analog.com:80/publication…

Multi-Purpose Accelerometer Measures Low g Forces with
0.005g Resolution [ADXL05]

NORWOOD, Mass. (May 1, 1995) -- Analog Devices' ADXL05 is the industry's first single-
chip integrated low-g accelerometer which resolves minute changes in acceleration (from 0 g
to ±5 g full scale) with 0.005 g resolution-ten times more precise than the ADXL50 ±50 g
airbag version. More than a sensor, the ADXL05 contains all the signal processing blocks of a
complete acceleration system on a single chip. It combines a tiny micromachined sensor,
modulator, demodulator, voltage reference, signal conditioning, amplification, and on-
command self-test circuitry on one polysilicon die.

The ADXL05 is designed to simplify system complexity, improve performance, and reduce
engineering costs in automotive, industrial, and commercial applications where tilt, inertial,
shock, vibration, velocity and acceleration characteristics must be measured. Unlike
piezoelectric devices, the ADXL05 provides a true dc (gravity) response for precision tilt and
inertial measurement systems. Piezoresistive devices are less precise and more expensive.
The ADXL05 operates from a single +5-V power supply and produces a user-selectable
output signal of up to 1 V/g with a typical nonlinearity of 0.3% full scale (FS). Its flexibility
and guaranteed specifications enable new design opportunities in virtual reality headsets,
machine health monitors, seismic instruments, medical diagnostic equipment, automotive
autoskid breaking systems (ABS) and suspension control, embedded shipping recorders, and
any number of applications involving movement. Adjustable control via an internal buffer lets
users set the device's sensitivity and zero-output to accommodate various system techniques.
External capacitors can be added to provide one or two poles of filtering. No additional
components are needed for interface to most analog-to-digital converters and
microcontrollers.

Analog Devices' ±50 g accelerometer, the ADXL50, is now used in a variety of 1995 General
Motors cars as the crash sensor in airbag deployment systems. The same high-volume, proven
reliability benefits of this 50 g device are now available in the new 5 g ADXL05 version.

The ADXL05 is packaged in a hermetic 10-pin TO-100 metal can with guaranteed
specifications over the 0 to +70°C commercial, and -40° to +85°C industrial temperature
ranges; delivery is from stock. Contact the factory for the availability of devices for operation
over the -40° to +105°C automotive and -55° to +125°C military temperature ranges.

With fiscal 1994 revenues of $773 million, Analog Devices is a Fortune 500 company that
designs, manufactures, and markets precision high-performance integrated circuits used in
analog and digital signal processing applications. The company employs approximately 5,500
people worldwide and has manufacturing facilities in Massachusetts, California, North
Carolina, Ireland, Japan, the Philippines and Taiwan.
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http://www.analog.com:80/products/sheets/
ADSP2162.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP2164.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP2166.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP216X.html

text/
html

Jun 6,
1997

Jul 6,
1997

2 0 2

http://www.analog.com:80/products/sheets/
ADSP2171.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP2172.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP2173.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP218.html

text/
html

Jun 6,
1997

Jul 6,
1997

2 1 1

http://www.analog.com:80/products/sheets/
ADSP2181.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP2183.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 0 3

http://www.analog.com:80/products/sheets/
ADSP2185.html

text/
html

Jun 6,
1997

Dec 18,
2005

18 13 5

http://www.analog.com:80/products/sheets/
ADSP2186.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
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text/
html
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1997

Jul 6,
1997

2 1 1
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http://www.analog.com:80/products/sheets/
ADSP21MOD870.html

text/
html

Nov 15,
1997

Nov 15,
1997

1 0 1

http://www.analog.com:80/products/sheets/
ADSP21MSP58.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP21MSP59.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP21XX.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 0 3

http://www.analog.com:80/products/sheets/
ADSP21XXEZICE.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
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text/
html
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3 1 2
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text/
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3 1 2

http://www.analog.com:80/products/sheets/
ADSP21XXSOFTWAREDEVTOOLS.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADSP28MSP02.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/ADT14.html text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/ADT41.html text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/ADT42.html text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/ADT43.html text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV101.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV453.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV471.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV473.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV476.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV478.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV601.html

text/
html

Jun 6,
1997

Apr 3,
2005

12 5 7
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http://www.analog.com:80/products/sheets/
ADV601LC.html

text/
html

Nov 15,
1997

Mar 22,
2005

11 7 4

http://www.analog.com:80/products/sheets/
ADV7120.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7121.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7122.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7128.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7129.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7150.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 0 3

http://www.analog.com:80/products/sheets/
ADV7151.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7152.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7160.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7162.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7175.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADV7176.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADVFC32.html

text/
html

Jun 6,
1997

Nov 15,
1997

3 1 2

http://www.analog.com:80/products/sheets/
ADXL05.html

text/
html

Jun 6,
1997

Feb 11,
2021

15 9 6

http://www.analog.com:80/products/sheets/
ADXL150.html

text/
html

Nov 15,
1997

Nov 15,
1997

1 0 1

http://www.analog.com:80/products/sheets/
ADXL150EM1.html

text/
html

Jun 6,
1997

Jul 6,
1997

2 1 1
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REV . B

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
otherw ise under any patent or patent rights of Analog Devices.

a Monolithic Accelerometer
With Signal Conditioning

ADXL50*
FEATURES
Complete Acceleration Measurement System

on a Single M onolithic IC
Full-Scale Measurement Range: �50 g
Self-Test on Digital Com mand
+5 V Single Supply Operation
Sensitivity Precalibrated to 19 m V / g
Internal Buffer A mplifier for User Adjustable Sensitivity

and Zero-g Level
Frequency Response: DC to 10 kHz
Post Filtering w ith External Passive Components
High Shock Survival: >2000 g Unpo wered
Other Versions Available: ADXL05 (�5 g)

FUNCTIONAL BLOCK DIAGRAM

*Patents pending.

For convenience, the ADXL50 has an internal buffer amplifier
with a full 0.25 V to 4.75 V output range. This may be used to
set the zero-g level and change the output sensitivity by using
external resistors. External capacitors may be added to the resis-
tor network to provide 1 or 2 poles of filtering. No external
active components are required to interface directly to most
analog-to-digital converters (ADCs) or microcontrollers.

The ADXL50 uses a capacitive measurement method. The ana-
log output voltage is directly proportional to acceleration, and is
fully scaled, referenced and temperature compensated, resulting
in high accuracy and linearity over a wide temperature range.
Internal circuitry implements a forced-balance control loop that
improves accuracy by compensating for any mechanical sensor
variations.

The ADXL50 is powered from a standard +5 V supply and is
robust for use in harsh industrial and automotive environments
and will survive shocks of more than 2000 g unpowered.

The ADXL50 is available in a hermetic 10-pin TO-100 metal
can, specified over the 0°C to +70°C commercial, and –40°C to
+85°C industrial temperature ranges. Contact factory for avail-
ability of devices specified for operation over the –40°C to
+105°C automotive temperature range.

GENERAL DESCRIPTION
The ADXL50 is a complete acceleration measurement system on
a single monolithic IC. Three external capacitors and a +5 volt
power supply are all that is required to measure accelerations up
to ± 50 g. Device sensitivity is factory trimmed to 19 mV/g,
resulting in a full-scale output swing of ±0.95 volts for a ±50 g
applied acceleration. Its zero g output level is +1.8 volts.

A TTL compatible self-test function can electrostatically deflect
the sensor beam at any time to verify device functionality.

VREF
OUTPUT

VOUT

DEMODULATOR

REFERENCE

SENSOR

+1.8V

BUFFER
AMP

PREAMP

OSCILLATOR

ADXL50

C2

OSCILLATOR
DECOUPLING
CAPACITOR

SELF TEST
(ST)

C3

+5V

DEMODULATOR
CAPACITOR

C1 C1COM
R1

VPR VIN– R3

R2

+3.4V

4

7

5 1 2 3 8 10 9

6

© Analog Devices, Inc., 1996
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ADXL50–SPECIFICATIONS
       ADXL50J/A

Parameter Conditions Min Typ Max Units
SENSOR INPUT

Measurement Range Guaranteed Full Scale –50 +50 g
Nonlinearity Best Fit Straight Line, 50 g FS 0.2 % of FS
Alignment Error1 ±1 Degrees
Transverse Sensitivity2 ±2 %

SENSITIVITY
Initial Sensitivity at VPR +25°C 16.1 19.0 21.9 mV/g
Temperature Drift3 0.75/1.0 % of Reading

ZERO g BIAS LEVEL at VPR

Initial Offset 1.55/1.60 1.80 2.05/2.00 V
vs. Temperature3 ±15/35 mV
vs. Supply VS = 4.75 V to 5.25 V 10 32 mV/V

NOISE PERFORMANCE at VPR

Voltage Noise Density BW = 10 Hz to 1 kHz 6.6 12 mg/√Hz
Noise in 100 Hz Bandwidth 66 mg rms
Noise in 10 Hz Bandwidth 20 mg rms

FREQUENCY RESPONSE
3 dB Bandwidth4 C1 = 0.022 μF (See Figure 22) 800 1300 Hz
3 dB Bandwidth4 C1 = 0.0068 μF 10 kHz
Sensor Resonant Frequency 24 kHz

SELF TEST INPUT
Output Change at VPR

5 ST Pin from Logic “0” to “1” –0.85 –1.00 –1.15 V
Logic “1” Voltage 2.0 V
Logic “0” Voltage 0.8 V
Input Resistance To Common 50 kΩ

+3.4 V REFERENCE
Output Voltage 3.350 3.400 3.450 V
Output Temperature Drift3 ±10 mV
Power Supply Rejection DC, VS = +4.75 V to +5.25 V 1 10 mV/V
Output Current Sourcing 500 μA

PREAMPLIFIER OUTPUT
Voltage Swing 0.25 VS – 1.4 V
Current Output Source or Sink 30 80 μA
Capacitive Load Drive 100 pF

BUFFER AMPLIFIER
Input Offset Voltage6 Delta from Nominal 1.800 V ±10 ±25 mV
Input Bias Current 5 20 nA
Open-Loop Gain DC 80 dB
Unity Gain Bandwidth 200 kHz
Output Voltage Swing IOUT = ±100 μA 0.25 VS – 0.25 V
Capacitive Load Drive 1000 pF
Power Supply Rejection DC, VS = +4.75 V to +5.25 V 1 10 mV/V

POWER SUPPLY
Operating Voltage Range 4.75 5.25 V
Quiescent Supply Current 10 13 mA

TEMPERATURE RANGE
Operating Range J 0 +70 °C
Specified Performance A –40 +85 °C
Automotive Grade* –40 +125 °C

NOTES
1Alignment error is specified as the angle between the true and indicated axis of sensitivity, (see Figure 2).
2Transverse sensitivity is measured with an applied acceleration that is 90° from the indicated axis of sensitivity. Transverse sensitivity is specified as the percent of
  transverse acceleration that appears at the VPR output. This is the algebraic sum of the alignment and the inherent sensor sensitivity errors, (see Figure 2).
3Specification refers to the maximum change in parameter from its initial at +25°C to its worst case value at TMIN to TMAX.
4Frequency at which response is 3 dB down from dc response assuming an exact C1 value is used. Maximum recommended BW is 10 kHz using a 0.007 μF capacitor, refer to
Figure 22.

5Applying logic high to the self-test input has the effect of applying an acceleration of –52.6 g to the ADXL50.
6Input offset voltage is defined as the output voltage differential from 1.800 V when the amplifier is connected as a follower (i.e., Pins 9 and 10 tied together). The voltage at
Pin 9 has a temperature drift proportional to that of the 3.4 V reference.

*Contact factory for availability of automotive grade devices.

All min and max specifications are guaranteed. Typical specifications are not tested or guaranteed.
Specifications subject to change without notice.

(TA = TMIN to TMAX, TA = +25�C for J Grade Only, VS = +5 V, @ Acceleration = 0 g,
 unless otherwise noted)

REV . B–2–
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ADXL50
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ABSOLUTE MAXIMUM RATINGS*
Acceleration (Any Axis, Unpowered for 0.5 ms)  . . . . . . 2000 g
Acceleration (Any Axis, Powered for 0.5 ms)  . . . . . . . . . . 500 g
+VS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . –0.3 V to +7.0 V
Output Short Circuit Duration

(VPR, VOUT, VREF Terminals to Common)  . . . . . . . Indefinite
Operating Temperature  . . . . . . . . . . . . . . . . . –55°C to +125°C
Storage Temperature  . . . . . . . . . . . . . . . . . . . –65°C to +150°C
*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.

Package Characteristics

Package �JA �JC Device Weight

10-Pin TO-100 130°C/W 30°C/W 5 Grams

ORDERING GUIDE

Temperature
Model Range

ADXL50JH 0°C to +70°C
ADXL50AH –40°C to +85°C

PIN DESCRIPTION

+5 V The power supply input pin.

C2 Connection for an external bypass capacitor (nominally
0.022 μF) used to prevent oscillator switching noise
from interfering with other ADXL50 circuitry. Please
see the section on component selection.

C1 Connections for the demodulator capacitor, nominally
0.022 μF. See the section on component selection for
application information.

COM The power supply common (or “ground”) connection.

VREF Output of the internal 3.4 V voltage reference.

ST The digital self-test input. It is both CMOS and TTL
compatible.

VPR The ADXL50 preamplifier output providing an output
voltage of 19 mV per g of acceleration.

VOUT Output of the uncommitted buffer amplifier.

VIN– The inverting input of the uncommitted buffer amplifier.

CONNECTION DIAGRAM
10-Header (TO-100)

WARNING!

ESD SENSITIVE DEVICE

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADXL50 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

5
6

7

8

9
10

1

2

3

4

A
X

IS
 O

F

S
E

N
S

IT
IV

IT
Y

5
6

7

8

9
10

1

2

3

4

A
X

IS
 O

F

S
E

N
S

IT
IV

IT
Y

VIN–

VOUT

VPR

ST

VREF

COM

C2

C1

C1

+5V

TOP VIEW
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Polarity of the Acceleration Output
The polarity of the ADXL50 output is shown in the Figure 1.
When oriented to the earth’s gravity (and held in place), the
ADXL50 will experience an acceleration of +1 g. This corre-
sponds to a change of approximately +19 mV at the VPR output
pin. Note that the polarity will be reversed to a negative going
signal at the buffer amplifier output VOUT, due to its inverting
configuration.

Mounting Considerations
There are three main causes of measurement error when using
accelerometers. The first two are alignment and transverse sen-
sitivity errors. The third source of error is due to resonances or
vibrations of the sensor in its mounting fixture.

Errors Due to Misalignment
The ADXL50 is a sensor designed to measure accelerations that
result from an applied force. Because these forces act on the
sensor in a vector manner, the alignment of the sensor to the
force to be measured may be critical.

The ADXL50 responds to the component of acceleration on its
sensitive X axis. Figures 2a and 2b show the relationship be-
tween the sensitive “X” axis and the transverse “Z” and “Y”
axes as they relate to the TO-100 package.

Figure 2c describes a three dimensional acceleration vector
(AXYZ) which might act on the sensor, where AX is the compo-
nent of interest. To determine AX, first, the component of accel-
eration in the XY plane (AXY) is found using the cosine law:

AXY = AXYZ (cosθXY) then

              AX = AXY (cosθX)

Therefore: Typical VPR = 19 mV/g (AXYZ) (cosθXY) cosθX

Note that an ideal sensor will react to forces along or at angles
to its sensitive axis but will reject signals from its various trans-
verse axes, i.e., those exactly 90° from the sensitive “X” axis.
But even an ideal sensor will produce output signals if the trans-
verse signals are not exactly 90° to the sensitive axis. An accel-
eration that is acting on the sensor from a direction different
from the sensitive axis will show up at the ADXL50 output at a
reduced amplitude.

Table I. Ideal Output Signals for Off Axis Applied
Accelerations Disregarding Device Alignment and
Transverse Sensitivity Errors

% of Signal Appearing Output in gs for a 50 g
θX at Output Applied Acceleration

0 100% 50 (On Axis)
1° 99 98% 49.99
2° 99.94% 49.97
3° 99.86% 49.93
5° 99.62% 49.81
10° 98.48% 49.24
30° 86.60% 43.30
45° 70.71% 35.36
60° 50.00% 25.00
80° 17.36% 8.68
85° 8.72% 4.36
87° 5.25% 2.63
88° 3.49% 1.75
89° 1.7% 0.85
90° 0% 0.00 (Transverse Axis)

+1g

TAB

PIN 5

F igure 1. Output Po larity at VPR

Z

Z

X

 TRANSVERSE Z AXIS

SENSITIVE (X) AXIS

SIDE VIEW

X
TAB

 PIN 5

F igure 2a. Sensitive X and Transverse Z Ax is

TRANSVERSE Y AXIS
TOP VIEW

Y

X

Y

SENSITIVE (X) AXIS
X

TAB
PIN 5

F igure 2b . Sensitive X and Transverse Y Ax is

θx

θxy

Y Axis

X Axis

Axy

Ax

Axyz

–Z Axis

F igure 2c. A Vector Ana lysis of an Acce leration Acting
Upon the ADXL50 in Three D imensions
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Sensitivity: The output voltage change per g unit of accelera-
tion applied, specified at the VPR pin in mV/g.

Sensitive Axis (X): The most sensitive axis of the accelerom-
eter sensor. Defined by a line drawn between the package tab
and Pin 5 in the plane of the pin circle. See Figures 2a and 2b.

Sensor Alignment Error: Misalignment between the
ADXL50’s on-chip sensor and the package axis, defined by
Pin 5 and the package tab.

Total Alignment Error: Net misalignment of the ADXL50’s
on-chip sensor and the measurement axis of the application.
This error includes errors due to sensor die alignment to the
package, and any misalignment due to installation of the sensor
package in a circuit board or module.

Transverse Acceleration: Any acceleration applied 90° to the
axis of sensitivity.

Transverse Sensitivity Error: The percent of a transverse ac-
celeration that appears at the VPR output. For example, if the
transverse sensitivity is 1%, then a +10 g transverse acceleration
will cause a 0.1 g signal to appear at VPR (1% of 10 g). Trans-
verse sensitivity can result from a sensitivity of the sensor to
transverse forces or from misalignment of the internal sensor to
its package.

Transverse Y Axis: The axis perpendicular (90°) to the pack-
age axis of sensitivity in the plane of the package pin circle. See
Figure 2.

Transverse Z Axis: The axis perpendicular (90°) to both the
package axis of sensitivity and the plane of the package pin
circle. See Figure 2.

10

90

100

0%

1V 0.5ms0.5V

F igure 3. 500 g Shock Overload Recovery . Top Trace:
ADXL50 Output. Bottom Trace: Reference Acce lerometer
Output

Table I shows the percentage signals resulting from various θX
angles. Note that small errors in alignment have a negligible
effect on the output signal. A 1° error will only cause a 0.02%
error in the signal. Note, however, that a signal coming 1° off of
the transverse axis (i.e., 89° off the sensitive axis) will still con-
tribute 1.7% of its signal to the output. Thus large transverse
signals could cause output signals as large as the signals of
interest.

Table I may also be used to approximate the effect of the
ADXL50’s internal errors due to misalignment of the die to the
package. For example: a 1 degree sensor alignment error will
allow 1.7% of a transverse signal to appear at the output. In a
nonideal sensor, transverse sensitivity may also occur due to in-
herent sensor properties. That is, if the sensor physically moves
due to a force applied exactly 90° to its sensitive axis, then this
might be detected as an output signal, whereas an ideal sensor
would reject such signals. In every day use, alignment errors
may cause a small output peak with accelerations applied close
to the sensitive axis but the largest errors are normally due to
large accelerations applied close to the transverse axis.

Errors Due to Mounting Fixture Resonances
A common source of error in acceleration sensing is resonance
of the mounting fixture. For example, the circuit board that the
ADXL50 mounts to may have resonant frequencies in the same
range as the signals of interest. This could cause the signals
measured to be larger than they really are. A common solution
to this problem is to dampen these resonances by mounting the
ADXL50 near a mounting post or by adding extra screws to
hold the board more securely in place.

When testing the accelerometer in your end application, it is
recommended that you test the application at a variety of fre-
quencies in order to ensure that no major resonance problems
exist.

GLOSSARY OF TERMS
Acceleration: Change in velocity per unit time.

Acceleration Vector: Vector describing the net acceleration
acting upon the ADXL50 (AXYZ).

g: A unit of acceleration equal to the average force of gravity
occurring at the earth’s surface. A g is approximately equal to
32.17 feet/s2, or 9.807 meters/s2.

Nonlinearity: The maximum deviation of the ADXL50 output
voltage from a best fit straight line fitted to a plot of acceleration
vs. output voltage, calculated as a % of the full-scale output
voltage (@ 50 g).

Resonant Frequency: The natural frequency of vibration of
the ADXL50 sensor’s central plate (or “beam”). At its resonant
frequency of 24 kHz, the ADXL50’s moving center plate has a
peak in its frequency response with a Q of 3 or 4.
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THEORY OF OPERATION
The ADXL50 is a complete acceleration measurement system
on a single monolithic IC. It contains a polysilicon surface-mi-
cro machined sensor and signal conditioning circuitry. The
ADXL50 is capable of measuring both positive and negative ac-
celeration to a maximum level of ±50 g.

Figure 16 is a simplified view of the ADXL50’s acceleration
sensor at rest. The actual structure of the sensor consists of 42
unit cells and a common beam. The differential capacitor sensor
consists of independent fixed plates and a movable “floating”
central plate which deflects in response to changes in relative
motion. The two capacitors are series connected, forming a ca-
pacitive divider with a common movable central plate. A force
balance technique counters any impeding deflection due to ac-
celeration and servos the sensor back to its 0 g position.

CS1

CS2

CENTER
PLATE

FIXED
OUTER
PLATES

UNIT CELL
CS1 = CS2

BEAM

TETHER
CS1 CS2

CENTER
PLATE

TOP VIEW

DENOTES ANCHOR

F igure 16. A S imp lified D iagram of the ADXL50 Sensor at
Rest

Figure 17 shows the sensor responding to an applied accelera-
tion.  When this occurs, the common central plate or “beam”
moves closer to one of the fixed plates while moving further
from the other. The sensor’s fixed capacitor plates are driven
deferentially by a 1 MHz square wave: the two square wave am-
plitudes are equal but are 180° out of phase from one another.
When at rest, the values of the two capacitors are the same and
therefore, the voltage output at their electrical center (i.e., at the
center plate) is zero.

When the sensor begins to move, a mismatch in the value of
their capacitance is created producing an output signal at the
central plate. The output amplitude will increase with the
amount of acceleration experienced by the sensor. Information
concerning the direction of beam motion is contained in the
phase of the signal with synchronous demodulation being used
to extract this information. Note that the sensor needs to be po-
sitioned so that the measured acceleration is along its sensitive
axis.

Figure 18 shows a block diagram of the ADXL50. The voltage
output from the central plate of the sensor is buffered and then
applied to a synchronous demodulator. The demodulator is also
supplied with a (nominal) 1 MHz clock signal from the same
oscillator which drives the fixed plates of the sensor. The

demodulator will rectify any voltage which is in sync with its
clock signal. If the applied voltage is in sync and in phase with
the clock, a positive output will result. If the applied voltage is in
sync but 180° out of phase with the clock, then the demodu-
lator’s output will be negative. All other signals will be rejected.
An external capacitor, C1, sets the bandwidth of the demodulator.

The output of the synchronous demodulator drives the preamp
—an instrumentation amplifier buffer which is referenced to
+1.8 volts. The output of the preamp is fed back to the sensor
through a 3 MΩ isolation resistor. The correction voltage re-
quired to hold the sensor’s center plate in the 0 g position is a
direct measure of the applied acceleration and appears at the
VPR pin.

CS1

CS2

UNIT CELL
CS1 < CS2

BEAM

TOP VIEW

DENOTES ANCHOR

APPLIED
ACCELERATION

F igure 17. The ADXL50 Sensor Momentarily Respond ing
to an Externa lly App lied Acce leration

When the ADXL50 is subjected to an acceleration, its capacitive
sensor begins to move creating a momentary output signal. This
is signal conditioned and amplified by the demodulator and
preamp circuits. The dc voltage appearing at the preamp output
is then fed back to the sensor and electrostatically forces the
center plate back to its original center position.

At 0 g the ADXL50 is calibrated to provide +1.8 volts at the
VPR pin. With an applied acceleration, the VPR voltage changes
to the voltage required to hold the sensor stationary for the du-
ration of the acceleration and provides an output which varies
directly with applied acceleration.

The loop bandwidth corresponds to the time required to apply
feedback to the sensor and is set by external capacitor C1. The
loop response is fast enough to follow changes in g level up to
and exceeding 1 kHz. The ADXL50’s ability to maintain a flat
response over this bandwidth keeps the sensor virtually motion-
less. This essentially eliminates any nonlinearity or aging effects
due to the sensor beam’s mechanical spring constant, as com-
pared to an open-loop sensor.

An uncommitted buffer amplifier provides the capability to ad-
just the scale factor and 0 g offset level over a wide range. An in-
ternal reference supplies the necessary regulated voltages for
powering the chip and +3.4 volts for external use.
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The sensor’s tight mechanical spacing allows it to be electro-
statically deflected to full scale while operating on a 5 volt sup-
ply. A self-test is initiated by applying a TTL “high” level
voltage (>+2.0 V) to the ADXL50’s self-test pin which causes
the chip to apply a deflection voltage to the beam which moves
it an amount equal to –50 g (the negative full-scale output of the
device). Note that the ±10% tolerance of the self-test circuit is
not proportional to the sensitivity error, see Self-Test section.

The output of the ADXL50’s preamplifier is 1.8 V at 0 g accel-
eration with an output range of ±0.95 V for a ±50 g input, i.e.,
19 mV/g. An uncommitted buffer amplifier has been included
on-chip to enhance the user’s ability to offset the 0 g signal level
and to amplify and filter the signal. Access is provided to both

the inverting input and the output of this amplifier via pins
VOUT and VIN–, while the noninverting input is connected inter-
nally to a +1.8 V reference. The +1.8 V is derived from a
resistor divider connected to the 3.4 V reference.

BASIC CONNECTIONS FOR THE ADXL50
Figure 19 shows the basic connections needed for the ADXL50
to measure accelerations in the ±50 g range with an output scale
factor 40 mV/g corresponding to a 2.5 V 0 g level, a ±2.0 V full-
scale swing around 0 g and a 3 dB bandwidth of approximately
1 kHz.

In general, the designer will need to take into account the initial
zero g bias when designing circuits. For the ADXL50J this off-
set is 1.8 V ±  250 mV.  When microprocessors and software

F igure 18. Functional B lock D iagram
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F igure 19. ADXL50  App lication Prov id ing an Output Sensitiv ity of
40 mV/g , a +2.5 V 0 g Leve l and a Bandw idth of 1 kHz
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calibration are used and there is a desire to eliminate trim po-
tentiometers, the design should leave room at either supply rail
to account for signal swing and or variations in initial zero g bias.

For example, in the circuit in Figure 19, the initial zero g bias of
±250 mV will be reflected to the output by the gain of the R3/R1
network, resulting in an output offset of ±526 mV worst case.
The offset, combined with a full-scale signal of 50 g, (+2.0 V)
will cause the output buffer amplifier to saturate at the supply
rail.

The full ±2.25 V output swing of the buffer amplifier can be
utilized if the user is able to trim the zero-g bias to exactly
2.5 V. In applications where the full-scale range will be ±25 g or
less, a bias trim such as that shown in Figure 20 will almost al-
ways be required.

VARYING THE OUTPUT SENSITIVITY AND 0 g LEVEL
USING THE INTERNAL BUFFER AMPLIFIER
The uncommitted buffer amplifier may be used to change the
output sensitivity to provide useful full-scale ranges of ±50 g
and below. Table II provides recommended resistor values for
several standard ranges down to ±10 g. As the full-scale range is
decreased, buffer amplifier gain is increased, and the noise con-
tribution as a percentage of full scale will also increase. For all
ranges, the signal-to-noise ratio can be improved by reducing
the circuit bandwidth, either by increasing the demodulator ca-
pacitor, C1, or by adding a post filter using the buffer amplifier.

Table II. Recommended Resistor Values for Setting the
 Circuit of Figure 20 to Several Common Full-Scale Ranges

Buffer SF in
FS (g) Gain mV/g R1 R3  R2

±50.0 2.11 40 49.9 k 105 k 100 k
±40.0 2.63 50 39.2 k 103 k 100 k
±30.8 3.42 65 40.2 k 137 k 100 k
±26.7 3.95 75 28.7 k 113 k 100 k
±20.0 5.26 100 26.1 k 137 k 100 k
±10.0 10.53 200 23.7 k 249 k 100 k

Note that the value of resistor R1 should be selected to limit the
output current flowing into VPR to less than 25 μA (to provide a
safety margin). For a “J” grade device, this current is equal to:

      
I PR =

(2.05 V – The peak full -scale output voltage atVPR ) – 1.8V

R1 in ohms

For a ±50 g full-scale range, R1 needs to be 49.9 kΩ or larger in
value; but at the lower full-scale g ranges, if the VPR swing is
much less, then it is possible to use much lower resistance val-
ues. For this table, the circuit of Figure 20 is used, as a 0 g off-
set trim will be required for most applications. In all cases, it is
assumed that the zero-g bias level is 2.5 V with an output span
of ±2 V.

Note that for full scales below ±20 g the self-test is unlikely to
operate correctly because the VPR pull-down current is not guar-
anteed to be large enough to drive R1 to the required –1.0 V
swing. In these cases, the self-test command will cause VOUT to
saturate at the rail, and it will be necessary to monitor the self-
test at VPR. Self-test can remain operational at VPR for all g

ranges listed by keeping R1 > 49.9 kΩ, with the subsequent
tradeoff that the required values for R3 will become very large.
The user always has the option of adding external gain and fil-
tering stages after the ADXL50 to make lower full-scale ranges.

Measuring Full-Scale Accelerations Less than �5 g
Applications, such as motion detection, and tilt sensing, have
signal amplitudes in the 1 g to 2 g range. Although designed for
higher full-scale ranges, the ADXL50 may be adapted for use in
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    F igure 20. ADXL50 C ircu it Using the Buffer A mp lifier to
    Set the Output Sca ling and 0 g O ffset Leve l

low g applications; the two main design considerations are noise
and 0 g offset drift (BH, KH grades recommended).

At its full 1 kHz bandwidth, the ADXL50 will typically exhibit
1 g p-p of noise. With ±50 g accelerations this is generally not a
problem, but at a ±2 g full-scale level the signal-to-noise ratio
will be very poor. However, reducing the bandwidth to 100 Hz
or less considerably improves the S/N ratio. Figure 25 shows the
relationship between ADXL50 bandwidth and noise.

The ADXL50 exhibits offset drifts that are typically 0.02 g per
°C but which may be as large as 0.1 g per °C. With the buffer
amplifier configured for a 2 g full scale, the ADXL50 will typi-
cally drift 1/2 of its full-scale range with a 50°C increase in
temperature.

There are several cures for offset drift. If a dc response is not
required, for example in motion sensing or vibration measurement
applications, consider ac coupling the acceleration signal to re-
move the effects of offset drift. See the section on ac coupling.

Periodically recalibrating the accelerometer’s 0 g level is another
option. Autozero or long term averaging can be used to remove
long term drift using a microprocessor or the autozero circuit of
Figure 29. Be sure to keep the buffer amplifier’s full-scale out-
put range much larger than the measurement range to allow for
the 0 g level drift.

CALCULATING COMPONENT VALUES FOR SCALE
FACTOR AND 0 g SIGNAL LEVEL
The ADXL50 buffer’s scale factor is set by –R3/R1 (since the
amplifier is in the inverter mode).
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As an example, if the desired span is ±2.0 V for a = ±50 g input,
then R3/R1 should be chosen such that

       R3/R1 = VOUT Span/VPR Span = 2.00/0.95 = 2.105          (1)

where VPR span is the output from the preamplifier and VOUT
span is the buffer amplifier’s output, giving

  R3 = 2.105 × R1 (2)

In noncritical applications, a resistor, R2, may simply be con-
nected between VIN– and common to provide an approximate
0 g offset level (see Figure 19). In this simplified configuration
R2 is found using:

R2 = (1.8 V × R3)/(VOUT @ 0 g – 1.8 V)

When used with a trim potentiometer, as in Figure 20, resistor
R2 sets the 0 g offset range and also sets the resolution of the
offset trim. A value of 100 kΩ is typical. Increasing R2 above
this value makes trimming the offset easier, but may not provide
enough trim range to set VOUT equal to +2.5 V for all devices.

To provide an output span of ±2.00 V, with a 0 g output of
+2.5 V, R1 could be set to the standard value of 49.9 kΩ and
from Equation 2, R3 = 105 kΩ.

For Figure 20, the circuit transfer function is:

      
VOUT =

R3
R1

(1.8V – VPR )
⎛
⎝
⎜

⎞
⎠
⎟ +

R3
R2

(1.8V – VX )
⎛
⎝
⎜

⎞
⎠
⎟ + 1.8V

The summing amplifier configuration allows noninteractive
trimming of offset and span. Since VPR is not always exactly
1.8 V at 0 g, it will contribute to output offset. Therefore, span
must be trimmed first, followed by 0 g offset adjustment.

LOAD DRIVE CAPABILITIES OF THE VPR AND BUFFER
OUTPUTS
The VPR and the buffer amplifier outputs are both capable of
driving a load to voltage levels approaching that of the supply
rail. However, both outputs are limited in how much current
they can supply, affecting component selection.

VPR Output
The VPR pin has the ability to source current up to 500 μA but
only has a sinking capability of 30 μA which limits its ability to
drive loads. It is recommended that the buffer amplifier be used
in most applications, to avoid loading down VPR. In standard
±50 g applications, the resistor R1 from VPR to VIN– is recom-
mended to have a value greater than 50 kΩ to reduce loading
effects.

Capacitive loading of the VPR pin should be minimized. A load
capacitance between the VPR pin and common will introduce an
offset of approximately 1 mV for every 10 pF of load. The VPR
pin may be used to directly drive an A/D input or other source
as long as these sensitivities are taken into account. It is always
preferable to drive A/D converters or other sources using the
buffer amplifier (or an external op amp) instead of the VPR pin.

Buffer Amplifier Output
The buffer output can drive a load to within 0.25 V of either
power supply rail and is capable of driving 1000 pF capacitive

loads. Note that a capacitance connected across the buffer feed-
back resistor for low-pass filtering does not appear as a capaci-
tive load to the buffer.  The buffer amplifier is limited to
sourcing or sinking a maximum of 100 μA. Component values
for the resistor network should be selected to ensure that the
buffer amplifier can drive the filter under worst case transient
conditions.

SELF-TEST FUNCTION
 The digital self-test input is compatible with both CMOS and
TTL signals. A Logic “l” applied to the self-test (ST) input will
cause an electrostatic force to be applied to the sensor which
will cause it to deflect to the approximate negative full-scale out-
put of the device. Accordingly, a correctly functioning acceler-
ometer will respond by initiating an approximate –1 volt output
change at VPR. If the ADXL50 is experiencing an acceleration
when the self-test is initiated, the VPR output will equal the alge-
braic sum of the two inputs. The output will stay at the self-test
level as long as the ST input remains high and will return to the
0 g level when the ST voltage is removed.

A self-test output that varies more than ±10% from the nominal
–1.0 V change indicates a defective beam or a circuit problem
such as an open or shorted pin or component.

Operating the ADXL50’s buffer amplifier at Gains > 2, to pro-
vide full-scale outputs of less than ±50 g, may cause the self-test
output to overdrive the buffer into saturation. The self-test may
still be used in the case, but the change in the output must then
be monitored at the VPR pin instead of the buffer output.

Note that the value of the self-test delta is not an exact indica-
tion of the sensitivity (mV/g) of the ADXL50 and, therefore,
may not be used to calibrate the device for sensitivity error.

In critical applications, it may be desirable to monitor shifts in
the zero-g bias voltage from its initial value. A shift in the 0 g
bias level may indicate that the 0 g level has shifted which may
warrant an alarm.

POWER SUPPLY DECOUPLING
The ADXL50 power supply should be decoupled with a 0.1 μF
ceramic capacitor from +5 V pin of the ADXL50 to common
using very short component leads. For other decoupling consid-
erations, see EMI/RFI section.

OSCILLATOR DECOUPLING CAPACITOR, C2
An oscillator decoupling capacitor, C2, is used to remove
1 MHz switching transients in the sensor excitation signal, and
is required for proper operation of the ADXL50. A ceramic ca-
pacitor with a minimum value of 0.022 μF is recommended
from the oscillator decoupling capacitor pin to common. Small
amounts of capacitor leakage due to a dc resistance greater than
l MΩ will not affect operation (i.e., a high quality capacitor is
not needed here). As with the power supply bypass capacitor,
very short component leads are recommended. Although
0.022 μF is a good typical value, it may be increased for reasons
of convenience, but doing this will not improve the noise perfor-
mance of the ADXL50.
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DEMODULATOR CAPACITOR, C1
The demodulator capacitor is connected across Pins 2 and 3 to
filter the demodulated signal from the sensor beam and to set
the bandwidth of the force balance control loop. This capacitor
may be used to approximately set the bandwidth of the acceler-
ometer. A capacitor is always required for proper operation.

The frequency response of the ADXL50 exhibits a single pole
roll-off response whose nominal 3 dB frequency is set by the
following equation:

f3 dB = (28.60/C1 in μF) ±40%

A nominal value of 0.022 μF is recommended for C1. In gen-
eral, the design bandwidth should be set 40% higher than the
minimum desired system bandwidth due to the ±40% tolerance.

A minimum value of 0.015 μF is required, (over temperature
and system life), to prevent device instability or oscillation. The
demodulation capacitor should be a low leakage, low drift ce-
ramic type with an NPO (best) or X7R (good) dielectric.

In general, it’s best to use the recommended 0.022 μF capacitor
across the demodulator pins and perform any additional low-
pass filtering using the buffer amplifier. Using a large denomina-
tor capacitor for low-pass filtering has the disadvantage that the
capacitive sensor will be slow to respond to rapid changes in
acceleration and, therefore, the full shock survivability of the
device could be compromised. The use of the buffer for low-
pass filtering generally results in smaller capacitance values and
better overall performance. It is also a convenient and more pre-
cise way to set the system bandwidth. Post filtering allows band-
width to be controlled accurately by component selection and
avoids the ±40% demodulation tolerance. Note that signal noise
is proportional to the square root of the bandwidth of the
ADXL50 and may be a consideration in component selection—
see section on noise.

Care should be taken to reduce or eliminate any leakage paths
from the demodulator capacitor pins to common or to the +5 V
pin. Even a small imbalance in the leakage paths from these pins
will result in offset shifts in the zero-g bias level. As an example,
an unbalanced parasitic resistance of 30 MΩ from either
demodulator pin to ground will result in an offset shift at VPR of
approximately 50 mV. Conformal coating of PC boards with a
high impedance material is recommended to avoid leakage prob-
lems due to aging or moisture.

REDUCING THE AVERAGE POWER CONSUMPTION OF
THE ADXL50
The ADXL50 is a versatile accelerometer that can be used in a
wide variety of applications. In some battery powered applica-
tions, such as shipping recorders, power consumption is a criti-
cal parameter. The ADXL50 typically draws 10 mA current
from a 5 V power supply which may exceed the power budgeted
for the accelerometer.

For such applications, the ADXL50 can be successfully power
cycled, where the power is turned on only during the period
when data is sampled. Figure 21 illustrates the power-on settling
of the ADXL50 during cycling where the output amplifier has
a gain of one with no filtering. The settling time-constant is
approximately 0.12 ms, waiting l ms before sampling ensures
maximally accurate readings.

For example, to reduce the average power to 5 mW from its
typical 50 mW, the power should be on 10% of the time. With
the power on for 1 ms and off for 9 ms, a maximum sample rate
of 100 Hz is achievable. Further reduction in average power can
be realized with lower sample rates.

T0 1.00.80.60.40.2

POWER
SUPPLY

(V)

VOUT
(V)

0V

+5V

TIME – ms

VFINAL

F igure 21. Power-On Settling T ime when Power Cycling

SYSTEM BANDWIDTH CONTROL AND POST
FILTERING
Unlike piezoresistive sensors, the resonant frequency of the
ADXL50’s capacitive sensor element is typically greater than
20 kHz and does not limit the useful bandwidth of the device.
Usually, the resonant frequency of the beam appears as a peak
in the bandwidth response at approximately 24 kHz with a Q of
3 to 4, as shown in Figure 22.

When using the recommended 0.022 μF demodulator capacitor,
be advised that the nominal 1300 Hz pole it establishes within
the device can vary ±40%. Therefore, if additional low-pass
filtering is used—at frequencies much above 600 Hz—the two
poles may interact and result in a net circuit bandwidth that is
lower than expected.

190

19

100 1k 10k

1.9

0.19

FREQUENCY – Hz

AMPLITUDE

0.022μF

0.015μF
0.010μF
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F igure 22. Frequency Response of the ADXL50 for Various
Demodu lator Capacitors
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F igure 24. C ircu it Prov id ing Two Po le Post F iltering and 0 g O ffset and Sca le Factor Trim m ing

ONE POLE POST FILTERING
Figure 23 shows the ADXL50 buffer amplifier connected to
provide one pole post filtering, 0 g offset trimming, and output
scaling. The table included with the figure lists practical compo-
nent values for various full-scale g levels and approximate circuit
bandwidths. For bandwidths other than those listed, use the
formula:

   Capacitor C4 in Farads = 1/(2 π × R3 in Ohms
    × 3 dB BW in Hertz)

or simply scale the value of capacitor C4 accordingly; i.e., for a
±20 g application with a 50 Hz bandwidth, the value of C4 will

need to be twice as large as its 100 Hz value or 0.012 μF × 2 =
0.024 μF. The closest standard value of 0.022 μF should then
be used.

TWO POLE POST FILTERING
Figure 24 shows a circuit which uses the ADXL50’s buffer am-
plifier to provide two pole post filtering. An AD820 external op
amp allows noninteractive adjustment of 0 g offset and scale
factor. Component values for the two pole filter were selected to
operate the buffer at unity gain with a Q of one.

F igure 23. Using the Buffer A mp lifier to Prov ide One Po le Post F iltering Plus Sca le Factor and 0 g Leve l Trim m ing

GAIN

10.53

5.26

2.63

2.11

FULL
SCALE

±10 g

±20 g

±40 g

±50 g

mV
per g

200

100

50

40

R4a
kΩ

5

5

10

10

R4b
kΩ

21.5

23.7

34

45.3

R5
kΩ

249

137

105

105

OFFSET & SCALING AMPLIFIER
COMPONENT VALUES

3dB
BW(Hz)

300

100

30

10

C3μF

0.027

0.082

0.27

0.82

C4μF

0.0033

0.01

0.033

0.1

2 POLE FILTER
COMPONENT VALUES

BUFFER
AMP

ADXL50

PRE-AMP

0.022μF
C1

C1

0.022μF

C2

COM

0.1μF

+5V

VOUT

VIN–VPRVREF

R3

1.8V

C4

R542.2kΩ

82.5kΩ

R1

82.5kΩ

R4a R4b

SCALE
FACTOR
TRIM

2
6

+5V

0.01μF

7

3

4

AD820

R5

OUTPUT

OPTIONAL CAPACITOR
FOR 3 POLE FILTERING

20kΩ

40.2kΩ

71.5kΩ

R6

R7

0g
LEVEL
TRIM

106 8

9

1
4

2

3

5

C3

2 POLE FILTER
+3.4V

OFFSET AND
SCALING
AMPLIFIER

3dB BW =
1

2π R3 C4

RECOMMENDED COMPONENT VALUES FOR VARIOUS
FULL SCALE RANGES AND A 300Hz BANDWIDTH

FULL
SCALE

±10 g

±20 g

±40 g

±50 g

mV
per g

200

100

50

40

3dB
BW (Hz)

300

300

300

300

R1a
kΩ

5

5

10

10

R1b
kΩ

21.5

23.7

34

45.3

R3
kΩ

249

137

105

105

R2
kΩ

100

100

100

100

C4
μF

0.0022

0.0039

0.0056

0.0056

*TO OMIT THE OPTIONAL SCALE FACTOR TRIM,    
  REPLACE R1a AND R1b WITH A FIXED VALUE 1%              
  METAL FILM RESISTOR. SEE VALUES SPECIFIED 
  IN TABLE II.

BUFFER
AMP

ADXL50

PRE-AMP

0.022μF

C1

C1

0.022μF

C2

COM

0.1μF

+5V

VOUT

VIN–VPR

REF
+3.4V

50kΩ

R1b

R2

R3
0g

LEVEL
TRIM

1.8V

C4
R1a

OPTIONAL SCALE
FACTOR TRIM*

2

3

4 1

5

6

9

8 10
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Capacitors C3 and C4 are chosen to provide the desired 3 dB
bandwidth. Component values are specified for bandwidths of
10 Hz, 30 Hz, 100 Hz, and 300 Hz. For other 3 dB bandwidths
simply scale the capacitor values; i.e., for a 3 dB bandwidth of
20 Hz, divide the 10 Hz bandwidth numbers by 2.0. The nomi-
nal buffer amplifier output will be +1.8 V ±  19 mV/g. Note that
the ADXL50’s self-test will be fully functional since the buffer
amplifier is operated at unity gain and resistor R1 is large. The
external op amp offsets and scales the output to provide a +2.5 V
±  2 V output over a wide range of full-scale g levels. The exter-
nal op amp may be omitted in high g, low gain applications.

NOISE CONSIDERATIONS
The output noise of the ADXL50 scales with the square root of
its bandwidth. The noise floor may be reduced by lowering the
bandwidth of the ADXL50 either by increasing the value of the
demodulator capacitor or by adding an external filter.

The typical rms noise of the ADXL50J with a bandwidth of
100 Hz and a noise density of 125 μV/√Hz is estimated as
follows:

Noise (rms) = (125 μV/√Hz) √100 = 1.25 mV rms

Peak-to-peak noise may be estimated with the following
equation:

Noise p-p = (6.6) Noise rms

Peak-to-peak noise is thus estimated at 8.25 mV or approxi-
mately 0.4 g p-p. The ADXL50 noise is characteristic of white
noise. Typical rms and p-p noise for various 3 dB bandwidths is
estimated in Figure 25.

1.7

0
10 100 1k

0.73

0.33
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0.26

0

0.11

0.05

0.16

0.21

F igure 25. ADXL50 No ise Leve l and Reso lution vs. –3 dB
Bandw idth

Because the ADXL50’s noise is for all practical purposes Gaus-
sian in amplitude distribution, the highest noise amplitudes have
the smallest (yet nonzero) probability. Peak-to-peak noise is,
therefore, difficult to measure and can only be estimated due to
its statistical nature. Table III is useful for estimating the prob-
abilities of exceeding various peak values, given the rms value.

Table III.

Nominal Peak-to- % of Time that Noise will Exceed
Peak Value Nominal Peak-to-Peak Value

2.0 × rms 32%
3.0 × rms 13%
4.0 × rms 4.6%
5.0 × rms 1.2%
6.0 × rms 0.27%
6.6 × rms 0.1%
7.0 × rms 0.046%
8.0 × rms 0.006%

AC COUPLING VPR TO BUFFER INPUT
If a dc response is not required, as in applications such as mo-
tion detection or vibration measurement, then ac coupling
should be considered. In low g applications, the output voltage
change due to acceleration is small compared to the 0 g offset
voltage drift. Because ac coupling removes the dc component of
the output, the preamp output signal may be amplified consid-
erably without increasing the 0 g level drift. The most effective
way to ac couple the ADXL50 is between the preamp output at
VPR and the buffer input, VIN–, as shown in Figure 26.

BUFFER
AMP

ADXL50
PRE-AMP

VOUT

VIN–VPR
R1

R2

R3

1.8V

C4

VPR

8

9

10

F igure 26. AC Coup ling the VPR Output to the Buffer Input

Using this configuration, the system’s ac response is now rolled
off—at the low frequency end at FL, and at the high frequency
end at FH. The normalized frequency response of the system
can be seen in Figure 27.

The low frequency roll-off, FL, due to the ac coupling network
is:

 FL = 1/(2 π R1 C4)

The high frequency roll-off FH is determined by the dominant
pole of the system which is controlled by either the demodulator
capacitor and its associated time-constant or by a dominant post
filter.

As a consequence of ac coupling, any constant acceleration
component gravity will not be detected (because this too is a dc
voltage present at the VPR output). The self-test feature, if used,
must be monitored at VPR, rather than at the buffer output.
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DUE TO DEMODULATOR BANDWIDTH

F igure 27. Norma lized Output Leve l vs. Frequency for a
Typ ica l App lication Using AC Coup ling Between VPR and
Buffer A mp lifier

MINIMIZING EMI/RFI
The architecture of the ADXL50 and its use of synchronous de-
modulation make the device immune to most electromagnetic
(EMI) and radio frequency (RFI) interference. The use of syn-
chronous demodulation allows the circuit to reject all signals ex-
cept those at the frequency of the oscillator driving the sensor
element. However, the ADXL50 does have a sensitivity to RFI
that is within ±5 kHz of the internal oscillator’s nominal fre-
quency of 1 MHz. The internal oscillator frequency will exhibit
part to part variation in the range of 0.6 MHz to 1.4 MHz.

In general the effect is difficult to notice as the interference
must match the internal oscillator within ±5 kHz and must be
large in amplitude. For example: a 1 MHz interference signal of
20 mV p-p applied to the +5 V power supply pin will produce a
200 mV p-p signal at the VPR pin if the internal oscillator and
interference signals are matched exactly. If the same 20 mV in-
terference is applied but 5 kHz above or below the internal
oscillator’s frequency, the signal level at VPR will only be 20 mV
p-p in amplitude.

Power supply decoupling, short component leads (especially for
capacitors C1 and C2), physically small (surface mount, etc.)
components and attention to good grounding practices all help
to prevent RFI and EMI problems. Please consult the factory
for applications assistance in instances where this may be of
concern.

SELF-CALIBRATING THE ADXL50
If a calibrated shaker is not available, both the 0 g level and
scale factor of the ADXL50 may be easily set to fair accuracy by
using a self-calibration technique based on the 1 g (average) ac-
celeration of the earth’s gravity. Figure 28 shows how gravity

and package orientation affect the ADXL50’s output (TO-100
package shown). Note that the output polarity is that which ap-
pears at VPR; the output at VOUT will have the opposite sign.
With its axis of sensitivity in the vertical plane, the ADXL50
should register a 1 g acceleration, either positive or negative, de-
pending on orientation. With the axis of sensitivity in the hori-
zontal plane, no acceleration (0 g) should be indicated.

0g
(a)

0g
(b)

–1g
(c)

+1g
(d)

INDICATED POLARITY IS THAT
OCCURING AT VPR.

F igure 28. Using the Earth’s Grav ity to Se lf-Calibrate the
ADXL50

To self-calibrate the ADXL50, place the accelerometer on its
side with its axis of sensitivity oriented as shown in “a.” The 0 g
offset potentiometer, Rt, is then roughly adjusted for midscale:
+2.5 V at the buffer output. If the optional scale factor trim-
ming is to be used, it should be adjusted next.

Next, the package axis should be oriented as in “c” (pointing
down) and the output reading noted. The package axis should
then be rotated 180° to position “d” and the scale factor poten-
tiometer, R1a, adjusted so that the output voltage indicates a
change of 2 g’s in acceleration. For example, if the circuit scale
factor at the buffer output is 100 mV per g, then the scale factor
trim should be adjusted so that an output change of 200 mV is
indicated.

Adjusting the circuit’s scale factor will have some effect on its 0
g level so this should be readjusted, as before, but this time
checked in both positions “a” and “b.” If there is a difference in
the 0 g reading, a compromise setting should be selected so that
the reading in each direction is equidistant from +2.5 V. Scale
factor and 0 g offset adjustments should be repeated until both
are correct. Temporarily placing a capacitor across the buffer
amplifier’s feedback resistor will reduce output noise and so aid
in trimming the device. Note that, for high full-scale g ranges,
±2 g may be a very small fraction of the full-scale range and
device nonlinearity will, therefore, affect the circuit’s high g level
accuracy.
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F igure 30. ADXL50 0 g Drift W ith and W ithout the Com-
pensation C ircu it of F igure 29

ADXL50 Application Literature Available
Contact the Analog Devices Literature Center for a copy of
publication number G2112, the Accelerometer Application
Guide. This includes all current application notes and data
sheets for Analog Devices’ accelerometers.

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0.160 (4.06)
0.110 (2.79)

0.034 (0.86)
0.027 (0.69)

0.045 (1.14)
0.027 (0.69)

0.115
(2.92)
BSC

6

8
5

7

1

4

2

3
9

10

0.230 (5.84)
BSC

REFERENCE PLANE

SEATING PLANE

0.335 (8.51)
0.305 (7.75)

0.370 (9.40)
0.335 (8.51)

0.750 (19.05)
0.500 (12.70)

0.045 (1.14)
0.010 (0.25)

0.040 (1.02) MAX

0.185 (4.70)
0.165 (4.19)

Compensating for the 0 g Drift of the ADXL50 Accelerometer
The circuit of Figure 29 provides a linear temperature compen-
sation for the ADXL50. Figure 30 shows the 0 g drift over tem-
perature for a typical ADXL50 with and without this circuit. As
shown by Figure 30, the linear portion of the drift curve has
been subtracted out. In effect, the curve has been rotated coun-
terclockwise until it is horizontal, leaving just the bow of the
curve: that portion which is not linear. As shown by Figure 30,
over a +25°C to +70°C range, a 10× reduction in drift is achieved.

The circuit of Figure 29 is essentially a temperature sensor
coupled to a Whetstone bridge. The AD590 provides a 1 μA/°K
current output whose voltage scale factor is set by resistor RA.
The bridge circuit subtracts out the nominal 298 mV output of
the AD590 at +25°C and leaves only the change in temperature,
which is what is needed. Without the bridge, the 298 mV room
temperature “offset” would “swamp” the much smaller change
in output with temperature.

Resistors R5 and R6 form a resistor divider (one half of the
bridge) which divides down the +3.4 V reference output of the
ADXL50 to 0.3 V which appears at the noninverting input of
the AD820 op amp. Resistors R7 and R8 form the other half of
the bridge, and because they have the same ratio as R5 and R6,
the op amp will have a +3.4 V output at room temperature.

BUFFER
AMP

ADXL50

PRE-AMP
0.022μF

C1

C1

0.022μF

C2

COM

0.1μF
C3

+5V

VOUT

VIN–VPR+3.4V
REF

R1 R3

1.8V

310kΩ
R7

+5V

7

2

3

6
4

0.01μF

AD820

108
5

3

2

4

9

1

6

499kΩ

TEMPERATURE
COMPENSATED
ACCELERATION

OUTPUT

49.9kΩ

3101kΩ
R5

RB

TC
COMP
SET10kΩ

R4500Ω

BRIDGE
BALANCE
RA1kΩ

AD590

+5V

1μA/°K

TEMPCO
AMPLIFIER

R9

20kΩ RC
20kΩ

49.9kΩ
R2

R10

25kΩ

0g OUTPUT
LEVEL

CALIBRATION PROCEEDURE:
AT TMIN OR LOWER TEMP CAL POINT...

1.  SET RB ALL THE WAY TO ONE SIDE.
2.  ADJUST RA FOR +3.4V AT TEST POINT "A."
3.  SET RC FOR +2.5V VOUT (AT PIN 9 OF ADXL50).
4.  TEMPORARILY CONNECT A 1.5kΩ RESISTOR BETWEEN 
     THE CENTER OF RB AND GROUND.
5.  ADJUST RB FOR +2.5V AT VOUT.
6.  REMOVE THE 1.5kΩ RESISTOR. VOUT SHOULD NOT CHANGE.
7.  GO TO TMAX OR HIGH TEMP CAL POINT.
8.  READJUST RB FOR +2.5V.
9.  CALIBRATION COMPLETE.
 

TEST
POINT
"A"

30k
R8

30k
R6

F igure 29. ADXL50 0 g Drift Compensation C ircu it
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