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Apéndice 1 Circuitos Integrados Utilizados

Low Cost Low Power
Instrumentation Amplifier

AD620

FEATURES
Easy to use
Gain set with one external resistor
(Gain range 1 to 10,000)
Wide power supplyrange (+2.3 Vto +18V)
Higher performance than 3 op amp IA designs
Available in 8-lead DIP and SOIC packaging
Low power, 1.3 mA max supply current
Excellent dc performance (B grade)
50 pV max, input offset voltage
0.6 pV/°C max, input offset drift
1.0 nA max, input bias current
100 dB min common-mode rejection ratio (G = 10)
Low noise
9 nV/vVHz @ 1 kHz, input voltage noise
0.28 pV p-p noise (0.1 Hz to 10 Hz)
Excellent ac specifications
120 kHz bandwidth (G = 100)
15 ps settling time to 0.01%

APPLICATIONS

Weigh scales

ECG and medical instrumentation
Transducer interface

Data acquisition systems

Industrial process controls
Battery-powered and portable equipment

30,000

25,000 30PAMP —|
IN-AMP

(3 0P-07s)

20,000

15,000

10,000 — R

TOTAL ERROR, PPM OF FULL SCALE

5,000 ‘

0

0 5 10 15
SUPPLY CURRENT [mA)

Figure 2. Three Op Amp IA Designs vs. AD620
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Figure 1. 8-Lead PDIP (N), CERDIP (Q), and SOIC (R) Packages
PRODUCT DESCRIPTION

The AD620 is a low cost, high accuracy instrumentation
amplifier that requires only one external resistor to set gains of
1 to 10,000. Furthermore, the AD620 features 8-lead SOIC and
DIP packaging that is smaller than discrete designs and offers
lower power (only 1.3 mA max supply current), making it a
good fit for battery-powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 uV max, and offset drift of
0.6 uV/°C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces.
Furthermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications, such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of SuperBeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9nV/VHz at 1 kHz, 0.28 pV p-p in the 0.1 Hz to 10 Hz band,
and 0.1 pA/VHz input current noise. Also, the AD620 is well
suited for multiplexed applications with its settling time of 15 ps
t0 0.01%, and its cost is low enough to enable designs with one
in-amp per channel.
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Figure 3. Total Voltage Noise vs. Source Resistance
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AD620

SPECIFICATIONS

Typical @ 25°C, Vs = +£15 V, and Re = 2 k(), unless otherwise noted.

Table 1.
AD620A AD620B AD620S’
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+ (494 kQ/Rc)
Gain Range 1 10,000 1 10,000 1 10,000
Gain Error? Vour=+10V
G=1 0.03 0.10 001 0.02 003 0.10 %
G=10 0.15 030 0.10  0.15 0.15 030 %
G=100 0.15 030 0.10  0.15 0.15 030 %
G=1000 040 070 035 050 040 070 %
Nonlinearity Vour=-10Vto+10V
G=1-1000 Ru=10kQ 10 40 10 40 10 40 ppm
G=1-100 Ru=2kQ 10 95 10 95 10 95 ppm
Gain vs. Temperature
G=1 10 10 10 ppm/°C
Gain >1? -50 -50 -50 ppm/°C
VOLTAGE OFFSET (Total RTI Error = Vos + Voso/G)
Input Offset, Vos V=45V 30 125 15 50 30 125 ny
to+ 15V
Overtemperature Vs=45V 185 85 225 uv
to+ 15V
Average TC V=15V 0.3 1.0 0.1 0.6 03 1.0 pv/C
to+ 15V
Output Offset, Voso Vs=+15V 400 1000 200 500 400 1000 ny
Vs=%5V 1500 750 1500 ny
Overtemperature Ve=15V 2000 1000 2000 Y
tox 15V
Average TC Vs=125V 50 15 25 7.0 5.0 15 pv/C
to+ 15V
Offset Referred to the
Input vs. Supply (PSR) | Vs=+423V
to+18V
G=1 80 100 80 100 80 100 dB
G=10 95 120 100 120 95 120 dB
G=100 110 140 120 140 110 140 dB
G=1000 110 140 120 140 110 140 dB
INPUT CURRENT
Input Bias Current 0.5 20 0.5 1.0 Q0.5 2 nA
Overtemperature 25 1.5 nA
Average TC 3.0 3.0 8.0 pA/SC
Input Offset Current 03 1.0 03 05 03 1.0 nA
Overtemperature 15 0.75 2.0 nA
Average TC 15 15 8.0 pA/SC
INPUT
Input Impedance
Differential 102 102 10|12 GQ_pF
Common-Mode 102 10]|2 10|12 GQ_pF
Input Voltage Range? Vs=423V |-Vs+ 19 +Vs—1.2 Vs +19 +Vs—1.2 Vs + 1.9 +Vs—1.2 A
to+5V
Overtemperature =Vs + 2.1 +Vs—1.3 =Vs+ 2.1 +Vs—13 =Vs+ 2.1 +Ve—=13 |V
Vs=+5V -Vs+19 +Vs— 1.4 -Vs+19 +Vs—14 -Vs+ 1.9 +Vs—-14 |V
tox18V
Overtemperature Vs + 2.1 +Vs— 1.4 Vs + 2.1 +Vs+ 2.1 —Vs+2.3 +Vs—-14 |V
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AD620

AD620A AD620B AD620S"
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
Ratio DC to 60 Hz with
1 kQ Source Imbalance | Vam=0Vto+ 10V
G=1 73 90 80 90 73 920 dB
G=10 93 110 100 110 93 110 dB
G=100 110 130 120 130 110 130 dB
G =1000 110 130 120 130 110 130 dB
OUTPUT
Output Swing Ri=10kQ
Vs=423V | =Vs+ +Vs-1.2 -Vs+ 1.1 +Vs—1.2 “Vs+ 1.1 +Ws—12 |V
tot5V 1.1
Overtemperature =Vs+ 14 +Vs—1.3 -Vs+ 14 +Vs—1.3 “Vs+ 1.6 +Vs=13 |V
Vs=15V —Vs+1.2 +Vs—1.4 -Vs+1.2 +Vs—14 -Vs+ 1.2 +Vs-14 |V
to+ 18V
Overtemperature -Vs+1.6 +Vs-1.5 -Vs+ 1.6 +Vs—1.5 -Vs+2.3 +Vs—1.5 Vv
Short Circuit Current +18 +18 +18 mA
DYNAMIC RESPONSE
Small Signal -3 dB Bandwidth
G=1 1000 1000 1000 kHz
G=10 800 800 800 kHz
G=100 120 120 120 kHz
G =1000 12 12 12 kHz
Slew Rate 0.75 1.2 0.75 1.2 0.75 1.2 V/ps
Settling Time to 0.01% 10V Step
G=1-100 15 15 15 ys
G=1000 150 150 150 ys
NOISE
Voltage Noise, 1 kHz Total RTI Noise = y(e% ) + (e, /G
Input, Voltage Noise, ey 9 13 9 13 9 13 nV/\Hz
Output, Voltage Noise, e, 72 100 72 100 72 100 nV/A/Hz
RTI, 0.1 Hz to T0 Hz
G=1 3.0 3.0 6.0 3.0 6.0 uv p-p
G=10 0.55 0.55 08 0.55 08 uv p-p
G = 100-1000 0.28 028 04 0.28 04 uvp-p
Current Noise f=1kHz 100 100 100 fA/Hz
0.1Hzto 10 Hz 10 10 10 pPApP-p
REFERENCE INPUT
Rin 20 20 20 kQ
I Vine, Veer =0 50 60 50 60 50 60 HA
Voltage Range -Vs+ 1.6 +Vs— 1.6 -Vi+ 1.6 +Vs— 1.6 -Vs+ 1.6 +Vs— 1.6 v
Gain to Output 1+0.0001 1+0.0001 1+ 0.0001
POWER SUPPLY
Operating Range* +2.3 +18 +2.3 +18 +2.3 +18 Vv
Quiescent Current V=123V 0.9 13 0.9 13 09 13 mA
to£18V
Overtemperature 1.1 1.6 1.1 1.6 1.1 1.6 mA
TEMPERATURE RANGE
For Specified Performance —40 to +85 —40 to +85 —55to +125 °C

! See Analog Devices military data sheet for 883B tested specifications.

2 Does not include effects of external resistor Re.

*Oneinput grounded. G=1.

“This is defined as the same supply range that is used to specify PSR.
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AD620

ABSOLUTE MAXIMUM RATINGS

Table 2.
Parameter Rating
Supply Voltage +18V
Internal Power Dissipation’ 650 mW
Input Voltage (Common-Mode) +Vs
Differential Input Voltage 25V
Qutput Short-Circuit Duration Indefinite
Storage Temperature Range (Q) —65°Cto +150°C
Storage Temperature Range (N, R) -65°Cto +125°C
Operating Temperature Range
AD620 (A, B) —40°C to +85°C
AD620 (S) -55°Cto +125°C
Lead Temperature Range
(Soldering 10 seconds) 300°C

! Specification is for device in free air:
8-Lead Plastic Package: 81 = 95°C
8-Lead CERDIP Package: 81a= 110°C
8-Lead SOIC Package: ©is = 155°C

ESD 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 this product 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.
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Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other condition s above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

WARNINL@

[ESD SENSITIVE DEVICE
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TLO82
TLO82A - TL082B

General purpose J-FET dual operational amplifiers

Features

B Wide common-mode (up to Vgc¥) and
differential voltage range

Low input bias and offset current

Output short-circuit protection

High input impedance J-FET input stage
Internal frequency compensation

Latch up free operation

High slew rate: 16V/ps (typ)

Description

The TLO82, TLO82A and TLO82B are high speed
J—FET input dual operational amplifiers
incorporating well matched, high voltage J-FET
and bipolar transistors in a monolithic integrated
circuit.

The devices feature high slew rates, low input
bias and offset current, and low offset voltage
temperature coefficient.

March 2007

i I
N
DIP8
(Plastic package)

S08
(Plastic micropackage)

TSSOP8
(Thin shrink small outline package)

Pin connections (top view)

1[] 7 BE:
2 [H: ] 7
3 [H~" Hs
+ [ s
1 - Output 1

2 - Inverting input 1

3 - Non-inverting input 1
4-Veo

5 - Non-inverting input 2
6 - Inverting input 2

7 - Output 2

8-Vee'

Rev 9
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TLO082 -TLO82A - TLOS2B

Absolute maximum ratings and operating conditions

2

Absolute maximum ratings and operating conditions

Table 1. Absolute maximum ratings
Symbol Parameter TLOSéTq,AM, TLUBBZII, Al, TLOSSg, AC, | it
Vee Supply voltage M +1 \%
v Input voltage (2 +1 Y
Vig Differential input voltage @) +30
Piot Power dissipation 680 mw
Thermal resistance junction to ambient®
Rihja gﬁ,—: 18255 oW
TSSOP8 120
Thermal resistance junction to case
e | 0 :3
TSSOPS8 37
Output short-circuit duration ) Infinite
Tsig Storage temperature range -65 to +150 °C
HBM: human body model(®) 1 kv
ESD |MM: machine model(”) 200 v
CDM: charged device model(® 1500 v

1. All voltage values, except differential voltage, are with respect to the zero reference level (ground) of the supply voltages
where the zero reference level is the midpoint between Vi and V™.

The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

Short-circuits can cause excessive heating. Destructive dissipation can result from simultaneous short-circuit on all
amplifiers.

5. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure
that the dissipation rating is not exceeded

6. Human body model: 100pF discharged through a 1.5kQ resistor between two pins of the device, done for all couples of pin
combinations with other pins floating.

7. Machine model: a 200pF cap is charged to the specified voltage, then discharged directly between two pins of the device
with no external series resistor (internal resistor < 50)), done for all couples of pin combinations with other pins floating.

8. Charged device model: all pins plus package are charged together to the specified voltage and then discharged directly to

the ground.
Table 2. Operating conditions
Symbol Parameter TLOS;I;}, AM, TLO82I, Al, BI TLOS;% AC, Unit
Vee Supply voltage 6to 36 \%
Toper Operating free-air temperature range -55to0 +125 -40 to +105 01to +70 °C

3
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Electrical characteristics

TLO82 -TLO82A - TL082B

3 Electrical characteristics
Table 3. Vee = 215V, Tyyp = +25°C (unless otherwise specified)
TLUEMACAA| e
Symbol Parameter T Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Input offset voltage (Rg = 500)
Tamp = +25°C TLO82 3 10 3 10
TLO82A 3 6
Vio TLO82B 1 3 mv
Tinin < Tamp < Trnax TL082 13 13
TLO82A 7
TLOS2B 5
DVio Input offset voltage drift 10 10 [I\e
Input offset current M
lio Tamp = +25°C 5 100 5 100 pA
Trmin £ Tamb = Trmax 4 10 nA
Input bias current
lib Tamp = +25°C 20 | 200 20 | 400 pA
Trin < Tamb < Trax 20 20 nA
Large signal voltage gain (R = 2k} V, =£10V)
Ava Tamp = +25°C 50 | 200 25 | 200 Vimv
Trmin € Tamb < Tmax 25 15
Supply voltage rejection ratio (Rg = 500
SVR Tamp = +25°C 80 86 70 86 dB
Trin € Tamp < Tnax 80 70
Supply current, no load
lcc Tamp = +25°C 14 | 25 14 | 25 mA
Trmin € Tamb < Tmax 25 25
Viem Input common mode voltage range Sl +11§ £ +11§ Vv
Common mode rejection ratio (Rg = 50 80 86 20 86
CMR Tamp = +25°C 80 70 d8
Tmin < Tamb < Tmax
Qutput short-circuit current
los Tamb = +25°C 10 | 40 | 60 | 10 | 40 | 60 mA
Trin < Tamp < Tnax 10 60 10 60
Qutput voltage swing
Tamp = +25°C RL = 2kQ 10 12 10 12
Vopp RL = 10kQ 12 | 135 12 | 135 \
Tmin € Tamb £Tmax RL = 2kQ 10 10
RL = 10kQ 12 12
SR Slew rate (Tymp = +25°C)
Vi = 10V, R = 2kQ C_ = 100pF, unity gain 8 16 8 16 V/ius
1S7]
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TLO082 -TLO82A - TL0O82B

Electrical characteristics

Table 3. Vee = 215V, Tymp = #25°C (unless otherwise specified) (continued)
TUEMACAA | riossc
Symbol Parameter T Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
¢ Rise time (Tamp = +25°C)
r Vin = 20mV, Ry = 2kQ C| = 100pF, unity gain 0.1 0.1 us
Overshoot (Tymp = +25°C)
Kou Vin =20mV, R = 2k C_ = 100pF, unity gain 10 10 %
GBP Gain bandwidth product (T, = +25°C)
Vin = 10mV, R = 2k C_ = 100pF, f= 100kHz 25 4 25 4 MHz
R; Input resistance 1012 1012 Q
THD Total harmonic distortion (T, = +25°C),
f=1kHz, R = 2kQC| =100pF, A,=20dB, Vo=2Vpp 0.01 0.01 %
R Equivalent input noise voltage oy
n Rs=100Q f=1KHz 15 15 Jnz
@m Phase margin 45 45 degrees
Channel separation
Vo1/Vo2 A, =100 120 120 dB
1. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction
temperature.
17
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Apéndice 2 Transductores Utilizados

Model 141
High Output Linear Accelerometer
For Vibration, Shock, Impact
Ranges from: +2g to +600g
With External R | Calibration

he Model 147 is a linear accelerometer
that produces a high level instantaneous
DC output signal proportional to sensed

accelerations [ranging from static acceleration
up to 3000 Hz asindicated below),

Setraaccelerometers are unigue in their ability
to withstand exceedingly high g overload
without damage. The Model 141 incorporates
the super-rugged Sefra capacitance-type
sensor and a miniaturized electronic circuit.

Its excellent dynamic response is maintained
byair damping, which varies with temperature

approximately one-tenth as much as the best
fluid damping.

The electrical characteristics are compatible
with conventional strain-gauge type signal
conditioning, including the use of shunt R
over any selected range up to 100% full scale.
The stainless steel case is O-ring sealed, has a
well-defined base plane and is quite insensi-
tive to mounting strain.

Cross axis interference isexceedinglylow. The
external easy-to-replace cable attachment
facilitates installation and service.

Full Scale Ranges

Far each of the available granges, the linearity is characterized by this range chart:
[Men-linearity as % full range, best straight lins)

MNon-Linearity Natural Frequency Flat Response

Nominal Range +1% (Nominal) (£3db)0Hzto:
+2g +2q 300Hz 200Hz
+4g +4g 440Hz 260Hz
+3g +8g 570Hz 300Hz
+15g +15g 840Hz 400Hz
+30g +30g 1200Hz 700Hz
+hlg +lg 15680Hz 1000Hz
+150g +150g 2600Hz 1600Hz
+600g +600g 5000Hz 3000Hz

MWOTE: Setra adheras to strict quality standards including
120 2001 and AWSI-Z540-1. The calibraticn of this product is
NIST tracaable.

158 Swanson Rd., Boxborough, MA 01719/Telephone: 978-263-1400/Fax: 978-264-0292
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Features

® Excellent Static and
Dynamic Response

® Temperature-Insensitive
Gas Damping
(0.7 Critical)

@ High Output Signal

@ High Overload
Capability, (2000g static)

® Low Transverse
Sensitivity (0.012 g/g)

® Wide-Range R Type
Calibration

® Easy-to-Replace Cable
Attachment

® Compact, Lightweight

@ Optional EMI Filter
Upgrade

® Meets € Conformance
Standards

When it comesto a product to rely
on, choose the Model 141.

When it comes to a company to
trust, choose Setra .

ified

Visit Setra Online:
http://www.setra.com

(1 '|I|
'l' M
300-257-3372




Model 141A and Model 141B Specifications

Performance Data Performance Data (cont'd) Physical Description
Non-Linearity Calibration Data Each unit is supplied with a Electrical Connection 2 foot multiconducter cable
(Best Fit Straight Line] £1.0% Full Scale computer generated plot of output Weight 30 grams
Hysterasis 0.10%6 vs. aoceleration {centrifuge) at the {not including cable)
Non-Repeatabilty ~ 0.05% specified excitation valtage. Lase Stainless steel, 0-ring
Transverse Acceleration .y )
Response <+012/g Sen.smrfnty Reported at Nom|na| Range )
Damping Apprasimates second order system Excitation Yoltage  Model 141A calibrated at 10VIC Options
with 0.7 critical damping (Gas Model 1418 calibrated at 24 VL {Option 620 Calibration at Special Excitation
Squeeze-Film 0.7+0.2 of critical at i Option 649 EMI/RF I Filter (MIL-STD-452)
TI'F (25)). Damping ratioincreases - Electrical Data Option 701 Wide Operating Temperaute -65° to
approximately 0.15%/°F. Electrical Circuit™ Three-Wire (Com, -Exc, -Out) +220°F (-84 ko +104C)
Frequency Band FIa: fmITr static to ?F'lfm' BD;% of lsolation 100 M ahms Option803-825  Upto 25 feet of cable can be supplied
Resoli TE; u.rta l.eq:(égt)' : hrangtes ' Internal Frequency 20MHz apprax. anyour order; please specify cable
L i orly byautpu Calibeation Sigral R, ) Available up to 100%% Norninal length when ardering (e.g. 805 for
Thermal Effects Range by shunting extemal 5ft. cable) Consult factory for cables
Operating calibration resistar from calibration longer than 25 feet.
Temperature F () -10to +150 (-23to +68) lead to -siqnial lead. . .
Zaro Shift <0.02% Nominal Range/F Ercitation/ Qutput™* 1414 1418 Orde ring Information
[<£0.36%/C) Excitation Range S5VDC 10-28VD0TTT Specify Madel 1414 or Model 1418
Sensftivity Shift <=0.02% Nominal Range/F Excitation Vokage 10V 24\ Jpecify & Range Neminal Range (+ speific g
(<+0.36%/T) Excitation Cument 5 mA 10mA Specify Excitation voltage for calibration
SIiEhtljmih_er therntﬂadl e[trelz'[s_[t " Narminal Output (if non-standard, use Option 620
when 1414 is aperated at excitation . " 4 at extra charge)
yolage belows TOVEC (npm.mrc.mt] _SDD m:: +1000 mv
Zero G Qutput <£25mV EMIFF| Fitering fee Option 642 Specifications subject to change witout otice
[fadw Cal!bm_ted at10vDCar *Cruuit is capacitively isolatd from case. Fower applied to output, o
—_— 2T§;W;L;L'U"_] - gt il o erge . o LB O, S ettt qulty s g L6204
U <££3% 0f Nomingl Uutpu A . PR AU ANS) 7540-1. The calibeation o this product is NIST traceshle.
Maise Level <+0,01% Nominal Range mﬁ ;ﬂ,‘;ﬁ;ﬁ'@‘;i';;i‘.‘;ﬁﬁﬂ.::ﬁ“"
[RMS, in-band) ***(psrable on 23 VOE arcrackt poveer, (Recommend high vakage

fransient protection to pravent damage by emergency pover
corditions as defined inMIL-STD-T044, and vokage regulation ta

attain highest accuray.)
Outline Drawing
< 0.875 (max) -
Brown - Qutput 22.225 - 0.656
Black - Exciation ] 0.332/8.432 o 315- 2 =
| allow H.004/0.1016 33" =
|I jr + Dutput — : | E
T A g - ) T =
® N S A~C
Calibeation | 2.92%0.850 5Q (ma
( P o g A | 5122352
| X = ma) W ‘H_' 0.65
wite f l \ I 1685
<+ £xCEation | J__ +
& ! A
4 I L Center of Seismic Mass F '
| ) — Cable Clamp Scraws Also Certer of Graviy of
| JL 080 x 5/64 Pan head IJ Accelerometer (less Cable) g !I.-;:ygugﬁls-loles
= — . §0.317
||'l_ Recommanded Mounting Screws / Dia. +0.002/0.0508
No. 4-40 UN.C. Class I Cable Length 2 Fest Within £0.00550.127
Stairless Steel Socket Head Unless Ctherwise Specified of True Postion
Cap Sorews 08127 Long Minimum
.:.ﬁp-ﬂ?uroaimnlr::mu;ﬁmnmhmsm nn;mhm;;m 159 Swanson Road, Boxborough, MA 01719/ Tel:978-263-1400; 1||||“:||u.lmlll:u""{m‘r ||l|.|||||:|m
raly an or re, [ is the o responsipiy . I 1l
i bo sty of tuprctntheapiain, Toll Free: 800-257-3872; Fax. 978-264-0292; email: sales@setracom Wl Ul (B |
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Temposonics®

Magnetostrictive Linear-Position Sensors

E-Series Model ER Sensor
Analog and Digital Pulse Outputs

Product Specification

MTS
B

SENSORS

550996 C

Temposonics Model ER sensor

Rugged industrial sensor

Linear, absolute measurement

Non-contact sensing technology

Non-linearity less than 0.02 %

Repeatability within 0.001 %

EMI shielded and GE certified

Analog output, (voltage or current)

Start/Stop digital pulse output, (upload of sensor
parameters available)

$train Pulge Dutector

oty o
ifion —— ”
Mgt -
Magnatee tield encompasses
AT WVBgUItE-gink il g
by i errogadion pul s o
R i ———— ~— Mdagneti Field
W gui =—from Position kiagnat
Fulse Output Interaction of ragnetic fields

EAUSER WU o geraE
a slain pulse

Model ER rod-and-cylinder sensor The benefits of magnetostrictive sensing

The innovative Temposonics
model ER sensor brings the
proven benefits of magnetostric-
tive feedback to the versatile
rod-and-cylinder sensor pack-
age. ltisideal for demanding
industrial applications where
high performance non-contact
feedback is essential.

and protected at all times,
ensuring reliable sensor per-
formance in the toughest indus-
The model ER sensor's rod-and-  trial environments.
cylinder design has a stainless
steel “sensing rod” that can
extend from the sensar housing.
As the rod is extended and
retracted, the sensing magnet
remains completely contained

C€

The ER model sensor provides a
very precise, durable and cost
effective alternative to the wear
problems associated with linear
potentiometers.

1SO 9001

CERTIFIED

Temposonics linear sensors use
the time-based magnetostrictive
position sensing principle devel-
oped by MTS. Within the sens-
ing element, a sonic strain pulse
is induced in a specially-
designed magnetostrictive wave-
guide by the momentary interac-
tion of two magnetic fields. One
field comes from a movable per-
manent magnet that passes
along the outside of the sensor.
The other field comes from an
“interrogation” current pulse
applied along the waveguide.
The resulting strain pulse travels
at ultrasonic speed along the
waveguide and is detected at the

head of the sensing element.
The position of the magnet is
determined with high precision
and speed by accurately meas-
uring the elapsed time between
the application of the interroga-
tion pulse and the arrival of the
resulting strain pulse with a high
speed counter. Using the
elapsed time to determine posi-
tion of the permanent magnet
provides an absolute position
reading that never needs
recalibration or re-homing after
a power loss. Non-contact
sensing eliminates wear, and
guarantees the best durability
and output repeatability.

All spacifications ara subject tochange.  Please contact MTS for spacifications that are critical

to your neads.

73



Temposonics Model ER linear-position sensor

Temposonics E-Series model ER, rod-and-cylinder sensors are avail-
able with analog output or digital-pulse output. The analog outputs

include voltage, (0 to 10 VDC, forward and reverse acting), and cur-
rent, (4 to 20 mA, forward or reverse acting). Since the outputs are
direct, no signal conditioning electronics are needed when interfac-

ing with controllers or meters.

. Aetive soe lengt L
Mzazring mnge]
Sensar
ouiput .
e -
1 1
[ | S —
L 1| — -

Posifon magne

The available digital-pulse output is Start/Stop. Here the sensor
requires a start signal from a controller or interface card to
initiate the measurement cycle. The sensor generates a stop
signal at the end of the measurement cycle that is used to stop
the controller's counter clock. The elapsed time between the
Start and Stop signals is directly proportional to the magnet’s
position within the sensor housing. The controller can calculate
the absolute position of the magnet from the time value and the
sensor's unique gradient value, (inverse of the average speed for
the ultrasonic pulse traveling in the sensor's waveguide).

STARTISTOP I-l Start Pulse

1
'
'
1 } Start input signals
} - Sart o sensor
H :
H ]
| Siart Puse :
- - Stop
I-l reflection’ | |P.Jse
| + Stop  Output signals
from senaor

I

v

:-—T'ne betwesn Siat and Siop —-:

' pulses is proporfong [
o magnet position

Far applications using smart sensor interfaces the Start/Stop output,
{option R3]}, can provide a sensor parameter upload ability. The fol-
lowing sensor parameters are available for upload:

- Measuning range

- Ofiset

- Gradient (Inverse speed of sensing pulse)
- Status

- Manufacturer number

The sensor also features over-voltage protection to 36 Vdc and
reverse polarity protection to 30 Vdc on input voltage connections.
All outputs are absolute rather than incremental so that power-down
situations do not require re-homing.

Parameters Specification
Measured Variable:  Displacement
Resolution: Analog: Infinite

Digital: 1 + [gradient x crystal freq. (MHz) x
circulation]; controller dependent.

Non-Lineanty:

<+ 0.02% Full stroke (minimum + 60pm)

Repeatability:

<+ (0.001% Full strake

Outputs:

Vaoltage: 0 to 10 Vde and 10 to 0 Vdc
{controller input resistance AL = SkOhm)
Current: 4 to 20 mA or 20 to 4 mA

{min/max load: 0/500 Ohm)

Start/Stop: RS-422 differential signal

{Serial parameter upload available

for: measuring range, offset, gradient, status,
and manufacturar number)

Update Frequency:

Voltage or Current: = 1.5 kHz
Start/Stop: Controller dependent

Measuring Range:

75 to 1500 mm (3 to B0 in.)

ER sensors standard stroke ranges are 3, 6, 9,
12,15, 18,21, 24, 30, 36, 42, 43, 54 and 60
inches (75, 100, 150, 200, 300, 400, 500, 600,
750, 1000, 1250, 1500 mm) Custom stroke
lengths available.

Operating Conditions:

Temperature: - 40 to 75°C

Relative humidity: 90% no condensation.
Ingress protection; IPG5 if mating cable
connector is correctly fitted.

Shock test: 100 g (single hit) IEC-Standard
B68-2-27

Vibration rating: 10 /10 - 2000 Hz
[EC-Standard 68-2-6

EMC Test:

Electromagnetic emission EN 50081-1
Electromagnetic immunity EN 50082-2
EN 61000-4-2/3/4/8, Level 3/4, Criteria A,
CE qualified

Operating Voltage:

+24 Ve nominal -15 or +20%)

Polarity protection: up to -30 Vdc

(Overvoltage protection; up to 36 Vdc

Current drain: Analog: 50 - 140 mA
Start/Stop: 50 - 100 mA
{stroke length dependent)

Dielectric withstand voltage: 500V,

{DC ground to machine ground)

Connection type:

B-pin male D60 connector

Sensor housing:

Aluminum

Sensor rod:

stainless steel type 303

muuntlng:

Adustable mounting feet or dual rod ands.
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Temposonics Model ER linear-position sensor

A robust aluminum extrusion forms the sensor housing, containing the sensor rod, magnet, sensing element and electronics. The
permanent magnet is mounted on a sliding carrier attached to the end of the stainless steel rod. As the rod moves in and out, the magnet

travels above the sensing element inside the sensor housing.

Dimensions
Maximum Lengh =2 x Siroke Length + 1323 mm {521 in) +6.7 mm .28 in.) {21452!’!1 +{L-L4c|m2r; )
— 05 in. + in.
Beginning of Stroke: Adjustable Rod End (optional)
{Null Posifion) End of Stroke 581235 - MG Thread
60.9 mm Siroke Lengh 714 mm 550444 - 14 - 28 Thread
(240in.) {281in) Rodend @
Nul Daad Zone and wres
Pamed Mount ;
Connacir ) ) fats 7.9 mm (031 in}
(D8 Male) — - T
_— s i7.8mm (0.70in.)
| ——— ¢
3 — See Impodant Note
24 mm+ k- 4mm & & Locking Nut
(105 +-0.22in) i:*\ Magnet L: 14 28 UNF or
Adjustable Rod End {optional) Mouning Foot (1 of 2} _I 14.5mm MEx 1.0
581225 - M6 Thread 400802 {057 in)
580444 - 14 - 28 Thread
60.8 mm Siroke Length 7i4mm {281 in.}
2.40in) Dead Zone
Huill 3.0mm-{ Mounting Foot
% {0.12in) 400802
| r—n |
—1 | 1 I I
- L—J =
Magnet /_I 14.5mm Mounting Foot (1 of 2}; Bon m?g”“‘
{057 in) 400802 Alin.
M5 Screw (2X) or #10 Screw (2X)

Important Note:
To avoid possible sensor damage, the washer, (or the locking nut for a rod end), must remain at the end

of the rod to provide a mechanical stop when the rod is fully retracted.

Mounting

The ER sensors are designed for external installation on machines. The sensor housing is typically secured on the machine using the stan-
dard mounting feet and screws that can be easily adjusted. The rod end is then attached to the moving machine part.

Slots for the mounting feet are
available on three sides of the
sensor housing, allowing
versatile mounting orientations
for the sensor connector and
extension cable.

3 MTE anzors Product Spacilcation 550906 ©
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DEVICES

Precision 1.7 g Single-/Dual-Axis

iMEMS® Accelerometer

ADXL103/ADXL203

FEATURES

High performance, single-/dual-axis accelerometer
onasingle IC chip

5mm x 5 mm x 2 mm LCC package

1mg resolution at 60 Hz

Low power: 700 pA at Vs =5 V (typical)

High zero g bias stability

High sensitivity accuracy

-40°C to +125°C temperature range

X and Y axes aligned to within 0.1° {typical)

BW adjustment with a single capacitor

Single-supply operation

3500 g shock survival

RoHS-compliant

Compatible with Sn/Pb- and Pb-free solder processes

APPLICATIONS

Vehicle dynamic control (VDC)/electronic stability program
(ESP) systems

Electronic chassis control

Electronic braking

Platform stabilization/leveling

Navigation

Alarms and motion detectors

High accuracy, 2-axis tilt sensing

GENERAL DESCRIPTION

The ADXL103/ADXL203 are high precision, low power,
complete single- and dual-axis accelerometers with signal
conditioned voltage outputs, all on a single, monolithic IC.

The ADXL103/ADXL203 measure acceleration with a full-scale
range of +1.7 g. The ADXL103/ADXL203 can measure both
dynamic acceleration (for example, vibration) and static
acceleration (for example, gravity).

The typical noise floor is 110 pg/VHz, allowing signals below
1 mg (0.06° of inclination ) to be resolved in tilt sensing
applications using narrow bandwidths (<60 Hz).

The user selects the bandwidth of the accelerometer using
Capacitor Cy and Capacitor Cy at the Xour and Your pins.
Bandwidths of 0.5 Hz to 2.5 kHz may be selected to suit the
application.

The ADXL103 and ADXL203 are available in 5 mm % 5 mm x
2 mm, 8-pad hermetic LCC packages.

FUNCTIONAL BLOCK DIAGRAM

+3V
Vs
ADXL203 |—|
= L AC HOUTPUT| |OQUTPUT
LI.I__ AMP DEMGD AMP AMP
-
SENSOR
ReLT Rewr H
3zke 32kn I
B
COM 5T Yout Xour

+3V
Vg
ADXL103
Cpe= q.l_l-— AC M outeuT =
| amP DEMGD AMP
SENSOR
ReLT
32k
COM ST Xaut
L
Figure
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ADXL103/ADXL203

SPECIFICATIONS

Ta=-40°C to +125°C, Vs = 5 V, Cx = Cy = 0.1 pF, acceleration = 0 g, unless otherwise noted.

Table 1.
Parameter Conditions Min' Typ Max' Unit
SENSOR INPUT Each axis

Measurement Range? +1.7 g

Nonlinearity % of full scale +0.2 +1.25 %

Package Alignment Error +1 Degrees

Alignment Error (ADXL203) X sensor toY sensor +0.1 Degrees

Cross-Axis Sensitivity +15 +3 %
SENSITIVITY (RATIOMETRIC)* Each axis

Sensitivity at Xour, Your Vs=5V 060 1000 1040 mV/g

Sensitivity Change Due to Temperature* Vs=5V +0.3 %
ZERO g BIAS LEVEL (RATIOMETRIC) Each axis

0 gVoltage at ¥our, Your Vs=5V 24 25 26 Vv

Initial 0 g Output Deviation from Ideal Vs =5V, 25°C +25 mg

0 g Offset vs. Temperature +0.1 +0.8 mg/"C
MNOISE PERFORMANCE

QOutput Noise <4 kHz, V=5V 1 3 mV rms

Moise Density 110 pg/vHz rms
FREQUENCY RESPONSE*

Cx, CvRange® 0.002 10 uF

Reur Tolerance 24 32 40 k()

Sensor Resonant Frequency 55 kHz
SELFTEST?

Logic Input Low 1 Vv

Logic Input High 4 ')

ST Input Resistance to Ground 30 50 k()

Qutput Change at Xour, Your SelfTest O to Self Test | 450 750 1100 mV
OUTPUT AMPLIFIER

Output Swing Low No load 0.05 02 )

Output Swing High No load 45 4.8 Vv
POWER SUPPLY

Operating Voltage Range 3 6 Vv

Quiescent Supply Current 07 1.1 mA

Turn-On Time*? 20 ms

VAl minimum and maximum specifications are guaranteed. Typical specifications are not guaranteed.

? Guaranteed by measurement of initial off set and sensitivity.

3 Sensitivity is essentially ratiometric to Vs For Vs = 4.75V to 5.25 V, sensitivity is 186 mV/V/g to 215 mV/V/ig.

4Defined as the output change from ambient-to-maximum temperature or ambient-to-minimum temperature.

& Actual frequency response controlled by user-supplied external capacitor { C, Cy).

¢Bandwidth = 1/(2 x mx 32 k() % C). For Cg, Cy = 0.002 pF, bandwidth = 2500 Hz. For Cy, Cy = 10 pF, bandwidth = 0.5 Hz Minimumy/maximum values are not tested.
7 Self-test response changes cubically with Vs,

®Larger values of Ce, Crincrease turn-on time. Turn-on time is approximately 160 » Ce or Cr+ 4 ms, where Cy, Cy are in pF.

Rewv. & |
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ADXL103/ADXL203

ABSOLUTE MAXIMUM RATINGS

Table 2. Stresses above those listed under Absolute Maximum Ratings
Parameter Rating may cause permanent damage to the device. This is a stress
Acceleration (Any Axis, Unpowered) 350049 rating only; functional operation of the device at these or any
Acceleration (Any Axis, Powered) 35009 other conditions above those indicated in the operational
Drop Test (Concrete Surface) 12m section of this specification is not implied. Exposure to absolute
Vs -03Vto +7.0V maximum rating conditions for extended periods may affect
All Other Pins (COM-03V) to device reliability.
(Ve+0.3V) ’

Output Short-Circuit Duration

{Any Pin to Commeon) Indefinite Table 3. Package Characteristics
Temperature Range (Powerad) —55°Cto+125°C Package Type B)a B¢ Device Weight
Temperature Range (Storage) —65°C to +150°C 8-Lead CLCC 120°C/W 20°C/W <1.0 gram

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on the
human body and test equipment and can discharge without detection. Although this product 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.

=7

CRITICAL ZONE

TEMPERATURE

Is
PREHEAT

0Tp

oREmE

TIME

l———————— 125°C TO PEAK —»

Condition

Profile Feature

5n63/Pb37

Pb-Free

Average Ramp Rate (Tuto Tr)

3*Cisecond max

Preheat

* Minimum Temperature (Tswn)
* Maximum Temperature (Tsaa)
+ Time (Tsmn to Tsaax) (ts)

100°C
150°C
60 to 120 seconds

150°C
200°C

60 to 150 seconds

Tam to To

* Ramp-Up Rate 3*Cfsecond
Time Maintained above Liquidous (Ty)

» Liquidous Temperature (TU) 183°C 217°C

* Time (t)

60 to 150 seconds

60 to 150 seconds

Peak Temperaturs (Tp)

240°C + 0°C/=5°C

260°C + 0°C/=-5°C

Tirne Within 5°C of Actual Peak Temperature (tp)

10 to 30 seconds

2010 40 secends

Ramp-Down Rate

& Cfsecond max

Time 25°C to Peak Temperature

& minutes max

8 minutes max

Figure 2. Recommended Soldering Profile

Rev. A |
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ADXL103/ADXL203

PIN CONFIGURATIONS AND FUNCTION DESCRIPTIONS

ADXL103E
TOP VIEW
[Not to Scale)

Vg

5T |7]
DNC [Z] 4,*"

com (3]
[

[5]one

Xout
DNC

DNC

PO

Figure 3. ADXL103 Pin Configuration

Table 4. ADXL103 Pin Function Descriptions

Pin No. Mnemonic Description

1 ST Self Test

2 DNC Do Mot Connect

3 COM Common

4 DNC Do Mot Connect

5 DNC Do Not Connect
6 DNC Do Mot Connect

7 Xour X Channel Output
8 Vs 3IVtoav

Rewv. & |

79

ADXL203E

TOF VIEW

(Mot to Scale)

Vg

5T

com

L]

1 ] *our
DNE [ 2 £ ¥ ] Your
3] X 5]

[4]

DNC

DHC

N

Figure 4. ADXL203 Pin Configuration

Table 5. ADXL203 Pin Function Descriptions

Pin No. Mnemonic Description

1 ST Self Test

2 DNC Do Not Connect
3 oM Common

4 DNC Do Not Connect
5 DMNC Do Mot Connect
6 Your Y Channel Qutput
7 Kour X Channel Qutput
8 Vs 3VtosV
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