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Sensor Interfacing—

the Key to Successful
Signal Conditioning

into a digital signal
that can be used for data collection, controlling a process, performing calcula-
tions, producing display readouts, and oth-

er purposes. Analog sensors measure many
types of physical phenomena such as tem- Feedback
perature, pressure, force, flow, motion, network
position, pH (acid/base), and light
intensity. Sensor signals usually can’t i nL';lx;trk
be converted directly into digital data
because their outputs are relatively en';'i‘rU::l‘“TLm ‘l‘)'l‘l‘#';rfl':;
small voltages, currents, or resistance and scaling
changes that must be conditioned before
being converted into digital data. Conditioning
takes the form of amplifying, buffering, or scaling the
analog signal to make it suitable for input to an analog-to-digital converter (ADC). That ADC
then digitizes the signal and sends it to a microcontroller or other digital device for further
data processing within the system (see figure, above). The key to making this chain work is
selecting operational amplifiers that interface properly with the various types of sensors used
in measurements. A designer must then pick an ADC that has the characteristics to process the
signal from the input network and produce a digital output that satisfies the resolution, accu-
racy, and sampling rate of the data acquisition system. ED Online 7695
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A. Sensors—The Starting Point

Sensors are classified according to the type of physical variable they measure:
thermocouples, resistance temperature detectors (RTDs), and thermistors
measure temperature; strain gages measure pressure or force; pH electrodes

measure the acidity or alkalinity of a solution; and PIN photodiodes are used as
photodetectors to measure light intensity. Sensors can he further classified as
active or passive. An active sensor requires an external source of excitation

SOURCE IMPEDANCE
= High source impedance is greater than 100 k{2
m Low source impedance is less than 100 2

(voltage or current), whereas a passive sensor generates its own electrical volt-

age without excitation. Common active sensors are RTDs, thermistors, and strain
gages, while thermocouples and PIN diodes are passive sensors. To determine
what specifications are necessary for the amplifier to interface with a sensor, a
designer must consider the major sensor characteristics shown to the right.

OUTPUT SIGNAL LEVEL
m Ahighsignal level is greater than 500 mV full scale
m Alow signal level is less than 100 mV full scale

DYNAMIC RANGE
The range over which the sensor’s stimulus produces a
measurable output signal. It depends on the type of
sensor used.

B. The Amplifier’s Role

Besides providing dc signal gain, the amplifier buffers and scales
the sensor input before sending it to the ADC for conversion to a digi-
tal signal. The amplifier has two key responsihilities. One is to pro-
vide a suitable interface to the sensor, according to the sensor's char-
acteristics. The other is to interface to the ADC based on the load
presented to it. Included are the wiring distance hetween amplifier
and ADC, capacitive loading effects, and input impedance of the ADC.

When selecting an amplifier to interface properly with a sensor, a
designer must match the characteristics of the sensor with those of
the amplifier. Certain amplifier
characteristics are more critical
to proper operation of the sen-
sor-amplifier combination than
others. These should receive
higher priority when making
tradeoffs on the type of amplifier
chosen (see table, right). For
example, a pH electrode isa
high-impedance sensor, so the
input bias current of the amplifi-
eris a high-priority considera-
tion (H in the table). The pH sen-

Sensor

pH electrode
PIN photodiode
Thermocouple
Strain gage

L = Low priority

M
B v
L

H

M = Medium priority

sor provides a signal that must not be allowed to produce any
appreciable current, so the amplifier must be a type that does not
require high input bias current for its operation. A high-impedance
MOS-input amplifier with low input hias current is the best choice
to meet this requirement. On the other hand, gain-bandwith prod-
uct (GBP) is a low-priority consideration (L in the table) for this
application because the sensor operates at a low frequency and the
frequency response of the amplifier should not prevent a true
reproduction of the sensor’s signal waveform.

SENSORS AND THEIR KEY AMPLIFIER SPECIFICATIONS

Offset voltage MUiiH&TIIEI(M Gain-band-
drift width product
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Common-mode
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H = High priority
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GHz speeds, low power, no heat sinks.

National’'s new 8-bit ADC has it all.

Improve performance and lower system
cost with the ADC081000, the most
accurate, lowest power 8-bit GHz

ADC in the market today

Effective bits vs. input frequency

ADCO081000 Features

* 1.4W operating power consumption—no heat
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C. Matching The Sen

A high-impedance pH sensor can be paired with an amplifier

that has a low-power circuit needing only two 1.5-V batter- pH electrode buffer

ies to supply power (see figure, right). The amplifier has

MOS-input transistors topresent a high impedance to

the sensor whose out pedance can be 1 M2 or MOS input
. . e amplifier Buffered

greater. Input bias currents for this amplifier are PH pH electrode

less than 0.1 pA, so amplifier operation takes electrode output

very little current. Offsetvoltage for the amplifi-

eris under 1 mV. The amplifier provides rail-to- =

rail operation and has high drive capability for Precision

sending a signal over if the amplifier and ten;z:;:trure

ADCare far apart. An interesting addition to the cir-

cuitis a precision temperature sensor that measures

the temperature of the pH sensor. This enables an accurate

temperature-compensated value of pH to be made.

| Temperature
output

Complete sensor bridge interface Measurement.s from Fommonlg use:'d sensors such as strain gages.are taken.via bridge
y networks, with strain gages forming two (or four) legs of the bridge. Strain gages
« are low source-impedance devices with low output signals ranging from hundreds
? of microvolts to a few millivolts. This circuit (see figure, left) offers a stable
Vogf:%ea:e;e:tzce excitation voltage for the measurement bridge and high common-mode volt-
jecti ent of the signal from the sensor,
%7 R1 eliminating any common-mode voltages, Amplifier A1 is driven by a preci-
sion voltage reference with high accuracyand very low drift with tempera-
xcitation source for the bridge.
Measurement .
bridge about half the excitation voltage,
the measured signal is just th 11 difference voltage between the legs
of the bridge. Thus, amplifier 4 must provide high common-
mode rejection ratio (CMRR) s e difference voltage is meas-
ured. Also, they must have low values of input offset voltage (VUS), offset
voltage drift with temperature [also known as offset-voltage temperature
coefficient (TCV,,)], and input hias current to permit an accurate reading from
the sensor. Amplifiers A1 through A4 are connected as an instrumentation ampli-
fier to achieve these ohjectives. For this configuration, the voltage gain (A,) is:
A, = (1+ 2R2/bR2)(aR1/R1), where a and b are ratios that determine overall gain.
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sor And The Amplifier

Radiation spectroscopy measures the distribution of energy emit-
ted from a radiation source, which could be particles, X-rays, or
gamma rays. The radiation strikes the scintillation crystal .. Vs
. S . . lonizing Wide-area
and emits a short burst of light in an intensity that's pro- radiation PIN
portional to the energy. Then the light is converted to a photodiode
current by a PIN phot : mplifier (see figure,
right) is used as a pre-amplifierand current-to-volt-
age converter for the output of the PIN photodiode. Scintillation ISIGNAL
The circuit represents a si annel analyzer used crystal
in basic radiation spectrosco e pulse amplitude High-speed
of the signal contains the information of interest, soa amplifier
low input offset voltage and offset voltage drift is Typical radiation analyzer channel
important. The broad i
response to process the which can be as short as sev-
eral nanoseconds. Output (V) from the pre-amplifier makes its
way to a pulse-height analyzer (for example, a fast ADC) to measure
and hin the number of occurrences of each peak value. The distribution is the
spectrum for that particular source. The value of feedback resistor R1 depends on the
maximum current from the PIN photodiode and the maximum output voltage into the ADC. Thus,
R1 = (Max Vy,,)/(Max Igg,,,)- Capacitor C1 compensates the amplifier for the parasitic capaci-
tance of the PIN photodiode. R2 and C2 are equal to R1 and C1 to compensate the input hias cur-
rent of the amplifier's noninverting input.

Thermocouples provide a voltage signal based on the temperature
difference between the junctions of two different metal wires.
Athermocouple temperature sensor has a sensing junction
(the metal-A/metal-B connection) and a reference
junction (the junction of metal A and metal B with
copper conductors). Temperature of the cold junc-

R xR - . .
tion reference is control measured along with
V+ the thermocouple sign e thermocouple hasa
Metal A Copper i ang om about 10 pV/°Cto
R — :
+ Amplified i ifier(see : i
Metal B Copper Wy thermocouple i i eramplifies the signal to the
xR i

Cold junction V- output required level that is compa
reference input. The gain of the differential amplifier is:
A, = xR/R, where xis the resistance ratio that deter-
mines the gain to be maintained hetween the amplifier's
inverting and noninverting inputs. The differential configura-
tion helps reject common-mode pickup by the thermocouple wires.
The amplifier should have low offset voltage and low offset-voltage drift.

Cold junction temperature

Thermocouple
AN




Reduce system cost and increase

performance with 1 mV over temp.
2.7V to 5V op amps and comparators

Get industry-leading price-to-performance
value with low-noise LMV771 in an
SC70-5 package and the LMV761/62

with shutdown

LMV771

* Maximum Vg of 1 mV (over temp.)

¢ Extended temperature range -40°C to 125°C

* 9 nVAHz voltage noise (1 kHz)

¢ Rail-to-rail output

* 100 dB open loop gain (2 kQ load)

* 500 pA supply current

e Silicon Dust™ SC70 package

* LMV772 dual & LMV774 quad also available

LMV761/762

* Maximum Vg of 1 mV (over temp.)

¢ Extended temperature range -40°C to 125°C
¢ 0.2 pA input bias current

* 120 ns propagation delay (OD=50 mV)

* 300 pA supply current

¢ 100 dB CMRR/ 110 dB PSRR

e Push/pull output

* LMV761 packaging: SOT23-6 and SOIC-8

* LMV762 packaging: SOIC-8 and MSOP-8

Ideal for use in PDAs, mobile phones, laptop computers,
test equipment, industrial instruments & controls, medical
instruments & equipment, and automotive

For our FREE online technical
journal, visit us at:
edge.national.com

For FREE samples, datasheets, and more information
on the LMV771/761/762, contact us today at:

amplifiers.national.com

Or call: 1-800-272-9959

Free CD-ROM data catalog available at:
freecd.national.com
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D. The Final Stage—Analog-To-Digital Conversion

The ultimate goal of the signal-conditioning system is to get analog sensor data into
digital form as rapidly, completely, and inexpensively as possible, and that task falls to
the ADC. The type of ADC used varies with a number of factors. These include the resolu- D

tion required (number of bits), speed (throughput rate of the data), ac or dc signal
inputs, accuracy (dcand ac), latency (time between the start of a sampling cycle and the
first valid digital output) and supply voltage levels. On the output side—the interface to
amicrocontroller or digital signal processor—important factors include whether it is
serial or parallel, input voltage level capability of the processor, available supply volt-
ages, and power consumption

considerations.
Most signal-conditioning ADC CHARACTERISTICS AND APPLICATIONS

applications use either succes- M AC - m
sive-approximation-register ADC type accuracy LEENLNN Speed Applications

(SAR) orintegrating ADCs. Both [ High Low-mid DC/AC Broadly used for DC

types handle dc signals well, signals and ACssignals in sig-
with the SAR unit providing bet- nal-conditioning
ter support for fast ac signals applications
DIGNEIESY Good AC rejection,
low- latency is Tow, but
T conversion time can
AC be very long. Used in
DCload cell applica-
tions, weigh scales,
etc

(see table, right). SAR convert- AL Low to > 20 hits NEORLT
ers are the most versatile of all IR
ADCs, as they combine high res-
olution (up to 16 hits) and high
throughput capability.
Integrating ADCs have long

operating times because of the NV |, [RIS RN Very high BUGHVZ Y Often used in audio
conversion method they use, (a-1) signals and load-cell vibra-
but they offer the distinct ben- tion-analysis appli-
efit of noise reduction through cations

signal averaging. For moderate- [LOWSUS I Low  [II0] High Moderate LI LI Most useful for mid-

frequency ac signals, delta-sig-

ma (A-X) converters are best

due to their high resolutionand ~ [EILIEIDTINE Low High  RORCY0E High
accuracy with these kinds of

inputs. Their resolution is high

(up to 24 bits) but comes at the

expense of decreased speed (latency is very high). Two other types of ADCs—pipelined
and subranging ADCs—are high-speed devices well-suited for converting high-fre-
quency ac signals.

to high-frequency AC
signals

LSTEIERS Most useful for mid-
to high-frequency AC
signals
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Accelerate system performance with

extremely precise, high-gain LMH™ amplifiers

National's LMH6624 and LMH6626 high-speed
amplifiers offer greater design flexibility

and increased dynamic range, with ultra-low
noise performance

LMHG6624 and LMH6626

Single/dual ultra-low noise wideband op amp

e Ultra-low noise : 0.92 nV/JH_z, 2.3 pA/ﬁ

e 1.5 GHz gain bandwidth product

e Low DC errors: 100 pV Vos, +0.2 pV/°C drift

* Low distortion: -63/-80 dBc HD2/HD?3 at 10 MHz
 High open loop gain: 81 dB

* 95 dB common mode rejection ratio

* 88 dB power supply rejection ratio

e Stable for closed loop gains greater than 10

* Manufactured with National’s VIP10 process technology
* LMHG6624 is available in SOT23-5 and SOIC-8 packages
e LMHG6626 is available in SOIC-8 and MSOP-8 packages
e LMHG6624 is an improved replacement for the CLC425

Ideal for use in communications, medical, test, measurement,
and instrumentation equipment

VIP10 (Vertically Integrated PNP) process technology allows
National to design the most power-efficient, highest
performance, high-speed amplifiers on the market today.

Design, build, and test amplifier circuits
with Amplifiers Made Simple™ FREE online
design and protoytping environment
webench.national.com

For FREE samples, datasheets, and more information
on our LMH6624 and LMH6626 contact us today at:

amplifiers.national.com

Or call: 1-800-272-9959

Free CD-ROM data catalog available at:
freecd.national.com
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