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ABSTRACT

The main objective of this work is to develop a portable and cost effective data
acquisition (DAQ) system for clinical applications. This DAQ consists of several modules
such as power supply, analog to digital converter (ADC), amplifiers, isolators, filters and
interfacing circuits. This system mainly aims to collect the ECG signals of frequency
between 0.05 Hz and 113 Hz with a gain of 3113. This frequency information from the ECG
| signal is highly useful clinical applications such as SCA prediction, cardiovascular disease
(CVD) detection, ete. ECG signals will be collected from the subjects using 3 leads system
and given to DAQ for recording the ECG signal. The acquired signal through this DAQ will
then be transferred to the Notebook through NI6008 data acquisition card. This DAQ
interface is used to convert the input analog signal to digital signal output and to save the
ECG data in the notebook using Labview software. This acquired signal from Labview
software is used for further clinical investigation. We also developed a Graphical User
Interface (GUI) in LabVIEW software to continuously monitor the ECG signal traces and to
record the ECG data with higher precision. The morphology of the acquired ECG signal in
the system is highly precise and useful for clinical diagnosis. Furthermore, this proposed

system is used for developing sudden cardiac arrest (SCA) prediction in our university.
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CHAPTER 1

1.1 INTRODUCTION:-

Electrocardiogram (ECG) signals plays a vital role in clinical diagnosis especially for
diagnosing heart related diseases and disorders such as, cardiovascular disease (CVD),
pulmonary disease, sudden cardiac arrest (SCA), ete. ECG signal is generated by a nerve
impulse stimulus to a heart. The current is diffused around the surface of the body and build
on the voltage drop, which is a normally 0.0001 Volt to 0.003 VoIt and the signals are within
the frequency range of 0.05 Hz to 100 Hz. ECG signals are usually recorded at the surface of
the body and processed (o give important information about the electrical activity of heart. A
typical ECG tracing of a normal heartbeat consists of a P wave, a QRS complex and a T

Wave.

Figure 1.1 shows the usual signal which is acquired from the human body is of very
Jow potential and difficult to analyze the signal variance. Hence, necessary amplification is
required before processing the ECG signal to derive any give useful information about the
cardiac abnormalities.

QS |

Figure 1.1: The Elements of ECG Complex

The active filter is used to obtain ECG signal with a frequency range of 0.05 Hz to
150 Hz and used N1 USB 6008 DAQ card to integrate with LabVIEW. In general, multi-stage
amplifiers are required to amplify the ECG signals with a larger gain. Meanwhile, the
amplifiers should have a high common-mode rejection ratio (CMRR) to amplify the ECG
signal. This amplified usually amplify the most useful information of heart activities along




with inherent noises developed in a system during data acquisition. These noises are filtered
using both high and low pass filters to extract the ECG signal between 0.05 Hz and 113 Hz.
This filtered signal is digitized by using NI USB 6008 card and to be read and interpreted
using LabVIEW software.

1.2 INTRODUCTION TO LabVIEW:-

LabVIEW is a fully featured programming language produced by National
[nstruments. It is a graphical language quite unique in the method by which code is
constructed and saved. There is no text based code as such, but a diagrammatic view of how
the data flows through the program. Thus LabVIEW is a much loved tool of the scientist and
engineer who can often visualise data flow rather than how a text based conventional

programming language must be built to achieve a task.

LabVIEW programs are called virtual instruments, or Vls, because their appearance
and operation imitate physical instruments, such as oscilloscopes and multimeters. LabVIEW
contains a comprehensive set of tools for acquiring analyzing, displaying, and storing data, as
well as tools to help you troubleshoot your code. LabVIEW VIs contain three components-
the front panel, the block diagram, and the icon and connector pane, In LabVIEW, you build
a user interface, or front panel, with controls and indicators. Controls are knobs, push buttons,
dials, and other input devices. Indicators are graphs, LEDs, and other displays. After you
build the user interface, you add code using VIs and structures to control the front pancl
objects. The block diagram contains this code. In some ways, the block diagram resembles a
flowchart, We can use LabVIEW to communicate with hardware such as data acquisition,
vision, and motion control devices, and GPIB, PXI, VXI, RS-232, and RS-484 devices.
LabVIEW also has built-in features for connecting your application to the Web using the
LabVIEW Web Server and software standards such as TCP/IP networking using LabVIEW.
We can create test and measurement, data acquisitions, instrument control, datalogging,
measurement analysis, and report generation applications. You also can creatc stand-alone
executables and shared libraries, like DLLs, because LabVIEW is true 32-bit compiler
software.




CHAPTER 2

2.1 BLOCK DIAGRAM OF THE PROJECT:-

Body (Signal Source)

Electrode

ECG Hardware

Figure 2.1: Block Diagram of ECG Signal Acquisition.



2.2  CIRCUIT DIAGRAM AND DESCRIPTION:-

The ECG signal acquisition and processing system consists of a detecting circuit, a
filtering circuit (0.05Hz ~ 159Hz band pass), an amplifying. The ECG signal is detected by
the electrodes and amplified by the general instrument amplifier and filtered by the filter, and
then the ECG analog signal 15 obtained,
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B) Filter Circuit.



C) Amplifier Circuit.

Signal detecting, filtering and amplifying circuit design as shown in Figure 2.2A,
9B and 2.2C respectively. The ECG signal detecting and amplifier circuit consist of AD620
is precision instrumentation amplifier, the magnification of which is designed for + 3.5 times.
LF353P operational amplifier and some resistors. LF353P is high input impedance, low bias
current operational amplifier. With the surrounding resistance, it made up the right foot drive
circuit, and the output end RL is connected with the patient’s right foot to reduce the input
common-mode voltage to increase amplifying accuracy. LA and RA are lead electrodes
which are connected with the non-inverting and inverting terminal of AD620. Filtering
circuits consist of LF353P surrounded with some capacitors and resistors. The magnification
of which is designed for + 2 times make up a 159Hz low-pass filter (anti-aliasing filter), and
the magnification of which is designed for + 2 times. U3 is the instrument amplilier AD620.
Controlled by R1 potentiometer, it provides a magnification of + 71.43. So the total

magnification is:
3.5% 2x 2x71.43 =1000
In the ECG data acquisition cireuit, 1C’s require +5 volt, Hence, we have developed a

dual power supply output for this circuit. The power supplies has been developed using
voltage regulator series IC's. LM7805 and LM7905 are used for obtaining +5 volt. A




wransformer of 230/15 V step down transformer with 1A current is used to transferring the

AC electrical power from the input power supply.

2.3 POWERSUPPLY:-

As show figure2.2 below shows the dual 5 Volt DC power supply used in whole
circuit. There is one step down transformer, four diodes IN4007 — DI to D4 acting full-wave
rectifier. The output signal of full wave rectifier is make filter waveform to smooth with a
capacitor C1, C2 (1uF), Then entered to input of IC LM7805 and LM7905 of positive and
negative voltage regulated IC respectively. The output of voltage regulator may present some
of AC component, so it is again filtered by the capacitor using C4, C5 (1mF) in both positive
and negative output.

D1 { D2 ;
' P u1 :
e 1N4007 1N4007 L  AREROE
e . | Lot=T L
3 T A— ==1mF
Lo LR T ' :
_l_cz o c3
1uF uz — 1mF
T LM7905CT :

- 1 LIHC VRED ﬁ

VOLTAAE

Figure 2.3: Dual 5 Volt DC Power Supply.




CHAPTER 3

3.1 HUMAN BIOPOTENTIALS:-

Bio-potential is a voltage produced by a tissue of the body particularly muscle tissue
during a contraction. Electrocardiography depends on measurement of changing potentials in
contracting heart muscle. Electromyography and electroencephalography function similarly

in the diagnosis of neuromuscular and brain disorders, respectively.

B
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J

i"ll‘

-T0 mV

Figure 3.1: A) A Typical Nerve Cell. B) A Typical Muscle Action Potential.

A typical nerve cell is made up of a cell body, an axon, and dendrites (Fig 3.1A). The
cell body contains the nucleus or command centre of the cell, the axon, which is responsible
for transmitting the action potential along the cell, and the dendrites, which are responsible
for receiving inputs to the cell in the form of neurotransmitters. Nerve and muscle cells in the
body communicate with each other via action potentials. Action potentials are voltage
impulses that propagate along a nerve or muscle and may cause neurotransmitter release
when the action potential reaches a specific area of the nerve cell. A typical action potential

recorded from a muscle is shown in Fig 5B. These voltage inipulses arise from tiny currents



in the nerve or muscle cells. These currents are a result of charged ions flowing in and out of
voltage-gated channels in the membrane of the cells. Kirchoff's Law from basic circuits tells
us that V=IR, where V is a measured voltage, I is a current, and R is a resistance. The cell
membrane has a specific resistance. Therefore, the ionic currents flowing across the

membrane of the cell create a voltage, i.e., a bio potential.

Figure 3.1: A) A typical nerve cell. B) A typical muscle action potential, with resting
potential at -70 mV. The membrane of a cell is a layer of lipids. The lipid membrane
separates the inner structures of the cell from the rest of the body. There are specific
concentrations of ions inside and outside of the cell including sodium (Na’), potassium (K,
and chloride (CI). These ions are either positively or negatively charged. Therefore, a
separation of charge exists across a cell membrane. The standard convention used in
neurology is that the potential of the cell is the relative potential inside the cell with respect to
the outside of the cell. All along the cell membrane there are openings or channels made of
proteins. These channels allow ions to flow in and out of the cell. Each channel is specific to
a specific ion. For example, there are sodium ion channels, potassium ion channels, etc.
There are two types of channels that transverse the cell membrane, resting channels and gated
channels. Resting channels are open all of the time and, along with active ion pumps, are
responsible for maintaining the resting membrane potential of a cell. The gated channels will

be discussed later in this laboratory.

3.2  EINTHOVEN'S TRIANGLE:-

Einthoven's triangle is an imaginary formation of three limb leads in a triangle used
in electrneardiography, formed by the two shoulders and the puhis The shape forms an
inverted equilateral triangle with the heart at the centre that produces zero potential when the

voltages are summed. It is named after Willem Einthoven, who theorized its existence.



Figure 3.2: Lead Arrangement of Einthoven's Triangle

LEAD PLACEMENTS:

Lead I — This axis goes from shoulder to shoulder, with the negative electrode placed

on the right shoulder and the positive electrode placed on the left shoulder.

[=LA-RA

Lead Il — This axis goes from the right arm to the left leg, with the negative electrode

on the shoulder and the positive one on the leg.

II = LL - RA

Lead IlI- This axis goes from the left shoulder (negative electrode) to the left leg
(positive electrode).
IIT=LL-LA
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CHAPTER 4

4.1 INSTRUMENTATION AMPLIFIER:-

An instrumentation amplifier is a type of differential amplifier that has been outfitted
with input buffer amplifiers, which eliminate the need for input impedance matching and thus
make the amplifier particularly suitable for use in measurement and test equipment.
Additional characteristics include very low DC offset, low drift, low noise, very high open-
loop gain, very high common-mode rejection ratio, and very high input impedances.
Instrumentation amplifiers are used where great accuracy and stability of the circuit both

short and long-term are required.

|
Yo—i¢ Ry Rs
Rl.
Rg:li.n VD‘l.lt
By
— R, Ry |
L_ e

Figure 4.1: Typical Instrumentation Amplifier,

The ideal common-mode gain of an instrumentation amplifier is zero. In the circuit
shown, common-mode gain is caused by mismatches ”in the values of the equally
numbered resis*ars and hy the mis-match in ermmon mode gains of the “ve input op-amps,
Obtaining very closely matched resistors is a significant difficulty in fabricating these circuits,
as is optimizing the common mode performance of the input op-amps. An instrumentation
amp can also be built with two op-amps to save on cost and increase CMRR, but the gain
must be higher than two (+6 dB).
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Instrumentation amplifiers can be built with individual op-amps and precision
resistors, but are also available in integrated circuit form from several manufacturers
{(including Texas Instruments, National Semiconductor, Analog Devices, Linear
Technology and Maxim Integrated Products). An IC instrumentation amplifier typically
contains closely matched laser-trimmed resistors, and therefore offers excellent common-
mode rejection. Examples includeAD8221 , MAX4194 , LT1167 and INAI2S.

4.1.1 AD620:-

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 pV max, and offset drift of 0.6 pV/°C max, is ideal for use in precision
data acquisition systems, such as weigh scales and transducer interfaces. Figure8 shows the

pin diagram of the AD620 Instrumentation Amplifier.

Ro 1 8| Rq

=N 2 — 3 +1r.“3
+IN |3 + 6 | OUTPUT

-vs [¢| AD620 [5]ReF

TOP VIEW

Figure 4.2: Pin Diagram of AD620 Instrumentation Amplifier

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 non-invasive blood pressure
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monitors. The low input bias current of 1.0 nA max is made possible with the use of
Superfeta processing in the input stage. The AD620 works well as a preamplifier due to its
low input voltage noise of 9 nV/ vHz at | kHz, 0.28 pV p-p in the 0.1 Hz to 10 Hz band, and
0.1 pA/¥Hz input current noises. Also, the AD620 is well suited for multiplexed applications
with its settling time of 15 ps to 0.01%. and its cost is low enough to enable designs with one

in-amp per channel.

4.2  LF353P Wide Bandwidth Dual JFET Input Operational Amplifier:-

This device is a low-cost, high-speed, JFET-input operational amplifier with very low
input offset voltage. It requires low supply current yet maintains a large gain-bandwidth
product and a fast slew rate. In addition, the matched high-voltage JFET input provides very

low input bias and offset currents.

outt (1) (8) Vee

INT{-)

(7)our2
N1 £+ ‘> < M2(-)
vee (¢) 'e N2 (+)

- <)

Figure 4.3: Pin Diagram of LF353P Operational Amplifier.

The LF353 can be used in applications such as high-speed integrators, digital-to-

analog converters, sample-and-hold circuits, and many other circuits. The LF353 is



characterized for operation from 0°C to 70°C. The LF353 is 8 pin compatible with the
standard LM1558 allowing designers to immediately upgrade the overall performance of
existing LM1558 and LM358 designs. These amplifiers may be used in applications such as
high speed integrators, fast D/A converters, sample and hold circuit sand many other circuits
requiring low input offset voltage, low input bias current, high input impedance, high slew

rate and wide bandwidth. The devices also exhibit low noise and offset voltage drift.

4.3 TRANSFORMER:-

A transformer is an electrical device that transfers energy between two or more
circuits through electromagnetic induction. A varying current in the transformer’s primary
winding creates a varying magnetic flux in the core and a varying magnetic field impinging
on the secondary winding. This varying magnetic field at the secondary induces a
varying electromotive force (emf) or voltage in the secondary winding. Making use
of Faraday's Lawin conjunction with high magnetic permeability core properties,
transformers can thus be designed to efficiently change AC voltages from one voltage level
to another within power networks. Transformers range in size from RF transformers less than
a cubic centimeter in volume to units interconnecting the power grid weighing hundreds of
tons. A wide range of transformer designs is encountered in electronic and electric power

applications.

Primary
wiinellng
My Tuirmm

Secondary
winding
My Tt

Pramary
CRHTER

Figure 4.4: Typical Diagran of Transformer.
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44 VOLTAGE REGULATOR:-

A voltage regulator is designed to automatically maintain a constant voltage level. A
voltage regulator may be a simple "feed-forward" design or may include negative
feedback control loops. Figure 8: shows a typical LM7805 IC voliage regulator It may use an
electromechanical mechanism, or electronic components. Depending on the design, it may be

used to regulate one or more AC or DC voltages.

Figure 4.5: A LM7805 Voltage Regulator.

Electronic voltage regulators are found in devices such as computer power
supplies where they stabilize the DC voltages used by the processor and other elements. In
automobile alternators and central power station generator plants, voltage regulators control
the output of the plant. In an electric power distribution system, voltage regulators may be
installed at a substation or along distribution lines so that all customers receive steady voltage

independent of how much power is drawn from the line.

The voltage controller may be of positive or negative voltage controller and they also

comes in various series. In our project we used LM7805 for +5V supply and LM7905 for -5V
supply.
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4.5 DIODE:-

In electronics, adiode is a two-terminal electronic component with asymmetric
conductance; it has low (ideally zero) resistance to current in one direction, and high
(ideally infinite) resistance in the other. It acts like a gate or a valve, allowing electricity to
go in one direction, but not the other. A semiconductor diode, the most common type today,
is acrystalline piece of semiconductor material with ap-n junction connected to two
electrical terminals.”! A vacuum tube diode has two electrodes, a plate (anode) and a heated
cathode. Semiconductor diodes were the first semiconductor electronic devices. The
discovery of crystals' rectifying abilities was made by German physicist Ferdinand Braun in
1874. The first semiconductor diodes, called cat's whisker diodes, developed around 1906,
were made of mineral crystals such as galena. Today, most diodes are made of silicon, but

other semiconductors such as selenium or germanium are sometimes used.

Anode Cathode
(+) DI (=)

Figure 4.6: Typical Diagiam of Diode.

Diodes can be used to convert alternating current tﬁ direct current (Diode bridge).
They are often used in prwer supplies and sometim~s to» decode amplitude modula*ion radio
signals (like in a crystal radio). Light-emitting diodes (LEDs) are a type of diode that produce
light and are used in many places. Today, the most common diodes are made

from semiconductor materials such as silicon or sometimes Germanium.
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4.6 POTENTIOMETER:-

A potentiometer informally a pot, is a three-terminal resistor with a sliding or rotating
contact that forms an adjustable voliage divider. If only two terminals are used, one end and
the wiper, it acts as a variable resistor or rheostat. A potentiometer measuring instrument is
essentially a voltage divider used for measuring electric potential (voltage); the component is

an implementation of the same principle, hence its name.

Potentiometers are commonly used to control electrical devices such as volume
controls on audio equipment. Potentiometers operated by a mechanism can be used as
position transducers, for example, in a joystick. Potentiometers are rarely used to directly

control significant power (more than a watt), since the power dissipated in the potentiometer

would be comparable to the power in the controlled load.

)

Figure 4.7: Potentiometer.

4.7 RESISTOR:-

A resistor is a passive two-terminal electrical component that implements electrical

resistance as a circuit element, Resistors act to reduce current flow, and, at the same time, act
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to lower voltage levels within circuits. In electronic circuits resistors are used to limit current
flow, to adjust signal levels, bias active elements, terminate transmission lines among other
uses. High-power resistors that can dissipate many watts of electrical power as heat may be
used as part of motor controls, in power distribution systems, or as test loads for generators.
The current through a resistor is directly proportional to the voltage across the resistor’s
terminals. The ratio of the voltage applied across a resistor’s terminals by the intensity of

current through the circuit is called resistance. The relation is represented by ohm’s law

V=I-R.

Where 1 is the current through the conductor units of amperes, V is the potential
difference measured by across the conductors in units volts, and R is the resistance of
conductor in units of ohms. In specifically, Ohm’s law states that the Ris the relation of

constant, independent of the current.

Figure 4.8: Axis Lead Resistors




48 CAPACITOR:-

A capacitor (originally known as acondenser) is a passive two-terminal electrical
component used to store energy electro statically in an electric field. The forms of practical
capacitors vary widely, but all contain at least two electrical conductors (plates) separated by
a dielectric (i.e. insulator), The conductors can be thin films, foils or sintered beads of metal
or conductive electrolyte, etc. The "non conducting” dielectric acts to increase the capacitor's
charge capacity. A dielectric can be glass, ceramic, plastic film, air, vacuums, paper, mica,
oxide layer etc. Capacitors are widely used as parts of electrical circuits in many common
electrical devices. Unlike a resistor, an ideal capacitor does not dissipate energy. Instead, a

capacitor stores energy in the form of an electrostatic field between its plates.

A capacitor consists of two conductors separated by a non-conductive region. The
non-conductive region is called the diclectric. In simpler terms, the dielectric is just
an electrical insulator. Examples of dielectric media are glass, air, paper, vacuum, and even
a semiconductor depletion region chemically identical to the conductors. A capacitor is
assumed to be self-contained and isolated, with no net electric charge and no influence from
any external electric field, The conductors thus hold equal and opposite charges on their
facing surfaces,'" and the dielectric develops an electric field. In SIunits, a capacitance of
one farad means that one coulomb of charge on each conductor causes a voltage of

pne volt across the device.

An ideal capacitor is wholly characterized by a constant capacitance C, defired as the
ratio of charge +Q on each conductor to the voltage V between them:

Q
I
<
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Because the conductors (or plates) are close together, the opposite charges on the
conductors attract one another due to their electric fields, allowing the capacitor to store more
charge for a given voltage than if the conductors were separated, giving the capacitor a large
capacitance. Sometimes charge build-up affects the capacitor mechanically, causing its

capacitance to vary. In this case, capacitance is defined in terms of incremental changes:

_dg

C_-dlf’

When there is a potential difference across the conductors (¢.g., when a capacitor is
attached across a battery), anelectric field develops across the dielectric, causing
positive charge +Q to collect on one plate and negative charge —Qto collect on the other
plate. If a battery has been attached to a capacitor for a sufficient amount of time, no current
can flow through the capacitor. However, if a time-varying voltage is applied across the leads

of the capacitor, a displacement current can flow.

An ideal capacitor is characterized by a single constant value for its capacitance.
Capacitance is expressed as the ratio of the electric charge O on each conductor to the
potential difference V between them. The SI unit of capacitance is the farad (F), which is
equal to one coulomb per volt (1 C/V). Typical capacitance values range from about 1 pF
(107 F) to about 1 mF (107" F).

Capacitors are widely used in electronic circuits for blocking direct current while
allowing alternating current to pass. In analog filter networks, they smooth the output
of power supplies. In resonant circuits they tune radios to particular frequencies. In electric

power trans..ssioit systems, they stabilize . oluge and power flow,
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Figure 4.9: Capacitor

49 DISPOSABLE SURFACE ECG/EKG ELECTRODE:-

This ECG/EKG electrode is ideal for a variety of purposes and is frequently used for
Neurofeedback and Biofeedback. It has a unique, patented pre-gelled adhesive side with non-
irritating gel, especially developed to prevent allergic reactions. This foam electrode is latex
free and therefore suitable for every skin type.The snap-on connector can easily be pushed on
or removed from the electrode lead. Therefore you have optimal user friendliness as you
dispose this electrode after every session! No more greasy electrodes as the H1355G will

cover the surface of the electrode. This extends the life of your clectrodes.

Figure 4.10: A Typical Disposable ECG Electrode.
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These high quality disposable electrodes are to be used to measure EEG, ECG and
EMG. They are to be used once and are very handy because of integrated gel. They adhere
very well to the skin and are clean to use. One bag contains 60 electrodes.
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CHAPTER S
5.1 COST ANALYSIS:-
SL. | Components Name Specification Quantity | Price per Net
No. unit( ¥ | price( ¥
1. Transformer A.C 230V, 1A-15V 1 150 150
2. Voltage Regulator LM7805,LM7905 2 25 50
3. Instrumentation AD620 2 390 780
Amplifier
4. | Op-Amp LF353P 2 35 70
3. Diode 4007 4 10 40
6. Capacitor 1000pF,10uF, 1uF 8 5 40
T Resistor 1K,2K,10K,300K 4.7K 15 5 75
8. ECG Electrodes Ag/AgCl gelled type 3 5 15
9. Potentiometer 1kQ2 | 5 5
10. | Vero board Small 1 30 30
TOTAL COST 1255
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CHAPTER 6

6.1 RESULT AND DISCUSSION:-

The Figure6.1 shows the output response of the signal acquisition from human body.
Here the output signal becomes triggered above 6 Volt. The general waveform of ECG signal
of human body have P-wave, QRS-complex and T wave. In the project the obtamned
waveform have some variation of signals due to some noises occurred because of the loose
connections. The advance study of the signal may determine the exact matches by using

proper acquisition.

iavefnrmms

Figure 6.1 Output Waveform of ECG Sigmal
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CHAPTER 7

7.1 FUTURE CONCERN:-

The waveform obtained from human body is not exact one but aim is to generate P-
wave, QRS-complex and T wave accurate. In next semester the concern is to convert the
analog signal to the digital signal or make signal acquisation using DAQ NI USB-6008 and
analyze the signal with the halp of LabVIEW software on PC.
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ANALOG
DEVICES

Low Cost, Low Power
Instrumentation Amplifier

FEATURES
EASY TO USE
Gain Set with One External Resistor
[Gain Range 1 to 1000}
Wide Power Supply Range (2.3 V 1o £18 V)
Higher Perfarmance than Three Op Amp A Designs
Available in 8-Lead DIP and 50IC Packaging
Low Power, 1.3 mA max Supply Current

EXCELLENT DC PERFORMANCE ("B GRADE")

50 uV max, Input Offset Voltage

0.6 uV/°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/+Hz. @ 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

PRODUCT DESCRIPFTION
The ADG20 is a low cost, high accuracy instrumentation ampli-
fier that requires only one external resistor to set gains of 1 1o

30,000

£

TOTAL ERROR. PPM OF FULL SCALE
-
-

10,000 ﬂ R |
Ref| o
5,000 |- £ . } |
: | | |
] 5 10 15 n

BUPPLY CURRENT - mA,
Figure 1. Three Op Amp IA Designs vs. ADE20

REV.E

Information furnished by Analog Devices is balieved to be accurate and
refiable. However, no responsibility is assumed by Analog Devices for its
use, nor for any Infringements of patents o other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices,

AD620
CONNECTION DIAGRAM

§-Lead Plastic Mini-DIP (N), Cerdip ()
and SOIC (R) Packages

re [1] 1] rg

AT

-“sE ADE20 E|HEF

TOP VIEW

1000, Furthermore, the ADG20 features 8-lead SOIC and DIP
packaging that is smaller than discrere 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 ADG20, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 30 gV max and offset drift of
0.6 pV/*C masx, is ideal for use in precision data scquisition
systems, such as weigh scales and transducer interfaces. Fur-
thermore, 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 Superfieta processing in the nput stage. The AD620
works well as a preamplificr due to its low input voltage noise of
9 uViTlz ac 1 kHz, 0.28 1V p-p in the 0.1 Hz 1o 10 Hz band,
0.1 pﬁmm input current noise, Also, the ADG20 15 well suited
for multplexed applications with its setthing time of 1515 w0
(,01% and its cost is low enough to enable designs with one -
amp per channel,

10,060

1,000

|
TYPICAL STANDARD
BIPOLAR INPUT
IH-AfP

2

%
L1

sEonsag
IN-AMP =

BT VOLTAGE HOESE
{01 = 18Hz} - oV pp

1k 10k 100k L] 100 M
SOURCE RESISTANCE - 11

Figure 2. Total Voitage Noise vs. Source Resistance

One Technology Way, P.O. Box 8106, Norwood, 14 02082-9106, U.5.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
+ mk: 781 /326-8703 © Analog Davices, Inc., 1999



AD620-SPECIFICATIONS v cec 151

i By = 2 kL, unless otherwise noted)

ADé20A ADS20B ADg208" |
- Model Conditions Min Typ Max Min Typ Max Min Typ Max | Units
| GAIN G=1+ (404 KRy
Gain Range I 14,000 I 10, 0WM} | 10,0400
Gain Error’ Vourr =210V
A= 0.03 010 0.0y 0.0z 003 oo %
e (] 015 03 0o 015 015 &30 %
G o= 100 AR I T 010 015 01§ a0 %
G = 1004 wAg 070 0.35  0.50 040 0,70 %
Wanlinearity, Vourr = 10 Vo +10 Y,
G = [-1{KK} Ry = 10 kil 10 40 w4 1 40 | ppm
G=1-100 Ry=2ki} n o5 1 45 10 o5 ppm
Gain vy, Temperature |
G= 1o 1 o ppmC
]
A i Y 1w - B | wenc
VOLTAGE OFFSET (Toul RTI Error = Wiy + VoG
Input Offser, Vg V=48 Vio+15 ¥ W12 15 50 W 124 o
Over Temperature Vi=4tiViwtiay | 183 L] 225 uv
Average TG Vi= 33V 215V 0.1 Lo 01 06 (i T I ] [ e
Outpur Offset, Viwn V=15V 400 ponn 00 500 400 LoD uv
Vist5V 1500 750 1500 uw
Orver Temperature Vi=25VwtIsV 2K (TEH] 2010 uy
Average TC Vi=tiVw£15V 54 15 23 T0 50 I3 [T
Offser Referred 1o the
Input vs,
Supply (PSE) Vi=+23Vio 18 Y
G=1 B0 ([LE] B0 100 Eo HAH] di
G=10 5 120 1o 120 05 120 4B
G = 100 110 140 120 140 110 140 dB
G= 1000 110 140 120 140 110 140 dB
INPUT CURRENT
Input Hias Current 05 20 05 1.0 05 2 nA
Owver Temperamre 5 L5 1 nd
Average TC 10 10 B0 pAST
Input Offset Currens (15 B 03 08 03 1.0 | nA
Orver Temperature 15 | 075 20 . nA
Average TC | 1.5 | 15 8.0 pPAMC
INPUT 1 [
Input Impedanie |
Differential g2 | 10}z 1of2 GOlpF
Comman-Mede 2 b2 12 GiY|pF
Input Voliage Range’ Ve 423V adsV Vi+ LD W - 1.2 | -We+ 19 +We- 1.2 Vit 1a -2y
Over Temperuature Wy + 2.1 - L3 | W+ - 13| -Vy+21 +Ws-13 | ¥
VistiViwtlaVv Vi+ 19 Ve Ld | Y+ 10 Wy - 14 Vs 10 W14 Y
(ver Temperanire Ve + 21 Wi~ L4 | Wy+ 2 V- 14 | Ve+23 W14 | ¥
Common-Made Rejection
Ratin DC to 60 Hz with |
[ kil Source Imbalance | Vou=0Via 10V
Gz| 73 ai B i 73 0 4B
Ge=10 93 1 (] (N5} 93 11 dB
G- 1 110 120 120 130 110 130 dA
G = 10040 Lo (K] 1240 150 110 130 dR
ouUTPUT
Cutpur Swing Ry = 10 12,
V=423 Viwossy Vy+ 1.1 V- 1.2 N+ 1.0 Wy =12 | Wy 1.1 Wy 12|V
Over Temperature Vi+ 14 +Vy- 1.3 Vit LW +Ve - 13 | W+ 16 W13 (VW
Vizi5Vwilay Vet 1.2 V- 14 [ Vy+12 +WVy - 14 Vy+ 12 Ve LA |V
Dwer Temperuture Vg+ 1.6 +¥We- 1.5 Vit L6 W= 15 | -Vy+23 *We-15 (V¥
Short Current Circuit 1l 18 £18 mi
-2- REV.E



ADnIDA ADs2on Alezos!
Model Conditions Min Typ Max Min Typ Max Min Typ Max Units
DYKAMIC RESPONSE
Small Signal -3 dB Bandwidth
G=1 LoD L 1000 kHz
G=10 B0 800 B0 kHz
G =100 120 120 120 kHz
G = 1000 12 12 12 kHe
Slew Rate 0,75 I.2 75 1.2 0.75 1.2 Vis
Senling Time to 0.01% 10V Step
G=1-100 15 15 15 s
G = 1000 150 190 150 iy
NOISE
Voltage Noise, | kH Total RTT Noise = { (6 1+ (e | GF
Input, Voltage Noise, ¢, 9 13 9 13 9 13 nViHz
Crutpur, Voliage Moise, €, 2 10 72 100 72100 nVivHz
RTTL 0.1 Hzw 10 Hz
G=1 10 L 60 30 60 Wopp
G=10 0,55 0.55 0.8 055 (& v pp
G = 100-1000 028 028 04 028 0.4 w %
Current Noise f=1kHz ] 1 1K AN
0.1 Hz o 10 Hx 1o 1 10 pA pep
REFERENCE INPUT |
Rew 20 L L k)
Iny Vines Viir = 0 +50 460 +50  +60 +50  +60 A
Voltage Range Wi+ Lt Wy~ Lt | Vg+ L6 V=10 | Vy+ 1.6 V- 1.6 |V
Gain to Ourput 1 & 0.0001 14 0000k 1.2 D00
POWER SUPPLY
Operating Range* $1.3 £18 #3233 418 423 L18 v
Quieseent Current V=423V 418V 08 13 08 13 a8 13 mA
Owver Temperature L1 Lk L1 1e LI Le mA
TEMPERATURE RANGE
For Specified Performunce -4l 1o +85 40 10 +8%5 -55 o +125 C
MNOTES

15ee Analog Devices military data sheet for BB tested specifications.
“Dhoes not include effects of external resistor R,

"One input grounded, Go= 1,

¥ 1k definesd s the same supply range which is used to specify PSR

Specificattons subject 1o change witheut notsee,

REV.E L




LF353

JFET-INPUT
DUAL OPERATIONAL AMPLIFIER
SLOS0128 - MARCH 1987 — REVISED AUGUST 1984
® Low Input Bias Current . . . 50 pA Typ © OR P PACKAGE
® Low Input Noise Current (TOP VIEW)
0.01 pAl\Hz Typ - 10UT ﬂ 1 all Ve
® Low Input Noise Voltage . .. 18 nV/vHz Typ 1IN= ] 2 7{] 20uUT
® Low Supply Current. .. 3.6 mA Typ 1N+ [] 3 611 21N~
e High Input Impedance . .. 1072 Typ Voe- (4 sflanN+
® [nternally Trimmed Offset Voltage
® Gain Bandwidth ... 3 MHz Typ
® High Slew Rate ... 13 Vius Typ
description

This device is a low-cost, high-speed, JFET-input operational amplifier with very low input offset voltage. It
requires low supply current yet maintains a large gain-bandwidth product and a fast slew rale. |n addition, the
matched high-voltage JFET input provides very low input bias and offset currents.

The LF353 can be used in applications such as high-speed integrators, digital-to-analog converters,
sample-and-hold circuits, and many other circuits.

The LF353 is characterized for operation from 0°C to 70°C.
symbol (each amplifier

IN -

ouT
N+

1
AVAILABLE OPTIONS
. PACKAGE
TA A e | SMALLOUTLINE [ PLASTIC DIP
(D) (P
0CwRIOC | 10mv LF353D LFa53P

The D packages are available taped and reeled. Add the sulfic R 1o the
davica typa (8., LF3530R)

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voo + - vnvimeanniannas i B W B A S o e R e i 18V
SUPPIY VORAGE, WG o i esvirinineiine s basavssmasssnssadosassosaneesnetnstesseesseyays -8y
Differential iNput VORAEE, VIO« -« cccnesot s iimiestsiesiratatassasasrasarrarsny s cascstasis +30V
Input voltage, Vi (SBENOtE 1) .. .ooviiniri st +15V
Duration of output ShOr BIFCUIL ..o vn i it rae s a st iaa s be s i unlimited
Continuous total power dissipation . ........ceeisrssarer st 500 mW
Operating lemperatureé range .. ........ccivusiiainians N A T e M 0°C o 70°C
Storage temperatune FANGE . .. ... ....oreiiiraerrieriate st isatuimmiasnns -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds  .........ociiiiiaiiiiinaiis . 260°C

NOTE 1 Unless omnerwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage.

PRODUCTION DATA information s carrend i of date Copyright £ 1084, Texas Instrumenls Incorporated
Prohacs cadorm 1o speccabons pu ne e of exis skt _@
e TEXAS

INSTRUMENTS

h POST OFFICE BOXK 655303 ® DALLAS, TEXAS T5265 1




LF353
JFET-INPUT

DUAL OPERATIONAL AMPLIFIER

S5LOS012A -~ MARCH 1887 - REVISED AUGLUST 1654
—_———————

recommended operating conditions

MIN  MAX | UNIT
Supply voltage, Ve + a5 18 Vv
Supply voltage, Vo - -35 -18 v

electrical characteristics over operating

otherwise specified)

free-air temperature range, Vepo: = £15 V (unless

PARAMETER TEST CONDITIONS Tal MIN  TYP MAX | UNIT
25°C 5 10
Vi Irvpul offsel voltage Vig=0, Rg =10 kil my
Full range 13
P Average temperature coefficient of input ofiset Vic =0, Rg = 10 k2 10 WG
voltage
. B 25°C 25 100 P
Ts) Input offset currant? Vig=0 70°C 4 nA
;] Input bias curmantt Vig=0 i 2=l
o f A
-12
Vicr Common-mode inpul voltage range i1 ta W
15
Vom Marimum peak output voitage swing Ry =10k +12 135 v
L5 Large-signal diffarential voltage Vg=+10V, Ry =2k0 s - — Wimy
Full range 15
n Inpuit resistance Ty=25¢C 1012 0
CMRR  Common-mode rejection ratio Rg 5 10 kit Ta 104 dB
kgyr  Supply-voltage rejection ratio Sea Note 2 70 104 dB
leo Supply currant a8 65| mA

T Full range is 0°C to 70°C.
}input bias currants of a FE T-input oparational amplifier are normal junction reversa currents, which are temparotura sansitive. Pulss techniques

missl be used that wil maintain the junction temperatures as close to the amblent temperature 25 possible

MOTE 2. Supply-voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simuflangously,

operating characteristics, Voo = +£15V, Ty = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Yoi1Vop  Crossialk attentuation f=1kHz 120 dB
SR Slew rate - 3 13 Vips
B4 Unity-gain bandwidih o ".;i hHz
Vi Equivalant Input nolse voltage o =1kHz, Rg=200 18 | nvniz
Ig Equivalant Input naiza currant f=1kHz 0.01 pmﬁ_'

Texas
INS1RUMENTS

POST OFFICE BOX B55300 ® DALLAS, TEXAS THIGS



T] PACKAGE OPTION ADDENDUM
A0 jr-20114
GING INFORMATION
Drdarabils Dovice Sdatus  Pachsge Typs Pachage Pins Packoge  Eco Plan Leaid/Bal Finlsh MSL Peak Temp  Op Temp [°C) Devilce Marking :l.*_‘
i Deweing Oty i " i ]
LFas30 ACTIVE BONC o L] Fi] Groon (AoHS CU KaPDAL Lawwal-1-280C-UMLIM Qie7d LFas3 -
: - p— AroSodr) = ;
LF3s300G4 ACTIVE SO0 o L] -] Groon (RoHS CU NIPDAL Lol 1-280C-LINLIM Qo T LF353 -
L] -~ R S .
LF3I530R ACTIVE BHC o ] 2800 Green (RaHS CU NIPDAL Lewal1-260C-LINLDY b T0 LFxs3 -
- = & ro S0 == ——
LFES3DAES ACTIVE BOHC o B 2500 Guwen (RoHS CU MIPDAL v 1-280C-LINLI b Ta LF3s3 -
B - = fnoSoleg
LFasannGEs ACTIVE S0eC o a 2500  Groon (AoHS CA KaPDAL Lowd-1-260C-LINLIM O Ta LF353
_ AnoSeBR 000000 |
Py ACTIVE PP ™ a L] Po-Free CU PRl M A dar Phg Typs 0w LFasarP
LFMIPES ACTIVE PFOIP P L] 50 Pu-Froe Gl NIPDIAL M At Plg Type Qia o LFasar
_ _ {Raks) =

= Prodact device recommandad for new desigrs.

LFEBUY: T has anrourced thal the device will be dscontinued, and  ifetma-buy pariod & in elfect

MAND: Mol Fecammardad lor o deslgns, Devics s in preckscSon o sppart sxisbing cushomens, bat T does not recommand uilng #iis parl n 0w dedign
- Davice Fas Bobn-annoonced bul is nof e groduction Samghes may or may nol s avislsie.

GBSOLETE: Ti has discontinusd Ba production of fha douice.

B ety Plan- Tra plarrad eco-liandy classilicasion: Pb-Froe (FoHS). Fo-Frae (MaHS Exempll, or Groeon R3S & o ShBlr) - ploaso chack BAp: T, b samp eoductosnant dor tha tiest Aviifiabdey
ifeemation ard additional product conteen dirlaily

TBI: The Pi-Free/Gresn comversion plan has nod bedn defined

Pi-Fron (RoHS}: T1's tems *Load-Froo® or “Ph:Free” mesn ssmicantucior procucts Mat sne ecmpalide with The surrdes FoHS rngirsments for all 5 sibalnee, inchuding tha reguivamant thal
lemd mof aoicond 0,1% oy waight in homog Whang detigned io be soldofod al bgh lempsrahires, T) Po-Froe products are sultstie b usa in specBod laid-lnes procossos
Pi-Fros {RoHS Exempt): This comporant has 3 AoHS sxempfion for sither 1) koad.Bascd Hp-chip noklor bumps usod Bebwoan B dis sesd packngs, or ] land-Based g achitivn usod Bafwass
o die and hoadi Tra pand i othevaise considoned Pe-Fres (AoHS compatible) 23 defingd above

Areen (RoH3 & no ShiBirl: Tt dafloes Yareen” 12 moan Pb-Froa Ao compatible), ind fren of Broming (Br) s Antimeey (55) based Ima retents (O o 56 da rob caosod 8 1% try weeight
I homagen e miberind

MMy, Peuk Tam. - Thie Mot Sanstiuly Leval st scosisieg 1 fhe JEDEG indeistry sher-(lind clnssfications, are pask s o——

¥ There may ba aduitional marking, which relstos 1 e 1030, M 1of rars cedu Enkarmation, of the anvkcemantal calgory an Ihe dovice,
may

Agcendum-Page 1




PACKAGE OPTION ADDENDUM
[
13 TEXAS
INSTRUMENTS

Y0204

Drevica Markings will b inakda p Cinly one Davics Marking contained in paneritasis and fopanind by @ - will ippear on a dovan. |F o e s indesded har s § cominuston

Mgl
o tha previous ing and (be wa - cambinad Frpresend the orties Dévios Marking foe that devica

8| oo Ball Finish - Ctiarabis Denican may Rave mullile masssial finish options. Firish opfins s sepanied by & varios! riod ne. Losd@all Finish values may wra o fwo fres & o fnsh

axcids T masimum column wid®

: mmmﬂ-wmmmmwmmmmuﬂ-dnﬁmnmnmmmmmﬁmmmm
d by third parties, ard makes no repResEEE e or Y as o the y ol sueh Efforts aro ¥ I bl inlegraln information trom fhind pacdies. Ti has hee aed
hmmﬁmumu-m-mdmmm Mmmmmmmu charical analysis on incoming malerishs and chemicals

k nﬂmmwmnnm and s CAS numbers and olter kmilod infermabion meay not be avaiabie lor rmisase

20 ewnnl ahall Tr's Sablly anging oul of such informalion escesd e itnl purchane crics of Ma T pars) W s in this docusan woid by T1 1o Customir on & annual Dosis.




Q“lms PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www, b com 1d-Jul-2012
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
1 —» |c— o — P —»
&1¢ ¢ &
~ =
&
ol e
,.. Y /
Gty —/ A
A | Dimension desgnod in sccommedate th campanent widlh
#0 | Dimangon desgnod o accommedate: the companant langth
[ 14] mdugudmmmmmum
1 W | Ovarall wic® of e camer lape
P1 | Pifich bistwosn socoessine canvity cenben
:E w1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Davice Package |Package | Pins| 5SPQ Resl Rool AD BO KD P w Pin1
Typo |Drawing Diamater] Width | (mm) | imm) | {mm) | (mm} | (mm} |Quadrant
{mm) W1 (mm) . N N B S
LF353DR SOIC D 8 2500 | 330.0 | t24 6.4 52 2.1 B.O0 | 12.0 [0} ]
LF3s3DR S0 D | 8 2500 330.0 12.4 6.4 52 2.1 /o 12.0 a1

Pack Materials-Page 1
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PACKAGE MATERIALS INFORMATION

v b Com d-Jush 2092
TAPE AND REEL BOX DIMENSIONS
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width {mm) | Height {mm)
LF3530R SOIC n 8 2500 3E7.0 367.0 35.0
LF353DR S0IC 8] 8 2500 3405 338.1 208

Pack Materals-Page 2



MECHANICAL DATA
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MECHANICAL DATA
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LAND PATTERN DATA

D (R-PDSO-G8)

PLASTIC SMALL QUTLINE

.! Hon Soldermask Defined Pod Exomple
- iy Pod Geometry
(See Mole C)
i % Exomple
* *I/_/”r_/l Solder Mosk 'DF'EI‘IIH‘}
; {See Nole E}
—a=lle0 07 _.'r
All Around f
rd
./‘
ik, P
4211283-2/E 0812

Exemple Boord Loyout Hun{ﬂlnapﬁn}ms
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NOTES:

Al lmeor dimensions org i millimeters,

This drawing is subecl lo chonge withoul nofice.

Fublicolion PG~ 7351 is recommended for alternote designs. Y

Laser cutling epertures with tropezoidol walis ond olso rounding corners will ofter better posie teleose. Customers should
cantacl fher hoord ossembly site for stencd design recommendotions, Refer lo IPC-7525 for other stencil recommendalions,

Customers should contoct their boord fobricalion sile for solder mosk lolerances between ond oround signal pods
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IMPORTANT NOTICE

Texas Instruments Incorporated and jis subsidiaries (Tl} reserve the right i make COrmen

changes ta iis semiconductor products and services per JESDME, iatest issue, and 1o discontinys any product or service per JESDAE, jatagy
I55u8. Buyers should obtaln the lates! relevant Information bafore Placing orders and should verify that such information is current ang
completa, All semiconducior products (alza referred to hersin as ‘mmpnn&ms‘} are sold subject to Tj' terms and conditions of zale
supplied al the time of arder acknowledgmeni.

Tl warrants perfarmance of its companents 1o the Specifications apphicabls at the time of saig, in Accordance with Lhe warranty in TI's tarma-
and conditions of sale of semiconductor producis, Testing and other Quality coniral lechnigues are used to the extent Tl deemg

to suppor this warranty. Except whara mandated by applicable law, testing of all parameters of each component is ngt necessarity
performed.

Tl assumas no limbility for applications assistance or the n of Buyers' products. Buyers are respansible for (hair products and
applications using T components. Ta minimize the risks associated with B

fizns, enhancements, Imprevements and other

uyers' products and applications, Buyers should provide
adequate design and operafing safeguards.

Tl doas not warrant Of represent thaj any license, aither BXprass or impliad, s granted undar any patent right, copyright, mask wark right, or
ather intellectyal property right relating lo any combination, maching i

+ OF process in which T components or services ars usad. Information
published by T1 regarding third-party Products or services does not consii i WalTanty
endorsement theragf, Use of such information may require a licanse from 4 lhird party under the palents or ather Intalleciua) property of the
third party, or a licanse from T under the palents or other inteNeciual Property of T
Reproduction of significan! portions of Tl information in Tl data books ar data sheals js permissibla only if reproduction is without allsration
and is accompanind by all associated warranties, canditions. limitations, ang rolices, T) is not responsible or liable for sych alterad
ifferent from ar beyand the parameters staled by T for that Camponant or service
sociated Tl component or service and |s an unfair and deceplive business practice.
Tl iz not responsible or lable for any such statamen|s

Buysr acknowledges ang agreas that it is solely responsible for compliance with ail legal,
concerning its products, and any use of Tl components in its dpplications, 9 any applications-refatag infermation or suppart
that may be provided by T|. Buyer reprecsenis and agreas that it has a1 1

anticipate dangerous consequences of failures, manitor failures and their Consequances, lassen tha likelihood of failures that might cayse
harm and taka appropriate remedial actions, Buyer will fully indemnify T and itg representatives against any damages arising out of the use
of any Tl companants in safety-critical applications.

In some cases, T COmponents may be prometag specifically to facilitalg safety-ralated applications, With such cam
help enable customers to design and creste thair own &nd-product solutions tha medt applicable fun

fequirements. MNenstheless, such components arg subject to these terms,

Na TI compenents are authorized for use in FDA Class Il {or similar life-critical medical equipment) unlese authorized officers of the paries
have executad 5 spacial agreement specifically governing such use,

DOnly thosa T1 components which T) has Specificaly dasignated as milita

ponents. Ti's goal is 1o
clional safety standards and

ignad and intsnded for use in
u=a of Tl componenis

e with all legal and

Tl has specifically designated carain componenis as mastin
nen-designaled products, T1 wil mol be ra
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