Thin Film Applications BOURNS®

Thin film is the preferred generic description for the field of
micro-electronics in which conductive, resistive, and/or insulat-
ing films are deposited or sputtered on a ceramic or other
insulating substrate. The films can be deposited either in a
required pattern or as a complete film layer and photoprocessed
and etched to form the required pattern.

The term “thin film” is derived from the fact that the depos-
ited films are of the order of a few micrometers in thickness
compared with the 10 to 50 micrometers for thick film. Often,
thin film conductors are plated to improve conductivity.

Thin Film Applications

Thin film resistor networks typically find application in the
analog world. The number one use of thin film is in controlling
the gain on operational amplifiers. Some other applications are
as a stable reference, stable voltage division, stable feedback
loops and analog to digital or digital to analog conversion. These
networks may also be used for “wire-OR” pull-up, ECL output
pull-down, TTL input pull-down, power down pull-up, open
collector pull-up, digital pulse squaring, current summing ampli-
fiers, TTL unused gate pull-up, TTL/MOS interfacing, coding and
decoding, and telemetry.

Thin film resistors in a network form offer additional benefits
in performance. The resistors in a network are more closely
matched in resistance and TCR and actually see reduced differ-
entials of temperature in the end use application. These combine
to provide improved tracking in networks. This improved track-
ing would be an advantage to the instrumentation and industrial
control markets.

Potential target markets for thin film include harsh environ-
mental conditions as well as the need for precision resistors. The
improved ability to be stable at extended temperatures and the
increased ability to handle moist environments are both benefits
of the thin film offering. Target applications such as automotive
and telecommunications will benefit from these capabilities.

Thin Film Vs. Thick Film

The basic distinction between thick film and thin film is the
method of deposition of the metallization. In thick film, specially
formulated pastes are applied and fired onto a substrate. The
pastes are usually applied with a silk screen method and the
substrate is of 96 % alumina ceramic. In thin film, a layer of
metallization is sputtered onto a substrate and then a pattern
is etched into the previously applied metal layer, the substrates
are often 99.5 % alumina ceramic, silicon, or glass. Thick film
is an additive process where layers of termination and resistor
material are added to the substrate, while thin film is a subtrac-
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tive process where the unwanted material is etched away in a
succession of selective photoetching processes. The use of
photo-lithographic processes to form thin film patterns produce
much finer lines and traces than thick film processes. Thin film
is very appropriate for high density and high frequency
applications.

Thick and thin film technologies are well suited for low to
medium volume custom circuits. Thick film has the advantages
of lower cost (both of tooling up new designs and of production
runs), of being able to handle more power, and of being able
to service a higher range of ohmic values. Thin film has the
advantages of tighter absolute and ratio tolerances and more
environmentally stable components with lower noise and tighter
TCR than thick film.

Thin film technology is used wherever precision resistors are
needed.

Differential Op-amp Input

Differential Op Amps are needed in electrically dirty environ-
ments to reject noise transients that are picked up by wires. The
differential Op Amps subtracts the noise out of the two signal
wires.

Thin film tracking capabilities are needed in these circuits to
ensure that the input resistors do not affect the contents of the
incoming signal.
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Voltage Divider

Voltage dividers are used to step down voltages for analog
processing. Applications are found in multi-meters, oscillo-
scopes, oscillator stage of voltage control oscillators, etc. The
application needs precise resistors to ensure that errors are not

added during the conversion process.
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Data Conversion

Data converters are used to convert digital data to analog
signals or vice versa. The precision of the high bit affects the
overall precision of the data convertor. Thus, thick film resistors
are used in the lower bits while the thin film or bulk foil resistors

are used in the high order bits.
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Parallel bit conductance switching D/A converter.
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THICK FILM VS. THIN FILM
STANDARD VS. PRECISION

Parameter Thick Film Thin Film
Circuits Circuits
Resistance 3 Qto 20 MQ 10 Q to 100 KQ

Resistance Tolerance

5%,1%,2%,5%

1%,.2%,.5%

TCR +100 ppm/°C +25 ppm/°C

TCR Tracking 100 ppm/°C 5 ppm/°C
Operating Temperature -55 °C to +125 °C -55 °C to +125 °C
Max. Operating Voltage 100 volts 50 volts

Resistor Power 125Wto .5 W AWto.2W
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Legal Disclaimer Notice BOURNS®

This legal disclaimer applies to purchasers and users of Bourns® products manufactured by or on behalf of Bourns, Inc. and its
affiliates (collectively, “Bourns”).

Unless otherwise expressly indicated in writing, Bourns® products and data sheets relating thereto are subject to change
without notice. Users should check for and obtain the latest relevant information and verify that such information is current and
complete before placing orders for Bourns® products.

The characteristics and parameters of a Bourns® product set forth in its data sheet are based on laboratory conditions, and
statements regarding the suitability of products for certain types of applications are based on Bourns’ knowledge of typical
requirements in generic applications. The characteristics and parameters of a Bourns® product in a user application may vary
from the data sheet characteristics and parameters due to (i) the combination of the Bourns® product with other components
in the user’s application, or (ii) the environment of the user application itself. The characteristics and parameters of a Bourns®
product also can and do vary in different applications and actual performance may vary over time. Users should always verify
the actual performance of the Bourns® product in their specific devices and applications, and make their own independent
judgments regarding the amount of additional test margin to design into their device or application to compensate for
differences between laboratory and real world conditions.

Unless Bourns has explicitly designated an individual Bourns® product as meeting the requirements of a particular industry
standard (e.g., ISO/TS 16949) or a particular qualification (e.g., UL listed or recognized), Bourns is not responsible for any
failure of an individual Bourns® product to meet the requirements of such industry standard or particular qualification. Users of
Bourns® products are responsible for ensuring compliance with safety-related requirements and standards applicable to their
devices or applications.

Bourns® products are not recommended, authorized or intended for use in nuclear, lifesaving, life-critical or life-sustaining ap-
plications, nor in any other applications where failure or malfunction may result in personal injury, death, or severe property or
environmental damage. Unless expressly and specifically approved in writing by two authorized Bourns representatives on a
case-by-case basis, use of any Bourns® products in such unauthorized applications might not be safe and thus is at the user’s
sole risk. Life-critical applications include devices identified by the U.S. Food and Drug Administration as Class Ill devices and
generally equivalent classifications outside of the United States.

Bourns expressly identifies those Bourns® standard products that are suitable for use in automotive applications on such
products’ data sheets in the section entitled “Applications.” Unless expressly and specifically approved in writing by two
authorized Bourns representatives on a case-by-case basis, use of any other Bourns® standard products in an automotive
application might not be safe and thus is not recommended, authorized or intended and is at the user’s sole risk. If Bourns
expressly identifies a sub-category of automotive application in the data sheet for its standard products (such as infotainment
or lighting), such identification means that Bourns has reviewed its standard product and has determined that if such Bourns®
standard product is considered for potential use in automotive applications, it should only be used in such sub-category of
automotive applications. Any reference to Bourns® standard product in the data sheet as compliant with the AEC-Q standard
or “automotive grade” does not by itself mean that Bourns has approved such product for use in an automotive application.

Bourns® standard products are not tested to comply with United States Federal Aviation Administration standards generally

or any other generally equivalent governmental organization standard applicable to products designed or manufactured for
use in aircraft or space applications. Bourns expressly identifies Bourns® standard products that are suitable for use in aircraft
or space applications on such products’ data sheets in the section entitled “Applications.” Unless expressly and specifically
approved in writing by two authorized Bourns representatives on a case-by-case basis, use of any other Bourns® standard
product in an aircraft or space application might not be safe and thus is not recommended, authorized or intended and is at the
user’s sole risk.

The use and level of testing applicable to Bourns® custom products shall be negotiated on a case-by-case basis by Bourns and
the user for which such Bourns® custom products are specially designed. Absent a written agreement between Bourns and the
user regarding the use and level of such testing, the above provisions applicable to Bourns® standard products shall also apply
to such Bourns® custom products.

Users shall not sell, transfer, export or re-export any Bourns® products or technology for use in activities which involve the
design, development, production, use or stockpiling of nuclear, chemical or biological weapons or missiles, nor shall they use
Bourns® products or technology in any facility which engages in activities relating to such devices. The foregoing restrictions
apply to all uses and applications that violate national or international prohibitions, including embargos or international
regulations. Further, Bourns® products and Bourns technology and technical data may not under any circumstance be
exported or re-exported to countries subject to international sanctions or embargoes. Bourns® products may not, without prior
authorization from Bourns and/or the U.S. Government, be resold, transferred, or re-exported to any party not eligible

to receive U.S. commodities, software, and technical data.

To the maximum extent permitted by applicable law, Bourns disclaims (i) any and all liability for special, punitive, consequential,
incidental or indirect damages or lost revenues or lost profits, and (ii) any and all implied warranties, including implied warranties
of fitness for particular purpose, non-infringement and merchantability.

For your convenience, copies of this Legal Disclaimer Notice with German, Spanish, Japanese, Traditional Chinese and Simplified Chinese
bilingual versions are available at:
Web Page: http.//www.bourns.com/legal/disclaimers-terms-and-policies

PDF: http://www.bourns.com/docs/Legal/disclaimer.pdf
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