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Introduction

High-performance circuit design requires careful
selection of both active and passive components in the
signal path. It is common for designers to assume that
using a high-performance integrated circuit ensures a
high-performance system. However, selecting passive
components solely for lowest cost can significantly
degrade the performance of the system. In audio
products requiring small size, low distortion, or
excellent matching, on-chip thin-film resistors (TFRS)
can provide superior performance compared to
discrete resistors.

Modern Amplifier Architecture

TFRs are formed by first depositing a thin layer of a
resistive material, typically a metal alloy, onto a
substrate such as a silicon wafer. Lithography is then
used to pattern the resistive layer into regions of
known resistance, often called links. In order to match
two resistors closely, each may be broken into many
links connected in parallel. The resistive links
comprising each resistor are placed in an interdigitated
fashion on the wafer, effectively allowing both resistors
to occupy the same location of the wafer. This ensures
that any variation in thin-film resistive material on the
wafer affects both resistors equally. Figure 1 shows an
example of the process.
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Figure 1. TFR Network to Achieve Matched Values

Modern semiconductor layout techniques, combined
with simulations of extracted parasitics on the chip
allow this process to produce resistor arrays with
exceptional matching without laser trimming. For
example, the INA1620 integrates a dual operational
amplifier (op amp) with four arrays of thin-film
resistors. Each array consists of two 1-kQ resistors
connected as a voltage divider. These resistors
typically are matched to better than 0.005% error.

Improving CMRR in a Difference Amplifier Circuit
With Integrated Thin Film Resistors

The exceptional matching offered by TFRs is useful in
many audio circuits. Line receivers, microphone
preamplifiers, and audio digital-to-analog converter
(DAC) output circuits all benefit from closely matched
resistors. Improved common mode rejection ratio
(CMRR) is one benefit of an integrated TFR pair. The
CMRR of a typical audio DAC output circuit as seen in
Figure 2 depends on how well the resistors are
matched in the DAC output circuit.
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Figure 2. Audio DAC Output Circuit

CMRR was measured on this configuration using the
INA1620 and OPA1622. The results can be seen in
Figure 3.
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Figure 3. CMRR vs Frequency

The higher absolute value of the CMRR the better the
amplifier rejects common-mode signals. Since the thin
film process yields very high tolerance resistors, the
CMRR can be significantly improved from standard
resistor tolerance values. See Table 1 for how resistor
tolerance affects CMRR. The INA1620 used in this test
shows close to 93dB of CMRR which corresponds to
0.001% resistor matching. The worst case resistor
matching for the INA1620 is 0.02% which corresponds
to 74dB of CMRR. For more information on how
CMRR affects a Difference Amplifier please see .

Table 1. Worst Case CMRR based on Resistor

Due to the difference in manufacturing process
between thin film resistors and thick film resistors, they
have very different properties. Thin film resistors are
built using a vacuum deposition process that allows for
much lower temperature coefficients and lower noise.
Using the same devices and configuration from

Figure 2, the THD+N was measured for the two
devices. The results from the test can be seen in
Figure 4. The thick film resistors show a 6-dB worse
distortion than the thin film resistors. This shows that
the resistors can make a significant impact on the
THD+N in a circuit.
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Figure 4. THD+N vs Frequency

Additional Resources

Table 2. Tl Audio Amplifiers with Integrated Thin
Film Resistors

Tolerance
DEVICE Description
RESISTOR
TOLERANCE WORST CASE CMRR (dB) Headphone Amplifier: Bipolar input 2.8 nV/\Hz, 119
p INA1620 | dB THD+N, 32 MHz GBW, Integrated resistor matching

10.000% 14 of 0.004%

5.000% 20 Differential Line Receiver: -104.7dBu Noise Floor,

1.000% 34 INA1650 | -120dB THD+N, 91dB CMRR, 1 MQ Differential Input

0.010% 74 Impedance

0.001% 94 .

Table 3. Related Documentation
Improved Distortion Using Integrated TFRs .
. . . " Lll\}eraéure Name of Article

Harmonic distortion is the addition of unwanted C]
frequencies that degrade the audio quality. It is easy to SBOTO41 EMI-Hardened Operational Amplifiers Reduce
ignore the negative impact on distortion that is created Inaccuracies
by discrete components; most of an engineer's focus is SBOA274 Difference Amplifier (Subtractor) Circuit
typically on the amplifier. The discrete components
surrounding an audio circuit are very important to
consider when designing for good distortion
characteristics.
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IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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