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Make a Precision –10-V Reference

R. Mark Stitt .................................................................................................. High-Performance Analog

ABSTRACT
The need for a precision –10.0V reference arises often. This application report provides details for making
a precision 10-V reference.

The best way to get a 0V to +10V output from a CMOS MDAC is to use a –10V reference (see Figure 4
through Figure 6). Although Texas Instruments offers no –10V reference, the REF102 precision +10.0V
reference can be accurately converted to a precision –10.0V reference. The circuit is simple and requires
no precision components.

The simplest approach for converting a REF102 into a –10.0V reference is shown in Figure 1. The only
extra component is a 1kΩ resistor connected to –VS. This circuit is useful, but has limitations. Maximum
expected load current plus maximum reference quiescent current must be supplied by the resistor at
minimum –VS. Changes in current resulting from load and power supply variations must be driven by the
reference. The excess current through the reference reduces its accuracy due to drift from self-heating
and thermal feedback. Changes in reference output current due to power-supply variations translate into
line regulation error. Voltage reference load regulation is not usually as good as line regulation. Finally, the
output impedance due to the resistor pull-down causes settling problems with dynamic loads.

Figure 1. Simple –10-V Reference
Figure 2. Improved –10-V Reference

The circuit shown in Figure 2 solves these problems. As in Figure 1, no precision resistors are needed.
The error contributed by the op amp is negligible (the OPA27 0.6µV/°C VOS/dT adds only 0.06 ppm/°C drift
to the –10V reference). As a bonus, the circuit incorporates noise filtering.

To understand how the circuit works, notice that the reference is in the feedback loop of the op amp. The
op amp output forces the Gnd connection of the reference to exactly –10.0V so that the voltage at the op
amp inverting input is the same as at its noninverting input (ground). Since no current flows into the op
amp input, the reference output current remains at zero, eliminating voltage reference thermal feedback or
load regulation errors. The R1, C1 network assures loop stability and provides noise filtering. Reference
noise is filtered by a single pole of f–3dB = 1/(2 × π × R1 × C1). Bias current flowing through R1 can produce
DC errors and noise. If a lower filter pole is needed, keep R1 = 2kΩ and increase C1 to preserve accuracy.

All trademarks are the property of their respective owners.
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Figure 3. Improved –10V Reference with Improved
Filter, with VOUT Trim

Figure 4. Precision 0V to +10V Output DAC

Figure 3 shows an improved filter and a provision for output voltage adjustment. The 20kΩ pot can be
used for fine adjustments or to increase the output to –10.24V for 10mV per 10-bit LSB—ideal in many
binary DAC applications. The improved filter:
1. Provides low output impedance at high frequency for driving dynamic loads
2. Improves noise filtering
3. Drives large capacitive loads—see AB-003

Figure 4 shows the preferred way to connect a CMOS MDAC for a 0 to +10V output. This approach is less
expensive and provides better accuracy than the other approaches shown below.
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The circuit shown in Figure 5 is commonly used to get a 0 to +10V output with a CMOS MDAC. The
disadvantage with this circuit is that it requires an extra op amp and pair of precision resistors for each
DAC. Also, settling time increases because two amplifiers must settle in the signal path. For good settling
time, both amplifiers must be fast settling. Then settling time increases by the square root- of-the-sum-of-
the-squares of settling time for each amplifier.

The circuit shown in Figure 6 can also be used to get a 0 to +10V output from a CMOS MDAC. The
problem with this circuit is nonlinearity due to code-dependent voltage across the switches within the DAC.
Using a 2.5V reference and gain at the output, as shown, mitigates this error, but you still need a pair of
precision resistors for each DAC. The appropriate use for this circuit is in +5V single-supply applications.
With a 2.5V reference and a unity-gain, single supply buffer, the output will be 0 to +2.5V.

Figure 5. Another 0V to +10V Output DAC

Figure 6. Single Supply 0V to +10V
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information 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.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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