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IMPROVED VOLTAGE-REFERENCE
FILTER HAS SEVERAL ADVANTAGES

e LOW OUTPUT IMPEDANCE AT HIGH

FREQUENCY FOR DRIVING DYNAMIC LOADS
SUCH AS HIGH-SPEED A/D CONVERTERS

e IMPROVED NOISE FILTERING

e BETTER ACCURACY BY ELIMINATING

CAPACITOR LEAKAGE ERRORS

e DRIVES LARGE CAPACITIVE LOADS
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VOLTAGE-REFERENCE FILTERS

By R. Mark Stitt (602) 746-7445

Noise of a voltage reference can be reduced by filtering its
output. Broadband noise can be reduced by the square-root
of the reduction in noise bandwidth. Filtering the output of
the reference to reduce the noise bandwidth by 100/1 (from
1MHz to 10kHz, for example) can reduce the noise by 10/
1 (from 60QuVp-p to 6QuVp-p).

The conventional circuit, shown in Figure 1, uses a single-
pole RC filter and a buffer amplifier. One problem with this
circuit is that leakage current through the filter capacitgr, C
flows through Rresulting in DC error. Furthermore, changes
in leakage with temperature result in drift. The relatively

The Burr-Brown REF102 is a buried-zener-based precisionlow RC time constants often needed dictate large capacitor

10.0V reference. It has better stability and about five timesvalues prone to this problem.

lower output noise than band-gap-based voltage references

such as the PMI REF-10. Still, its output noise is about
60QuVp-p at a noise bandwidth of 1IMHz (the output noise
of the PMI REF-10 is about 3,000p-p at 1MHz).

So far as we know, the stability with time of the REF102 is
significantly better than any other single-chip voltage refer-
ence on the market. We plan more characterization of stabil
ity vs time, but it will probably not be available this year.
The following preliminary data is all we have for now. The
devices used were off-the-shelf. They were not burned-in, of
otherwise stabilized prior to this stability test.
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FIGURE 1. Voltage Reference with Conventional Filter.

REF102CM +10.0V REFERENCE STABILITY vs TIME
T,= 25°C, V4= +15V.

Vour CHANGE Vur CHANGE Vo CHANGE Vo CHANGE Vo CHANGE Vour CHANGE
FROM 1 HR FROM 1 HR FROM 1 HR FROM 1 HR FROM 1 HR FROM 1 HR
TO 168 HRS TO 1008 HRS TO 2016 HRS TO 3072 HRS TO 5136 HRS TO 14205 HRS
UNIT [ppm] [ppm] [ppm] [ppm] [ppm] [ppm]
1 6.8 55 7.1 4.7 8.2 11.7
2 5.1 1.0 1.2 -2.1 0.1 1.3
3 9.4 6.5 3.2 1.0 1.8 2.0
4 9.6 6.9 7.7 5.6 7.6 10.3
5 12.9 7.8 9.6 6.7 9.5 12.8
6 105 6.4 5.3 3.0 5.4 9.4
7 10.3 5.7 6.2 3.7 5.8 8.2
8 17.0 145 12.9 9.2 9.9 13.7
9 6.2 5.1 3.8 1.7 2.7 4.1
10 7.1 1.7 1.3 0.1 1.0 2.4
11 13.0 9.6 9.6 10.0 13.0 16.5
12 7.5 4.7 3.9 4.2 5.0 7.4
13 13.0 9.5 10.4 8.2 9.9 13.7
14 4.2 3.0 0.5 -0.3 4.2 2.8
15 7.3 4.3 2.6 1.8 4.1 3.9
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Another problem with the conventional filter is the added
noise of the buffer amplifier. The noise of the buffer ampli-
fier acts at the buffer’'s full unity-gain bandwidth adding to

With the RC filter at the output of the buffer, the noise of
both the voltage reference and the buffer is filtered. Since
the filter is in the feedback loop of the buffer amplifief, C

the output noise of the circuit. Even if the noise at the outputleakage current errors reacting with&e divided down to
of the RC filter is zero, the noise added by the buffer can bean insignificant level by the loop gain of the buffer amp. The

intolerable in many applications. The improved filter, shown
in Figure 2, solves both problems.
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FIGURE 2. Voltage Reference with Improved Filter.

The improved filter places the RC filter at the output of the
buffer amplifier. Reference noise is filtered by a single pole
of f_SdB= 2+1t*R *C. The R, C, network assures amplifier
loop stability. Set R» C, =2+ R « C to minimize amplifier
noise gain peaking. Since buffer amplifier bias current flows
through B, keep the value of Row enough to minimize

feedback also keeps the DC output impedance of the im-
proved filter near zero. Also, leakage throughi<Cnegli-
gible since the voltage across it is nearly zero.

At high frequency, the output impedance of the improved
filter is low due to G The reactance of guE capacitor is
0.1 at 1MHz. For an A/D converter reference, connget C
as close to the reference input pin as possible.

The improved filter can drive large capacitive loads without
stability problems. Just keep (¢; + C)*R <0.5+R+C,

There is one caution with the improved filter. Although the
output impedance is low at both high frequencies and DC, it
peaks at midband frequencies. Reduced loop gain due to the
R,, C, network is responsible. A peak output impedance of
about 0.7 » Roccurs near the filter pole frequency. If lower
midband output impedance is required nkust be reduced

and G increased accordingly.

both DC error and noise due to op amp bias-current noise.

Also, load current flows in R The resulting voltage drop
adds to the required swing at the output of the buffer
amplifier. Keep the voltage drop acrosd@v, e.g. less than
1V at full load, to prevent the amplifier output from saturat-
ing by swinging too close to its power-supply rail.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using TI components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl 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 of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 2000, Texas Instruments Incorporated



