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large values for R1, R2, and R3 helps
minimize current drawn from the refer-
ence voltage. For example, the circuit
can supply 2 to 10 mA to R4 and draw
only a few tenths of a microampere from
the reference source. Using tight-toler-
ance and low-drift components for VREF
and R5 ensures the stability of IO. Appli-
cations include providing constant-cur-
rent drive for Wheatstone-bridge and

platinum-element sensors (Reference
2). In addition, you can replace R4 with
a series of resistive sensors as in an
Anderson loop (Reference 3).EDN

R E F E R E N C E S
Franco, S, Design with Opera-

tional Amplifiers and Analog Integrat-
ed Circuits, Third Edition, ISBN 0072-
320842, WCB-McGraw-Hill, 2001.

Ramírez, Diego, S Casans, and 
C Reig, “Current loop generated from
a generalized impedance converter: a
new sensor signal conditioning circuit,”
Review of Scientific Instruments, Vol-
ume 76, No. 1, January 2005.

Anderson, KF, “Looking under the
(Wheatstone) bridge,” Sensors, June
2001, pg 105.

Since the late 1970s, designers
have successfully improved the

effective resolution and spurious per-
formance of A/D converters by adding
dither—uncorrelated noise—to a con-
verter’s input and then using DSP tech-
niques to average out noise from the
converted data. The most common
dithering method adds random-ampli-
tude noise to an A/D converter’s input
signal. Although this method works,
the added noise includes large random
peak values. To keep the A/D convert-
er’s input out of the saturation region,
a designer must know both the peak sig-
nal and the peak dither levels. Even
briefly saturating the A/D converter
adds more nonlinearities than dither
can remove.

Another approach adds a dithered-
frequency, constant-amplitude signal.
Figure 1 shows one possible imple-
mentation featuring a Linear LTC1799
programmable oscillator, IC2, that’s
operated in a VCO (voltage-con-
trolled-oscillator) mode in which an
applied voltage modulates the center
frequency. You can set the LTC1799’s
center frequency at 1 kHz to 33 MHz,
making it a suitable dither generator for
many currently available A/D con-
verters. Because the LTC1799’s output
comprises a square wave, its peak out-
put amplitude is well-defined.

You can set the random-dither cen-
ter frequency either below or above the
signal frequency of interest. For con-
version of a narrowband intermediate

frequency, either location may work
well. For an A/D converter that must
operate to dc, the only useful location
is above the signal frequency of inter-
est. One approach places the dither fre-
quency at one-half of the sampling or
the Nyquist frequency. When you place
it there, the random noise typically
doesn’t interfere with the desired signal,
and any aliasing that occurs only folds
the random frequency noise around
itself and not into the desired signal
band.

The circuit in Figure 1 operates with
a 20-MHz sampling A/D converter and
generates random noise around a cen-
ter frequency of 10 MHz. You can use
any of a number of techniques to gen-
erate the random noise, including dig-

Frequency dithering enhances high-performance ADCs
Steve Hageman, Windsor, CA
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Figure 1 A zener diode, two stages of amplification, and an FM voltage-controlled oscillator form a constant-amplitude dither
generator.
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ital shift registers and semicon-
ductor junctions biased into the
breakdown range. In this
design, a 12V zener diode, D1,
generates the noise, which a
two-stage amplifier amplifies
and frequency-shapes. If neces-
sary, you can further shape the
noise distribution by using
more complex active-filter sec-
tions, IC1A and IC1B. After fil-
tering, the noise modulates the
LTC1799. Make sure that the
LTC1799’s power-supply volt-
age is pure dc and free of ripple,
because power-supply noise
produces nonrandom AM sidebands.

Figure 2 shows an amplitude-versus-
frequency plot of the frequency-limit-
ed spectrum that the design in Figure
1 produces. Depending on the circuit’s
configuration, you can apply the dither
to the A/D converter using a small cou-
pling capacitor or a more complex
active summing circuit. Although
zener-diode noise generators offer the-
oretical simplicity, they behave poorly
in production environments because

their noise outputs can vary greatly.
Even among diodes from the same
manufacturing batch, you can observe
popcorn noise, unevenly distributed
noise histograms, amplitude shifts, and
frequency-weighted noise. In a high-
volume application, well-specified
noise diodes, such as those from Micro-
netics (www.micronetics.com), may
prove more cost-effective than zener
diodes.

Once you select a noise diode, you

can select amplification-stage
gains such that clipping of
noise peaks isn’t evident at the
circuit’s output. If your appli-
cation requires it, you can alter
the amplifiers’ frequency re-
sponses to alter the noise spec-
trum. Finally, adjust the LTC-
1799’s frequency-setting resis-
tors, R6 and R7, so that the
noise-spectrum display resem-
bles that in Figure 2. Any clip-
ping along the amplifier path
tends to add peaks to the edges
of the spectrum, which indi-
cates amplitude clipping and

reduction of the noise’s random char-
acteristics.

You can add a filter between the
noise output and the A/D converter’s
summing input to limit inband noise
or remove any periodic modulation
that power-supply ripple introduces.
In a modern, high-performance A/D
converter, even a small amount of
periodic noise can manifest itself as 
a �80-dBc (decibels-below-carrier)
spurious response.EDN

Memory-termination IC balances charges 
on series capacitors
Clayton B Grantham, National Semiconductor, Tucson, AZ

As one of today’s most interest-
ing component families, high-

value capacitors offer ratings ranging
from tenths to tens of farads but suffer
from relatively low working voltages.
For example, Maxwell’s (www.maxwell.
com) PC10 ultracapacitor occupies an
area about the size of a large postage
stamp and the thickness of four
stacked US 25-cent coins. The PC10
provides 10F capacitance, a 2.5A max-
imum discharge-current rating, and an
18� ESR (equivalent-series resist-
ance). However, its rated working volt-
age is only 2.5V.

To accommodate a supply voltage
greater than 2.5V, you can connect two
capacitors in series, halving the avail-
able capacitance and doubling the
overall voltage rating. However, due to

differences in leakage current and
capacitance, the voltage at the capac-
itor’s common connection can vary,
and your design must ensure that you
do not exceed either capacitor’s maxi-
mum voltage rating. If the series-con-
nected capacitors’ charge and discharge
currents are relatively small, you can
connect equal-valued charge-balancing
resistors across both capacitors. But for
farad-range capacitors that can deliver
amperes of current, you need a more
efficient approach.

The theoretical voltage across a
capacitor comprises its initial voltage,
VC(0), plus the integral of the capaci-
tance, C, multiplied by the capacitor’s
current over time: VC(t)�VC(0)�
C��I(t)dt. In a two-capacitor divider,
the current through both capacitors is
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Figure 1 This simple circuit requires
only a single IC to balance the
charges on two series-connected,
low-voltage, high-value capacitors
and maintain their common junction
at one-half of the supply voltage.
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Figure 2 The broad bell-shaped curve shows a ran-
dom-frequency-dithered spectrum superimposed onto
the LTC1799’s unmodulated, 10-MHz output.
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