Application Note 67

USING SUPER OP AMPS TO PUSH TECHNOLOGICAL
FRONTIERS: AN ULTRAPURE OSCILLATOR
by Dale Eagar

The advent of high speed op amps allows the implemen-
tation of circuits that were impossible just a few years ago.
This article describes a new topology that makes use of
these new high speed circuits and makes astounding
improvements in its performance. An oscillator using
such op amps has distortion limits beyond our ability to
measure.

An Ultralow Distortion, 10kHz Sine Wave Source for
Calibration of 16-Bit or Higher A/D Converters

The path to low distortion in an amplifier or an oscillator
begins with amplifiers with the lowest possible open-loop
distortion and lots of excess open-loop gain in the fre-
quency band of interest. The next step is closing the loop,
thereby reducing open-loop distortion by an amount ap-
proximately equal to the loop gain. This is not easy, as
certain stability criteria must be met by an amplifier that
isn’t an oscillator or by an oscillator that oscillates at a
specified frequency.

Thetrick used in this circuitis to build an amplifier that has
excessive gain where it is needed but no excess gain or
phase shift where it isn’t. In many applications the band
from DC to 100kHz requires the above mentioned high
gain; the gain should fall off when the open-loop gain falls
through unity (around 5MHz). How this is done in the flesh
(silicon) is shown here.

Circuit Operation and Circuit Evolution

A standard inverting amplifier topology, as shown in
Figure 87, has a finite open-loop gain in the frequency
band of interest (see Figure 88), with some open-loop
harmonic distortion (about —60dB) and an open-loop
output impedance of about 70Q.

The amplifier shown in Figure 87 can achieve low distor-
tion, but since the circuit has a limited loop gain, the
curative effects of feedback can only be taken so far. The
designer must also be careful to ensure that R is many
times higher than the open-loop output impedance of U1.

Figure 89’s circuit makes several improvements over the
circuit of Figure 87. First, the open-loop gain of Ul is
multiplied by Ay(f), the gain of the composite amplifier

stage Al. Second, the inputimpedance of A1 can be made
very high, further improving both open-loop gain of Ul
and the open-loop harmonic distortion of U1. Third, the
output voltage swing of Ul is decreased, keeping its
output circuitry in its lowest distortion area.

The composite circuit, A1, consists of three sections. The
first section, as seen in Figure 90, has the gain/phase plot
shown in Figure 92. Note the high gain at 10kHz (60dB)
andthe gain of 6dB at 5SMHz, with only 17 degrees of phase
contribution. In fact, this looks so nice that you might ask,
“why not use two?” and thus reduce your distortion by an
additional 60dB?
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Figure 87. Conventional Inverting Op Amp Topology
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Figure 88. Voltage Gain vs Frequency
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The second section, shown in Figure 91, has the gain/
phase plot shown in Figure 93. Note that here the gain
doesn’t change significantly, but the phase is positive just

Figure 90. First Section of Composite Amplifier A1
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where we want it (1IMHz to 5MHz) to allow a very stable
system to be built.

The third section, as you might guess, is the same as the

first. In sum, the gain/phase plot of the composite ampli-

fier A1 is shown in Figure 94. Note the gain, which is in
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Figure 92. Gain/Phase Response of Circuit Shown in Figure 90
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Figure 93. Gain/Phase Response of Circuit Shown in Figure 91
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Figure 91. Second Section of Composite Amplifier A1
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excess of 120db at 10kHz and the total phase contribution
of about—20 degrees at 5MHz. The complete gain block is

shown in Figure 95.

Super Gain Block Oscillator Circuitry

When Al, as described above is connected with U1, as
shown in Figure 89, the resulting circuit is not only unity-
gain stable but has open-loop gain of 180dB at 10kHz (yes,
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1 billion). This means that the closed-loop harmonic dis-
tortion can easily be kept in the region of “parts per billion.”

A Wien bridge oscillator with harmonic distortion in the
parts per billion is shown in Figure 96. The super op amps
S1and S2 are the previously described composite ampli-
fiers as shown in Figure 95. Note that the output is taken
between the two outputs of S1 and S2. This topology gives
the best signal-to-noise ratio, in addition to balancing the
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Figure 94. Gain/Phase Response of Composite Amplifier A1 (Shown in Figure 89)

Super gain-block (U1 + Al),
complete schematic shown below
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Figure 95. Super Gain Block S1 and S2 Schematic Diagram
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power supply currents and their harmonics. Taking the
output from one amplifier’s output to ground is also valid.

To align the circuit, first center the output amplitude
adjustment potentiometer. Next, adjust the gain trim for
oscillation while also adjusting the output amplitude for
5Vp_p output (single ended). Next, adjust the gain trim to
1Vp.p at the output of the LT1228. Finally, connect a

spectrum analyzer to the output of the LT1228 and adjust
the second harmonic trim potentiometer for a null in the
second harmonic of the oscillator frequency. The mea-
surement of the harmonic distortion of this oscillator
defies all of our resources, but appears to be well into the
parts-per-billion range.
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Figure 96. Schematic Diagram: Wien Bridge Oscillator with Distortion in the Parts-per-Billion Range
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