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INTRODUCTION

No two high-speed applications are the same—or at
least it seems that way. Nonetheless, while every
system has its particular requirements, many of the
design techniques are common among different
designs. This application note illustrates design
techniques utilizing current-feedback op amps and
the practical circuits where they are used. The
circuits should work well with any Comlinear op amp
if appropriate adjustments are made for different
feedback resistance values.

Inverting Gain

As with voltage-feedback op amps, the ratio of the
feedback resistor to the gain-setting resistor deter-
mines the voltage gain in current-feedback op amp
circuits. With current feedback, however, dynamic
performance is largely independent of the voitage
gain. (See application note AN300-1 for a technical
discussion of current-feedback.) Also, the optimum
feedback resistor value for a current-feedback
op amp is indicated in the data sheet.
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Non-Inverting Gain
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Ri sets the input impedance.

Summing Amplifier

Current-feedback op amps are the natural choice in
summing applications since the bandwidth and
other key specs are relatively unaffected by high
gain settings. (The parallel combination of all the
input resistors yields a small effective gain-setting
resistance and hence a large effective gain setting.)
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Differential Amplifier

Be sure to obey common-mode input voltage limits
shown in the op amp data sheet. If large, saturat-
ing input signals are expected, use an over-
drive-protected op amp and appropriate protection
circuitry.
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Differential Line Receiver

This circuit provides good common mode rejection
and 50Q) termination for signals which need to be
transmitted through coaxial lines.
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Differential input resistance is 500).

Coaxial Cable Driver

Proper transmission line driving techniques are
important when high-speed signals have to travel
more than a few inches. The back-matching and
terminating resistors, Ro, are chosen to match the
characteristic impedance of the coaxial line. If the
load is well-matched to the transmission line imped-
ance, the back-matching resistor may be omitted for
greater voltage swing. (Remember that back matching
creates a voltage divider which attenuates the output
signal by 50%.)

Cable Characteristic
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Distribution Amplifier
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750

Driving Capacitive Loads

The damping resistor, Rs, reduces pulse-response
overshoot and frequency-response peaking caused
by the load capacitance. The value of Rs may be
found on some of the op amp data sheets or may be
found experimentally.
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Output Current Booster

This circuit provides up to 400mA of output current.
Since the output buffer circuit introduces additional
phase lag, the feedback resistor, Ry, may have to be
increased above the data sheet recommendation to
decrease loop gain and thus improve stability. The
gain-setting resistor, Rg, is then chosen for the
desired gain.
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Simple Offset Adjustment

The Zener diode biasing resistor, R, should be chosen
to provide a diode current of 7.5mA.
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Composite Amplifier for Low Offset and Drift (#1)

This composite circuit provides both high speed and
good DC performance and unlike most composite
circuits, it provides good settling performance (17ns
to 0.1%). In operation, the OP-27 op amp drives its
output such that the summing node is driven to OV
(which is the normal case for an inverting gain
circuit). Thus, the circuit output takes on the high-
performance DC characteristics of the OP-27. At
high frequencies, the high-speed op amp takes over
to provide good AC performance.
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Composite Amplifier for Low Offset and Drift (#2)

This composite circuit is useful with those products
which have the feedback resistor connected
internally to both the input and output. Ry is
adjusted for minimum output voltage at the OP-27
when Vg, is a 70kHZ square wave of 10V,
centered at OV.
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Non-Inverting Composite Amplifier

As with the previous circuit, Ry is chosen for

minimum output voltage at the OP-27 when V,; is
a 70kHz square wave of 10V, centered at OV.
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FET-Input Circuit

A FET-input circuit is useful when a greater input
impedance is desired or when bias currents or noise
currents need to be reduced.
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AC-coupled Amplifier (with Single-Supply Biasing)

The voltage divider circuit at the non-inverting input
biases the op amp input and output at the supply
midpoint. For those op amps having a bias pin, these
pins should also connect to the supply midpoint bias
circuit.
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Reducing Bandwidth

Bandwidth and loop stability is controlled by R;.
Increasing R reduces bandwidth according to the
approximate relationship: BW, __ Rn

BW:  Rp

Adjustable Bandwidth

By increasing the inverting input impedance (which
is normally very low) of a current feedback op amp,
the bandwidth of the op amp can be reduced. The
bandwidth of the circuit below can be varied over a
range of 60MHz to 160MHz.
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Reducing Frequency-Response Peaking
{(due to stray capacitance in parallel with Rg)

The low-pass filter atthe non-inverting input cancels
the frequency-response zero caused by Cgtray. At low
non-inverting gains, the CLC231 or CLC400 will
provide a flatter frequency response without the
need for the low-pass filter (because they can be
used with lower feedback resistor values).
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Adjustable Gain Using a FET

This circuit provides a 26dB adjustment range and a
gain flatness of 1dB from DC to 50MHz. An SD210
FET provides low on-resistance with minimal capa-
citive loading.
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Adjustable Gain Using a Photoresistor

This circuit provides a 12dB adjustment range and a
gain flatness of 1dB from DC to 20MHz. The 741
circuit improves temperature stability and repeata-
bility of the photoresistor circuit.
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Integrator (#1)

With current-feedback op amps, it is important to
keep large capacitance values out of the inverting
feedback loop in order to maintain stability.
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Integrator (#2)

This integrator provides higher dc gain than #1. For
the values shown, the dc gain is 55dB. Higher values
can be obtained by reducing Ry, however, the ratio
of Rq 10 Ry should remain constant for adequate loop
stability. Much of the output noise is directly propor-
tional to Ry so that higher dc gain is obtained at the
expense of higher noise. This circuit does not have
the stability problem that is related to resistor match-
ing as does integrator #1.
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Integrator with Zero

In this circuit, feedback capacitance is acceptable
because the op amp relies upon the value of the
feedback resistor for stability.
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Active Filter Circuits

The following five circuits illustrate how current-
feedback op amps provide high-performance active
filter functions. The “KRC” realization is used (see
references at the end of the ap note) since it doesn't
require reactive elements in the (negative) feedback
path, which would compromise stability.

When the filter cutoff frequency is small relative to
the amplifier bandwidth, the transfer functions shown
will provide good accuracy. However, as with any
active filter circuit, the group delay through the
op amp becomes significant for cutoff frequencies
greater than about 10% of the op amp bandwidth. For
such designs, computer analysis tools and an iterative
design approach is helpful.
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Band-Pass Filter (40MHz, Q = 4)

The component values shown are “predistorted”
from the nominal design values to account for the
1.6ns op amp group delay, which is significant relative
to the filter cutoff frequency.

Rz

39pF 9090

e

+
v,
n 399FI 90.90

§ —2
Vour _ R1Ca
Vi 1 1 1 1=K R, -~ R
2 - -~ 4+ 1 Rz
s S(R1C1 TG TR T R ) ARG
Re R, + R» Ry —Rz~R, Ci = C:— C:
Ko = 14 —F 2= T Ha
° Rea @o R1R2RaC1C2 .
V2
T —— Wo —
R2C+ (R1 1 R2) RC
R1R302 Y
Q V2
R2 Rz Cy Q- —
12 Defy By -
Ry Ra ! Cz) ° 4K

Band-Stop Filter (4MHz, Q = 4)
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Photodiode Amplifier

The circuit below provides a transimpedance gain of
—2.5kQ) to convert the photodiode current into a
voltage.

2.5kQ
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D/A Converter Buffer Amplifier

Most high-speed, current-output D/A converters
provide the best performance when driving little or
no load impedance. The circuit below meets this
requirement while also providing a transimpedance
gain which converts the D/A output current into a
voltage. The variable capacitor in the feedback loop
should be adjusted for desired pulse response to
compensate for the D/A output capacitance, which
otherwise causes frequency-response peaking or
instability. The 50Q and 500 resistors reduce the
effective value of the feedback capacitance so that
a reasonable value capacitor may be used.

500 50082

D/A Converter L_ "C
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For example, with the CLC401, R¢ = 2.5k and a D/A output capacitance of
20pF, C = 5pF.
Tunnel Diode Detector Amplifier

See the D/A converter buffer circuit for circuit
highlights.
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Non-Linear Transfer Functions

Current-feedback op amps are particularly useful in
non-linear transfer function circuits. Since bandwidth
and other key specifications are independent of
gain-setting, the dynamic performance is relatively
independent of signal level.

In analyzing the circuit, itis useful to identify the three
input signal paths that contribute to the output
voltage (the 1kQ) resistor and the two diode bridges).
Each of these paths terminates at the inverting
input—a point that is at virtual ground. Due to feed-
back, the current through the feedback resistor is
equal to the sum of these input currents. The output
voltage, therefore, is the product of the feedback
resistor and the sum of the input currents.

The individual input currents are equal to the input
voltage divided by the respective gain-setting resistor.
However, in the signal paths containing the bridges,
the current follows this linear relationship until it



limits at 12V/16kQ2. This is what leads to the non-
linear gain. A more accurate analysis requires that
the diode bulk and dynamic resistances be

included.
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Peak Detector
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The circuit shown in the next column can capture
50ns pulses over a 20mV to 1.5V input range. The
circuit consists of three basic blocks: the op amp and
diodes, the storage capacitor and discharge circuit,
and the unity-gain buffer. The peak detecting action
is caused by the conduction or non-conduction of
the two diodes in the feedback loop.

When Vout > Vi, the op amp output swings in the
negative direction until D2 conducts and the feedback
path is completed and the op amp does not saturate.

When Vout < Vin, the op amp output swings in the
positive direction causing D1 to conduct and the
storage capacitor voltage to be charged through the
200Q) isolating resistor. This action continues until
Vout = Vin @nd equilibrium is established.
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Customer Design Applications Support

National Semiconductor is committed to design excellence. For sales, literature and technical support, call the National
Semiconductor Customer Response Group at 1-800-272-9959 or fax 1-800-737-7018.

Life Support Policy

National’s products are not authorized for use as critical components in life support devices or systems without the express written approval of the

president of National Semiconductor Corporation. As used herein:

1. Life support devices or systems are devices or systems which, a) are intended for surgical implant into the body, or b) support or
sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can

be reasonably expected to result in a significant injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to
cause the failure of the life support device or system, or to affect its safety or effectiveness.
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