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REVIEW, STABILITY ANALYSIS, AND APPLICATIONS
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INTRODUCTION

Many Engineersstill refuseto design with Current FeedBack
(CFB) amplifiers. This is due to a few misunderstandings,
which can be easily clarified.

The majority of op amp circuits are closed-loop feedback
systems that implement classical control theory analysis.
Anaog designers are comfortable with Voltage FeedBack
(VFB) op ampsin aclosed-loop system and are familiar with
the ideal op amp approximations feedback permit. This
application bulletin will demonstrate how CFB op amps can
be analyzed in a similar fashion. Once the closed-loop
similarities are understood, it is easy to see that most circuits
commonly built with VFB amplifiers can utilize CFB ampli-
fiers, yielding better results at high frequencies.

REVIEW

Figure 1 illustrates the open-loop terminal characteristics of
aVFB amplifier. Ideally both the inverting and non-invert-
ing inputs have infinite impedance. The output is a voltage
source with zero impedance. The potential difference be-
tween the inverting and non-inverting inputs controls the
voltage source (A(s)). Feedback drives this potential differ-
ence to zero.

Assumptions:
Z+ =0

Z— =00

Z5=0

Vo =A(S)[V;-V,]

FIGURE 1. VFB Op Amp Model.

Figure 2 displays the terminal characteristics of a CFB
amplifier. Ideally the unity gain buffer, between the inputs
of the amplifier, cause the non-inverting input impedance
too be infinite while the inverting input impedance is zero.
The output impedanceis zero, dueto the voltage source. The
current out of the inverting input controls the voltage source
(Z(9)). Feedback forces this current to zero.

Assumptions:
Z+ =0

Vo =Z(S)lwv

FIGURE 2. CFB Op Amp Mode.

Figure 3 shows the basic configuration for inverting gain.
This circuit holds true for both CFB and VFB amplifiers. A
point to remember is that the value of the feedback resistor
islimited for CFB amplifiers. A recommended value will be
provided in the data sheet.

FIGURE 3. Inverting Gain Circuit.

*5’ TeEXAS
INSTRUMENTS

Copyright © 2000, Texas Instruments Incorporated

SBOA081

Printed in U.S.A. November, 2000



For athe VFB amplifier of figure 3, the transfer function is
obtained utilizing the following equations:

V;=0

Vo =-A(s)V,

V=V, _V,-Vqy
R, R>

The transfer function of a VFB amplifier, configured as
figure 3, is:

R2

Voo Ry
v 1+ 12
14—
A(s)

As A(s) approaches infinity, the closed loop-gain is
—R,/R;). The denominator of the transfer function deter-
mines the frequency response of the closed-loop circuit.
The noise gain (1 + Ry/R;) and the frequency dependent
source appear in the denominator. Thislinks the closed-loop
gain and bandwidth. A high gain configuration circuit will
have less bandwidth than alower gain circuit. Asthe circuit
moves to lower gains, bandwidth increases, but phase mar-
gin is lost, causing instability.

For the CFB amplifier of figure 3, the transfer function is
obtained utilizing the following equations:

V;=0

Vo =Z(9liny

\V/ V
_|+|inv =__0
R, R,

The transfer function of a CFB amplifier, configured as
figure 3, is:

_Ry

Voo R
VI 1+ RZ
Z(s)

As Z(s) approaches infinity, the closed-loop gain is
—R,/Ry). Notice that only the feedback resistor appears in
the term with Z(s). Only the feedback resistor affects the
closed-loop frequency response.

A CFB op amp is commonly compensated for maximally
flat response at a specified gain with a specified feedback
resistor. The closed-loop bandwidth is determined by the
feedback resistor, not the gain. This says that a feedback
resistor twice the value of the manufacturers recommended
value will have half the bandwidth. As the feedback imped-
ance is reduced, there is a loss of phase margin. When
R,/Z(s) equals negative one, the loop is unstable.

{'f TeEXAS
INSTRUMENTS

The design trade-offs between CFB amplifiers and VFB
amplifiers differ. In general, VFB amplifiers offer:

» Lower Noise

* Better DC Performance

* Feedback Freedom

In general, CFB amplifiers offer:

» Gain-Bandwidth Impedance

* Faster Slew Rates

* Lower Distortion

* Feedback Restrictions

A common error inimplementing a CFB amplifier isto short
the output to theinverting input in order to configure aunity-
gain buffer. This will cause the circuit to oscillate. The

circuit requires the recommended feedback resistor in the
feedback in place of the short to maintain stability.

Ry

oVo

FIGURE 4. Unity-Gain Buffer.

Anocther example is an integrator circuit. Thisis commonly
accomplished by placing a capacitor between the inverting
input and the output of the amplifier. Keep in mind that at
high frequencies a capacitor could easily have impedance
less than that required for stability. The proper feedback
resistor should be placed in series with the feedback capaci-
tor. This will stabilize the amplifier, and introduce a high-
frequency zero into the integrator transfer function.

Rf cf
R;
VIN
VO
1
S+
= Vo o _Ri,  Ri+GC

VN R, S

FIGURE 5. Integrator Circuit.
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The low open-loop inverting input impedance also causes
much concern among designers and is often viewed as
making CFB amplifiers unsuitable as differential amplifiers.
In fact, the low input impedance can result in a better high-
frequency differential amplifier than asimilar circuit imple-
menting a VFB amplifier.

OVo

Vo =R /Ry(V, =Vy)

Vi 0—\/\/\/‘——\/\?\2/‘1

FIGURE 6. Differential Amplifier.

It can be seen that both VFB and CFB allow the same
closed-loop assumptions to be made. VFB has a gain-
bandwidth product, which limits the lowest stable gain. The
lowest stable feedback impedance limits the lowest stable
gain, for a CFB amplifier.

Both amplifier topologies can be used in closed-loop con-
figurations implementing the same methods of analysis.
CFB amplifiers can be designed into any arbitrary gain
configuration and implement many circuit functions gaining
better performance at higher frequencies.
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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.
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