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There are quite a few applications where op amps are used
as voltage followers. These include sample and hold circuits
and active filters as well as general purpose buffers for
transducers or other high-impedance signal sources. The
general usefullness of such an amplifier is particularly en-
hanced if it is both fast and has a low input bias current.
High speed permits including the buffer in the signal path or
within a feedback loop without significantly affecting re-
sponse or stability. Low input current prevents loading of
high impedance sources, which is the reason for using a
buffer in the first place.

The LM102, introduced in 1967, was designed specifically
as a voltage follower. Therefore, it was possible to optimize
performance so that it worked better than general purpose
IC amplifiers in this application. This was particularly true
with respect to obtaining low input currents along with high-
speed operation.

One secret of the LM102’s performance is that followers do
not require level shifting. Hence, lateral PNP’s can be elimi-
nated from the gain path. This has been the most significant
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limitation on the frequency response of general purpose
amplifiers. Secondly, it was the first IC to use super-gain
transistors. With these devices, high speed operation can
be realized along with low input currents.

The LM110 is a voltage follower that has been designed to
supersede the LM102. It is considerably more flexible in its
application and offers substantially improved performance.
In particular, the LM110 has lower offset-voltage drift, input
current and noise. Further, it is faster, less prone to oscilla-
tions and operates over a wider range of supply voltages.
The advantages of the LM110 over the LM102 are de-
scribed by the following curves. Improvements not included
are increased output swing under load, larger small-signal
bandwidth, and elimination of oscillations with low-imped-
ance sources. The performance of these devices is also
compared with general-purpose op amps in Tables | and II.
The advantages of optimizing an IC for this particular slot
are clearly demonstrated. Lastly, some typical applications
for voltage followers with the performance capability of the
LM110 are given.
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Biggest design difference between the LM102 and LM110 is the elmination of the zener diodes (D1 and D2) in the
biasing circuit. This reduces noise and permits operation at low supply voltages.
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Power bandwidth of the LM110 is five times larg- Eliminating zeners reduces typical high frequency Large signal pulse response shows 40V/us slew
er than the LM102. noise by nearly a factor or 10. Worst case noise for LM110 and 10V/us for LM102. Leading edge
is reduced even more. High frequency noise of overshoot on LM110 is virtually eliminated, so ex-
LM102 has caused problems when it was includ- ternal clamp diode frequently required on the
ed inside feedback loop with other IC op amps. LM102 is not needed.

Table I. Comparing performance of military grade IC op

amps in the voltage-follower connection Table Il. Comparison of commercial grade devices
x| Biag#* . * *| Biag* . *
O o o v OO il e i
(mV) (nA) [(V/ps) (mA) (mV) (nA) [(V/ps) (mA)
LM110 6.0 10 40 20 5.5 LM310 7.5 7.0 40 20 5.5
LM102 7.5 100 10 10 5.5 LM302 15 30 20 10 5.5
MC1556 6.0 30 2.5 1 1.5 MC1456 10 30 2.5 1 1.5
nA715 7.5 4000 20 10 7.0 pA715C| 7.5 1500 20 10 10
LM108 3.0 3 0.3 1 0.6 LM308 7.5 7.0 0.3 1 0.8
LM108A 1.0 3 0.3 1 0.6 LM308A| 0.5 7.0 0.3 1 0.8
LM101A| 3.0 100 0.6 1 3.0 LM301A| 7.5 250 0.6 1 3.0
nA741 6.0 1500 0.6 1 3.0 nA741C| 6.0 500 0.6 1 3.0
**Maximum for —55°C < Tp < 125°C *Maximum at 25°C
*Maximum at 25°C TTypical at 25°C

TTypical at 25°C
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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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Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
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Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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