
Linear Products
Operational Amplifier Macromodels

Application Brief

As systems become more
complex, ways of predicting
their performance become
essential. TI Macromodels
provide one avenue for getting a
better overview of the analog
sub-system.

Simulation of analog and
mixed-mode systems is becoming
more common. One large stumbling
block to widespread analog
simulations has been the significant
amount of computing time necessary
for transistor level simulations of the
analog components. Although the
computing power available at the
engineers' workstations has

increased, these advancements have
been overshadowed by the need to
simulate more complex systems.

In response to the need to
simulate more complex systems and
the transistor level models used for
analog components compressed
models have been developed. The
term 'macromodel' was coined for
the compressed model of the
operational amplifier.

The macromodel allows more
efficient simulation and gives the
designer a fairly accurate portrayal
of the actual device. Despite the
macromodel not being able to take
into account all of the parameters

associated with the op amp it is still
a very effective tool, especially when
trying to model more than one
device.

Macromodel

The macromodel uses ideal
elements in SPICE to simulate
certain op amp characteristics. This
is coupled with actual transistors in
the input stages to yield the op amp
macromodel. There are three main
variants of the basic macromodel;
JFET, NPN and PNP transistors in
the input stage. These are used to
model the different input
characteristics of the op amps using
these transistors. See Figure 1.
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Figure 1. PSpice Macromodel - NPN Input



TI macromodels were derived from
MicroSim Corporation's PSpice

Parts simulation software. The
PSpice manual contains detailed
discussion of the elements in the
macromodel shown below.

The macromodel subcircuit is a
listing of the code that the
simulation software uses to model
the device. The macromodel
subcircuits contained on the floppy
were created using the Parts software
on an IBM-compatible PC. Typical
data sheet values were used to define
the macromodel subcircuit. All
typical values are derived from an
extensive characterisation process
and represent a 'typical' device.

The macromodel is intended to
help engineers evaluate system
designs and make initial product
selections in the beginning stages of
the design process. However, their

reduced complexity results in them
not comprehending or accurately
representing all device
characteristics. For example the
macromodels do not simulate
variations in parametric values with
temperature. While different values
could be substituted to simulate
performance at a specific
temperature, the macromodels
contained on the floppy provide
on ly  25°C per fo rmance
characteristics (as do most data sheet
typicals).

Macromodels are well suited to
board-level simulations, which
frequently include digital
components. Digital components
have well defined I/O specifications
with only two states, therefore their
macromodels often only contain
tolerances for timing and other
parameters. Analog components

have an infinite number of possible
I/O states that are affected by
temperature, supply voltages, and
loading. These variations make it
impossible to give worst case limits.

Macromodels can accurately
reflect a small set of parameters
(e.g., bandwidth or settling time),
but since a macromodel only
represents one operating point, this
'accurate' model only provides more
precision on a typical specification.
Several analog macromodels would
be required to support the modeling
of an op amp over temperature and
supply voltage.

For this reason TI has chosen to
provide only room temperature
macromodels, which should give
good first- and second-order
simulation of the actual device.

Important Notice

Texas Instruments (TI) reserves the right to make changes to its products or to
discontinue any semiconductor product or service without notice, and advises
its customers to obtain the latest version of relevant information to verify,
before placing orders, that the information being relied on is current.

 TI warrants performance of its semiconductor products and related software 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 TI deems necessary to support this warranty.  Specific testing of all
parameters of each device is not necessarily performed, except those mandated
by government requirements.

 Certain applications using semiconductor products may involve potential risks
of death, personal injury, or severe property or environmental damage
("Critical Applications").

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED
OR AUTHORIZED, AND ARE NOT WARRANTED TO BE SUITABLE,
FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS
OR OTHER CRITICAL APPLICATIONS.

Inclusion of TI products in such applications is understood to be fully at the
risk of the customer.  Use of TI products in such applications requires the
written approval of an appropriate TI officer.  Questions concerning potential
risk applications should be directed to TI through a local SC sales office.

In order to minimize risks associated with the customer's applications,
adequate design and operating safeguards should be provided by the customer
to minimize inherent or procedural hazards.

TI assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nor does TI 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 TI covering or relating to any combination,
machine, or process in which such semiconductor products or services might
be or are used.
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