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REFERENCE DESIGNS

Guidelines for Using
Manufacturer-Provided
Reference Designs

Reference designs
have become a
valuable part of a

product designer’s tool
set for the creation of new
products. The ability to
replicate a proven layout
with supporting compo-
nents can save many
hours of development

time. However, there are many opportunities
for problems to arise when translating the ref-
erence design into a larger system.

This tutorial article reviews the major pit-
falls that engineers can experience during this
process. Most of the issues are common, but
we will try to point out some of the subtle
ways that a reference design can be altered
during the overall design process.

Layout and Substrate Issues
Typically, the first design task is adding

the reference design to the overall p.c. board
layout. This is required early in the process to
determine the amount of space needed for this
portion of system.

One common problem during this part of
the design is the desire (or need) to construct
the circuit on a different substrate material. A
reference design using FR4 will have substan-
tially different properties when implemented
on a PTFE board. Transmission line sections
will have different impedances; parasitic reac-
tances will change, as well. Different thick-
nesses of the same substrate as the original
design will also have a major effect on circuit
performance. One of the subtle factors is that
the effective thickness is from the top layer to
the ground plane, which is usually one of the

internal layers of a multi-layer board. Also,
any traces that are moved from the top layer
to an embedded layer will then have a very
different characteristic impedance. Some of
the methods for dealing with different sub-
strates are described in [1].

Component Issues
The selection of supporting components

represents the most common changes to a ref-
erence design. Many well-meaning engineers
have been surprised when the revised design
does not work as expected after selecting dif-
ferent coupling or bypass capacitors, bias
resistors or input/output matching compo-
nents.

Modeling and simulation may be difficult
with a complex multi-function device, which
further complicates the process. Significant
adaptation of the reference circuit, with differ-
ent value components, may require empirical

Reference designs are 
usually the fastest way to

incorporate a device into a
new product, but attention

is required to be certain
that  the design is not

changed when added to a
larger system  

Figure 1  ·  Evaluation boards like this one for
the LT5527 from Linear Technology typically
are implemented using the reference
design for the device.
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study. A technician may be able to replace the “standard”
components on an evaluation board with the desired new
parts. A few evaluation boards include pads for the addi-
tion of optional components, but this is not the norm.

Often, a manufacturer’s applications engineering staff
will be able to offer suggestions. After all, the creators of
the reference design will have explored a number of choic-
es in layout and component selection. They may have
some insight into the particular variation you want to
implement.

Most often, however, experience is the best guide.
Engineers and technicians who have designed, built and
tested many kinds of circuits will gain knowledge about
component choices typically used to create or adapt a
design for a different frequency range or matched to an
impedance different from the common 50 ohms.

Figures 2 and 3 show a test circuit for a mixer IC and
its Bill of Materials. The BoM includes some specific
brands and model numbers, and has notations on some
acceptable alternate part numbers as well. Pay close
attention to the manufacturers’ recommendations.
Substitutions of components must be done with aware-
ness of any changes in behavior. Be aware of variables
like Q and self-resonant frequency (SRF) of inductors and
large-value coupling/bypass capacitors. Temperature coef-
ficients should match the reference design if your appli-
cation is intended to operate over the full commercial,
industrial  or military temperature range.

Specialized components, such as the transformers in
the example of Figures 2 and 3, require special attention.
At a minimum, obtain test data that directly compares
the proposed alternate to a sample of the specified part.
Manufacturers may provide cross-references to competi-
tors’ parts, but often these are “functional equivalents”
that are not identical in all respects.

Interface Issues
The portion of a reference circuit that cannot be com-

pletely provided by the manufacturer is the interface to
external circuitry. Some devices are designed for a stan-
dard 50-ohm input and/or output impedance and can be
“dropped into” a 50-ohm system with minimal concern for
altered performance. However, there are many devices
which, for reasons of performance, do not attempt to pro-
vide a 50-ohm match. Often, these are RFICs or MMICs
that have an impedance that affects noise figure or inter-
cept point, or that varies with the frequency of operation.

Also, the user’s application may not be the same as the
test circuit provided by the manufacturer, requiring that
modifications be made to the published design. These
“semi-reference” designs are common, and while they
require additional design and testing, the manufacturer
typically provides both data and applications support
that can ease the process.

Summary
Reference designs are valuable aids that can speed the

integration of a new component into a larger system. This
tutorial notes the most common factors involved in the
process of implementing a reference design. This process
includes a combination of careful replication of the refer-
ence design, intelligent adaptation for specific applica-
tions, and, when appropriate, modeling and/or bread-
boarding to assure that the revised circuit is correct.

Reference
1. J. Capwell, W. Clausen, T. Weller, L. Dunleavy,

“Accurate Models Simplify Reference Designs for RFIC
Amplifiers,” High Frequency Electronics, Nov. 2005.

Figure 2  ·  Diagram of a device test circuit, also used
for the devices’ evaluation board. If the user’s applica-
tion is within the design limits of this circuit, it can also
be used  as a reference design for a portion of the larg-
er system. (Linear Technology LT5521 used for this
example)

Figure 3  ·  Bill of Materials for the test circuit of Figure 2.
Note that some parts are listed by specific manufactur-
ers’ part numbers.


