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1. Introduction

For the designer of low power RF systems, the NXP Semiconductors SA602A
mixer/oscillator provides mixer operation beyond 500 MHz, a versatile oscillator capable
of operation to 200 MHz, and conversion gain, with only 2.5 mA total current consumption.
With a proper understanding of the oscillator design considerations, the SA602A can be
put to work quickly in many applications.

2. Description

AN1982

Figure 1 shows the equivalent circuit of the device. The chip is actually three subsystems:
A Gilbert cell mixer (which provides differential input gain), a buffered emitter follower
oscillator, and RF current and voltage regulation. Complete integration of the DC bias
permits simple and compact application. The simplicity of the oscillator permits many
configurations.
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Fig 1. Equivalent circuit

While the oscillator is simple, oscillator design is not. This article will not address the
rigors of oscillator design, but some practical guidelines will permit the designer to
accomplish good performance with minimum difficulty.

Either crystal or LC tank circuitry can be employed effectively. Figure 2 shows the four
most commonly used configurations in their most basic form.

In each case, the Q of the tank will affect the upper frequency limits of oscillation: the
higher the Q the higher the frequency. The SA602A is fabricated with a 6 GHz process,
but the emitter resistor from Pin 7 to ground is nominally 20 kQ. With 0.25 mA typical bias
current, 200 MHz oscillation can be achieved with high Q and appropriate feedback.
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The feedback, of course, depends on the Q of the tank. It is generally accepted that a
minimum amount of feedback should be used, so even if the choice is entirely empirical, a
good trade-off between starting characteristics, distortion, and frequency stability can be

quickly determined.
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a. Fundamental crystal b. Overtone crystal
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c. Colpitts L/C tank d. Hartley L/C tank

Fig 2. Oscillator configurations

2.1 Crystal circuit considerations

Crystal oscillators are relatively easy to implement since crystals exhibit higher Qs than
LC tanks. Figure 3 shows a complete implementation of the SA602A (extended
temperature version) for cellular radio with a 45 MHz first IF and 455 kHz second IF.

The crystal is a third-overtone parallel mode with 5 pF of shunt capacitance and a trap to
suppress the fundamental.
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Fig 3. Cellular radio application

LC tank circuits

LC tanks present a little greater challenge for the designer. If the Q is too low, the
oscillator will not start. A trick which will help if all else fails is to shunt Pin 7 to ground with
a 22 kQ resistor. In actual applications this has been effective to 200 MHz with high Q
ceramic capacitors and a tank inductor of 0.08 uH and a Q of 90. Smaller resistor value
will upset DC bias because of inadequate base bias at the input of the oscillator. An
external bias resistor could be added from V¢ to Pin 6, but this will introduce power
supply noise to the frequency spectrum.

The Hartley configuration (Figure 2d) offers simplicity. With a variable capacitor tuning the
tank, the Hartley will tune a very large range since all of the capacitance is variable. Note
that the inductor must be coupled to Pin 7 with a low-impedance capacitor.

The Colpitts oscillator will exhibit a smaller tuning range since the fixed-feedback
capacitors limit variable capacitance range; however, the Colpitts has good frequency
stability with proper components.

Synthesized frequency control

The SA602A can be very effective with a synthesizer if proper precautions are taken to
minimize loading of the tank and the introduction of digital switching transients into the
spectrum. Figure 4 shows a circuit suitable for aircraft navigation frequencies (108 MHz to
118 MHz) with 10.7 MHz IF.
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(1) Permits impedance match of SA602A output, i.e.: 1.5k filter impedance
Fig 4. Application circuit

The dual-gate MOSFET provides a high degree of isolation from prescaler switching
spikes. As shown in Figure 4, the total current consumption of the SA602A and 3SK126 is
typically 3 mA. The MOSFET input is from the emitter of the oscillator transistor to avoid
loading the tank. The Gate 1 capacitance of the MOSFET in series with the 2 pF coupling
capacitor adds slightly to the feedback capacitance ratio. Use of the 22 kQ resistor at

Pin 7 helps assure oscillation without upsetting DC bias.

For applications where optimum buffering of the tank, or minimum current are not

mandatory, or where circuit complexity must be minimized, the buffers shown in Figure 5
can be considered.
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Fig 5. Buffer options

The effectiveness of the MRF931 (or other VHF bipolar transistors) will depend on
frequency and required input level to the prescaler. A bipolar transistor will generally
provide the least isolation. At low frequencies the transistor can be used as an
emitter-follower, but by VHF the base emitter junction will start to become a bidirectional
capacitor and the buffer is lost.

The 2N5484 has an IDSS of 5 mA (max) and the 3SK126 has IDSS of 6 mA (max),
making them suitable for low parts count, modest current buffers. The isolation is good.

2.4 Injected LO

If the application calls for a separate local oscillator, it is acceptable to capacitively-couple
200 mV to 300 mV at Pin 6.

3. Summary

The SA602A can be an effective low power mixer at frequencies to 500 MHz with
oscillator operation to 200 MHz. All DC bias is provided internal to the device, so very
compact designs are possible. The internal bias sets the oscillator DC current at a
relatively low level, so the designer must choose frequency selective components which
will not load the transistor. If the guidelines mentioned are followed, excellent results
will be achieved.

4. Abbreviations

Table 1. Abbreviations

Acronym Description

RF Radio Frequency

LC ‘inductor-capacitor network
IF Intermediate Frequency
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Table 1. Abbreviations ...continued

Acronym Description

MOSFET Metal-Oxide Semiconductor Field-Effect Transistor
VHF Very High Frequency

IDSS

drain-source saturation current (VGS = 0 V)

5. References

[1] SA602A — Product data sheet; NXP Semiconductors;
www.nxp.com/documents/data_sheet/SA602A.pdf
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6. Legal information

6.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences of
use of such information.

6.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, NXP Semiconductors does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation - lost
profits, lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability towards
customer for the products described herein shall be limited in accordance
with the Terms and conditions of commercial sale of NXP Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected

AN1982 All information provided in this document is subject to legal disclaimers.

to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using NXP Semiconductors products, and NXP Semiconductors
accepts no liability for any assistance with applications or customer product
design. It is customer’s sole responsibility to determine whether the NXP
Semiconductors product is suitable and fit for the customer’s applications and
products planned, as well as for the planned application and use of
customer’s third party customer(s). Customers should provide appropriate
design and operating safeguards to minimize the risks associated with their
applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default in the
customer’s applications or products, or the application or use by customer’s
third party customer(s). Customer is responsible for doing all necessary
testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications and
the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Translations — A non-English (translated) version of a document is for
reference only. The English version shall prevail in case of any discrepancy
between the translated and English versions.

6.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks
are the property of their respective owners.
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