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Investigate Wideband

Frequency

Converters

Wideband frequency converters can be designed using different architectures

depending upon requirements for dynamic range, spurious rejection, size, and cost.

ideband frequency conversion is

essential in many high-frequency

systems, and wideband frequency

converters are the components that
perform the required frequency translation over broad band-
widths. They come in different configurations and technologies,
each with tradeoffs in cost, size, and performance.

One frequency-conversion architecture that has been widely
used in high-end signal intelligence receivers involves dual con-
version of a received signal. In this architecture, a received signal
is first upconverted to an intermediate-frequency (IF) signal at a
low millimeter-wave frequency, then filtered, and finally down-
converted to a lower-frequency second IE.

This technique greatly reduces the need for large, complex
switched microwave filter banks, but it also demands the capa-

1. This traditional frequency-converter architecture employs
banks of filters for spurious signal rejection.
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bilities provided by broadband millimeter-wave frequency
synthesizers. While such synthesizers were formerly very
expensive, they have become more affordable with the advent
of high-performance commercial-oft-the-shelf (COTS) fre-
quency converters fabricated with monolithic-microwave-
integrated-circuit (MMIC) technology.

Wideband systems—especially for SIGINT and electronic-
warfare (EW) applications—attempt to detect signals at the low-
est possible signal levels, and with the fastest possible acquisition
speeds. Such requirements dictate that a wideband frequency
converter should have:

1. A careful frequency plan, so that the spurious responses do not
fall within the down converted frequency band.

2. Low noise figure in support of the signal sensitivity levels that
are required.
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2. This plot shows typical mixer spurious levels as a function of signal

power to the mixer.

3. High linearity.

4. The capability to function effectively in the presence of inter-
ference, jammers, and blocking signals.

5. Mitigation of local oscillator and transmitter signal leakages;

6. Acceptable signal-to-noise ratio (SNR), phase-noise perfor-
mance, and overall noise levels.

By using a wideband tunable receiver as an example, a tra-
ditional design will be evaluated through the use of different
frequency upconversion and downconversion approaches. It will
be shown that the traditional wideband receiver design can be
improved via selection of different frequency converters, includ-
ing through the use of a wideband converter design that employs
readily available COTS MMICs.

The receiver example processes 2- to 18-GHz input signals in
single 0.5-GHz-wide bandwidths at one time as it steps through
the wide input bandwidth. Frequency downconversion is per-
formed using frequency mixers. The incoming RF signal (fzp)
is converted to an IF signal (fjz) by mixing with a local-oscillator
(LO) signal (fj ) signal, with this action expressed as:

fip =+ mfgg £ nfio

where m and n are integer harmonics of the RF and LO frequen-
cies that add and subtract to create numerous combinations of
spurious signal products, owing to the nonlinear properties of
semiconductor devices (e.g., diodes and transistors used in fre-
quency mixers). Filters are used to reject out-of-band RF signals
that might cause in-band IF responses. IF filter sensitivity follow-
ing the mixer is specified to pass only the desired frequencies,
thereby filtering the spurious signals ahead of the final detector
or signal processor.

Spurious responses that appear within the IF band will not be
attenuated by the IF filter. Therefore, careful frequency planning
is done in broadband converters so that the spurious signals do
not fall within the IF band. This behavior and frequency plan is
very well covered in the technical literature, with several exam-
ples presented in refs. 1 and 2.

One approach to broadband frequency downconversion is to
use mixers with several filters (Fig. 1). In this case, a broadband
signal search is performed from 2 to 18 GHz in five frequency
bands: 2.0 to 3.5 GHz, 3.5 to 6.0 GHz, 6.0 to 9.0 GHz, 9.0 to 12.0
GHz, and 12.0 to 18.0 GHz. Bands covering 2 to 6 GHz are not
converted and are passed through initially. They are then upcon-
verted using a high-side LO of 20 GHz, so that all frequency
bands now fall within the 6- to 18-GHz range.

The 6- to 18-GHz band in question is processed through 10
1.5-GHz-wide filters. This 1.5-GHz bandwidth is processed in
0.5-GHz bands through the second mixer using a wideband
5.25- to 17.25-GHz frequency synthesizer. Consequently, this
configuration employs multiple filters and two frequency-
conversion stages.

This frequency-conversion topology pro-
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3. This frequency-conversion architecture was designed for minimum filtering requirements.

Subharmonic filters

many high-performance image filters, which
are difficult to integrate. VSWR interactions
associated with the filter banks also result
in considerable amplitude and phase ripple.
Since a broadband frequency synthesizer

4. This frequency-converter topology is designed
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Frequency Conversion
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5. This frequency-conversion architecture includes additional filtering for outstanding spurious rejection and excellent SFDR performance.

is needed for the second LO, this frequency plan is difficult to
establish and change. Fortunately, the problems with this fre-
quency plan can be resolved by upconverting to higher frequen-
cies and then downconverting.

Upconverting the 2- to 18-GHz input signals generates m X
n products that are now at higher frequencies and are readily
filtered, thereby eliminating signal products folding within the
IF band. This approach enables the lowest possible spurious
performance. Microprocessor control of
signal gains can further optimize dynamic

TABLE

range by minimizing remaining spurious

quency mixer spurious power and spurious order? that, when
combined with a spurious search program, allow tradeoffs to
be made among frequency plans, power levels allowable at the
mixer, and required filter rejection.

The equations that are employed in these computer-simula-
tion programs were developed many years ago, and they have
shown good agreement with actual test results when utilizing
standard double-balanced mixers. These equations have shown

1: PREDICTED SPURIOUS PERFORMANCE

OF A SIMPLE WIDEBAND FREQUENCY CONVERTER

signal products. , mxRF nxlo  dBe EMHO ExLO  EntRF ExRF  EntF  ExF
Many requirements can be met using (GHz) (GHz) (GHz) (GHz) (GHz) (GHz)
only one bandpass filter for image rejec- -1 1 002 | 2500 | 4125 | 220 | 2400 | 200 | 18.00
tion, This frequency plan is very flexible 2 0 | -59.34 | 2500 | 4125 | 22.00 | 2400 | 11.00 | 12.00
and has no difficulty with images. The low-
. . . -2 1 -56.58 26.00 41.25 22.00 24.00 2.00 9.63
noise-amplifier (LNA) harmonics gener-
ated in front of the frequency converter are -2 2 —59.34 | 25.00 30.00 22.00 24.00 13.00 18.00
the main spurious signals of concern. 3 -1 -67.91 | 2500 | 3200 | 22.00 | 24.00 15.67 18.00
This approach uses high-side LO signals = 1 -67.91 | 2800 | 4125 | 2200 | 2400 | 200 | 6.42
generated by millimeter-wave frequency 3 2 27908 | 25.00 39.00 92.00 24.00 8.67 18.00
synthesizer. Several computer-simulation
. . -3 & -58.37 25.00 26.00 22.00 24.00 17.00 18.00
programs are available for calculating fre-
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Frequency Conversion

System 1
£ HMC- " . Antialias
HMC1049 LO Reject LPF HMC560 Image Filter HMC1042 IF Filter HMC311 HMC624 HMC636 "
ALH244 Filter
—_— _[> —/\ ; N \ \ N % N ™\
es e 7 5 RF® F 7 RF X F 5 L L~ 9
3 o Total
NE (dB) 2.50 Ch.ebyshev RF: 15e3 3.00 Ch.ebyshev RF: 25e3 Ch-ebyshev 4.50 6.00 2.00 Ch.ebyshev 7.28
£ Fc: 20e3 LO: 40e3 Fo: 25000 (|LO: 27e3 Fo: 2000 Fo: 2000
Gain (dB) 14.00 =y - 12.00 . _ . 15.00 -6.00 13.00 . 19.99
OIP3 (dB 24.00 Gain: -1.01 | IF: 25e3 24.00 BW: 1000 ||IF: 2e3 BW: 3000 28.00 49.00 38.00 BW: 1000 2113
(dBm) . Rip:0.01 || NF: 8.00 00 | Gain: -5 ||NF: 11 Gain: -1 . - . Gain: -2 :
Gain: -8.00 Rip: 0.01 Gain: =11 Rip: 0.01 Rip: 0.01
Input Pwr (dBm) -20.00 System Temp (K) 290.00 IM Offset (MHz) 0.025
OIP2 (dBm) 33.11 OIP3 (dBm) 21.13 Output P1dB (dBm) 14.10
1IP2 (dBm) 13.12 1IP3 (dBm) 1.14  Input P1dB (dBm)  -4.90 7. The performance levels are predicted for
OIM2 (dBm) -33.13 OIM3 (dBm) 4229 Compressed (dB) 0.00 .
ORR2 (dB) 33.12 ORRS3 (dB) 42.28 Gain, Actual (dB)  19.99 the example frequency-converter design
IRR2 (dB) 16.56 IRR3 (dB) 14.09  Inp Backoff (dBm) 0.00 of Fig. 6
SFDR2 (dB) 49.91 SFDR3 (dB) 58.55 Gain, Linear (dB) 19.99 e
AGC Controlled Range: Min Input (dBm) N/A  Max Input (dBm) N/A

TABLE 2: PREDICTED PERFORMANCE FOR A
LOW-SPURIOUS FREQUENCY CONVERTER

TABLE 3: PREDICTED PERFORMANCE FOR
AN ULTRA-LOW-SPURIOUS FREQUENCY

Band RF LO Spurs > -80 dBc with +5 CONVERTER
(GH2) (GH2) dBm at mixer S RF To) Spurs > -80 dBc
-51 dBc 2 x 0 from 11.4-11.6 GHz (GHz) (GH2) with +5 dBm at mixer
1| 20301 24752835 “75 4B 30 from 7.6-7.8 GHz
1 2.0-3.0 26-27.5 None
-51 dBc 2 x 0 from 11.4-11.6 GHz
2 3.0-5.0 | 25.75-28.25 75 dBc 3 % 0 from 7.6-7.8 GHz 2 3.0-5.0 27-29 None
3 5.0-7.5 29-32 None
-51 dBc 2 x 0 from 11.4-11.6 GHz
3 | 50751 27.7530.75 | 35 4mc 3% 0 from 7.6-7.8 GHz 4 | 75115 | 31536 | -75dBc3x0from8.0108.17 GHz
-51dBc 2 x0from 11.4-11.6 GHz 5 11.5-18 33-40 -65 dBc 3 x 2 from 14.67 to 18 GHz
4 | 751151 30353475 | 55 ime 3% 0 from 7.6-7.8 GHz
-51 dBc 2 x 0 from 11.4-11.6 GHz
5 11.5-18 | 34.25-41.25 ~65dBc 3 x 2 from 8.9-18 GHz to be upconverted in 500-MHz segments within a fixed 22.75- to

good agreement with actual results in standard double bal-
anced mixers.

The spurious performance of a typical double-balanced mixer
is shown in Fig. 2. It can be seen that it is critical to control the
gain in front of the mixer, and even modest levels of highpass
filtering can greatly improve the performance.

MINIMUM FILTERING CONVERTER ARCHITECTURE
The minimum filtering topology shown in Fig. 3 uses a wide-
band tunable LO synthesizer. This allows the 2- to 18-GHz band

8. This multilayer PCB shows the RF/microwave components on the front (left) and back (right) sides of the board.
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23.25-GHz frequency range. It is then downconverted using a
fixed second LO to fall within the 1.75- to 2.25-GHz band that
can then be readily processed.

This frequency-conversion scheme takes maximum advan-
tage of a single bandpass filter for all image filtering. Along
with the fact that all RF x nLO spurious products (where n is
the harmonic number) are above band, this provides excellent
performance with almost no filtering. Table 1 shows predicted
spurious performance at expected maximum input power levels.

For this example (Fig. 3), assuming a noise figure of 8 dB,
bandwidth of 20 MHz, and 10-dB SNR, the instantaneous
spurious-free dynam-
ic range (SFDR) is
greater than 55 dB,
the upper limit of
the SFDR is about
—-20 dBm, and the
compression level is
about 15 dB above
the upper limit of
the SFDR. For this
architecture, the use
of signal process-
ing to minimize
spurious levels can
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Frequency Conversion

improve the total usable range of the system. In addition, all
spurious signals not related to the input level are well out of
band in this configuration. This architecture supports light-
weight, miniature, and low-cost designs, but will be sensitive

to

preselection filtering.

spurious reduction by simple filtering (Fig. 4). This involves the

high level interference and jamming as a result of the lack of

The architecture in Fig. 3 can be further improved in terms of
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addition of five highpass filters and three lowpass filters prior
to upconversion. In this configuration, the 2- to 18-GHz band
is upconverted in three bands: 2.0 to 7.5, 7.5 to 11.5, and 11.5
to 18.0 GHz.

This configuration offers ultimate spurious rejection of more
than 20 to 30 dB by means of low-loss highpass and lowpass
filters. The only exception is the image band, which is handled
differently and only once. The only remaining significant spuri-

ous signals are harmonics of the RF input
signal generated in components preced-
ing the highpass filters.

The spurious levels for this architecture
are summarized in Table 2. Ignoring the 2
x 0and 3 x 0 spurious responses results in
about 80-dB instantaneous SFDR. Using
an image-reject mixer (IRM) for down-
conversion eases the millimeter-wave
filter requirements and allow as much
as 80-dB image rejection with standard
microstrip construction methods.

Further performance improvements
can be obtained if additional filtering is
added between the upconverted signal
and prior to the second downconversion.
Adding additional switch-filter com-
ponents allows virtually all single-tone
spurious signals to be eliminated (Fig. 5).
The main result is to eliminate the 2RF
direct harmonic feedthrough by using
two selectable IF bands (Table 3).

This frequency-conversion architec-
ture is desirable for only the highest levels
of system performance. It requires signifi-
cantly more complex RF and LO circuitry
compared with the earlier architectures.

Numerous components employed in
these frequency-conversion architectures
are available as integrated circuits (ICs) to
shrink and simplify a frequency converter
design. Figure 6 offers an example of a
frequency-converter design using com-
ponents from Analog Devices.* In this
example, input RF signals are upconvert-
ed in the first conversion stage and then
downconverted in the second conversion
stage; this shifts higher-order spurious
products out of the passband. These com-
ponents are available as packaged devices
for surface-mount application on PCBs.

Between the two mixers, the only criti-
cal filter is the bandpass filter. The low-
pass filter at the input serves to minimize
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TABLE 4: COMPARING BROADBAND
FREQUENCY CONVERSION APPROACHES

Up and
down
conversion

Traditional

Parameter (Fig. 1)

Low Ultralow
spurious spurious
(Fig. 4) (Fig.5)

Comments

(Fig. 3)
Filters are tougher fo
design per Fig. 1 and
Filtering 17 3 10 11 the filters in other
configurations are
relatively simple
Amplitude and
Amplitude and Very Relatively e phase control is a
phase control difficult easy i eleidis Bl direct function of the
chain complexity
ReI3|stanlce fo High T Moderate High This refers to rgswtonce
jamming to external signals
Local Multiple Millimeter Millimeter | Millimeter
oscillafor octave wave wave wave
Frequency Most ) More
plan complex sl Lo complex
Dynamic range
(dB) 50 60 75 80
Size Largest Compact Medium Large
Weight Highest Low Medium High

LO leakage through the input port. The
bandpass filter after the second mixer
minimizes in-band second harmonics
caused by the IF amplifiers and falling
within the band of the anti-alias filter,
and provides additional LO rejection.
There are many ways to create the LOs
for this signal chain depending on system
requirements. The example of Fig. 6 pres-
ents a simple, high-performance method
for generating the LO with newly avail-
able PLL/VCO ICs from Analog Devices,
with the performance shown in Fig. 7.

The predicted performance of down-
conversion with these PLL/VCO ICs
includes a noise figure less than 8 dB
and SFDR of greater than 55 dB. This
simple configuration, which lends itself
to compact, lightweight surface-mount-
technology (SMT) assemblies, supports
many applications.

Figure 8 shows an example of a wide-
band multichannel receiver designed
with several catalog components surface-
mounted on a multilayer circuit board.
The board is populated with parts both on
the front and back sides and is very com-
pact, measuring 3.25 x 1.5 x 0.060 in. Pas-
sive components, ground connections,
and signal interconnections are contained
within various circuit-board layers.
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Selection of any broadband frequen-
cy-converter topology depends on sev-
eral performance metrics. Table 4 offers a
comparison of various types of frequency
converters and their respective merits.

Digital approaches to wideband fre-
quency conversion are described in ref.
3. Whether analog or digital techniques
are considered, the selection criteria apply
when it comes to frequency planning,
spurious mitigation, and noise consider-
ations. The main change for digital is to
replace the second downconversion stage
in an analog architecture with a high-
speed analog-to-digital converter (ADC)
and perform signal processing in the first
and second Nyquist zones.

The development of broadband fre-
quency converters is greatly simplified
by the availability of many of the required
components as standard ICs.* Their use
makes possible affordable, high-perfor-
mance wideband converters. [l
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