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HIGH SENSITIVITY 0.5 TO 19.5 GHZ RECEIVER
WITH 1.1-GHZ INSTANTANEOUS BANDWIDTH

A wideband high sensitivity microwave receiver operating within 0.5 to 19.5 GHz and providing a 1.1-GHz instantaneous
bandwidth is described. The receiver shows a noise figure as low as 10 dB and the input third-order intercept point up to 10 dBm
as well. Also, the receiver is characterized by a low spurious response and extremely low residual phase noise, too. Essential

design principles of the receiver are given and discussed.
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1. Introduction

Wideband microwave receivers are usually considered
to be an essential part of electronic intelligence (ELINT),
electronic countermeasures (ECM), and electro-
nic counter-countermeasures (ECCM) systems [1, 2].
But an explosively growing usage of wireless techno-
logies [3, 4], observed in recent years, arouses a great
interest for such receivers in a number of other appli-
cations including monitoring of complex electromagnetic
environment for virtually everyday usage [5].

Another important factor is a quantum leap in a
number of spread spectrum applications including high
resolution radars, high capacity wireless communica-
tion systems, and a variety of systems designed to
achieve a low intercept probability [6—8]. The above
applications obviously require a broader instantaneous
receiver bandwidth and a higher sensitivity as against
those accessible in most recent years. On the other
hand, an increasing commercial availability of the
state-of-the-art monolithic microwave integrated cir-
cuits (MMIC), passives, and integrated microwave
assemblies noticeably facilitates the development of
modern receivers and opens new opportunities for
alternative design approaches.
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A modern versatile receiver is not only a simple sig-
nal conditioner for detecting and recognizing inherent
for ELINT, ECM, and ECCM systems, but often a part
of highly automated measurement setup intended
for more or less accurate estimation of signal strength
and working usually together with some digital data
acquisition and signal processing system. It implies
introduction of self-calibration capabilities as well as
minimizing the residual spurs response of the receiver.
Indeed, wideband receivers generally utilize several fre-
quency conversions and, thus, include a number of local
oscillators and mixers producing a variety of spurious
signals. On the other hand, the advanced signal pro-
cessing procedures for automated signal detection and
recognition are based on the spectral analysis and hence
include inherently the comparison of the strength of a
received signal with some threshold in a frequency
domain. This threshold eventually determines the real
sensitivity of the complete system. In case of no spurs,
the peak sensitivity depends on the receiver noise figure
only. Due to spurs, either the threshold should be selec-
ted higher to keep false alarm rate constant, that evi-
dently leads to some degradation in system sensitivity,
or to use rather sophisticated and restrictedly applied
algorithms for spurs elimination.

Just to meet the above challenges, a wideband
receiver covering the 0.5 to 19.5 GHz frequency
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range, providing 1.1 GHz output bandwidth, and de-
monstrating a noise figure of less than 10 dB, and
—80 dBm level of internally generated spurs at the
maximal gain has been recently developed. Below,
the essential design principles of such a receiver are
described and discussed.

2. Receiver Design Principles
2.1. System Overview

A simplified block-diagram of the receiver is shown
in Fig. 1. The receiver possesses a standard configu-
ration of inputs and outputs. Namely, there is the only
radio frequency (RF) input accepting signals from the
frequency range of 0.5 to 19.5 GHz, a wideband (WB)
intermediate frequency (IF) output, a narrowband
(NB) IF output, and two video outputs which are sim-
ply outputs of envelope detectors coupled to the cor-
responding IF outputs. The bandwidth of wideband
IF output signals is 1100 MHz centered at 1850 MHz,
whereas the narrowband IF output is characterized
by switchable bandwidths of +5,+10, and £20 MHz
centered at 160 MHz. As is seen from Fig. 1, some
receiver circuits are common for both the wideband
and narrowband channels, and, therefore, the frequen-
cy and the gain cannot be chosen absolutely indepen-
dent for each of them. In part, the NB channel fre-
quency can deviate within £550 MHz from that of
the WB channel only. Double and quadruple frequen-
cy conversions for the WB and NB channels are used,
correspondingly. Two different first intermediate fre-
quencies and, thus, two downconverters are used in
the receiver.

2.2. Design Approaches

As can be seen from Fig. 1, the receiver architecture
differs from that to be of common use. Actually, in
most cases, a circuit providing signal filtration is im-

plemented directly at the receiver input, just to ensure
an adequate performance in a complex electromag-
netic circumstance [9]. Usually, a tunable filter with
a passband being only just a bit wider than the recei-
ver bandwidth is often used before any gain stages or
mixers. This prevents the appearance of spurious sig-
nals induced by fairly strong out-of-band signals which
are mixed in nonlinear circuits and produce then a
variety of frequency diverted components.

However, this conventional approach furthers re-
duction of receiver noise figure significantly. This is
due to the lack of tunable low-loss passband filters
with a wide enough bandwidth. Commercially avai-
lable Yttrium-Iron-Garnet (YIG) filters possess at
best a 3-dB bandwidth of 500 MHz, moreover
a single filter does not cover the entire range of 0.5
to 19.5 GHz. On the other hand, using a switchable
filter bank results in fairly large insertion losses due
to the necessity of utilizing multi-stage broadband
switches.

Due to the above reasons, in the receiver in ques-
tion the signal chain begins with a broadband low
noise amplifier (LNA). A block-diagram of the re-
ceiver input circuit is shown in Fig. 2. The LNA is of
Avago produced AMMC-5024 type. There is no fre-
quency selective circuit before the LNA. A compa-
ratively good linearity of modern wideband distribu-
ted LNA allows keeping the total dynamic perfor-
mance of the receiver adequate for the overwhel-
ming majority of applications. In addition, the signal
produced by the detector, built-in to LNA die, is cou-
pled to a control circuitry. It makes possible a con-
tinuous broadband monitoring of the receiver input
signal independently of a tuned frequency, allowing,
for example, detection of blocking condition, when a
strong signal causes LNA saturation [10].

A coaxial switch allows connecting a noise sour-
ce to the input of the receiver signal chain that is

L101 LO2 LO4 LO5
Pre-selector ¥
Bank Hi |_| Downconverter Up/Down NB IF
RFIn 6-19.5 GHz Hiband [L—5 > 1 Converter processor ——==—"0 NB Out
D ] ~H-¢ NB Video
Bank Lo -0 WB IF
|| Downconverter | [
0.5-7 GHz Lo-band processor © WB Out
+ 1 L0102 LO3 LO4 LOS _Li]'o WB Video
LO1 LO3 A A A A A
LO - Local Oscilator Synthesizer Controller

Fig. 1. Block-diagram of receiver
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Fig. 2. Block-diagram of receiver input circuit

used for providing the receiver calibration (see Sec-
tion 3).

A programmable mechanical relay attenuator
makes possible to work correctly with even very
strong input signals.

A digital attenuator with the range of 15.5 dB and
the step of 0.5 dB follows directly the LNA allowing
precise gain regulation. A single pole double throw
switch (SPDTS) allows preliminary selection of a
particular frequency band. The LNA, the attenuator,
and the switch are integrated, along with power sup-
ply conditioning, control and interface circuits, into
a single assembly.

The pre-selector — “pre” means implementation of
frequency selectivity before the first mixer — in the
receiver is implemented as a switchable filter bank,
consisting of 9 channels totally, grouped into two sub-
banks, Hi and Lo, for the 0.5 to 7 GHz and the 6
to 19.5 GHz frequency bands, respectively, as is
shown in Fig. 3. Each channel includes an ampli-
fier to compensate losses in the filters and switches.
The 6 t019.5 GHz band is divided into 4 sub-bands,
whereas the 0.5 to 7 GHz band is divided into 5
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Fig. 3. Block-diagram of switchable filter bank
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sub-bands as is indicated in Table 1. In total, the
sub-bands cover the entire frequency range of 0.5
t019.5 GHz with overlapping of 1.1 GHz providing
seamless tuning of the receiver over the aforesaid
range. The supply voltage of each amplifier is switched
synchronously with the corresponding sub-band in
order to improve isolation between the channels.

Each filter in the Lo sub-bank is simply a sub-
octave one, except that possessing the bandwidth of
0.5 to 2.8 GHz. It is enough to ensure a spurious free
frequency downconversion over all sub-bands apart
from the mentioned one, for which it is naturally
impossible. To provide an additional image rejection,
there is a low-pass filter, which is common for all
sub-bands in the Lo filter sub-bank.

Within the Hi filter sub-bank, sub-bands are dis-
tributed almost evenly. Each amplifier is followed by
a low pass filter ensuring harmonics filtration and
image rejection inasmuch as cavity bandpass filters
do not provide a fairly wide stopband. The switches
utilize a P-i-N based MMIC of MASW-004100-1193
type produced by M/A-COM Technology Solutions,
thus resulting in the total insertion losses of less than
1.5 dB and facilitating considerably the achieved
improvement in the receiver noise figure.

Note, that the number of bands in the Hi bank is
much lower than that needed to ensure a truly spu-
rious free frequency downconversion. Instead, the
state-of-the-art mixers of T3 series produced by Marki
Microwave are used in the receiver [11]. Such mi-
xers manifest an extremely low spurious response
of less than —70 dB at —10 dBm input power of
the receiver allowing approaching the total SFDR as
of —60 dB.

Table 1. Frequency mapping of the receiver bands

Band Passband, MHz

Lo bank

Band 1 0.5-2750
Band 2 18503250
Band 3 2350-3850
Band 4 29504950
Band 5 4050-7050
Hi bank

Band 1 6150-9050
Band 2 8150-12050
Band 3 11150-15050
Band 4 14150-19550
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Both downconverters utilize practically the same
design with the two gain blocks along with filters
between them. The downconverter circuitry does
not allow gain regulation. Such a trade-off simplifies
the receiver design significantly, though slightly ham-
pers approaching maximum possible dynamic range.
The first intermediate frequencies are 15750 and
4850 MHz for the input frequency bands of
0.5-7 GHz and 6-19.5 GHz, respectively.

The drive level of each mixer in the downconver-
ters can be varied to some margins. This allows en-
suring their optimum performance adaptively. For
example, such a possibility is used to provide a gain
dependent regulation of the drive level just to mini-
mize the noise figure and improve the spurious re-
sponse in some particular frequency sub-bands.

In order to prevent the appearance of spurious
signals caused by inevitable leakages and taking into
account that just a single downconverter is engaged
at a time, the signals of the local oscillators are cou-
pled only to the active downconverter.

The intermediate frequency (IF) circuitry follows
the downconverters and comprises an up/downcon-
verter to tune the NB channel frequency, signal con-
ditioners for WB and NB IF channels, and video
detectors shown in Fig. 1. Both signal conditioners
include gain blocks, filters, and digital attenuators to
allow gain regulation.

The synthesizer has been designed to approach a
very low amount of phase noise added and spurious
signals induced on the receiver signals. In order to
minimize the phase noise at large frequency offsets,
the frequencies of the tunable local oscillators are
synthesized with double-loop Phase-Locked Loops
(PLL) by using highly stable Dielectric Resona-
tor Oscillator (DRO) based sources. As a result,
the phase noise spectral density never exceeds
—105 dBc/Hz at 10 kHz offset and —120 dBc/Hz
at 1 MHz offset. A Direct Digital Synthesizer (DDS)
is used in order to minimize the frequency switching
time of LO4 (see Fig. 1) and to provide a small
frequency step allowing agile frequency scanning for
the NB channel.

All receiver assemblies support digital interfacing
by using a Serial Peripheral Interface (SPI) bus.
A built-in controller is based on Xilinx Spartan 6
FPGA that allows implementing elaborated algo-
rithms to ensure the receiver agility. The controller
monitors a number of both analog and discrete
signals produced by the sensors allowing extended
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built-in test capabilities as well as a failsafe receiver
operation.

3. Receiver Calibration

The receiver signal chain includes a number of stages
with practically a one-way dependency of the gain
(or insertion losses) on temperature. Hence, the con-
tribution from majority of them is added coherently,
thus resulting in a fairly large variation of the total re-
ceiver gain with temperature. In order to ensure an
accurate receiver performance over a temperature
range, some additional devices have been introduced
in the receiver. They include a noise source and the
calibration switch (see Fig. 2). By using these devices,
the conventional Y-factor method [12] based on suc-
cessive measurements of the output signal strength
with and without a noise source connected to the re-
ceiver input has been realized. This procedure enables
to easily estimate the receiver noise figure and gain.

The accuracy of calibration is determined essen-
tially by that of power measurement. In the receiver,
the calibration accuracy of £1.5 dB over the entire
frequency and temperature ranges has been achieved
by using the usual video detectors (see Fig. 1) as
power meters. This allows simplifying the receiver
design complexity.

The maximal gain variation to be fixed is +7 to
-3 dB. This allows accurate receiver operation within
the temperature range of 0 to 50 °C keeping both
the noise and dynamic performance at a specified
level. The receiver produces a special signal to ex-
ternal devices, if the present temperature measured
inside them differs from that measured at the last
successful calibration by more than 50 °C.

4. Receiver Characteristics

Essential characteristics of the receiver are summa-
rized in Table 2. It will be observed that the achieved
noise figure of less than 10 dB is much less than that
for the comparable commercially available recei-
vers characterized by the noise figure over 14 dB,
their bandwidth being at least twice as smaller (see
e.g. model WBR-0518-MOD from Herley, or model
DC-0.5/18G from MITEQ, or RC-5800/5850 from
Rockwell Collins).

Next, the described receiver outperforms consi-
derably the aforesaid receivers in term of residual
spurious response (—80 dBm against —60 dBm or
even higher).
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Table 2. Receiver parameters

Input frequency range 0.5-19.5 GHz
Bandwidth
WB channel 1100 MHz
NB channel 40, 20, 10 MHz
(switchable)
Noise figure at maximum gain <10dB
Gain regulation range
WB channel 15-30dB
NB channel 15-40dB
Gain regulation step 1dB
Frequency tuning step
WB channel 100 MHz
NB channel 1 kHz
Frequency tuning time
WB channel <10 msec
NB channel <10 psec
Residual phase noise
@10Hz <-55dBc
@100 Hz <-75dBc
@1 kHz <-95dBc
@10 kHz <-105dBc
@100 kHz <-115dBc
@1 MHz <-120dBc
Input compression point at 15 dB gain >0 dBm
Input IP3
15 dB gain, —10 dBm input signal >10 dBm
30 dB gain, —20 dBm input signal >-3 dBm
SFDR at—30 dBm input signal
and 30 dB gain 60 dB
Residual spurious response at 30 dB gain| ~ <-80 dBm
Operating temperature range 0to50°C
Dimensions 19”, 6U module

An extremely low phase noise of local oscilla-
tors, being —55 dBc/Hz and —105 dBc/Hz for offsets
10 Hz and 10 kHz, respectively, facilitates perfor-
ming accurate spectral measurements.

A rather short tuning time, along with the ultrawide
instantaneous bandwidth, makes the receiver very
suitable for agile continuous monitoring of the whole
specified frequency range.

5. Conclusions

A recently developed wideband receiver is described.
It is characterized by a low noise figure, an ultrawide
instantaneous bandwidth of 1100 MHz, a high dyna-
mical range, a low level of internally created spurious

signals, and a low residual phase noise, too. A wide
usage of modern MMICs and commercially available
on-stock integrated microwave assemblies have al-
lowed to reduce the receiver development time and
its cost. Since the receiver does not include tunable
YIG filters, there is much room to increase the fre-
quency switching speed and put virtually no bandwidth
limitation. The built-in calibration circuits ensure ac-
curate measurements of signal strength over the tem-
perature range of 0—50 °C.
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B. A. Bonkos, /. M. Baspus, E. B. bynax, A. A.Kpaeyos

'Pagnoacrporomurdeckuii nuctutyT HAH Yipaussr,
yn. KpacHo3nameHnHas, 4, r. XapbkoB, 61002, Ykpauna

BBICOKOYYBCTBUTEJIbHbBIN IIPUEMHUK
JIMATIA30HA YACTOT 0.5-19.5 I'T1],
C MTHOBEHHOM [IOJIOCOM ITPUEMA 1.1 I'TL|

OrnychIBaeTCs IMPOKOIIONOCHBIN BEICOKOUYBCTBUTEIBHBIN CBEP-
BBICOKOYACTOTHBIH IIPUEMHHK, CITOCOOHBII IPUHAMATH CUTHAJIBI
B nmuamna3zone 0.5+19 I'T'n ¢ MrHOBeHHO#M momocoi 1.1 I'T.
IpremHuK MMeeT Ko duLreHT nryma He npesbiiiatonmii 10 b
1 TOYKY HHTEPMOIYISILUE 3-T0 MOPSIKA MO BXOY, JOCTHIal0-
nryto +10 nbm. TIpueMHUK OTInYaeTcs TAKKE MaIbIM YPOBHEM
BHYTPEHHHX ITAPa3UTHBIX CUTHAJIOB M KpaiiHe HU3KUMH 3HAYCHHU-
SIMH BHYTPEHHUX ()a30BbIX IIyMOB. [IprBeaeHb!I 1 00CyKAat0T-
Cs1 OCHOBHBIC TIPUHIIMIIBI TIOCTPOCHHS IPUEMHHKA.
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Panioactponomiunmii inctutyT HAH Ykpainu,
Byi1. UepBoHomparnopHa, 4, M. Xapkis, 61002, Vkpaina

BUCOKOUYTJIUBUI [TPUMMAY JIAIIABOHY
YACTOT 0.5-19.5 I'TL[ 3 MUTTEBOIO CMYI'OIO
[TPUMOMY 1.1 I'TI]

OnucyeThest LIMPOKOCMYTOBUI BUCOKOYY T/IMBHI HaIBUCOKOYA-
CTOTHUI puiiMay curHainiB y aianazoni 0.5+19 I'T'n 3 mutre-
Boro cmyrofo 1.1 I'Tt. [puitmMad Mae koe(ilieHT IIyMy He BHIIE
10 ab Ta Touky iHTepMOAYJALii 3-T0 MOPAAKY Ha BXOJI, IO
nocsrae +10 nbwm. [IpuiiMau xapakrepu3y€eTbes TaKOXK MaTUM
piBHEM BHYTPIIIHIX TAPa3UTHUX CUTHAIIIB Ta BKPall HU3bKUMH
(azoBumu mymamu. HaBoaSThCS Ta AUCKYTYHOTBCS OCHOBHI
MIPUHIMIH NOOYA0BH NpUiiMaya.
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