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Locator beacon design for victims in distress

The design requirements of a beacon intended to be used for victims in distress
needs to be simple yet effective. This Beacon-On-Demand design includes a
GPS system along with Tx/Rx implementation and achieves performance

multiband radar beacon locates victims in distress duri
search and rescue missions. The beacon can also help pro
ordinance’s accurate delivery by aircraft to immediate or pr
planned targets, and it can be used for en route navigat
or pathfinder functions to guide aircraft to obscure or poor
visible targets. Another function of the beacon is to help outli

ment can drop at precise ground points.

Currently, portable transponders lack the flexibility of codin
programmability, on-demand functionality and highly efficien
power use. The new Beacon-On-Dem#@B@D) offers that flex-
ibility and includes a GPS system with Tx/Rx implementation.

In a typical operation, an interrogator asset enables the funct
of the BOD. The interrogator asset is equipped with a spec|
transponder receiver. It receives the beacon signal, recognizesg
pulse code and places the BOD location as a symbol on the rg
screen. Azimuth and distance are determined by the direction
the radar and time delay of the response pulse. The codes ca
customized for a variety of applications to meet specific missio
related requirements.

When the BOD receives a radar signal in I-band (8-10 GHz)

a drop zone so that supplies, military personnel or heavy equ *

/ ; anienen

J-band (10-20 GHz), it intelligently discriminates and creates
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identify and locate the transponder. The

reply pulse train in the received band coded for the radarFt;gure 1. Product diagram of the Beacon-on-demand.

transmitter function of the BOD can be ea
ily modified and delivered with or without g

Thus, it could be used without a speci — —
transponder receiver if desired. |
Although the current design is based ¢

also be modified for use with standard watg
batteries for a smaller footprint. i |::'

The human factor in designing the BO[ == P Fursat
is crucial as well. It should be easy to opg| ==a=raminu=

Beacon's Tx/Rx Block Diagram

frequency offset from the radar frequenc Gonbrollar Linit (SOTS)

two standard 9 VDC Alkaline batteries, it ca Shariad Curta
*I‘ Timsamark

Lizrrimnllar

ate, yet simple enough to maintain arn
repair because it uses widely available of |
the-shelf components, including the replac
able integrated multichip module. A |
integrated in-field test unit ensures that BO
is fully operational prior to the mission |
It should have a robust design to b
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upgradeable with a GPS modular add-om

portable unit.

unit that can be inserted into the BOD maﬁlgure 2. Tx/Rx function block diagram of the BOD.
power manager unit and simple and yet innovative system/
Figure 1 shows the product design concept for the beacemtennal/circuit design.

on-demand. The small footprint (15.2 cm x 5.2 cm x 2 cm) Figure 2 presents the block diagram of the proposed transmit/
includes a compact pocket size transmitter and receiver thateive (Tx/Rx) RF chip as part of a complete BOD system

operates with two 9 V batteries. A modular upgrade for design. In affecho = loop-back = on-demand” mode, the received

GPS interface has also been considered for the design of a higfnal from an interrogator asset will be demodulated by an
end BOD. The near-PCMCIA size BOD is versatile in compacénvelop detector and the edge of the received pulse will be
ness at no compromise to the performance due to the unigyachronized to the code spreader. The received (unmodulatec
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GPS Two Chip Solution
) e e e steering will provide such a function if a flat
Conroller Uinit (COTS) : GPS AF Unit ICOTS) GP3 ¢ | environmentwas desired.
DR i | P Ry . Additionally, the modulator and code gen-
| FIC A § REEN : | erator are also mounted on the same sub-
'|J'| ) I i : | strate that embeds in the flexible substrate.
sty { *ECiE : | The chip is connected to the antenna ele-
i | - aws | | ara | R B9 : ments using metal vias. A grounded metallic
= ol I P el : | layer shields the chip from the antenna array.
|coriroter [ T 1 -3 e . A PTFE (Teflon)-based or similar flexible
e T . substrate with Er = 2 results in an array
SRS EEEEEERRERREERAREREERERRARRARRRR R AR RN N bealedth Of ~60and 12 dBI Ofgaln, |aunch_
| I ﬁfﬁﬂ;‘”m MHz ing a 1 V signal to a 50-ohm load. The
coverage bandwidth of the antennais 12 GHz
| I ?EP E;“:' flat with S11 being better than -20 dB.
ARMT . .
| | LOFP 144 pin Signal shaping and antenna array
e R e e e s VET-3AV Separating the design into two adjacent
Prower Full 175 mw channels optimizes designs to achieve flatter
Frwer Skeep G0miA and effective filtering capabilities. A unique,
UAATAE22 Tost Bus simple two-stage integrated amplifier and
microstrip-based flat band signal shaping with
Figure 3. GPS module system block diagram of the Beacon-on-demand. low-power consumption has been designed
signal) will be amplified and a desired code will be spread over (Figure 6 a). Reflection coefficient and gain

the amplified signal and transmitted back to the interrogat@t desired ranges of the frequency are shown in Figure 6b and 6¢

The unique method of synchronization and code spreadingTize implementations of the microstrip-based filters, inductive

the key factor in design of a robust, low-power and low-comp@oils and active devices are in aBsed process (CMOS or SiGe).

nent-count chip. Design criteria of 25 dB gain (S21) and -15 dB or better reflection
An ultra low-power controller/signal processor chip (beloWS11) were chosen.

100 mW at full speed) available from many vendors is used

to address the signal processing and pulse repetition frequeB&D system-level architecture

(PRF) and pulse width. In a “stand-alone” mode, the desiredFigure 7 presents the proposed system block diagram that has bee

code is modulated with the selected PRF and transmitted to tised for simulations.

receiver asset. An optional GPS RF unit (available in COTS)Interrogator signal source (echo or on-demand moda):

is also designed to be used with the unit sharing the same contirgkerrogator asset initiates transmitting radar pulses with 1 milli-

ler and signal-processing chip [1-4]. seconds period and 0.2-microsecond width. Rise and fall times are
Figures 3 describes the functionality and actual implementation _

of the GPS module that is currently available as an off-the shelf Antenna Implamentation

item. The GPS unit consumes about 170 mW at full operation, Dipale A

65 mW in sleep mode and 24 mW in deep sleep mode. - Il
Layar

Antenna and multichip-module substrate e

implementation i Sniad

As illustrated in Figure 4a, a T-shaped dipole antenna elemgent '.:m,,,
may be used to form the antenna element. Each T-shaped antennanmisi:
element may be formed using a metal layer of a standard semig@ssang crin
ductor process. T-shaped antenna elements are excited using|viaskssns Er )
that extend through insulating layers and through a ground plane #tsirus - tch“’ss Section of
to drive transistors formed on a RF layer separated from a sub- (b'; l?{t‘ef;?;‘f‘e'd
strate by an insulating layer. Two T-shaped antenna elements 18b Bi-Subatartia implementation.
may be excited by the RF unit to form a dipole pair. To provide =
polarization diversity, two dipole pairs may be arranged such that Beacon-on-Demand™ Integration
the transverse arms (not shown) in a given dipole pair are
orthogonally arranged with respect to the transverse arms in the Dipoka Flate
remaining dipole pair. Depending on the desired operatin
frequenc?es, gach 'FI)'-shapedp antengrjla element may havg muliigle Papration Laper Grounded Shield
transverse arms. The length of each transverse arm is proportipRetleciric
to the quarter wavelength for the desired operating frequency Layer

Figure 5 presents the electromagnetic field simulation results
for a 24-pair antenna array (comb type) operating at 8 to 20 GHz
range [5]. The array and substrate area occupies volume of 9|¢ E;E_"'r': [
by 2.4 cm by 5 mm. s

The unique packaging of the part enables the use of flexible
substrate such that a low dielectric substrate can be used|for
enhanced wideband coupling of the antenna to the transmiq\ed

Insulaior |

gure 4. Demon-
Layar stration of dipole
array design. (a)

Via

power. Bands of flexible substrate will enable the use of the artalp 8i-Substrata
suitable for many applications that require conformity. The phase
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Figure 5a. Reflection coefficient and SWR of the proposed array for L | L _ -
8-20 GHz Tx/Rx. e’ P
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selected to be 10 nanoseconds. The amplitude of the signgl &32 z
chosen to be 1 V. The pulse train is then amplitude-modulaf
with a local oscillator of magnitude 10 mV and frequency ¢
10 GHz for the purpose of illustration. The signal is then amplifig
for 52 dB to simulate the transmitted signal power level from 14 to 2] GHz
interrogator asset. This example used 27 dB gain for the out I“H.H rufwmmmmw
power amplifier and 25 dBi gain of interrogator transmitte e
antenna gain. |._.-"'- |__x"'f
Channel modelThe communication between the interrogatar
asset and the BOD is modeled to be at 10 NM in the air. The

attenuation associated with the environmental elements was alrute 6a. Two-stage flat bandwidth amplifier with integrated filtering.

-116 dB, and the noise generated in the channel

was modeled to be a white Gaussian (rand
seed is chosen to be 534345 for high- and lo
frequency noise spectra) with -20 dB power al
20 dB signal-to-noise ratio (SNR). The details
link budgets are
reflected for Rx (Table 1).

Receiver (echo mode application) modEfe
received signal is collected using an anten
array with 7 dBi gain and then amplified with
unique flat-band two-stage amplifier of Figure ¢
The amplitude demodulator has a sensitivity
1V per volt and has been assumed to toleratg
phase shift. The demodulator is then used
recover the signal envelope (data) from t
carrier and use the edge of the pulse width f
synchronization of code spreader with th
unmodulated signal in echo or on-demand mog
In a “stand-alone” mode, the knob selector detg

mines selected codes from memory module a

w1
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its chosen PRF will dictate the operation of thg, o 6, 511, 521 and NF for 8-14 GHz. Figure 6¢. S11, S21 and NF for 14-20 GHz.

transmitter.
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Table 1. Interrogator Transmitter to BOD Receiver Link Power Budget ing that is discussed later. This ad-

BOD Received Signal from Interrogator Asset Transmitter _ditional gain is effective in address-
ing losses of bad storms, extreme
Frequency ey e e temperatures and degraded receiver
Distance 10 10 10 Miles assets over time.
Free space wavelength 375 30.0 15.0 mm ) Cod|n.g systemThe code with a
S SI 5 S binary bit pattern of 1010 (10 deci-
ubstrate ! : ' mal) has been repeatedly spread (bit
Permitivity 11.7 11.7 11.7 sequence of 10101010....) to the
Antenna elements 1 1 1 pul_se width ofthe sync_hronized pulse
Available receiver BW (%) 5 5 5 % gﬁllge(t';’gfrlll)ca of the interrogator's
Available bandwidth 400 2000 to 10000 1000 MHz The mulltiplier transistor block
Maximum data rate 4 4 4 Kbps spreads the binary pattern to the
Launched signal from transmitter asset 500.0 500.0 500.0 2 width of the P“'Se tram, as shown in
R —" 270 270 270 = the output S|g_nal of Figure 7. The
S = AAsset 17 power : : : spread code is then amplified and
G = Asset TX antenna gain 25.0 25.0 25.0 dBi delivered to the antenna for trans-
EIRP 520 520 520 dBw mission. In one example two dif-
ferent code types can be spread
FSL = Free space loss -134.7 -136.6 -142.6 dBw over a 200-nanosecond pulse
Gr = MMRB receiver antenna gain 7.0 7.0 7.0 dBi width. A pattern of choice can be
Pr = Received carrier power -75.7 -77.6 -83.6 dBw the 11001100 code or an alternate
Received power in dBm -45.7 -47.6 -53.6 dBm Eiit]_eggoocgoréeespondlng to an
Reshaped signal gain - connection loss 25.0 25.0 25.0 dB Alternative .coding system:
Received modulated signal to code spreader -20.7 -22.6 -28.6 dBm Modification to the coding system
Amplifier gain 25.0 25.0 25.0 dB can be performed with more so-
— — - phisticated designs. A maximal
Multiplier and amplifier gain 20.0 20.0 20.0 dB length pseudo noise (PN) code and
Coded signal 24.3 22.4 16.4 dBm carrier frequency can be used
Available process gain for psedo-random coding 50.0 50 to 54 54.0 dB coherently as havmg a common
; - - - reference signal. This coherency
Noise temperature (highest point of operation) 360 360 360 Deg K provides required accuracy for the
Receive bandwidth 6000 6000 12000 MHz condition that each 350 Mcps
Noise energy -165 -165 162 | dBw (Mega-chips per second) in one
Received carrier SNR after antennaffilter 89.6 87.6 78.6 dB 322:32 \?VT’[?] SI(?W,\e/lrcprZslcr)]lu?ilg)?]mrite
Additional channel loss in bad storm 10 10 10 0B quirement. For the case of 350
Received carrier SNR in bad storm 79.6 77.6 68.6 dB T

=,

In case of echo mode, the design proce| |patam I 1 |

ensures the return signal from the BOD is at the sa| | Generstor | Medhulator | [ 'wp;a*\_"'l Antenna Gain !_
frequency as the received one from interrogator as | e z

ar_1d the BO_D acts to relay (re-t_ransr_nit) the sign 00 Hrsosseond P Gl ;n-:zmn P —

with sprea(_jlng the code on. This unique uI_trq-Io i Ref LO=10 my

power design removes the need for sophistical Trisa=10Hammsecond  Po=0 dB

PLL and tuner circuits that are expensive and cq Tial=10 Manasssand

sume high power. A unique design of a coding mo
ule enables significant processing gain to be availal

for generation of interrogators with advanced an
jamming capability (Table 1). — % Altantuator _— Noise Injscior — Alteriuatar_Ze——

Narlabia Duty Cyoia

Transmitter model (on-demand and stand-along T T TR

o . : L~ White Gaussan Moiss
Shown in Figure 7 is also thelock diagram of the Atfentuation=-58 08 Random Coda 534345 Aftentuation=-58 dB

transmitter portion of the BOD to address code spre Phsss Shift=1 Dég Mawss P=20 DB Phasa Shift=1 Deg
ing and to re-send the re-shaped received pulse tr SHR=20 dB

back to the interrogator. This simulation has assun

an 8-bit sequencer that generates the codes E’:_';fhf""p;;m"m

10 to 40 MHz. Codes can alternatively be read fron Gain 34 8

pre-programmed fixed (on the chip) or replaceal Racaived signal

memory stick. The depth of the sequencer can y

modified for final design. [Code | <5 S
The transmitted signal is assumed to be about 2 |En:r-n':|hur4-| Buttiplies = Amp f_»-—-l Arfanna Gain
and a worst case of 0 dB antenna gain has b y 7 *'

assumed (our design has a 12 dB gain). A processg K
gain of 50 dB is available using pseudo-random coggure 7. Interrogator and Beacon-on-demand system diagram.
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Mcps, the chip contains approximately 40Power management unit

logical functions and signal processing

cycles of the 14 GHz carrier, and that the Operation of the power managementcontroller unit, synchronization of puls

zero-phase point of each chip correspondsnit is crucial to secure capability ofedge, coding and code selection including
to the zero-phase point of one cycle of theommunication between interrogator assdhterface to GPS, multiplier, pulse width
14 GHz carrier. This locking of the modu-and the BOD. The system design isand PRF manager, and synthesizer) will be
lation and the carrier is necessary for theased on optimized power consumptiomesigned with a low-voltage 1.2 V modulge
technique that follows, and in practice isby the power management unit. The chipo save power consumption. The exalct

easy to achieve by simply phase-lockingakes advantage of the highest voltage swingpower saving as a result of these hardware

both clocks to a common high-stabilityonly at the input low-noise amplifier (LNA) enhancements in the chip will significantly
master system reference oscillatoand output power amplifier (PA). All increase the lifetime of the operation.

(Ref_CIKk) in the master PLL (please refer

to the February 2004 article 8fF Design
by this author). There are three compo-
nents of information in the waveform: (&)
the integer chip value (which particular chip
has arrived), (b) the sub-chip code phase
value (exactly where within an integer chiip
the arrival occurs), and (c) the carrier phase
value (the carrier phase at the instant| of
arrival). Together, these components pfo-
vide proper resolution to a high degree|of
accuracy for interrogator while receiving
very weak signals from beacon at distan¢es
far away.

The worst-case measurement is |at
maximum range, so the allowable error
is one chip divided by 15,000 chips (15 km
range times 1 chip/m), or 66 ppm. This
is the upper error limit for the interrogatar.
As the receiver bandwidth narrows, the
achievable update rate decreases. Alterna-
tively, a 50 km range may have 20 pgm
allowable 1chip/m resolution. This impligs
that the worst-case timing accuracy requife-
ment for the entire ranging system s,
therefore, 20 ppm, which is well within
the accuracy of any reasonable high-
quality reference oscillator with sophistj-
cated interrogator or receiver assets.

For a complex realization, (PN) se-
guences are used which employ gojod
correlation properties. Using SNR and
update rate tables [6-8] and assuming
identification code is BPSK modulated
a 14 GHz carrier frequency and a 10 @B
Eb/NO translates to a 10"-5 BER. Assum-
ing a 10 dB SNR inside the PLL, then
a 128 KHz signal translates to 2.7 micro-
second of update time. A more restrictiyve
design of 1.28 KHz signal, requires 30 dB
PLL tracking (update rate of 270 micro-
second). The SONET requirement is| a
locking/tracking capability of 60 bit (at
12.5 Gbps) without any transition. Pgst
experiences of suppliers of SONET and
Ethernet PLL chips have met this challenge
of tracking with update time requirement
of 80 microseconds.

For simple implementation, a maximal
length sequences can be applied with a
length of 40 bits. The code sequence| is
generated using a quartz oscillator that
is connected to CMOS shift registern
The feedback loops of these shift register
define the code.

)
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Echo, loop-back, or on-demand modenode to perform the echo mode. to the full functionality of Tx and RXx.
of operation: The unique design of the Stand-alone mode of operatiomn a The GPS function has also been modeled
antenna array enables transmitter anstand-alone mode, all the functions oto be active with 10-minute intervals (on/
receiver from the same antenna. The TXRx within the BOD chip are shut down off) with a power consumption of 175 mwW
Rx function in echo mode is shut downwith the exception of the power manageactive and 60 mW in sleep mode.
until the power detection unit identifiesment unit that encompasses a timer.
interrogator asset’s detected radar scar&his programmed timer is responsible folmplementation
signal. The power management unitmanaging the proper timing required The aforementioned units: power man-
comprises an energy conversion unit thafor burst cycle (PRF), duty cycle (pulseagement, Rx and Tx, code generator,
collects RF signal and after rectifyingwidth) and proper wake-up mode procesynthesizer for generating PRF and pulse
it, delivers it to a large storage capacitordures during Tx operation. The key eleduration are readily available in COTS
The collected energy is then comparednent is function of the power managemenfior a breadboard design. The unique design
to areference level to start the operation ainit. Amplifiers and the synthesizerand integration of these functions into a
transmit and alternates between Rx and Tghould reach steady state condition priosingle chip allow interface to a memory
module and interface to a GPS unit to re-
ceive position data. Furthermore, microstrip
filters using the Si substrate will result in
further compactness and miniaturization of
the BOD.RFD
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