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Tags

The Dow Chemical Co. (Midland, MI) sponsored research to
develop a corrosion detecting radar system

Goal: generate significant labor savings relative to manual
iInspections of insulated outdoor chemical tanks

— The corrosion detecting “tag” would reside beneath insulation,
against the metal chemical tank—need to have planar antenna
with integral groundplane to avoid feedpoint impedance issues
(following [8] and NEC2 simulations)

Typical chemical tank Overview of radar system use
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« Reactive element corrodes proportionally to chemical tank
« Tag return loss proportional to corrosion—increased tag loss
IS detected by the harmonic radar system
Corroded element:

significant decrease in tag
return signal strength

“Good” element:
normal tag return signal
strength

High-
speed
switching
diode

Chemically
reactive
element

“Good” (uncorroded)
element

“Bad” Corroded element
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« Harmonic Radar System:
— Radar receives reflected energy at second harmonic (typically)

— Allows discrimination between desired targets and highly
reflective (e.g. metallic) background objects

— Antenna “tag” typically uses a high-speed switching diode to
generate harmonics from incident radar energy—only the

second harmonic is received by the radar
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The junction potential and zero-bias junction capacitance are two

factors of interest for maximizing tag radar response (following [4,5])

Sinusoidal

input to diode
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Clipped o
(harmonic rich)
output from diode 2000

(following [2])
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Experimental evidence indicates diode capacitance has a dominant
effect on performance with this tag d

1.680

__________________

__________________

_________________

..................

------------------

------------------

------------------

------------------

------------------

0s

Note: 20MHz, not 917MHz simulation is shown




*We decided to pick a few diodes with low zero-bias junction
capacitance and low junction potential, to experimentally find which
diode/tag combination gave the largest tag return signal strength

*We tried the following low-cost diodes:
*BAR42FILM
*BASIOLT1G
*SS14
*ES2B
*DAP202

Of these diodes, the DAP202 gave the best tag return signal strength with
the new tag design. It costs 4.4 cents 1n quantities of 1000.
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First Generation Tag

US Patent # 7,145,453 includes the first generation

planar tag. Ultimately, it was determined that the tag cost
needed to be reduced to manufacture in large quantities.
*Taconic RF-35 laminate—high
cost

*Used two patch antennas—Ilarge
physical size

Issues:

*Performance: 50 ohm traces
present high VSWR to diode,
increasing loss and reducing range
of detectibility

*Material Cost: over $7.00 plus

| need for shorting via

| *Size: 190x130mm=24700mm?
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Developing a New Tag

Key 1deas:
*Use best economical FR-4 laminate
*We felt that the diode interface was a good candidate for improvement
*Simulations predicted the patch edge feedpoint to be ~220 ohms
*But, 220 ohm traces are THIN, DIFFICULT, and EXPENSIVE

to make on this laminate
So, use a ¥4 wavelength 220:50 ohm back to back with Following [3,7]:

a 50:220 ohm transformer to present a 220 ohm / = .7 . / 5
impedance at both ends, through using a %2 wavelength ? 1

105 ohm transformer trace and well-known
(105 ohm trace is 0.7mm on the new laminate—good) microstrip width
(220 ohm trace is < 0.1mm on the new laminate—bad) formulas (see paper)
105 ohm line 50 ohm line 105 ohm line 220 ohm
(1/4 wavelength) (any length) (1/4 wavelength) feedpoint
220 ohm
feedpoint | |

Microstrip impedance transformer (220:50:220 ohms)
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Prototype Measurements

Developed dual-patch prototype, simulated in Sonnet
S11 Measured on HP8510 VNA (unused port was left unterminated)

14 Jul 2008 09:46:48 14 Jul 2008 094754
CHL 3599 log MAG 10 dB/ REF -2665 dB  27_-1B626 dB CHL Sy log MAG 10 oB/ REF -2665 dB 17_-3559 dB

i=] 892,510 000 MHz Fa 1765250 001 |MHz

PRMm
(-4 142 dB FRo
L1793 GHz

Cer | MARKER | 1
avg || 1765250001 Ghz

CENTER 1 350,000 000 MHz SPAN 1 100,000 000 MHz

CENTER 1 350,000 000 MHz SPAN 1 100,000 000 MHz

S11 at input to transformer feeding F1

) S11 at mput to transformer feeding F2
feedpoint (better than -15dB)

feedpoint (better than -25dB)

Dual-feed proof of concept
prototype
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Developing a New Tag

Previous (first generation, patented) tag:

RF Energy 174 wavelength (917

M RF Energy
o Hz\ nz open 57 at 1834MHz
Anternna element __—
resonant at 917MH=z Diocle \_Aﬂtennn element
T resonant at

S0 ohm N 1834MHz
I

microstrip line
Reactlve element _/

(30 ohm Impedance /l

174 wavelength (S17MHzD
shorted stub

Impedance Mismatch
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Developing a New Tag

New (second generation) tag, inspired by dual-band patch antenna in [1]:
RF Energy ot Still an impedance RF Energy at

less severe
A
/~

Antenna element
resonant at 1834MHz

Antenno element

PV
resonant at 917MHz

105 ohm NCPOStﬂpZ_///(
Y% wavelength @ S17MH

impedance transformer

Reactive element
105 ohm impedance

109 ohm microstrip

20 ohm microstrip % wavelength @
(arbitrary lengthd 317MHz (including
reactive elementd
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second [New) Generation Tag

1

917MHz
feedpoint

220:50 ohm
Va wavelength
Impedance
Transformer

Arbitrary
Length of
50 Ohm line

Hi-speed diode = Reactive 50:220 ohm
@1834MHz Element Va wavelength

feedpoint Impedance
Transformer

Nelco N4000-6
laminate
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second [New) Generation Tagy

Radar transmits at 917MHz. The incident
917MHz energy is primarily captured at — —

ohms; 917MHz
. travels through

s wavelength
transformer

“ ‘..
50:220 ohms chosen for A
manufacturing S ..

practicality; diode has

dynamic impedance [4,5] S50 ohms chosen for
convenience; can be
of any length

1834MHz harmonic is
primarily radiated at these
two edges

30 Annual AMTA Symposium — November 16-21, 2008




* Current system is CW, transmitting at 917MHz
— Radar receives at second harmonic—1834MHz
— Ten filters, superheterodyne receiver
— TCXO slaved PLLs
— Demodulator - log amp - front panel meter and BNC jack

Harmonic Racdar Coupling

INDUSTRIAL
917MHz POWER TANK
PLL AMP DIRECTIONAL
@ N ANTENNAS ©

=/ —_—
LOW—-PASS —
FILTERING
DEMOD LNA - “TAG”
XD <VC .
HI-PASS
FILTERING

Simplified System Block Diagram
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« At present, system runs off of 120VAC (e.g. using 12V car
battery with AC inverter)

o

System in use at Dow Chemical - Midland, MI
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« What signal level to expect?
RX signal =TX power +TX gain+RX gain

— Outbound loss —Inbound loss —Tag loss —misc loss

RX signal[dBm]|=37+10+15-20log,, %—2010&0 %—30—3

« S0, for 5 meters we may expect (following [6]):

475 475

37+10+15-20log.. —— 2010 ~30-3
8103577 51077636

=—68dBm

« -68dBm corresponds to an SNR of about 31dB with the present
harmonic radar system

« But, diode loss is not fixed due in part to dynamic diode
impedance
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RX noise floor is about -97dBm when TX is on

On
O
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Receiver input level [dBm]
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Front panel meter [dimensionless]
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Tag Performance

« Real-world testing outdoors at MSU and Dow Chemical

Outdoor tag readings

80 ——0ld 3
70 ~@-0ld 1
New 44
60 =>=New 23
E 50 =¥=New 13
S, 40 —o—\Wire
(14 —+=Theoretical
% 30 —Exposed LT
20 ——Exposed MS
—e—Exposed RS
10 —-Exposed RT
0 —A—Exposed LS

1.8 3.7 5.5 7.3 9.1

stand-off distance [m]
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second [New) Generation Tagy

« Goals: Achieved
— Reduce material cost to under $1.00 each (was over $7)
« Material cost for new tag is ~$0.85

— Reduce size
« Surface area is 51% of 15t generation tag J

— Maintain performance and durability
- Detectable at least as far as 1st generation tag J
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« More detailed characterization of the
diode/microstrip interface in order to more fully
optimize this interface

« Study effects of corrosion—determine proportionality
between corrosion and tag return signal strength
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