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Figure 14. The noise patterns collected with an oscilloscope connected to a test point in the FDX
transceiver (Model FS1001A by Digital Angel Corporation) at Ice Harbor Dam when the
HDX reader was controlling all four antennas (top) and when it was controlling one antenna
(bottom). Note that the X-axis scales are different in the two oscilloscope shots. The top

figure also illustrates that the different antennas produce different amounts of noise on the
FDX transceiver.
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Conclusions-Recommendations

o We recommend that Ul coordinate their HDX-system installation plans through FPAC and PTSC.
Both BPA and the U.S. Army Corps of Engineers spend millions of dollars each year on studies
that rely on FDX tags and equipment to monitor salmonids — anything that potentially could
impact that data needs to be coordinated with the fish managers.

o At the sites where HDX-induced EMI noise is a problem, reducing the number of HDX antennas
that are active down to one has returned the FDX-tag detection levels back to normal, but the noise
levels are still higher than we would like to see for O&M purposes. We recommend to FPAC that

it insist Ul keep only one active antenna at these sites until they demonstrate that they can activate
more antennas without affecting the FDX systems.

e Ul currently has more than one antenna active at the installation site in the Washington
Shore Ladder at Bonneville Dam. This is causing two of the FDX units in the lower
section to constantly be issuing alarms for excessive noise levels. We recommend that
the number of antennas be reduced to one at this location.

o The modulation necessary for the FDX systems to detect tags depends on low noise levels. If the
HDX-induced EMI noise causes the FDX system to have noise levels above 20%, then the critical
O&M tool of using high noise levels to indicate where there are problems cannot be used. It then
becomes impossible to tell easily whether there are problems with the FDX system that are being
masked by the HDX-induced EMI noise. We would prefer that the HDX systems be installed so
that PSMFC can continue to use this critical tool for completing their O&M tasks.

o We also recommend that any future HDX installation efforts be coordinated with PSMFC
personnel so tests can be run to minimize EMI problems on both systems. In addition to the
problem that some HDX antennas cause on the FDX units, there is one HDX antenna that is
unable to operate because it was installed too close to FDX antennas. PSMFC has gained
significant knowledge over the years that could help Ul install a better system.

e As with any PIT-tag system installation, some sites have EMI problems and some do not.
EMI problems can result from propagation through the air, rebar or through the ground.
The three ladders where we are seeing EMI from the HDX antennas on the FDX system
are ladders where the FDX systems have had grounding and power issues. The only way
to fix EMI problems is to work together on finding solutions.

» Relocating the HDX systems might make it possible to reduce the impact on the FDX
system to an acceptable level. If relocating is not possible, it might be possible to install
antennas in different orientations, to shield the HDX antennas, or to ground them.

e We recommend that more testing be done to understand how the HDX system can be set up to
reduce its impact on the FDX system. These boards are 15 years old and Texas Instruments
probably will not be redesigning them. However, depending on what the noise source proves to
be in the current reader, it may be possible to add filter capacitors or chokes to the existing boards.

e Another point that is important to note. The HDX system is neither FCC certified nor UL
approved. The PTSC and Action Agencies required that the FDX stationary and portable
transceivers be FCC certified and meet UL standards before they could be used by the fisheries
community. These were hard requirements because of safety concerns and wanted to avoid
interfering with other low-frequency radio users. This is one of the main reasons that the FDX
antennas include shields. We recommend that PTSC discuss whether these requirements should
be extended to the HDX system before it is allowed to be used at the FCRPS dams.
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STATUS REPORTS FOR THE FDX SYSTEM DURING THE HDX TEST

These status report were taken at Ice Harbor for the South Shore ladder during a more
extensive noise test. The test was performed by Darren Chase (PSMFC) and Bill Daigle
(Uofl) on 8-3-05. The noise differential was also seen at McNary Washington ladder
when the HDX system was turned off. The other two installation sites do not have noise
levels to this extreme.

FDX system alone

~01-20  g/3/2005
~02-21  g/3/2005
~03-24  g/3/2005
~04-25  /3/2005
~05-36  8/3/2005
~06-37  8/3/2005
~07-40  /3/2005
~08-41  g/3/2005
~A1-28  g/3/2005
~A2-29  8/3/2005
~A3-44  8/3/2005
~A4-45  8/3/2005

11:19:16

11:19:26

11:19:34

11:19:43

11:19:52

11:20:01

11:20:09

11:20:20

11:20:27

11:20:39

11:20:47

11:20:54

INFO

INFO

INFO

INFO

INFO

INFO

INFO

INFO

INFO

INFO

INFO

INFO

FDX with HDX antenna on

~01-20  g/3/2005
~02-21  g/3/2005
~03-24  8/3/2005
~04-25  g/3/2005
~05-36  8/3/2005
~06-37  8/3/2005
~07-40  8/3/2005

Darren Chase

10:40:06

10:40:19

10:40:28

10:40:35

10:40:45

10:40:53
10:41:08

INFO

INFO

INFO

INFO

INFO

INFO
INFO

Exciter current:

4.6A

Exciter current:

4.2A

Exciter current:

4.3A

Exciter current:

4.9A

Exciter current:

5.3A

Exciter current:

3.8A

Exciter current:

4.5A

Exciter current:

4.0A

Exciter current:

5.9A

Exciter current:

5.4A

Exciter current:

5.8A

Exciter current:

5.8A

Exciter current:

4.6A

Exciter current:

4.2A

Exciter current:

4.2A

Exciter current:

4.9A

Exciter current:

5.3A

Exciter current:

3.8A

Exciter current:

Page 1

Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:

Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:

Signal

3%
7%
6%
6%
11%
1%
11%
6%
7%
3%
2%

0%

100%
68%
51%
49%
30%

35%
34%

5/30/2012



STATUS REPORTS FOR THE FDX SYSTEM DURING THE HDX TEST
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TO: EARL PRENTICE

FROM: CARTER STEIN

SUBJECT: RIE: A-PIN - DA REPORT EVALUATION
DATE: JUNE 6, 2005

Earl,

Thank you for the opportunity to review the Technical Feaiibility Study of @ New Active-Passive Intggrated
Transponder (APIT) final report from Digital Angel Corporation (DOC).

KEY MIRIT:

DOC has concluded that an APIT tag can be developed. This is based upon their review of telemetry
requirements, power budget and circuitry required for a tag that meets their understandings of the
specifications provided. On the whole, it seems that DOC has decomposed the problem of the APIT
tag and provided a reasonable problem solving framework for research required, which can guide
future activities related to the project. To characterize the problem in this way is the key merit of the
feasibility study.

This framework is comprised of 1) further investigation and prototyping of the most appropriate
trigeering subsystem; 2) further investigation and prototyping with thin-film lithium ion batteries;
3) further design and prototyping to develop details of the micro-electronics required.

APPLICABILITY / PRACTICALITY

It should be noted that the corc of the discussion in the feasibility study was focused on the APIT
tag. There was very little discussion of the detection and antenna components that would be required
to read the APIT tag. There was no mention of what kind of modifications {(firmware revisionsr) of
existing equipment would be necessary for the APIT tag to be read in “passive” mode.

The feasibility study identified the key hurdles for implementing APIT technology. These parameters
(near field inductive coupling, load modulation, signal attenuation, signal to noise ratio, ete.) arc
discussed and used in various models to compute theoretical activation and read ranges for APIT
[ags.

From an applications perspective, it would be good to constder the benefits of the APIT tag with
respect to the next generation PIT tag — the tag being developed for production subsequent to the
SGL tags — the “SDT” tag. The thought s, 1if the next generation, 12mm, SDT tag is sufficiently
detectable in a 15’ X 15° flume, how would a 18mun or 22mm ST tag perform in a 50 read-range
environment? The purpose of this comparison would be to determine a proportional advantage of
the APIT tag to the PIT tag,

As I've mentioned, the feasibility study did not address the reader and antenna system required to
read the APIT tag. [ had hoped to learn about technologies that would allow lower cost, easier to
construct antenna designs that would be on par with the simplicity of the HDX tag system or of the
radio tag systems.

Figure 5 on page 14 fllustrated a 20mm by 3mm “acoustic-activated” APIT tag. This activation
mechanism was frowned upon in the “disadvantages” scction since “A large size (exceeds the imit of
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Most of the thin film batteries available today are flat and they do not have the cylindrical
configuration that fits our application. We discussed the packaging requirements of the
APIT tag with the battery manufacturer and propos.ed3 a new configuration of thin film
battery cell that would fit our application. The small cylindrical battery shown in Figure 1
is configured of rolling a thin layer (25 pm) of battery cell (195mm length and 6 mm
width) to form a small cylindrical battery cell with 6 mm length and 2.5 mm diameter.

Figure 1. A small battery [2.5 mm(D) x 6 mm(L)]
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APPLICATION SPECIFC INTEGRATED CIRCUIT (ASIC) DESIGN

We have carried out a conceptual ASIC desi gn29 (confidential and proprietary technical
information, Digital Angel Corporation, March 2005) of a potential APIT tag.

Scope

This is a preliminary feasibility study to look into the possibility of adding a battery and
an active transmitter to a Digital Angel passive transponder integrated circuit. The
availability of a battery having a minimum terminal voltage of 2.2Volts is assumed. In
addition to the transmitter, the possibility of adding a sensitive RF receiver/detector
(6mV trigger level) to a Digital Angel transponder IC is investigated. The RF receiver /
detector, as envisioned, will sense the reader field and initiate an active transmission of
the data telegram. A method for combining active and passive modes into a single
transponder IC is presented that will cause the transponder to revert to the passive mode
when in an ambient excitation field of sufficient strength to support passive operation.

Review of Existing Art
Digital Angel Corporation’s present design art for a passive “RF ID Tag” transponder

implemented in a standard low cost CMOS integrated circuit technology is presented in
Figure 17.

FIGURE 17.
Current CMOS Passive Transponder Front End Design
ANTP CMOS Rectifier
S — » @ e
. ' CMOS
| 'EL" - Ly CLAMP
© Antenna o ;. We2sU i | CIRCUITS
© o cToNE [ S T S
'\‘__\__ nducior - !
& - - , VRECT (Chip VDD)
f M S | E . |
e o e [Refe ey
| L S LOGIC& |
! W=25U ; _ SENSOR @
ANT ? & . ......... , ......... L=1.2U | | CURCUITS
M N-Chan !
| Over Voliage % Modulation ;
Clamps JT Resistor !
e H |
1t L. |
i 2 :
f Ll ' l ; J' MNMOD
.... .................... 4

30




CONFIDENTIAL: This document contains information that is proprietary to Digital Angel Corporation.

One limitation to using this technology is that the maximum peak voltage excursions are
limited to only one direction (positive voltages for n-well technology). A good solution to
this limitation is the “CMOS Rectifier” design presented in Figure 17. This design
approach allows only positive excursions of the voltage at ANTP and ANTM, the voltage
across the antenna inductor. On alternate “negative” cycles, the voltage at ANTP and
ANTM is clamped to ground. These voltage waveforms are shown in Figure 18.

Another requirement of using this low cost CMOS technology is the need to limit the
peak voltage excursions at ANTP and ANTM to prevent damage to the chip. A proven
way to do this is shown in Figure 17. Clamping circuits (N-Chan Qver Voltage Clamps)
are used to limit the maximum possible voltage induced at the antenna coil.

FIGURE 18. ANTP and ANTM Voltage Waveforms
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It is desirable, and perhaps required, that any design changes needed to increase the
excitation detection trigger sensitivity level and add an active transmitter, while
simultaneously retaining a passive transponder mode capability, preserve the “front end”
design art presented in Figure 17. This approach probably leads to the fastest
development path with the least risk. This is the approach taken in this discussion,

Adding a Sensitive 134k Hz Receiver / Detector

Adding a receiver to the present design approach appears to be straightforward. Since the
receiver will be required to detect “reader” fields well below the level necessary to power
the transponder (6mV at the antenna), the receiver must be powered by a battery in the
transponder. It seems quite likely that the receiver inputs can be connecied directly
across the antenna inductor without the need for any switching at all. The load of the
receiver inputs will have a negligible effect on the antenna tuned circuit. At low ambient
field levels, the voltage generated across the antenna inductor (below 0.6Vp) will not be
sufficient to cause current to flow in the MOS diodes in the “CMOS Rectifier”. This
effectively disconnects the input tuned circuit from the rest of the transponder resulting in
the highest possible Q (gain) for the tuned circuit, and the best sensitivity for the receiver.
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Since the sensitivity of the receiver will be about 6mV, as the ambient field level
increases and the transponder rectifier begins to turn on at antenna voltages approaching
1.2V p-p, the resulting drop in the antenna Q will not be sufficient to cause the receiver to
“drop out”. As an example, even a reduction in the antenna circuit Q of a factor of 10 as
the rectifier turns on due to ambient field increases (a much greater Q reduction than
observed in actual transponders) will result in a 120mV p-p voltage at the receiver. This
level is well above the design goal of a 6mV p-p detect threshold. If the receiver input
design adds negligible load to the input tuned circuit, there will be no need to switch out
the recetver inputs during passive mode transponder operation. Summarizing, there
appears to be no need to switch the receiver in and out for the active and passive modes
of the transponder.

A proven micro power circuit design approach for the detection of low frequency signals
at the 6mV level is shown in Figure 19. The estimated battery current required for this
receiver/detector is 1 uAmp when the circuit is active.

The receiver detector does not need to be on continuously but can be duty cycled to
reduce the average battery current significantly below 1uA.

If a 36 foot telemetry range is assumed for the system, and the maximum speed of water
and fish through the spillway is 60 feet per second, the transponder will be within
telemetry range for 0.6 seconds. Further, if we specify that 3 complete telegrams are to be
sent from the transponder during this time, a transponder transmission is required every
200mS (5 Hz rate)}. This means that the receiver must be awakened every 200mS. If the
receiver requires 20uS after power-up to make a valid detection, the receiver duty cycle is
20uS/200mS. This results in an average receiver current of 1uA * 20uS/200mS = 0.1nA.

FIGURE 19

Low Level 134k Hz Receiver / Detector Design
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Adding an Active Transmitter

FIGURE 20
ADDING AN ACTIVE TRANSMITTER TO PASSIVE TRANSPONDER
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Active Transmitter Modulation Waveform
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The transmitter presented (Figure 20} does not require a 134K Hz time base on the
transponder chip, but is tuned by the antenna tuned circuit. Note however, that frequency
trimming capacitors (C_TX_TUNE) will most likely be required to obtain the desired
transmitter frequency accuracy. The total value of this capacitance will be less than 50pF
per side (about 350um by 350um total die area). Trimming the transmitter will not
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present the “chicken or egg problem™ encountered in trimming the passive transponder
tuned circuit, so the trim can be done using EEPROM technology. (With the addition of a
battery to the transponder, the passive transponder can also be tuned using this method
thereby increasing the range of passive operation).

If it is determined that an internal 134K Hz time base is desired, the transmitter in Figure
20 can be synchronized to the time base by injecting sync signals at the gates of the
transmitter transistors, M_TX_A and M_TX_B. It should be noted that an accurate time
base will itself require trimming, or a crystal oscillator. The minimum physical size of a
134k Hz crystal component (approx. 2mm x 6émm) will probably make this option
impractical, so a trimmed time base will most likely be required. There may be an
advantage to frequency locking the transmitter to a trimmed time base. The frequency of
the transmitter will tend to shift as the antenna Q changes. Locking the transmitter
frequency to the time base will prevent this problem. This is an issue that will need to be
resolved during the detailed design process. Without the use of a crystal, the maximum
trimmed accuracy of the time base frequency (or transmitter/oscillator frequency) will be
about 1% - 2%.

The most significant change to the current passive transponder design (Figure 17) is the
need for a center tap on the antenna inductor, and one more pad connection to the hybrid.
The center tap allows the battery voltage to be inductively coupled to the ANTP and
ANTM nodes. This permits the voltage excursions at these nodes to exceed the battery
voltage. Simulation (HSPICE) of the circuit in Figure 20 shows that the voltage at nodes
ANTP and ANTM can reach the maximum voltage allowed for the CMOS IC process
under consideration in this report, about 7.5V peak, which is the clamping voltage for
these nodes. (The battery voltage used for this simulation was 2.2V.) This produces 15V
p-p across the antenna inductor when the active transmitter is on. Without the inductive
coupling (center tap), the peak to peak voltage across the antenna inductor will be limited
to two times the battery voltage, or less than 4.4V p-p for a 2.2V battery. With the center
tap arrangement, the transmitter output voltage can be made somewhat independent of
the battery voltage, allowing for lower battery voltages if desired.

Another advantage to connecting VBAT to the transmitter using the center tap is that the
voltage excursion at the center tap, when in the passive mode, is only one half the voltage
excursion at nodes ANTP and ANTM. If the peak voltage at ANTP/ANTM is 7.5V, the
peak voltage appearing at the floating center tap will be 3.75V. This permits the use of
much simpler switching circuitry to switch between the passive and active modes. In fact,
only two electronic switches are needed to switch between modes. Transistors
M_TX_MODA and M_TX_MODB (Figure 20) connect the center tap of the antenna
inductor to the battery voltage during active transmit and modulation, and allow the
center tap node to float during passive operation.

* This refers to the problem encountered when attempting to tune the antenna using EEPROM trim
elements. A VDD voltage is required to power the EEPROM, but the voltage will not be present if the
antenna is not tuned. Powering the EEPROM with the battery eliminates this problem.
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The “CMOS Rectifier” and the “Rectifier Capacitance” can remain connected to the
ANTP and ANTM nodes during active transmit since they have little effect on transmitter
operation. In addition, the added load of the rectifier and circuitry result in a negligible
increase in average battery current required by the transmitter because of the low duty
cycle.

The transmitter is modulated by alternately connecting the center tap of the antenna coll
to VBAT through two switches, M_TX_MODA and M_TX MODRB. Transistors
M_TX_MODA and M_TX_MODB do the modulation switching as well as turn the
transmitter on and off (both transistors off). When switch M_TX_MODB is closed, the
center tap is connected directly to the battery producing the peak amplitude level. When
switch M_TX_MODB opens and switch M_TX_MODA closes, the center tap 18
connected to the battery through the switch and a resistor, RMOD, reducing the effective
battery voltage seen by the transmitter. This produces the valley amplitude level of the
modulation. A damping resistor RDAMP may also be required to reduce the Q of the
transmit oscillator during the modulation valleys. Refer to Figure 21 for the modulation
envelope obtained with the proposed transmitter design. By avoiding on-off carrier
keying as the modulation method, the circuit clock can be extracted from the active
transmitter frequency in exactly the same way it is in the passive mode, allowing the
same clock extraction circuitry to be used for both modes and eliminate the necessity of a
separate clock scheme for the active mode. For the circuit shown in Figure 20, the
average battery current required for continuous 13V p-p oscillation is 350uA as
determined by HSPICE simulation. The total antenna coil resistance assumed 1s 400
Ohms, which corresponds to an unloaded antenna Q of 10.5.

A Possible System Configuration

FIGURE 22
POSSIBLE PASSIVE / ACTIVE TRANSPONDER SYSTEM BASED ON PRESENT DESIGN
ACTIVE XMITTECR XMIT TUNE D
IBAT = 350uA (continuous ransmif) ™10 - o HMOS RECTIFIER

IS

—

E-




CONFIDENTIAL: This document contains information that is proprietary to Digital Angel Corporation.

Putting it all together, a possible scheme to add an active transmitter to a passive low cost
transponder in presented in Figure 22.

It seems apparent that the “RF RECVR?” block, the “MODE CTRL & TIMER” block,
and the active transmitter/oscillator must be powered from the internal battery. The
“LOGIC CIRCUITS?”, and the remainder of the transponder circuitry, may be powered by
the battery in the active mode (switched), BUT, it is also possible for these blocks to be
powered by the “CMOS Rectifier”, just as for passive operation (as shown in Figure 22).
The cost of doing this is approximately a 25% increase in the peak battery current
required for the active transmitter since it now must power the circuitry. However, since
the transmitter duty cycle is small, the increase in average battery current is negligible.
The advantage of doing this is that the changes required to implement the active
transmitter are minimized because many of the same circuit blocks can be used without
change. Putting it another way, the transponder won't care if it’s being powered by the
ambient excitation field, or the internal active transmitter/oscillator, it will respond the
same way. However, the logic circuits may require changes to accommodate the new
active modulation scheme. This may be as simple as adding auxiliary logic betwecn the
main logic block (no changes) and the “analog” modulator.

The “MODE CTRL & TIMER” block controls when the transponder switches to the
active operating mode. This block makes the decision to go into the active mode when a
“DETECT” signal is present from the “RF RECVR” indicating proximity to a reader,
AND, the voltage at the rectifier output “VRECT” is insufficient to power the
transponder. If VRECT is sufficient, the transponder stays in the passive mode even
though a detect signal may be present.

A simple way to regulate the mode switching is to have an internal timer in the “MODE
CTRL & TIMER?” block. This timer does not need to be precise and probably will not
need trimming. The timer will control how long the transponder remains 1n the active
state after a valid active mode decision. After timeout, the transponder will revert to the
passive mode until it makes another active mode decision. The timer can also be used to
set how many passive to active mode cycles are allowed within a preset time interval.
This will prevent *“jamming” and allow other transponders in the area to be read. This
logic could also be added to the passive transponder logic, but adding it in a new block
will probably result in a faster, lower risk project.

The “MODE CTRL & TIMER” block will also have a voltage doubling circuit to
generate a voltage 2xVBAT. This voltage is necessary to turn on the n-channel MOS
switches used to control the transmitter and do the mode switching. This circuit, and all
the other circuits described in this block, require only standard CMOS design techniques
to implement, that is, no special art is required.
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Battery Requirements Overview

Table 4. Battery Requirement Qverview

Estimated Battery Energy

Block | Peak Current | % Duty Cycle | mA-Hours

Active Transmitter | < 350vA very small, ~(.34

(powers circuits, 12 events per 6 months

150K equivalent 80 mSec per event

load at rectifier)

Receiver / Detector | ~1uA 20 uSec per ~0.00
200m Sec

Mode Control & ~1luA 100 ~4.3

Timer

Misc. Circuits ~1uA 10 mSec per ~0.05

1 Sec

Due to the very small “on time” duty cycles required for the proposed transponder, the
battery energy required is small, approximately 5 mA-Hours for a 6 month battery life.
Most of this energy is required to run the timer clock and mode control switching and
detection circuits that control the duty cycling for the rest of the circuitry. It seems
appropriate to do some preliminary detailed design studies of the “mode control and
timer” circuitry to arrive at a better understanding of the minimum battery energy (size)
required. The design of this block will most likely define the system.

A simulation study of the transmitter shown in Figure 20 indicates that when the battery
resistance reaches 3000 Ohms, the peak to peak amplitude of the transmitter is reduced to
half the amplitude corresponding to a battery resistance of 0 Ohms. The maximum
allowed resistance 1s proportional to the battery voltage.

For a 2.2V battery, the maximum pulsed current (350uA for 80mSec) “peak battery
resistance” should be limited to 3000 Ohms. This battery characteristic may determine
the operating life of the active transponder.

Some System Considerations

The frequency tolerance of the active transponder transmitter may be an important system
consideration. Because the amplitude of the voltage induced in the reader coil by the
transponder transmitter will be small (~ 10uV at 12 meters), a large reader receiver coil
is desired. However, the maximum Q of the reader receive coil will be limited by the
frequency tolerance of the transponder transmitter. A 2% frequency tolerance for the
transponder transmitter, limits the read receiver coil Q to about 25.
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For active mode transponder operation, the frequency of the receive signal will not be
identical to the excitation frequency as it is for passive mode operation. If phase or
frequencies tracking demodulation methods are used in the reader receiver, they may not
lock. Also, the ~10db signal to noise ratio improvement gained by using these methods
will be lost.

An issue discovered by us is that the transponder will always enter the active mode first
as it approaches the reader coil. The transponder will need to be about 1 meter from the
reader coil (SAmp, 60 turns) to operate in the passive mode, whereas the active
transponder will have begun transmitting about 12 meters away. This seems to imply
that the passive transponder mode will be redundant when used only with an active
system.

We have proposed a method to reduce the occurrence of false triggering of the active
transponder and prevent the transponder from being triggered repeatedly by nearby
passive systems. The system proposed requires that the reader excitation field be
periodically modulated with a triggering code. When the transponder receives the correct
code it enters the active mode and transmits its telegram. Depending on the complexity of
the code required, it seems feasible that a detector can be built into the “mode control and
timer” block to detect this trigger without significantly increasing battery current.

Conclusions

At this point in the investigation, there does not appear to be any significant IC design
obstacles to adding an active transmission mode to an existing passive transponder IC
design, providing that a suitable battery can be found.

Further, it appears that it is possible, and desirable, to use the rectified and filtered active
transmitter signal to power the transponder circuitry so that the “active” transponder
mode operates in a manner very similar to the passive mode. This approach seems
feasible and permits the use of much of the existing transponder circuitry for both modes
of operation and minimizes or eliminates the need to switch between battery or rectifier
power when switching operating modes.

Also, adding the active mode appears to require roughly a 15% to 20% increase in die
arca over the “passive only” transponder. This estimate is based on the new circuitry that
must added coming from the resulis of this preliminary study.

In next section we will carry out a detail calculation and get an estimate (first order) on
the activation range improvement of the proposed APIT tag as compared to a regular tag.
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Tag Activation Range — First order estimation
Figure 23. A basic configuration’ of reader and tag antenna system

Y ¥

Tag Coil I V = Vsin(mt)
(enlarge |
view)

B = B_sin(wt)
Reader /Scanner Tuning -——/
Electronics Circuit | [ = Lsin(a)
Reader Coil

[rectangular / circular]

Induced voltage (V) on the tag antenna coil = Time rate of change of magnetic flux ¥
[Faraday’s law]

y—-NE (4A)
dr

The magnetic flux ¥ in equation 4A is the total magnetic field B’ that is passing through
the entire surface of tag antenna coil

¥ = [Beds (4B)
The magnetic field B can be estimated in the following 3 ways:
(1) Empirically: Build the antenna and measure it
(2) Simulation: Use software like Ansoft’s “Maxwell 3D” simulation package
(3) Theoretically:  Simplify the configuration [¢.g. circular loop antenna for

reader], look at a specific aspect only [e.g. estimate B, (Bg)
along z-axis at a distance ‘d” away from the center of the
reader’s coil (radius ‘r’)]

"B: The strength and the direction of the magnetic field can be given in terms (more accurate
description)of Magnetic Induction vector B (or Magnetic flex density B)
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The magnetic field (along z-axis) produced by a circular loop antenna ¢oil with N-turns is:

)uG Ia Na r2
B,=B,=—F1"—2141_— 4C)
‘ ° 2(1'"2 +a’2)3”‘2
1IN’
~ ‘“0—”—[3?} for d? >> 1 @D)
2 d
where: d = distance from the loop antenna
r  =radius of the loop antenna

The induced voltage V; (on a tag) can be estimated (equations 4A-4C):

Vo = By27FN,Q, S, cosax (4E)
where:
Si= Surface area of tag’s antenna coil
N; = Number of turns of tag’s antenna coil
Q= Loaded quality factor of tag’s tuned circuit
F = Frequency of the arrival signal
o =  Angle of arrival of the signal (with respect to tag’s axis)
Bo=  peak B field B,
Vo= peak voltage Vp

The strength of the B field (Bg) that is needed to turm on the tag can be estimated:

B, =V, L (5A)
27FN,Q,§, cosax :

The read range (d) of a tag can be estimated {(equation 4C):

Wk

2
d= [ﬂ;ﬁi} —r? (6A)
0

The Amp-turns (I,N,) of the reader antenna coil can also be estimated (equation 4C):

2 2 Y372
LN = 2B,(r +d ) 78)
Ho?
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Now use the above equations (SA, 6A, and 7A) to estimate:

¢ The read range (d) of a tag and

e The Amp-turns (I,N;) of a reader antenna coil

for two scenarios.

Case 1 (regular tag): Requires minimum induced voltage of 6 V., to activate a tag,

Case 2 (APIT tag): Requires minimum induced voltage of 6 mV,,, to activate a tag

Tag’s antenna coil (cylindrical):

10 mm
1. Size: 3 mm
Diameter (D¢) x Length (Ly) ~ 3 mm x 10 mm
2. Radius:
Ri~1.5mm~0.15ecm~1.5x 107 m
3. Surface area:
Si~ TR %~ (3.14)(0.15 cm)* ~ 0.071 cm® ~ 7.1 x 10 m?
4. Number of turns:
N, ~ 1,200
5. Loaded quality factor (Q):
Qc~ 10
6. Frequency of the arrival signal:
F~134.2 kHz Signal Axis
7. Angle of arrival of the signal (with respect to tag’s axis): =—=3 --}{-t-F1-1-}-
«~0
Reader’s antenna coil (circular):
1. Diameter:
D,~18m ~8&’
2. Radius:
r~09m ~3
3.  Number of turns:
N, ~ 60
4, Current:
LL~5A NI ~ 300

Assuming both the coils (tag and reader) are concentric
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Case 1 (regular tag): Minimum required induced coil voltage (Vo) ~ 6 Vpp (1.c. ~3 V)
1

B, =V 5A
* " 27FN,QS, cosa CA)
- (3v) 1
272(134200Hz )(1200)10)(7.1x10™ m* 1)
=4.2x 10° Wb/m® (where: Wb = VeS)
2
233
d= MJ_ — 2 (6A)
L 2B,

(47107 WhA™'m ™ 54)(60)(0.9m)" f ~(0.9m)

\ 24.2x10° Wb/ m?)

=124m (or~48.8" ~4.1")

Case 2 (APIT tag): Minimum required induced coil voltage (Vo)~ 6 mV., (or ~3 mV)

1
B, =V, 5A
° °27FN.QS, cosax ©A)
1
=(0.003v)
( " 27(134200H7 )(1200)(10)7.1x 10 m? J1)
=4.2x 10®* Wb/m’
2
d - [AuUIaNar JS _?"2 (6A)
2B,

{(47r>< 107" WhA™ m:' XSA)(GZO)(OSm)Z f _ (0.9m)
2(4.2x107 Wo/m’ )

=153 m (or~6027 ~50.27)

Summary

The APIT tag has significant activation range improvement as compared to a regular tag

Case 1 (regular tag): The induced coil voltage (V) required to turn on the tag: ~ 6 Vpp,
activation range: ~ 4.1 feet

Case 2 (APIT tag): The induced coil voltage (Vo) required to turn on the tag:~ 6 mVp,p,
activation range: ~ 50.2 feet
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CONCLUSIONS AND RECOMMENDATIONS

The technical feasibility of a new Active-Passive Integrated Transponder (APIT) was
investigated. Research has been conducted on advanced battery with the conclusion that
current solid state thin-film lithium ion battery technology can be used and the current
flat configuration of thin-film battery cell can be modified into a miniature cylindrical
battery for APIT tag usage.

Various tag triggering concepts including Low Frequency RF, Ultra High Frequency RF,
Acoustical, Ultra Sonic, Microwave and Infrared were explored for usage in the APIT tag.
Three potentially feasible system approaches (Acoustical Trigger, Ultra High Frequency
RF Trigger and Low Frequency RF Trigger) and their advantages and disadvantages were
also explored in detail with the conclusion that the Low Frequency RF Trigger is the best
approach.

A conceptual design of an Application Specific Integrated Circuit (ASIC) was carried out
and a proposed circuit approach with system level analysis was described. An analysis on
telemetry range of an APIT tag, as compared to a regular passive tag, was carried out and
the improvement on tag activation range was confirmed. In addition, the APIT tag power
budget and battery energy density requirement were examined in detail with the
conclusion that a proposed cylindrical miniature battery cell would have enough energy
density for the proposed application of APIT tag.

Based on all the information gathered and analysis performed, even with the many
technological challenges, it is feasible to develop an Active-Passive Integrated
Transponder (APIT) tag. A project development plan for APIT tag with timeline and cost
estimate is included 1n this report.

From the feasibility study, sufficient information is available for the government to make
a decision on future development of APIT tag.
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APIT Tag Development Cost 2005 and 20066

APPENDIX A: Cost Estimates of APIT Tag Development

Objective: After the feasibility study of this project, the main goal in the year 2005 and
2006 shall be to verify the concepts suggested in the report.

Here are the recommended steps and estimated cost for the next phase of the project

1. Detailed specifications for the project

2. Project planning/mile stones

3. Development:

TAG*:

Concepts analysis
Design/emulation

Test concepts in the Lab.

READER:

Design and Lab Test of Concepts:

Build prototypes (Large size):

Build prototypes (Lab tests }:

Project management:
Materials and hardware:

Report:

Total estimated *:

*  For ASIC Design of APIT Tag:

Start would need an additional

45

Eng.

Eng.

Eng.
H/W Eng.
S/W Eng.
Eng.
Tech.
Eng.
Tech.

Sr. H/'W Eng.
Sr. S/W Eng.
Project Lead.

Senior Eng.
Tech.

$ 50,000.

160 Hrs. $16.0K
80 Hrs. $ 8.0K
200 Hrs $16.0K
400 Hrs. $40.0K
400 Hrs. $40.0K
320 Hrs. $25.6K
320 Hrs, $19.2K
320 Hrs. $25.6K
240 Hrs. $14.4K
70

6 Months $96.0K
6 Months $96.0K
4 Months. $64.0K
2 Months. $32.0K
3 months. $29.0K
3 Months $48.0K
$50.0K

1 Month $16.0K

$ 635,800.00
$ 460,000.00

-~

| 09% Jgaoo’D
}
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APPEDDIX B: Timeline Estimate of APIT Tag Development
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APPENDIX C: Schematic Drawings of Potential Antenna Systems (Preliminary)

The schematic drawings are confidential and proprietary technical information®" of
Digital Angel Corporation (March 2005). The preliminary drawings are presented as
potential conceptual designs and should not be interpreted as the acrual designs. Detailed
designs of potential antenna systems are beyond the scope of this study.

Preliminary conceptual design of antenna system for turbine intake

Antenna
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Preliminary conceptual design_IA (front view) of antenna system for spillway
[Complex system proposed here. A simpler system will be presented later]
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Preliminary conceptual design_1B (side view) of antenna system for spillway
[Complex system proposed here. A simpler system wil be presented later]
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Preliminary conceptual design_2A (front view) of antenna system for spillway
[A simpler and possibly more effective system®']
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Preliminary conceptual design_2B (side view) of antenna system for spillway
[A simpler and possibly more effective system’ |
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Requirements for a Passive-Active PIT tag

A Passive-Active tag that would operate as both a radio tag and as a passive integrated
transponder (PIT) tag would allow interrogation of tagged fish in spillways and turbine
intakes. Such a tag, referred to as a Passive-Active (PA) tag, would be designed 1o be
activated as it passes through a spillway or turbine and send an identifying signal, then
would turn itself off to save battery life for the next dam passage on-off event. The read
range would need to be in the 50 to 100 foot range. The passive portion of the tag would
be a 134.2 kHz FDX-B PIT tag and would remain viable throughout the life of the fish,
thereby allowing interrogation as the fish returns as an adult (or as the juvenile passes
through any of the existing PIT detection systems in the river). A specialized radio
receiver would also be part of this effort and incorporated into the new generation of PIT
tag transcetvers being developed by Destron Technology Inc. for the Columbia River
Basin (CRB) through a Department of Energy Bonneville Power Administration contract.

The new tag would need to be as small as possible. Initial target size for the tag would 18
to 20 mm by 2.5 to 3mm with a weight of under 0.4g in air. The tag’s size and weight
will be critical factors in determining the feasibility of the project. Battery life and size
would need to be at least long enough for fish passage through eight hydroelectrie
projects and for minimum of four subsequent detections below Bonneville Dam. No
antenna can protrude from the fish and the tag must able to perform within the body
cavity of a fish. Detection of the tag must take place at locations that assure a fish
actually passed through and not just near the location of interest. Fish passage velocity
may be an issue with velocities of over 30 ft /sec.

The contract will cover the following action items:

1) Conduct coordination meetings

2) Review and modify a requirements document produced by NOAA Fisheries
3) Determine System Approaches/ Transmission Protocol

4) Identify Subsystem Components/ Antennas

5) Identify and Procure Off-the-Shelf Equipment for

Transmit and Receive

6) Construct Antenny/ Design Interfaces/ Interconnects

7) Examine Tag Power Budget

8) Determine the size and weight of the tag

9) Provide a project time and cost estimate

10) Provide sufficient information for the government to make a go no-go project
decision

Deliverable

Provide a report describing the initial approaches and results in addition to providing
recommendations and a project time and cost estimate. December 31, 2004




PACIFIC STATES MARINE FISHERIES COMMISSION

205 SE Spokane Street, SUITE 100, Portland, OREGON 97202
PHONE (503) 595-3100 FAX (503) 595-3232

To: PTSC

From: Carter Stein
Date: Julv 1. 2005

Subiect Active - Passive Integrated Transponder Tag Update and Recommendation

In 2004, NOAA Fisheries issued a contract to Digital Angel Corporation (DA) to determine the
technical feasibility of developing a tag that would have all of the attributes of the present passive
integrated transponder (PIT) tag plus have the capability of becoming an active (A-PIT) tag upon
command and thus significantly increase its read range. The A-PIT would be activated at
specific areas of interest (e.g., spillways at dams, turbines, etc.). A requirements document was
prepared by NOAA Fisheries that addressed the performance and physical limitations that the tag
was to meet. In addition, specific applications and the environment associated with those
applications were noted.

DA prepared a final report "Technical Feasibility Study of a New Active-Passive Integrated
Transponder (APIT)" which contained confidential information. NOAA Fisheries convened a
document review committee with representatives from the PTSC, NOAA Fisheries, and the
private sector. The committee was to provide comment as to the reports technical merit.
Committee members all signed non-compete non-disclosure agreements with DA to protect DA’s
confidential information. In addition to reviewing the report the PTSC representative was to
inform the PTSC as to the outcome of the study and to make a recommendation to the PTSC as to
whether the project should be continued. Based on the results of the study, NOAA Fisheries is in
the process of issuing a second contract to DA to investigate antenna design that might be feasible
with the system from both performance and practical standpoints.

The report provided a reasonable overview of alternatives for developing an A-PIT and concludes
that it is technically feasible to develop. In summary I conclude the following:

e Additional areas of the technology require further investigation and evaluation.

e Although the development of the A-PIT tag may be feasible, the practical aspects of the
technology may not be.

o Further investigation of the practical aspects of the technology should be investigated so
that a decision may be made on how to move forward.

e NOAA Fisheries current contractual effort with DA on antenna design will provide
additional information so that the community can determine if the project has technical
and practical application merit and should be supported by the fisheries community.

“To promote the conservation, development and management of Pacific coast
fishery resources through coordinated regional research, monitoring and utilization”



STATUS REPORTS FOR THE FDX SYSTEM DURING THE HDX TEST

These status report were taken at Ice Harbor for the South Shore ladder during a more
extensive noise test. The test was performed by Darren Chase (PSMFC) and Bill Daigle
(Uofl) on 8-3-05. The noise differential was also seen at McNary Washington ladder
when the HDX system was turned off. The other two installation sites do not have noise
levels to this extreme.
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STATUS REPORTS FOR THE FDX SYSTEM DURING THE HDX TEST

~08-41

~A1-28

~A2-29

~A3-44

~A4-45

8/3/2005

8/3/2005

8/3/2005

8/3/2005

8/3/2005

Darren Chase

10:41:16

10:41:30

10:41:38

10:41:47

10:41:57

INFO

INFO

INFO

INFO

INFO

4.5A

Exciter current:

4.0A

Exciter current:

5.8A

Exciter current:

5.4A

Exciter current:

5.8A

Exciter current:

5.7A

Page 2

level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:
Signal
level:

51%
44%
10%

6%

17%

5/30/2012





