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Description

FIELD OF THE INVENTION

[0001] The invention relates to the field of magnetic
resonantimaging and more specifically to the field of gen-
erating and transmitting amplified signals in a magnetic
environment.

BACKGROUND OF THE INVENTION

[0002] Due to recent advances in Magnet Resonance
Imaging (MRI), there is a growing interest in using MRI
to image the heart. Because the MRI image is very sen-
sitive to motion from slice to slice, and stopping the heart
is impractical, it is necessary to accurately detect the
peak of the "R" wave of the ECG signal to generate a
trigger signal and thereby insure that each image slice
is taken when the heart is in the same relative position.
[0003] The traditional approach has been to use
non-metallic electrodes and patient leads to bring the
ECG signal out of the bore of the magnet to an ECG
amplifier, where processing can occur. However, due to
the nature of the MRI image acquisition, the patient is
subjected to an extreme static magnetic field aligned ax-
ially to the patient; moving magnetic gradients in the X,
Y, and Z axis; and pulsed radio frequency (RF) fields on
the order of 1500V/meter. Each of these fields presents
a special challenge for the accurate detection of the "R"
wave of the ECG signal.

[0004] Considering each of these in order, the static
magnetic field in most MRI devices is on the order 1.5T
(tesla) orabout 5000 times stronger then the earth’s mag-
netic field. This presents the obvious problem that mag-
netic items near the bore of the magnet can become pro-
jectiles with the resulting patient or clinician injury. There
is also a secondary problem with respect to "R" wave
detection. Blood, which is conductive, exits the heart or-
thogonally to the static magnetic field. The movement of
blood in the magnetic field results in a "magneto-homo-
dynamic effect"; electrical currents induced in the blood.
In other words, because blood is a conductor moving at
right angles to the magnetic field, it is equivalent to a
generator. The currents induced in the blood will distort
the "T" wave, which indicates the re-polarization of the
heart, making the "T" wave appear much larger in ampli-
tude than it actually is. This can cause some "R" wave
detection algorithms to detect the "T" wave instead, which
will cause a shift of some 40mS from the desired trigger
point.

[0005] Yeta second problem is caused by the moving
magnetic field gradients, since they will cause currents
to be generated in any conductor exposed to them. The
use of patient leads and cables inside the MRI bore to
bring the low level (typically 1mV) ECG signal to the am-
plifiers, results in artifacts in the ECG signal that could
be in the same bandwidth as the ECG signal itself. The
frequency and duration of the gradients are a function of
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the type of scan sequence being performed, and cannot
be filtered effectively with a fixed filter sequence.
[0006] Finally, the pulsed RF fields present the great-
est challenge to effective ECG detection. The RF pulse
is usually a SINC ((Sin x) / x) pulse centered at 64MHz
for a 1.5T system and is about 5mS in duration. The rep-
etition rate for the pulses is from tens of Hz to several
KHz. The fields are generated within the magnet bore
andthe coils generating the pulses are excited with 50KW
of RF power creating a field strength that often exceeds
1500V/ M. These RF pulses, because of the very high
power, are a source of significant patient risk when the
patient leads are exposed to the fields. A wire, looped
around on itself, will appear as a short circuit through the
insulator. This in turn will allow for the generation of eddy
currents in the loop, which will then heat the wire, often
enough to cause third degree bums. To limit the gener-
ation of the eddy current, the patient leads must have a
distributed impedance of about 10Kohms/ft. The result
is that the RF pulses in addition to potentially generating
heat in the electrodes create artifacts in the ECG ampli-
fiers at the repetition rate used in a particular scan. The
high impedance of the patient leads also increases the
electrical noise of the system.

[0007] The traditional approach employed by systems
presently on the market involve using carbon fiber elec-
trodes attached to high impedance patient leads to bring
the low level (1 to 5mV) ECG signal out of the magnet
bore. Once out of the bore, the high impedance leads
connect to a conventional patient cable, which then sup-
plies the signaltothe ECG amplifiers. The ECG amplifiers
typically are located in a RF sealed enclosure outside
the magnet and often as far as 15 feet away. Because
the signal is heavily contaminated with MRI related arti-
facts, a huge amount of post processing is required to
clean the signalenoughtodetectthe "R"wave. This proc-
ess is usually DSP (Digital Signal Processing) based,
and often requires the use of filters that can change pa-
rameters quickly over time to reduce artifacts. These are
generally referred to as adaptive filters. Presently, no
manufacturer has a solution which can produce a clean
ECG waveform under all scan conditions.

[0008] Examples of prior art solutions are mentioned
below:
[0009] US-PatentUS 5,217,010 discloses a device for

monitoring a patient or pacing a patient which can safely
operate in a MRI system. The device uses unique RF
filtering and shielding to attenuate voltages on the leads
resulting from the high frequency RF signals produced
in the MRI. The device is uniquely shielded to prevent
induced currents from disrupting the amplifying and
processing electronics. The device uses an optional sec-
ondary low pass or band reject filter to eliminate interfer-
ence from the MRI’s gradient magnetic field. The device
uses optional inductors placed close to electrodes to limit
RF currents through the electrodes. Several embodi-
ments of the RF filter are taught which depend on the
number of sensing leads, whether the leads are shielded,
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whether the RF filter is contained in the electronic shield-
ed housing or whether single or multistage filtering is em-
ployed. The device may operate as an extended ECG
monitor or may be an implantable MRI safe pacemaker.
[0010] In US-Patent Application US 2004/077961 a
voltage sensing system includes input impedance bal-
ancing for electrocardiogram (ECG) sensing or other ap-
plications, providing immunity to common-mode noise
signals while capable of use with two electrodes. Signals
are received at first and second electrodes having asso-
ciated impedances. An impedance circuit includes a
feedback controller that adjusts an effective impedance
associated with the second electrode based on a differ-
ence signal, a common mode signal, a phase-shifted
(e.g., quadrature common mode) signal, and an imped-
ance associated with the first electrode.

[0011] US-PatentUS 3,761,831 discloses an electron-
ic circuit apparatus for increasing the common mode re-
jection capability of a differential circuit. The circuit ap-
paratus is comprised of a network which algebraically
operates on first and second input signals, each com-
prised of an input information component and a common
mode noise component, to cancel the common mode
noise components and isolate the input information com-
ponents for application to the differential circuit.

[0012] A system for monitoring an ECG during an MRl
examination is disclosed in US-Patent US 6,052,614.
The system permits the monitoring system to be located
near the patient and which eliminates artifacts affecting
the accurate reading of the ECG. The system allows for
control of lead select and battery on stand by mode and
can monitor battery state and lead off conditions.
[0013] A method for improving the quality of electro-
cardiogram (ECG) signals for input to a cardiac monitor
and obtained from a patient undergoing magnetic reso-
nance imaging (MRI) is disclosed in US-Patent US
4,991,580. The ECG leads attached to the patient are
exposed to rapidly changing magnetic fields produced
by the MRI which induce relatively high levels of rapid
voltage changes in the ECG leads.

[0014] European Patent Application EP 0 836 864 dis-
closes a defibrillator electrode comprising a substrate
having a periphery, a foil plate adhered to the substrate,
a retaining ring defining a volume adhered around the
periphery of the substrate, a conductive hydrogel adhe-
sive containing an electrolyte disposed over the foil plate
within the volume of the retaining ring, and a release liner
disposed over the conductive hydrogel adhesive.
[0015] US Patent Application US 2004/0176675 dis-
closes an apparatus and for assessing the electrical po-
tential of cells in a living organism using a high-density
sensor array having a density of at least about 9 elec-
trodes per square inch for measuring the potential of the
static and quasi-static electromagnetic fields of the group
of cells proximal to each electrode.

[0016] US Patent Application US 2002/0161308 dis-
closes a medical telemetry system. The system includes
afirstdetection section for detecting afirst vital sign signal
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using a first sensor. A transmitter modulates a signal de-
tected by the first detection section and transmits the
modulated signal by radio wave transmission. A receiver
receives the detection signal that has been transmitted
by radio wave transmission and demodulates the re-
ceived signal.

SUMMARY OF THE INVENTION

[0017] Inoneaspecttheinventionrelatestoamagnetic
field tolerant amplifier having an amplifier stage, a differ-
ential to single-ended output amplifier stage and a first
and second delay line. The amplifier stage includes a
pair of differential input terminals and a pair of differential
output terminals. The differential to single ended output
amplifier stage includes a pair of differential input termi-
nals and an outputterminal. Each of said differential input
terminals of the differential to single ended output ampli-
fier stage is in electrical communication with a respective
differential output terminal of said amplifier stage. The
first and second delay line each has an output terminal.
Each output terminal of said first and second delay line
is in electrical communication with a respective input ter-
minal of the pair of differential input terminals of the am-
plifier stage. In one embodiment the magnetic field tol-
erant amplifier further includes a plurality of amplifier
stages. Each amplifier stage includes a pair of differential
input terminals and a pair of differential output terminals.
Each of the differential output terminals of one of the plu-
rality of amplifier stages is in electrical communication
with a respective differential input terminal of another of
the plurality of amplifier stages through a respective high
pass filter.

[0018] In a second aspect the invention relates to a
magnetic gradient cancellation delay line including two
coils connected in series atajunction. A capacitor, having
afirst terminal and a second terminal, is connected such
that first terminal of the capacitor is in electrical commu-
nication with the junction and the second terminal of the
capacitor is in electrical communication with ground.
Each of the coils is non-inductively wound to cancel in-
duced currents from a magnetic gradient.

[0019] Inathird aspecttheinventionrelatesto a patient
lead including a flexible circuit substrate having a flexible
conductor having distributed impedance.

[0020] Inafourth aspectthe inventionrelates to a wire-
less transceiver system including an RF cancellation de-
lay line circuit having a pair of output terminals; an am-
plifier stage having a pair of differential input terminals
and a pair of differential output terminals; a differential to
single ended output amplifier stage; an A/D converter
having an output terminal and having an input terminal;
an RF transceiver having an output terminal and having
an input terminal and an antenna in electrical communi-
cation with the output terminal of the RF transceiver.
[0021] Each of the pair of differential input terminals of
the amplifier stage is in electrical communication with a
respective output terminal of the of RF cancellation delay
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line circuit. The differential to single ended output ampli-
fier stage includes a pair of differential input terminals
and an output terminal. Each of the differential input ter-
minals of the differential to single ended output amplifier
stage is in electrical communication with arespective one
of the differential output terminals of the amplifier stage.
The input terminal of the A/D converter is in electrical
communication with the output terminal of the differential
to single ended output amplifier stage. The input terminal
of the RF transceiver is in electrical communication with
the output terminal of said A/D converter.

[0022] In yet another aspect, the invention relates to a
wireless transceiver system. The system includes a first
transceiver sub-system including an RF cancellation de-
lay line having a pair of output terminals; an amplifier
stage including a pair of differential input terminals and
a pair of differential output terminals; a differential to sin-
gle ended output amplifier stage including a pair of dif-
ferential input terminals and an output terminal; an A/D
converter having an output terminal and having an input
terminal; an RF transceiver having an output terminal
and having aninput terminal; and an antenna in electrical
communication with the output terminal of the RF trans-
ceiver. The wireless transceiver system also includes a
second transceiver subsystem having a second RF
transceiver having an input terminal and an antenna in
electrical communication with the input terminal of the
second RF transceiver.

[0023] Each pair of differential input terminals of the
amplifier stage is in electrical communication with a re-
spective output terminal of the pair of RF cancellation
delay line output terminals. Each of the differential input
terminals of the differential to single ended output ampli-
fier stage is in electrical communication with a respective
one of the differential output terminals of the amplifier
stage. The input terminal of the A/D converter is in elec-
trical communication with the output terminal of the dif-
ferential to single ended output amplifier stage. The input
terminal of the RF transceiver is in electrical communi-
cation with the output terminal of the A/D converter.
[0024] In still yet another aspect, the invention relates
to a method for transmitting a signal in a magnetic envi-
ronment. The method includes the steps of providing said
signal to one input terminal of a differential amplifier, de-
laying said signal 180 degrees using a delay line com-
prising a pair of non-inductively wound coils; and provid-
ing said signal delayed by 180 degrees to a second ter-
minal of said differential amplifier.

BRIEF DESCRIPTION OF THE DRAWING

[0025] These and further aspect of the invention can
be better understood with reference to the attached spec-
ification and drawings in which:

[0026] Fig. 1 is a block diagram of an overview of an
embodiment of the system of the invention;

[0027] Fig. 2 is a block diagram of an embodiment of
the delay line circuit of Fig. 1;
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[0028] Fig. 3 is a detailed block diagram of an embod-
iment of a magnetic field tolerant amplifier of the inven-
tion;

[0029] Fig. 4 is detailed block diagram of an embodi-
ment of a patient transceiver of the invention;

[0030] Fig. 5 is an embodiment of a datastructure
transmitted during State_2 according to an embodiment
of the protocol of the invention;

[0031] Fig. 6 is an embodiment of a datastructure
transmitting operating room data according to an embod-
iment of the protocol of the invention;

[0032] Fig. 7 is an embodiment of a datastructure
transmitting CAT scanner and gamma camera triggering
data according to an embodiment of the protocol of the
invention;

[0033] Fig. 8 is an embodiment of a datastructure
transmitting MR triggering data according to an embod-
iment of the protocol of the invention; and

[0034] Fig. 9is a diagram of a set of patient electrodes
constructed in accordance with the invention.

DESCRIPTION OF A PREFERRED EMBODIMENT

[0035] In brief overview and referring to Fig. 1, an em-
bodiment of the wireless system of the invention includes
a patient ECG transceiver unit 10 and a clinician monitor
transceiver unit 20. The patient ECG transceiver unit 10
includes a delay line circuit 28 which receives two ECG
signals at its input terminals 32, 32’ and provides, at its
output terminals 34, 34’ a pair of delayed ECG signals
each mixed with its corresponding input signal. This
mixed signal is applied to the input terminals 40, 40" of a
differential amplifier stage 42. The output terminals 44,
44’ of the differential amplifier stage 42 provide the input
signals to the input terminals 50, 50’ of a differential to
single output amplifier stage 52. The output signal of the
differential to single-output amplifier stage is the input
signal to an A/D converter 60. The digital output of the
A/D converter 60 is the input signal to a processor 70.
The processor 70 provides the encoded output signal to
a transceiver 80 for transmission by the transceiver 80
to an antenna 90 through a matching unit 100.

[0036] The clinician monitor transceiver unit 20 in-
cludes an antenna 90 which is in connected to a trans-
ceiver 80, which in one embodiment is the same trans-
ceiver 80 that is used by the ECG transceiver unit 10.
The signal from the transceiver 80’ is sent to processor
70’, which in one embodiment is the same processor that
is used in the ECG transceiver unit. 10. The output of the
processor 70’ is used to drive a display 110.

[0037] In operation, the ECG transceiver unit 10 has
the transceiver portion initially in listen mode at a prede-
fined frequency. The clinician monitor transceiver 20 be-
gins by broadcasting on this predetermined predefined
frequency what frequency it will be transmitting and re-
ceiving on. The ECG transceiver, at time zero, will oper-
ate in receive mode on channel O looking for aresponse.
It will never transmit on any channel until a signal is de-
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tected from the clinician monitor transceiver. The ECG
transceiver 10 then switches itself to the transmit and
receive frequency of the clinician monitor transceiver 20.
At this point the clinician monitor transceiver 20 instructs
the ECG transceiver to collect and transmit ECG data.
After each transmission from the ECG transceiver 10,
the clinician monitor transceiver 20 issues an acknowl-
edgement (ACK). If the ECG transceiver fails to receive
an ACK it returns to listen mode to determine if the clini-
cian monitor transceiver has changed transmission fre-
quencies.

[0038] In more detail, with the wireless transceiver, it
is not-possible to filter out the 64MHz RF of the pulse
MR coils, since there is no earth ground to which the RF
energy can be shunted. Furthermore, the entire circuitry
is exposed to the RF fields and therefore is saturated
with RF energy. A traditional approach to removing the
RF field is to use absorptive material, such as ferrite.
Although non-magnetic ceramic based ferrite is availa-
ble, it will not provide any RF attenuation within the static
magnetic field of MRI device because the ceramic will
magnetically saturate. Therefore neither filtering nor ab-
sorption is an option.

[0039] Referring to Fig. 2, in one embodiment cancel-
lation is used to remove the effects of the pulsed RF
fields. To cancel the effects of the pulses, a 7.8 nS delay
line is used for each ECG input signal. A 7.8nS delay line
will shift the 64MHz RF carrier by 180 degrees. If the
delayed signal is then mixed with the original signal, the
RF carrier signal will cancel itself. In this embodiment this
is accomplished by winding a PC board trace of length
9.5 inches into a coil 120, and placing a 22pF capacitor
122 to ground. Another coil 124 of 9.5 inches total length
is placed the next PC layer and connected to the first coil.
This configuration provides the necessary 7.8nS delay.
The output signal of the delay line and the input were
mixed across two 50K Ohm resistors 126, 126°. The re-
sulting circuit provided better then 40 dB of 64MHz at-
tenuation in an RF test chamber.

[0040] Referring now to Fig.3, the remainder of an em-
bodiment of a magnetic field tolerant amplifier is shown.
Each of the delay lines 30 is connected to one of the
differential input terminals 40, 40’ of a differential ampli-
fier 42. Each of the output terminals 44, 44’ of the differ-
ential amplifier 42 is connected to the input terminals 40",
40" of the next differential amplifier stage 42’ of the am-
plifier chain through a high pass RC filter 130, 130". In
one embodiment four differential amplifiers 42, 42°, 42",
42" make up the amplifier chain with output terminals of
the differential amplifier of each stage connected directly
to the input terminals of the subsequent differential am-
plifier. In the embodiment shown the chain has gain fac-
tors of ten, two and one half, twenty five and one. The
outputterminals of the last stage differential amplifier 43"
are connected to the input terminals 50, 50’ of a differ-
ential to single ended amplifier 52.

[0041] Referring to Fig. 4, in still more detail an em-
bodiment of an ECG transceiver unit 10 is shown. In the
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embodiment shown the delay line circuit 28 is construct-
ed from four delay lines. The input of each delay line 30
(not shown) is connected to arespective ECG lead. The
output of the delay line corresponding to the left arm 29
and right arm 29’ respectively is connected to a respec-
tive input (generally 40) of a respective differential am-
plifier (generally 42). The output of the delay line corre-
sponding to the left leg 31 is connected to the other input
40’ of both differential amplifiers 42. The delay line cor-
responding to the right leg 33 is connected to a virtual
ground generator 35 which is set at 1.65Vor half the sup-
ply voltage. The respective output terminals (generally
44) of each respective differential amplifier 42 are con-
nected to the input terminals (generally 50) of a respec-
tive differential to single-ended output amplifier (gener-
ally 52). Each output terminal of the respective differential
to single-ended amplifier (generally 52) is connected to
aninputterminal to arespective A/D converter (generally
60).

[0042] In the embodiment shown, the A/D converter
60 is part of a single chip A/D - processor- transceiver
made by Nordic Semiconductor ASA (Tiller, Norway).
This device, the nRF24E1 is a 2.4GHz RF transceiver
with an embedded 8051 micro-controller 70 and a multi-
channel 12 bit A/D converter. Although this device has a
clock based processor, the die for the processor is cre-
ated from 0.13 micron technology, and operates at 1.9
volts. The device has no external bus. Basically, the de-
vice is a very small piece of silicon operating with very
small voltages. Therefore the device emits very little en-
ergy inthe clock edges thereby reducing the interference
with the ECG signals.

[0043] The A/D converter 60 has enough data acqui-
sition resolution to handle adult ECG data. The trans-
ceiver portion 80 of the chip can be set to operate on any
one of 80 frequencies in the 2.4GHz ISM band. The part
is packaged in a 6X6 mm package and is hon-magnetic.
The components of the device are powered a non-mag-
netic battery 140 in the form of a lithium polymer, which
provides 3.7V at 650mA hours. Additional circuits such
as a 3.3 Vregulator 142 which provides a regulated volt-
age to the components and a low battery detector 144
which monitors the battery charge are also included.
[0044] Thechipalsoincludes anintegral digital /O por-
tion 150 which receives input from the low battery detec-
tor 144 and the leads-off detector 154 which receives its
input from a differential amplifier 42. In this manner the
processor 70 can be notified of error conditions and can
broadcast this information to the clinician monitor trans-
ceiver 20.

[0045] Looking atthe operation in more detail, the pro-
tocol is an ultra low power 2.4 GHz protocol designed for
short distance (less then 30 meters) highly deterministic
transmission of physiological data from an on patient in-
strumentation device, the ECG transceiver, to a single
receiving and display device, the clinician monitor trans-
ceiver. Unlike other ISM band protocols, this protocol is
not designed to operate within a network, but in a point
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to point configuration. As discussed above, it is the func-
tion of the clinician monitor transceiver to display the data
and provide a bridge to a traditional network, such as
10BaseT or 802.11 network, if network transmission is
desired. By unburdening the protocol from the need to
operate within a network, greater robustness and abso-
lute timing repeatability is achieved.

[0046] A feature of the protocol is automatic discovery
between any number of ECG transceivers and up to sev-
enty-nine clinician monitor transceivers within a defined
operating environment. The nRF24E1 2.4GHz transceiv-
er chip with embedded 8051 micro-controller generates
a 1MB burst to transmit up to twenty bytes of data in a
packet. The chip employs a sixteen bit CRC forimproved
data integrity. The transceiver chip provides for eighty
discrete channels within the 2.4GHz ISM band, permit-
ting the ECG transceiver initially to be frequency neutral,
and adapting to the frequency of any clinician monitor
transceiver. With this capability a patient could travel from
one monitoring environment to another, and the ECG
transceiver would automatically lock onto the closest un-
used clinician monitor transceiver.

[0047] For example, in an imaging environment, pa-
tient setup could take place in a dedicated room for at-
taching the ECG leads and transmitter. In this room would
be a clinician monitor transceiver, and this would be con-
figured to transmit and receive a specific predefined fre-
quency. The ECGtransceiver transmitter, upon powering
up, would listen at a predetermined frequency (the neu-
tral frequency) and then discover the actual transmission
frequency of the clinician monitor transceiver and switch
to receive it. This would then allow the clinician to verify
the quality of the ECG signal while any medication is
given. The patient would then leave the setup room and
travel to the imaging room, thus losing the communica-
tions ability with the clinician monitor transceiver in the
setup room. The ECG transceiver would then reset its
receive frequency to the neutral frequency again. In the
imaging room, there would be another clinician monitor
transceiver. Again the ECG transceiver would discover
the transmission frequency of this new clinician monitor,
set itself to receive this frequency and transmit the ECG
data.

[0048] It is possible to extend the number of devices
which can operate within a given clinical zone from sev-
enty nine to about five million by including a sixteen bit
address assignment to each clinician monitor transceiver
(equal to seventy nine channels times 65,536). In such
an embodiment, multiple clinician monitor transceivers
could operate on the same channel, but would be dis-
criminated by their sixteen bitaddress. Such an approach
is reasonable for implementations requiring low data
rates. That is, rates lower than that required by, for ex-
ample; MRI cardiac gating, CAT scanner cardiac gating
and OR monitoring.

[0049] This is due to the fact that with address discrim-
ination there will be a certain number of radio packet col-
lisions which will require the need for retransmissions.
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Furthermore, the transceivers require additional time to
decode the packet to determine if the address matches
the assignment. The net effect is a possible reduction in
bandwidth below what is required for the MRl and CAT
gating and OR monitoring functions. It should be noted
however, that in the case of using the ECG signal for
cardiac gating of an MRI or CAT scan, if the pre-process-
ing of the signals is moved to the processor in the ECG
transceiver on the patient, and if a deterministic cardiac
trigger is not needed, then the data flow is significantly
reduced and the use of address discrimination is reason-
able.

[0050] The combination or protocol and hardware fea-
tures result in extremely low power consumption; about
13mW of power when transmitting. The transceivers can
send about 100K baud of data in one direction with a real
time delay of 3mS; enough for six physiological param-
eters. The protocol allows for the re-transmission once
of each packet if dropped. It also contains information
about signal strength, ECG transceiver serial number,
and battery life. The protocol also allows for about fifty
kilobaud of information to be sent from the clinician mon-
itor transceiver back to the ECG transceiver.

[0051] In more detail, the ECG and clinician monitor
transceivers have four operational states. In the first
state, State_0, the ECG transceiver is set to the neutral
frequency, the frequency at which the ECG transceiver
listens for the presence of a clinician monitor transceiver.
The clinician monitor transceiver at this point is broad-
casting a low power RF signal (termed a beacon) out
every 10mS on the neutral frequency (channel 0) indi-
cating which channel from one to seventy-nine the clini-
cian monitor transceiver has been assigned and will be
receiving on. Each clinician monitor transceiver within an
operating environment has a unique channel assign-
ment. After sending the beacon, the clinician monitor
transceiver switches to the assigned channel and listens
for a response from the ECG transceiver. If no response
is received, then the clinician monitor transceiver trans-
mits a beacon again and then again listens for a re-
sponse. This continues until a response is found. All bea-
coning happens at-20dBM, as to limit the coverage area
to about three meters.

[0052] Once the clinician monitor transceiver and the
ECG transceiver have established the transmit and re-
ceive frequency, the ECG and clinician monitor trans-
ceivers are in State_1. In this state, the ECG transceiver
is switched to the operating channel indicated to by the
beacon message from the clinician monitor transceiver.
The ECG transceiver sends an "ACK" or acknowledge-
ment message. The clinician monitor transceiver trans-
mits an "RFD" or request for descriptor to the ECG trans-
ceiver. The ECG transceiver responds with another
"ACK". From here on, any received message in either
direction will be responded to with an "ACK".

[0053] At this point the transceivers have entered
State_2. This is the discovery state of the system. The
ECG transceiver will now tell the clinician monitor trans-
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ceiver about itself. (Fig. 5) Each ECG transceiver has a
hard coded unique thirty two bit serial number in read
only memory which is also displayed on the ECG trans-
ceiver’s enclosure as a six decimal digit value. The ECG
transceiver now sends this serial number to the clinician
monitor transceiver, and awaits the "ACK" message from
the clinician monitor transceiver. All communications
now occurs at full RF power or 0dBM. Every message
received from the ECG transceiver is acknowledged by
the clinician monitor transceiver with an "ACK" message.
In this state, if the ECG transceiver receives no "ACK"
from the clinician monitor transceiver, it will re-transmit
its previous message thirty two times, and after which it
willassume that itis no longer in contact with the clinician
monitor transceiver with which it had been in contact and
looks for another clinician monitor transceiver by return-
ing to State_0.

[0054] If the clinician monitor device has received a
response from an ECG transceiver that is compatible,
the clinician monitor transceiver transmits a "GTD" or
go-to-data message and the ECG transceiver returns an
"ACK". Every ECG transceiver includes a bicolor red-
green led to indicate the state it is operating in; red for
communications with the clinician monitor transceiver
(termed a "no-lock™) and green for communications with
the clinician monitor transceiver (termed a "lock"). At this
pointthe ECG transceiver lights the green LED, the trans-
ceivers enter State_3 and patient data transmission be-
gins. If the clinician monitor transceiver is not expecting
to communicate with the transmitting ECG transceiver,
the clinician monitor transceiver sends a "DNC" or de-
vice-not-compatible message. The ECGtransceiverthen
sends an "ACK" and both devices return to State_0. An
ECG transceiver, having received a "DNC", will delay for
15 seconds before entering State_0, to allow another lo-
cal ECG transceiver, if present, a chance to lock onto the
clinician monitor transceiver.

[0055] In State_3 the continuous data transfer takes
place. The basic cycle time is three mS, in which a data
packet of up to nineteen bytes is sent from the ECG trans-
ceiver to the clinician monitor transceiver, and an "ACK"
is sent from the clinician monitor transceiver back to the
ECG transceiver. All this takes about 1.2 mS, which
leaves enough time for the ECG transceiver to re-trans-
mit the last packet if no "ACK" is received within 500uS
of sending the packet. This data transmission sequence
is repeated as long as the ECG transceiver receives an
"ACK", and the system allows for the re-transmission of
one missed packet. Due to the real time nature of the
signals being transmitted and the fact that the system
must be deterministic, after retransmitting the missed
packet, the system must move on to the next data point
if the re-transmitted packet is also lost. At the clinician
monitor missed data points are interpolated. In most cas-
es two or three missed data points in a row will not affect
the ability to process the signal. If the clinician monitor
transceiver goes for more then 5 seconds without receiv-
ing an "ACK", it will then return to State_0.
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[0056] Although the system has been described in
terms of transmitting ECG data, the ECG transceiver can
be used to transmit a wide variety of patient data to a
clinician monitor transceiver. Thus various signals trans-
mitted from the patient transceiver can be used to trigger
or gate MRI or gamma cameras or provide operating
room data for real-time monitoring of the patient. The
hardware and protocol were designed to handle a wide
variety of real time data, both preprocessed as for exam-
ple the digital data stream from a pulse oximeter module
(eg: a Nellcor MP-100), or a digital stream representing
an analog waveform to be processed in the clinician mon-
itor transceiver. Three different data structures are now
described as examples of data that may be transmitted
in State_3.

[0057] Thefirstapplication (Fig. 6) is for on-patient Op-
erating Room monitoring, in which 4 parameters are sent;
one twelve bit ECG vector at three mS sampling period,
two to twelve bit Invasive Pressure signals at a 25mS
sample rate, and the digital stream from the Nellcor MP-
100 module. The second application (Fig. 7) is for CAT
scanner and gamma camera triggering, in which a single
ECG vector is transmitted with twelve bits of amplitude
resolution at a 250uS sampling period. The third appli-
cation (Fig. 8) is for MRI triggering, in which two ECG
vectors are transmitted with twelve bits of amplitude res-
olution at a 1mS sampling period.

[0058] Referring to Fig. 9, an embodiment of a set of
patientleads 170 is shown. The electrode (generally 174)
leads are printed on a flexible substrate with conductive
ink. In one embodiment the substrate is a polyester base
such as Kaptan and the ink is a carbon ink. The carbon
ink provides adistributed impedance. The individual elec-
trode pads (generally 176) are made of silver.

[0059] The embodiments shown are exemplary and
one skilled in the art will realize that modifications and
changes may be made without deviating from the scope
of the invention. The invention is intended to be limited
only by the scope of the attached claims.

Claims

1. A magnetic and radio frequency field tolerant ampli-
fier for use in a time varying radio frequency field,
said time varying radio frequency field having a pre-
determined frequency, said magnetic and radio fre-
guency field tolerant amplifier has an amplifier stage
(42), said amplifier stage (42) comprising a pair of
differential input terminals (40, 40’) and a pair of dif-
ferential output terminals (44, 44’); the magnetic and
radio frequency field tolerant amplifier comprising:

a differential to a single ended output amplifier
stage (52), said differential to single ended out-
put amplifier stage (52) comprising a pair of dif-
ferential input terminals (50, 50°) and an output
terminal, each of said differential input terminals



13 EP 1 869 764 B1 14

(50, 50°) of said differential to single ended out-
put amplifier stage (52) in electrical communi-
cation with a respective differential output termi-
nal (44, 44’) of said amplifier stage (42);
characterized by

a delay line (30) having a delay line output ter-
minal (34, 34’) and a delay input terminal (32,
32'), said delay line output terminal (34, 34’) of
said delay line (30) in electrical communication
with an input terminal (40, 40’) of said pair of
differential input terminals (40, 40’) of said am-
plifier stage (42) and said delay line input termi-
nal (32, 32’) of said delay line (30) configured
for connection to an input signal source, said
input signal source having an input signal com-
prising a signal of interest and an interfering
component caused by said time varying radio
frequency field;

wherein said delay line (30) is configured to pro-
duce an 180 degree phase shift at said prede-
termined frequency in the interfering component
of said input signal caused by said time varying
radio frequency field at said delay line output
terminal (34, 34’) to thereby cancel the interfer-
ing component of the input signal caused by said
time varying radio frequency field having the pre-
determined frequency and leave the signal of
interest of the input signal substantially unaffect-
ed.

The magnetic and radio frequency field tolerant am-
plifier of claim 1 further comprising a plurality of am-
plifier stages (42, 42', 42", 42"), each said amplifier
stage (42, 42, 42", 42") comprising a pair of differ-
ential input terminals (40, 40°, 40", 40™) and a pair
of differential output terminals (44, 44’), each of said
differential output terminals (44, 44’) of one of said
plurality of amplifier stages (42, 42°, 42", 42") in elec-
trical communication with a respective differential in-
put terminal (40", 40™) of another of said plurality of
amplifier stages (42) through a respective high pass
filter (130, 130').

The magnetic and radio frequency field tolerant am-
plifier of claims 1 to 2 further comprising a second
delay line (30) having a second delay line output ter-
minal (34°) and a second delay input terminal (32’),
said second delay line output terminal (34’) of said
second delay line (30) in electrical communication
with a second input terminal (40’) of said pair of dif-
ferential input terminals (40, 40’) of said amplifier
stage (42) and said second delay line input terminal
(32") of said second delay line (30) configured for
connection to a second input signal source, said sec-
ond input signal source having a second inputsignal.

The magnetic and radio frequency field tolerant am-
plifier of claims 1 to 3wherein said input signal source
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comprises an ECG electrode (174).

5. The magnetic and radio frequency field tolerant am-

plifier of claims 1 to 4 wherein said delay line (30)
comprises a pair of non-inductively wound coils (120,
124).

The magnetic and radio frequency field tolerant am-
plifier of claim 1 to 5 wherein said magnetic and radio
frequency field tolerant amplifier is to be used in a
64 MHz RF field and wherein each of said first and
second delay lines (30) delays said signal by sub-
stantially 7.8 nS.

A method for transmitting a signal in a magnetic en-
vironment, using a magnetic and radio frequency
field tolerantamplifierin atime varying radio frequen-
cy field for transmitting physiological data in said time
varying radio frequency field having a predetermined
frequency, said magnetic and radio frequency field
tolerantamplifier has atleastone amplifier stage (42,
42°, 42", 42"), wherein said amplifier stage (42, 42°,
42", 42") comprising a pair of differential input ter-
minals (40, 40’, 40", 40™) and a pair of differential
output terminals (44, 44’); the method comprising
the steps of:

receiving an input signal comprising a signal of
interest and an interfering component caused
by said time varying radio frequency field;

the method being characterized by

shifting portions of said input signal having said
predetermined frequency by 180 degrees using
a delay line (30) to form a delayed signal;
providing said delayed signalto aninputterminal
(40, 40’) of a differential amplifier (42);
providing said input signal to said input terminal
(40, 40’) of said differential amplifier (42); and
combining the input signal and the delayed sig-
nal at said input terminal (40, 40’) of said differ-
ential amplifier (42) thereby substantially cance-
ling the interfering component of said input sig-
nal caused by said time varying radio frequency
field having the predetermined frequency and
substantially leaving the remaining signal of in-
terest of the input signal unaffected.

8. Themethod of claim 7 further wherein a second input

signal is provided from a second input signal source
to a second delay line (30) having a second delay
line output terminal (34’) and a second delay input
terminal (32’), said second delay line output terminal
(34") of said second delay line (30) in electrical com-
munication with a second input terminal (40’) of said
pair of differential input terminals (40, 40’) of said
differential amplifier and said second delay line input
terminal (32’) of said second delay line (30) config-
ured for connection to the second input signal
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source.

The method of claim 7 to 8 using said magnetic and
radio frequency field tolerant amplifier in a 64 MHz
RF field and wherein each of said first and second
delay lines (30) delays said signal by substantially
7.8 nS.

Patentanspriiche

1.

Magnet- und Hochfrequenzfeld toleranter Verstar-
ker zur Verwendung in einem zeitvariablen Hochfre-
quenzfeld, wobei das zeitvariable Hochfrequenzfeld
eine vorbestimmte Frequenz aufweist, der Magnet-
und Hochfrequenzfeld tolerante Verstarker eine Ver-
starkerstufe (42) aufweist, wobei die Verstarkerstufe
(42) ein Paar Differential-Eingangs-Terminals (40,
40’) und ein Paar Differential-Ausgangs-Terminals
(44, 44’) umfasst; wobei der Magnet- und Hochfre-
quenzfeld tolerante Verstérker Folgendes umfasst:

ein Differential zu einer unsymmetrischen (sin-
gle-ended) Ausgangs-Verstarkerstufe (52), wo-
bei das Differential zur unsymmetrischen Aus-
gangs-Verstarkerstufe (52) ein Paar Differenti-
al-Eingangs-Terminals (50, 50’) und ein Aus-
gangs-Terminal umfasst, wobei jedes der Diffe-
rential-Eingangs-Terminals (50, 50°) des Diffe-
rentials zur unsymmetrischen Ausgangs-Ver-
starkerstufe (52) in elektrischer Verbindung mit
jeweils einem Differential-Ausgangs-Terminal
(44, 44’) der Verstarkerstufe (42) ist;
gekennzeichnet durch

eine Verzégerungsleitung (30) mit einem Ver-
zOgerungsleitungs-Ausgangs-Terminal (34,
34’) und einem Verzdgerungsleitungs-Ein-
gangs-Terminal (32, 32°), wobei das Verzdge-
rungsleitungs-Ausgangs-Terminal (34, 34’) der
Verzdgerungsleitung (30) in elektrischer Verbin-
dung miteinem Eingangs-Terminal (40,40’) des
Paares von Differential-Eingangs-Terminals
(40, 40’) der Verstarkerstufe (42) ist und das
Verzégerungsleitungs-Eingangs-Terminal (32,
32’) der Verzégerungsleitung (30) fiir den An-
schluss an eine Eingangssignalquelle konfigu-
riert ist, wobei die Eingangssignalquelle ein Ein-
gangssignal aufweist, das ein zu untersuchen-
des Signal und eine Stérkomponente umfasst,
die durch das zeitvariable Hochfrequenzfeld
verursacht ist;

wobei die Verzégerungsleitung (30) fiir die Pro-
duktion einer Phasenverschiebung um 180° an
der vorbestimmten Frequenz in der Stérkompo-
nente des Eingangssignals konfiguriert ist, das
durch das zeitvariable Hochfrequenzfeld an
dem Verzégerungsleitungs-Ausgangs-Termi-
nal (34, 34’) verursacht ist, um dadurch die
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durch das zeitvariable Hochfrequenzfeld er-
zeugte Stérkomponente mit der vorbestimmten
Frequenz aufzuheben und das untersuchende
Signal des Eingangssignals im Wesentlichen
unverandert zu lassen.

2. Magnet- und Hochfrequenzfeld toleranter Verstar-

ker nach Anspruch 1, weiterhin umfassend eine Viel-
zahl von Verstarkerstufen (42, 42’, 42", 42"), von
denen jede ein Paar Differential-Eingangs-Termi-
nals (40,40’,40",40") und ein Paar Differential-Aus-
gangs-Terminals (44, 44’) umfasst, wobei jedes der
Differential-Ausgangs-Terminals (44, 44°) einer der
Vielzahl von Verstarkerstufen (42, 42°, 42", 42") in
elektrischer Verbindung mit einem entsprechenden
Differential-Eingangs-Terminal (40", 40™) einer an-
deren der Vielzahl von Verstarkerstufen (42) durch
einen jeweiligen Hochpassfilter (130, 130’) ist.

Magnet- und Hochfrequenzfeld toleranter Verstar-
ker nach den Anspriichen 1 bis 2, weiterhin umfas-
send eine zweite Verzégerungsleitung (30) mit ei-
nem zweiten Verzdgerungsleitungs-Ausgangs-Ter-
minal (34’) und einem zweiten Verzdgerungslei-
tungs-Eingangs-Terminal (32’), wobei das zweite
Verzdgerungsleitungs-Ausgangs-Terminal (34’) der
zweiten Verzdgerungsleitung (30) in elektrischer
Verbindung mit einem zweiten Eingangs-Terminal
(40’) des Paares von Differential-Eingangs-Termi-
nals (40, 40’) der Verstarkerstufe (42) ist und das
zweite  Verzdgerungsleitungs-Eingangs-Terminal
(32’) der zweiten Verzdgerungsleitung (30) fur den
Anschluss an eine zweite Eingangssignalquelle mit
einem zweiten Eingangssignal konfiguriert ist.

Magnet- und Hochfrequenzfeld toleranter Verstar-
ker nach den Anspriichen 1 bis 3, wobei die Ein-
gangssignalquelle eine EKG-Elektrode (174) um-
fasst.

Magnet- und Hochfrequenzfeld toleranter Verstér-
ker nach den Anspriichen 1 bis 4, wobei die Verzo-
gerungsleitung (30) ein Paar induktionsfrei gewik-
kelter Spulen (120, 124) umfasst.

Magnet- und Hochfrequenzfeld toleranter Verstéar-
ker nach den Anspriichen 1 bis 5, wobei der Magnet-
und Hochfrequenzfeld tolerante Verstarker in einem
Hochfrequenzfeld mit 64 MHz zu verwenden ist und
beide Verzdgerungsleitungen (30) das Signal umim
Wesentlichen 7,8 nS verzégern.

Verfahren zur Ubertragung eines Signals in einem
magnetischen Umfeld unter Verwendung eines Ma-
gnet- und Hochfrequenzfeld toleranten Verstarkers
in einem zeitvariablen Hochfrequenzfeld zur Uber-
tragung von physiologischen Daten im zeitvariablen
Hochfrequenzfeld mit einer vorbestimmten Fre-
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quenz, wobei der Magnet- und Hochfrequenzfeld to-
lerante Verstarker mindestens eine Verstarkerstufe
(42, 42’, 42", 42") aufweist, wobei die Verstarker-
stufe (42, 42', 42", 42'") ein Paar Differential-Ein-
gangs-Terminals (40, 40°, 40", 40") und ein Paar
Differential-Ausgangs-Terminals (44, 44’) umfasst;
wobei das Verfahren folgende Schritte umfasst:

Empfangen eines Eingangssignals umfassend
ein zu untersuchendes Signal und eine durch
das zeitvariable Hochfrequenzfeld verursachte
Stérkomponente; wobeidas Verfahren gekenn-
zeichnet ist durch

Verschieben von Teilen des Eingangssignals
mit der vorbestimmten Frequenz um 180 Grad
unter Verwenden einer Verzdgerungsleitung
(30) zur Bildung eines verzdgerten Signals;
Bereitstellen des verzdgerten Signals fir ein
Eingangs-Terminal (40, 40’) eines Differential-
verstarkers (42);

Bereitstellen des Eingangssignals fur das Ein-
gangs-Terminal (40, 40’) des Differentialver-
starkers (42); und

Kombinieren des Eingangssignals mit dem ver-
zogerten Signal am Eingangs-Terminal (40, 40%)
des Differentialverstarkers (42), um dadurch
die durch das zeitvariable Hochfrequenzfeld mit
der vorbestimmten Frequenz erzeugte Stor-
komponente im Wesentlichen aufzuheben und
das Ubrige, zu untersuchende Signal des Ein-
gangssignals im Wesentlichen unverandert zu
lassen.

Verfahren nach Anspruch 7, wobei weiterhin ein
zweites Eingangssignaldurch eine zweite Eingangs-
signalquelle einer zweiten Verzdgerungsleitung (30)
mit einem zweiten Verzdgerungsleitungs-Aus-
gangs-Terminal (34’) und einem zweiten Verzdge-
rungsleitungs-Eingangs-Terminal (32") bereitge-
stellt wird, wobei das zweite Verzdgerungsleitungs-
Ausgangs-Terminal (34') der zweiten Verzbge-
rungsleitung (30) in elektrischer Verbindung mit ei-
nem zweiten Eingangs-Terminal (40’) des Paares
von Differential-Eingangs-Terminals (40, 40’) des
Differentialverstarkers ist und das zweite Verzdge-
rungsleitungs-Eingangs-Terminal (32") der zweiten
Verzdgerungsleitung (30) fur den Anschluss an die
zweite Eingangssignalquelle konfiguriert ist.

Verfahren nach den Anspriichen 7 bis 8 unter Ver-
wendung des Magnet- und Hochfrequenzfeld tole-
ranten Verstarkers in einem Hochfrequenzfeld mit
64 MHz, und wobei jede der ersten und zweiten Ver-
zégerungsleitungen (30) das Signal um im Wesent-
lichen 7,8 nS verzdgert.
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Revendications

Amplificateur tolérant les champs magnétiques etde
radiofréquence pour utilisation dans un champ de
radiofréquence variable dans le temps, ledit champ
deradiofréquence variable dans le temps présentant
une fréquence prédéfinie, ledit amplificateur tolérant
les champs magnétiques et de radiofréquence pré-
sentant un étage d’amplification (42), ledit étage
d’amplification (42) comprenant une paire de termi-
nals d’entrée de différentiel (40, 40’) et une paire de
terminals de sortie de différentiel (44, 44’) ; 'ampli-
ficateur tolérant les champs magnétiques et de ra-
diofréquence comprenant :

un différentiel vers un étage d’amplification de
sortie asymétrique (single-ended) (52), ledit éta-
ge d'amplification de sortie asymétrique (52)
comprenant une paire de terminals d’entrée de
différentiel (50, 50°) et un terminal de sortie, cha-
cun desdites terminals d’entrée de différentiel
(50, 50°) dudit différentiel vers I'étage d’amplifi-
cation de sortie asymétrique (52) étant en com-
munication électrique avec un terminal de sortie
de différentiel (44, 44’) respective dudit étage
d’amplification (42) ;

caractérisé par

une ligne a retard (30) présentant un terminal
de sortie de ligne aretard (34, 34") et un terminal
d’entrée de ligne aretard (32, 32), ledit terminal
de sortie de ligne aretard (34, 34’) de ladite ligne
aretard (30) étant en communication électrique
avecunterminald’entrée (40,40’) de ladite paire
de terminals d’entrée de différentiel (40, 40°) du-
dit étage d’amplification (42) et ledit terminal
d’entrée de ligne aretard (32, 32’) de ladite ligne
a retard (30) étant configurée pour le raccorde-
ment a une source de signal d’entrée, ladite
source de signal d’entrée présentant un signal
d’entrée, ladite source de signal d’entrée pré-
sentant un signal d’entrée comprenant un signal
en cause et une composante parasite causée
par ledit champ deradiofréquence variable dans
le temps ;

étant donné que ladite ligne a retard (30) est
configurée pour produire un décalage de phase
de 180 degrés a ladite fréquence prédéfinie
dans la composante parasite dudit signal d’en-
trée causée par ledit champ de radiofréquence
variable dans le temps a ledit terminal de sortie
de ligne a retard (34, 34’) afin, de cette maniére,
d’annuler la composante parasite du signal
d’entrée causée par ledit champ de radiofré-
quence variable dans le temps présentant |a fré-
qguence prédéfinie et laisser le signal en cause
du signal d’entrée essentiellement inaltéré.

2. Amplificateur tolérant les champs magnétiques etde
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radiofréquence selon la revendication 1, compre-
nant en outre une pluralité d'étages d’amplification
(42,42’,42",42"), chaque étage d’amplification (42,
42’, 42", 42") comprenant une paire de terminals
d’entrée de différentiel (40,40’, 40", 40™) et une paire
determinals de sortie de différentiel (44,44’), chaque
terminal de sortie de différentiel (44, 44’) de I'un des
plusieurs étages d’'amplification (42, 42', 42", 42")
en communication électrique avec un terminal d’en-
trée de différentiel (40", 40™) respective d'un autre
des plusieurs étages d’amplification (42) via un filtre
passe-haut (130, 130’) respectif.

Amplificateur tolérant les champs magnétiques etde
radiofréquence selon les revendications 1 a 2, com-
prenant en outre une deuxiéme ligne a retard (30)
présentant un deuxiéme terminal de sortie de ligne
a retard (34’) et un deuxiéme terminal d’entrée de
ligne aretard (32’), ledit deuxiéeme terminal de sortie
de ligne a retard (34’) de ladite deuxieme ligne a
retard (30) étant en communication électriqgue avec
un deuxiéme terminal d’entrée (40") de ladite paire
de terminals d’entrée de différentiel (40, 40’) dudit
étage d’amplification (42) et ledit deuxieme terminal
d’entrée de ligne a retard (32’) de ladite deuxiéme
ligne a retard (30) étant configurée pour le raccor-
dement a une deuxieme source de signal d’entrée,
ladite deuxieme source de signal d’entrée présen-
tant un deuxieme signal d’entrée.

Amplificateurtolérant les champs magnétiques etde
radiofréquence selon les revendications 1 a 3, étant
donné que ladite source de signal d’entrée com-
prend une électrode d’'ECG (174).

Amplificateur tolérant les champs magnétiques etde
radiofréquence selon les revendications 1 a 4, étant
donné que ladite ligne & retard (30) comprend une
paire de bobines a enroulement non-inductif (120,
124).

Amplificateur tolérant les champs magnétiques etde
radiofréquence selon les revendications 1 a 5, étant
donné que ledit amplificateur tolérant les champs
magnétiques et de radiofréquence est étre utilisé
dans un champ de radiofréquence de 64 MHz et
étant donné qu’aussi bien ladite premiére que ladite
deuxieéme ligne a retard (30) retardent ledit signal
d’essentiellement 7,8 nS.

Procédé de transmission d’un signal dans un envi-
ronnement magnétique a l'aide d’'un amplificateur to-
lérantles champs magnétiques etde radiofréquence
dans un champ de radiofréquence variable dans le
temps pour la transmission de données physiologi-
ques dans ledit champ de radiofréquence variable
dans le temps présentant une fréquence prédéfinie,
ledit amplificateur tolérant les champs magnétiques
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et de radiofréquence présentant au moins un étage
d’amplification (42, 42’, 42", 42"), étant donné que
ledit étage d’amplification (42, 42’, 42", 42'"") com-
prend une paire de terminals d’entrée de différentiel
(40,40, 40", 40") et une paire de terminals de sortie
de différentiel (44, 44°) ; le procédé comprenant les
étapes suivantes :

réception d’un signal d’entrée comprenant un
signal en cause et une composante parasite
causée par ledit champ de radiofrégquence va-
riable dans le temps ; le procédé étant caracté-
risé par

le décalage de parties dudit signal d’entrée pré-
sentant ladite fréquence prédéfinie de 180 de-
grés a l'aide d’une ligne a retard (30) afin de
former un signal retardé ;

la mise a disposition dudit signal retardé pour
un terminal d’entrée (40, 40°) d’'un amplificateur
différentiel (42) ;

la mise a disposition dudit signal d’entrée pour
ledit terminal d’entrée (40, 40’) dudit amplifica-
teur différentiel (42) ; et

la combinaison du signal d’entrée avec le signal
retardé a ledit terminal d’entrée (40, 40’) dudit
amplificateur différentiel (42), supprimant de
cette maniére essentiellement la composante
parasite dudit signal d’entrée causée par ledit
champ de radiofréquence variable dans le
temps présentant lafréquence prédéfinie et lais-
sant le signal en cause résiduel du signal d’en-
trée essentiellement inaltéré.

8. Procédé selon la revendication 7, dans lequel, en

outre, un deuxiéme signal d’entrée est fourni parune
deuxiéme source de signal d’entrée a une deuxiéme
ligne a retard (30) présentant un deuxieme terminal
de sortie de ligne a retard (34’) et un deuxieme ter-
minal d’entrée de ligne a retard (32°), ledit deuxiéme
terminal de sortie de ligne a retard (34’) de ladite
deuxieme ligne aretard (30) étant en communication
électrique avec un deuxiéme terminal d’entrée (40")
de ladite paire de terminals d’entrée de différentiel
(40, 40’) dudit amplificateur différentiel et ledit
deuxiéme terminal d’entrée de ligne aretard (32°) de
|adite deuxieéme ligne a retard (30) étant configurée
pour le raccordement a une deuxiéme source de si-
gnal d’entrée.

Procédé selon les revendications 7 a 8 utilisant ledit
amplificateur tolérant les champs magnétiques etde
radiofréquence dans un champ de radiofréquence
de 64 MHz et étant donné qu’aussi bien la premiére
que la deuxiéme ligne a retard (30) retardent ledit
signal d’essentiellement 7,8 nS.
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/! SERIAL NUMBER
I 4 bytes (long) :
] 0x00, 0x00, 0x00, 0x01

[/ DEVICE TYPE
I 1 byte 7 0=RX, 1=TX.
XX, '

i
{IDEVICE ID
) 1 byte: .
i 0x00: TEST
Il 0x01: 1 channel ECG
! 0x02: 2 channel ECG, SP0O2
/] 0x03: 3 channel ECG, P1
/] 0x04: 4 channel ECG, P1, P2, SPO2
Il 0x05: 2 channel ECG1, ECG2
Il 0x06 - Oxff: TBD
XX

/)

/- FIRMWARE VERSION

Il 4 byte string: "1.00" or any 4 byte ascii chars
I1I’ I_l' l0|' lOI,

/)

/i Report Interval ’

Il - 00: Reports only when new data available (not allowed in current
firmware)

/] xx: Number of MS

XX,

/]

;/ data_protocol

/

/] 00: NO ACK

Z 01: ACK with retry
XX,

/]

I/ REPORT BYTES
i Number of bytes in data report
XX

FIG. 5
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struct wordorbyte
(
union (
unsigned int word;
struct (
unsigned char h;
unsigned char |;
) bytes;
| ) dat;

struct txbuf_struct

unsigned int ecg; Il 2 ecg

unsigned char key; : /1 1 byte for ident id
struct wordorbyte payload; N2

) : 11 5 bytes TX total

const struct descriptor_struct code descriptor_msg =

-

Il SERIAL NUMBER
Ik 4 bytes (long)
)y 0x00, 0x00, 0x00, 0x01

/I DEVICE TYPE
/) 1 byte ? 0=RX, 1=TX
0x01, ‘

I
/I DEVICE ID

Il 1 byte:

I} 0x00: TEST

1) 0x01: 1 channel ECG

[} 0x02: 2 channel ECG, SPO2

il 0x03: 3 channel ECG, P1

[l 0x04: 4 channel ECG, P1, P2, SPO2

) 0x05 - Oxff: TBD

Il 0x04, Il 4 channel ECG, P1, P2, SPO2

)

I FIRMWARE VERSION

i 4 byteostring: "1.00" or any 4 byte ascii chars’
I1l' l.l' lol, / l'

i

Il Report Interval

CONTINUE
TOFIG.6B

FIG. 6A
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CONTINUE
FROM FIG. 6A

i 00: Reports only when new data available (not allowed in current
firmware).
i xx: Number of MS

3

]

Z data_protocol

] 00: NO ACK

Z 01: ACK with retry
0x01,

]

I/ REPORT BYTES
if Number of bytes in data report

I
JIREPORT DESCRIPTOR |1Ds

I ID bytes will be used for each byte in the report

I 0x00 - ECG HIGH BYTE (vector 1)

I 0x01 - ECG LOW BYTE (veclor 1)

i 0x02 - Pressure Channel 1 HIGH byte
A 0x03 - Pressure Channel 1 LOW byte

I/ 0x04 - Pressure Channel 2 HIGH byle

I 0x05 - Pressure Channel 2 LOW byte

/] 0x06 - Pressure Channel 3 HIGH byte

I 0x07 - Pressure Channel 3 LOW byte

/] 0x08 - Pressure Channel 4 HIGH byte

" 0x09 - Pressure Channel 4 LOW byte

" 0x0a - ECG HIGH BYTE {vector 2)

" 0x0b - ECG LOW BYTE (vector 2)
I 0x0c - Combo: RETRY upper nibble, Packet Count lower nibble

I 0x - RESERVED FOR FUTURE USE

" 0xf9 - round robin ID byte

Il Oxfa - Packet retry num

] Oxfb - checksum byte high

" Oxfc - checksum byte low

i Oxfd - LENGTH byte

] Oxfe - Packet number byte

] Oxff - mixed DATA type: used in round robin packets

Il 0x00, /IECG1 HIGH

il 0x01, Il ECG1LOW

Il 0xf9, // Round Robin ID byte
I Oxff, = /I Mixed data type

Il Oxff, // Mixed data type

FIG. 6B
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struct txbuf_struct

(

urisigned int ecg (9); 11 18 packed bytes of ecg data
unsigned char status, I 1 byte status

)i 1119 bytes TX total

?onsl struct descriptor_struct code descriptor_msg = |

i

/I SERIAL NUMBER

il 4 bytes (long)
y 0x00, 0x00, 0x00, 0x01

{/ DEVICE TYPE
I 1 byte ? 0=RX, 1=TX
0x01,

Il
/I DEVICE ID

Il - 1byte:

) 0x00: TEST

i 0x01: 1 channe! ECG

I 0x02: 2 channel ECG, SPO2

i 0x03: 3 channel ECG, P1 -

Il 0x04: 4 channel ECG, P1, P2, SPO2
) 0x05 - Oxff: TBD

Il 0x01, il 0x01: 1 channel ECG

]

Il FIRMWARE VERSION

Il 4 byte string: "1.00" or any 4 byte ascii chars
|1I‘ l.|l 10|' I0|,

]

/I Report Interval

Il 00: Reporis only when new data available (not allowed in current
firmware)

//} xx: Number of MS

3

) data_protocol

I/} 00: NOACK

II' 01: ACK with retry

I} .

0x01,

" :

// REPORT BYTES
CONTINUE
TOFIG. 7B

FIG. 7A
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CONTINUE

FROMFIG. 7A
) 9 Number of bytes in data report
-

/f REPORT DESCRIPTOR IDs

i ID bytes will be used for each byte in the report

" 0x00 - ECG HIGH BYTE (vector 1) .

! 0x01 - ECG LOW BYTE (vector 1)

i 0x02 - Pressure Channel 1 HIGH byte

Il 0x03 - Pressure Channel 1 LOW byte

] 0x04 - Pressure Channel 2 HIGH byte

il 0x05 - Pressure Channel 2 LOW byte

I 0x06 - Pressure Channel 3 HIGH byte

I 0x07 - Pressure Channel 3 LOW byte

Il 0x08 - Pressure Channel 4 HIGH byte

I} 0x09 - Pressure Channel 4 LOW byle

] 0x0a - ECG HIGH BYTE (vector 2)

) 0x0b - ECG LOW BYTE (vector 2)

" 0x0c - Combo: RETRY upper nibble, Packet Count lower mbble
/] 0x0D - STATUS BYTE

Il - 0x0e - PACKED ECG data (MRI/CAT SCANNER APP)
/) 0x - RESERVED FOR FUTURE USE

)

] 0xf9 - round robin ID byte

I Oxfa - Packet refry num

i 0Oxfb - checksum byte high

" Oxfc - checksum byte low

I Oxfd - LENGTH byte

Il Oxfe - Packet number byte

) Oxff - mixed DATA type: used in round robin packets

I
0x0e, 1/ packed ECG data byte 1
0xCe, 1l packed ECG data byte 2
0x0Qe, /I packed ECG data byte 3
0x0e, // packed ECG data byte 4
0x0e, Il packed ECG databyte 5 -
0x0e,  // packed ECG data byte 6
0x0e, // packed ECG data byte 7
0x0e, Il packed ECG data byte 8
0x0e, 1/ packed ECG data byle 9
0x0e, /I packed ECG data byte 10
0xQe, Il packed ECG data byte 11
OxQe, Il packed ECG data byte 12
0xOe, Il packed ECG data byte 13
0x0e, /I packed ECG data byte 14
0Ox0e, Il packed ECG data byte 15
Ox0e, Il packed ECG data byte 16
0x0e, /I packed ECG data byle 17
0x0e, Il packed ECG data byte 18
0x0d, 1 STATUS byle

FIG. 7B

)i
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struct txbuf_struct

(

unsigned int ecg (9); I 18 packed bytes of ecg data
unsigned char status; /1 1 byte status

) 1119 bytes TX total

const struct descriptor_struct code descriptor_msg =

)

Il SERIAL NUMBER
Il 4 bytes (long)
I 0x00, 0x00, 0x00, 0x01

{// DEVICE TYPE
/] 1 byte ? 0=RX, 1=TX
0x01,

I/}
/IDEVICEID -

il 1 byte:

i 0x00: TEST

!l 0x01: 1 channel ECG

/) 0x02: 2 channel ECG, SPO2

/) 0x03: 3 channel ECG, P1

Il 0x04: 4 channel ECG, P1, P2, SPO2
/I 0x05: 2 channel ECG1, ECG2

Vi 0x06 - Oxff: TBD

{{ 0x05, Il 2 channel ECG1, ECG2

I
I FIRMWARE VERSION

] 4 byte string: "1.00° or any 4 byte ascii chars
// l1l. l.l" lo(’ '0"

1/ Report Interval -

Il 00: Reports only when new data available (not allowed in current -
firmware)

" xx: Number of MS

3,

i
x data_protocol

" 00: NO ACK

l; 01: ACK with retry

/

0x01,

I

/I REPORT BYTES
CONTINUE
TOFIC. 8B

FIG. 8A
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CONTINUE
FROMFIG. 8A

Number of bytes in data report

/| REPORT DESCRIPTOR IDs

]

A

il
Il
I
)
I
I
I
)
Il
I
Il
I
I
)
)
i
Ul
Ul
Ul
I
I
i
)

-

ID bytes will be used for each byle in the report
0x00 - ECG HIGH BYTE (vector 1)
0x01 - ECG LOW BYTE (vector 1)
0x02 - Pressure Channel 1 HIGH byle
0x03 - Pressure Channel 1 LOW byte
0x04 - Pressure Channef 2 HIGH byte
0x05 - Pressure Channel 2 LOW byte
0x06 - Pressure Channel 3 HIGH byte
0x07 - Pressure Channel 3 LOW byte
0x08 - Pressure Channel 4 HIGH byte
0x09 - Pressure Channel 4 LOW byte
0x0a - ECG HIGH BYTE (vector 2)
0x0b - ECG LOW BYTE (vector 2)
0x0c - Combo: RETRY upper nibble, Packet Count lower nibble
0x0D - STATUS BYTE
Ox0e - PACKED ECG data (CAT SCANNER/MRI APP)
0x - RESERVED FOR FUTURE USE

0xf9 - round robin ID byte
Oxfa - Packet retry num
Oxfb - checksum byte high
0xfc - checksum byte low
Oxfd - LENGTH byte
Oxfe - Packet number byte
Oxff - mixed DATA type: used in round robin packets

0x0Oe, Il packed ECG data byte 1
0x0e, Il packed ECG data byte 2
0x0e, Il packed ECG data byte 3
0Ox0e, Il packed ECG data byte 4
0x0e, Il packed ECG data byte 5
0x0e, Il packed ECG data byte 6
0x0e, Il packed ECG data byte 7
0xOe, Il packed ECG data byte 8
0x0Oe, /1 packed ECG data byte 9

Oxff,

/I mixed data type

FIG. 8B
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