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WO 97/37706 PCT/US97/00910
AIR DETECTOR
Field of the Inventi
The present invention relates to medical infusion pump air detectors.
Background of the invention

t

The administration of intravenous medical fluids to a patient is well known in the art.
Typically. a solution such as saline, glucose or electrolyte contained in a glass or flexible
container is fed into a patient's venous system through a conduit such as a polyvinyl chloride
(PVC) intravenous (IV) tube which is accessed to the patient by a catheter. Many times. the
fluid is infused under the forces of gravity, and the rate of flow is controlled by a roller clamp
10 which is adjusted to restrict the flow lumen of the IV tubé until the desired flow rate is

obtained.

Flow from the container to the patient also is known to be regulated by means other
than a roller clamp. It is becoming more and more common to use an electronically
controlled infusion pump. Such pumps include, for example, peristaltic-type pumps and

15  valve-type pumps. Peristaltic-type pumps typically include an array of cams angularly
spaced from each other which drive cam followers connected to pressure fingers. These
elements cooperate to impart a linear wave motion on the pressure fingers. This linear wave
motion is used to apply force to the I'V tube, which imparts the motion to the fluid in the IV
tube thereby propelling the fluid. An alternative type of peristaltic pump employs a plurality

20  of roller members which roll over the IV tube to impart the motion to the fluid in the I'V tube.
Infusion pumps also employ pumping chambers having upstream and downstream valves to
sequentially impart the propulsion to the fluid. Such valve-type pumps typically require the
use of a specialized pumping cassette chamber, which is contained on a dedicated I'V tube
between the patient and the source of fluid.

25 A particular concern in infusing a patient with medical fluid is that air will be

introduced into the I'V tube. which can then be infused into the patient's venous system. Prior
art pumps have employed air detectors designed to detect the presence of air in the IV tube.

Such air detectors. however. have had a relatively small dynamic range for testing. which has
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sensor to use low power consumption so that, when the pump is operating on auxiliary
battery power, the battery life is extended.

20 The present invention provides an apparatus for detecting excessive air in a liquid
flow-through tube. The apparatus includes an ultrasonic transmitter for transmitting
ultrasonic signals and an ultrasonic receiver for receiving ultrasonic signals. The ultrasonic
transmitter and ultrasonic receiver are separated by the ['V tube. The apparatus further

provides circuit means for generating at least two transmitting signals to actuate the

ultrasonic transmitter and circuit means for detecting received signals. Means are provided

(2]
(V)]

for determining whether the received signal is indicative of air or liquid in the IV tube or no

IV tube.
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inmpart a |inear wave notion on the pressure fingers. This |inear wav
used to detect air in tubes while the "radial mode" at a second frequency is used to detect the
presence or absence of the tube and permit the detection of microdroplets in the tube.
10 Figure 1 is a perspective view of an infusion pump;
Figure 2 is a perspective view of an alternative infusion pump;
~ Figure 3 is an elevational view of the infusion pump of figure 1, showing the detail of
the pump face;
Figure 4 is a detailed view of the display area of the infusion pumps of figures 1 and
15 2
Figure 5 is an elevational view of the rear of the infusion pump of figure 1;
Figures 6 to 13 show the user interaction with the infusion pumps of figures 1 and 2;
Figure 14 shows the detail of an air sensor constructed in accordance with the
principles of the present inventi.on;
20 Figure 15 is a block diagram of an air detector circuit constructed‘in accordance with
the principles of the present invention;
Figure 16 is a schematic diagram of an air detector circuit constructed in accordance
with the principies of the present invention;
Figure 17 is a block diagram of an alternative embodiment of an air detector circuit
' ' 25  constructed in accordance with the principles of the present invention; and
| Figure 18 is a schematic diagram of an alternative embodiment of an air detector

circuit constructed in accordance with the principles of the present invention.



motion is used to apply force to the IV tube, which inparts the notion to
the fluid in the IV tube thereby propelling the fluid. An
alternative type of peristaltic punp enploys a plurality 20 of roller
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described herein, two pump module portions 16 are provided. However, use of any number

of pumping modules is contemplated depending on the requirements of the pump user. For
example, figure 2 shows an infusion pump having four pumping modules 16.

Formed at the upper periphery of the main body portion 14 is a carrying handle 20.

10  The main body 14 further includes a liquid crystal display (LCD) area 23 which is used to
convey various information about the pump 10 to the user and provide for user interface with
the pump 10, as described in more detail below. The main body 14 includes data-entry
keys 25. The pump module 16 includes a tube-loading channel 27 and a display area 29 with
a microprocessor. In a preferred embodiment, this microprocessor is a 68HC11 available

15 from Motorola, Schaumburg, Illinois. The:main body portion 14 includes a slave.
microprocessor which is a slave to a master microprocessor.. The slave microprocessor
further includes an analog-to-digital converter (A/D converter). In a preferred embodiment,
the master microprocessor is a 80C186EB available from Intel Corporation, Santa Clara,
California and the slave microprocessor is a 80C552 available from Philips Semiconductors,

20  Sunnyvale, California. The slave microprocessor includes software in read-only memory
(ROM), which drives the monitoring functions described below.

Referring to figure 3, an elevational view showing the detail of the face of the
infusion pump 10 is seen. Contained along the side of the display area 23 are a scroll-up’
arrow key 31 and a scroll-down arrow key 33. These keys are used to select programming

25 fields or actions within the display area. Contained beneath the display area 23 are a plurality

of arrow keys 36 which are used to interact with sclection alternatives in the display area 23.
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10 accordance with the labels applied to the soft keys 36, the user can interface with the display
screen. Finally, the middle portion 42 of the display area 23 is used for making infusion
selections, programming, and displaying operating or running conditions of the pump
infusion.
Referring back to figure 3, the main body 14 further includes a plurality of function
15 keys 44. The function keys 44 include dedicated keys 46 which include user interface keys as
well as a numeric key pad 50. Included in the numeric key pad 50 are the numbers zero
through nine, and a decimal point key. These numeric and decimal point keys are used to
enter programming values into the highlighted field in the display area 23, an example of
which is seen in figure 4. The numeric key pad 50 further includes a clear key 53 which is
20  used to clear values from the highlighted field. As a safety feature against inadvertent
clearing of values from the highlighted field, if the clear key 53 is again pressed after the
highlighted field has been cleared, the content of the field is restored to the last value stored
in the master microprocessor.
The dedicated function keys 46 include a main-display function key 55. The main-
25  display funétion key 53 is used to return the display area 23 to the initial or main display
from any point in the user interaction. The volume-history function key 57 is used to display

the volume history screen. The silence function key 59 silences pump alarms and pump



ul trasonic signals and an ultrasonic receiver for receiving ultrasonic
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separated by the IV tube. The apparatus further ~provides circuit
means for generating at least two transmtting signals to actuate the 25
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indicative of air or liquid in the IV tube or no |V tube.
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5 onandoff. When on auxiliary battery power, the back-light function key 61 illuminates the
display back lights, but in order to conserve power the back lights do not remain on after a
preferred period of time.

Included in the action keys is an on/off charge key 63. The on/off charge key 63
powers the infusion pump 10 on and off. When the pump 10 is infusing, pressing the on/off

10 charge key 63 will provide a system override to stop the infusion. The action keys further
include a start key 65. If all of the required programming values have been entered during
the programming mode, the start key 65 initiates the infusion. Following an alarm
notiﬁcati;m, once the alarm condition is resolved the start key 65 cancels the alarm
notification and restarts the infusion. The action keys further include a rate key 68, which is

15  used to select the rate values, and a volume key 70, which is used to select the voiume
parameters when the infusion pump 10 is programmed for an infusion.

Two additional icons are used as indicators of pump conditions. The electronic-plug
icon 72 indicates when the infusion pump 10 is plugged into an electrical outiet. The
electronic-plug icon 72 also indicates that the auxiliary battery is being charged from the

20 electrical power provided by the electrical outlet. A battery icon 74 is further provided,

which is lit when the pump 10 is operating on auxiliary battery power.

At least one pump module 16 is located beneath the main body 14 of the pump 10.
The pump module 16 includes a tube-loading channel 27 into which a standard IV tube is
loaded into the pump 10. The pump module 16 includes an automatic tube-loading feature.

25  Contained within the tube-loading channel 27 is a keyed slot 78 adapted to receive a slide
clamp 80 contained on the IV tube 76. The pump module 16 includes a free-flow prevention

feature.
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tube-loading channel 27. Still further, on the right side of the pump module 16 is a patient
icon 85. This icon 835 is used to remind the user that the end of the IV tube that connects to
10 the patient is to be directed to the right side of the tube-loading channel 27.

The pump module dispiay area 29 further ipcludes a character display area. In the
embodiment depicted herein, an eight-character display area is provided. The display area is
used to prompt or instruct the user during specific pump interaction operations. The display
also is used during an alarm or alert condition to identify the particular condition. Finally,

15  the display is used during infusion to provide an indication of status of the infusion.

Contained beneath the character display area are three light-emitting diode (LED)
status indicators. The first is a green LED 87 which indicates when the pump is infusing.
The second is a yellow LED 89 which indicates when the pump is in an alert condition. The
yellow LED 89 remains continuously lit during an alert condition, provided there are no

20  active alarms. The third is a red LED 91 which indicates when the pump is in an alarm
cohdition. The red LED 91 flashes on and off during an alarm condition and remains lit
continuously during a failure condition. If the infusion pump 10 is running on auxiliary
battery power, the alert or alarm display will flash on and off in order to conserve battery
power.

25 The pump module 16 also includes an open action key 94 and a stop-action key 96.
The load/unload action key 94 opens the loading mechanism so that an IV tube can be loaded
into the tube-loading channel 27. When an IV tube is contained in the pump module 16, the

7



25 constructed in accordance with the principles of the present

I nvention; and Figure 18 is a schematic diagram of an

al ternative enbodi nent of an air detector circuit constructed in
accordance with the principles of the present invention.
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Preferred Enbodi nent Referring to figure 1, an intravenous
fluid infusion punp is referred to generally as 10. The pump 10 is

cl anped onto a standard I 10 ipnclud body. 5
por '?P on 14 and afee'lnaégé‘! k‘??'r?4po gﬁ:}%ﬁ{?ﬁ‘gi "Eéfrzgls%°lf ow F‘?‘?‘e@f‘}g’fg%ﬂg = n-'(-he stop-
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provi ded. However npi ng nodul es is
cont enpl at ed dependi Rgfeingind® 16 Sgutt 5LHE Fdab 9'D5fth$lﬁmﬁﬁwm)uﬂl'§60 is de@fi. The infusion

pump 10 includes a grounded power cord 98 for plugging the pump 10 into a wall outlet to

A"}

provide standard alternating current (AC) to power the infusion pump 10 and to recharge the .
auxiliary battery. The device further includes a mounting clamp 100 which is used to mount
the pump 10 onto an IV pole. An audio speaker grill 102 is provided over an audio speaker
which is used to generate alert and alarm condition audio tones. A communications port 104
is provided to allow the pump 10 to connect and communicate with a computer. The
10 communications port 104 also can be used to communicate the nurse call signal to a
computer located at a nurses station. In the preferred embodiment, an RS 232 compatiblc
interface is provided for external communications.
A direct current (DC) receptacle 107 is further provided. The DC receptacle 107
enabies the pump 10 to be connected to externai DC power sources, such as for example, the
1S 12-volt power source provided in most U.S. vehicles, to enable the pump 10 to be used with
an ambulatory patient. Therear 97 of the infusion pump 10 further includes fuse
compartments 109 which contain electronic fuses as known in the art, an audio speaker
volume control 110, and an LED contrast adjustment 113 for the main display. Further
provided is a panel Jock button 116. Enabling the panel lock button 116 disables the front
20 panel keys to prevent inadvertent reprogramming as well as deliberate tampering with the
pump.
Contained on the side of each pump module 16 is a manual-tube release knob 118.
This knob 118 provides a manual override of the automatic tube-loading and unloading
feature in the pump module 16. This allows the user to manually release the tubing from the
25  pump 10. Further provided on each pump module 16 is a drop-sensor port 120. This
| port 120 allows for connection to the pump 10 of an optional drop sensor, which is used in

conjunction with a standard drip chamber.



exanple, figure 2 shows an infusion punp having four punping nodul es 16.
Formed at the upper periphery of the main body portion 14 is a carrying
handl e 20. 10 The main body 14 further includes a liquid crystal display
(LCD) area 23 which is used to convey various information about the
punmp 10 to the user and provide for user interface with t he punp
10, as descri bedwWD978DP& detail bel ow. The main body 14 i ncl udeRCTRSIHOWLN r y
keys 25. The punp nodul e 16 includes a tube-I|oadi ng channel 27 and a

di splay area 29 with a mcroprocessor. In a preferred enbodi nent,
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Santa C ara California and the
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Cont ai ned al ong tpwmponetimlexdispldye29dllwpinates each af ths claraeten pasitians) Negx, the LEDs are lit
arrow key 31 and a,scrol ] -down arrow key 33. These keys are used to sel ect

/ \ Y,
programmng 25 and the, aydibls;speaker 15 AdiviedHplowaddby dbessoreding:efahe back:wp duzrst This
beneath the disp lp?tyceaﬂrg %n%?es ?hreeusg‘r lr.:ﬁ'ercﬁ lf(')rtd%rk spots or lines on the display when the screen is

10 lit, check for light spots or lines on the dispiay when the screen is dark, ensure that the pump

module display characters are appropriately lit, ensure that all of the LEDs are in working
order, and hear that the audible speaker and back-up buzzer tone are active.
Once the display area, LED, and speaker tests are complete, the screen displays the
pump identification screen seen in figure 6(a). This screen includes a battery icon 122. The
15 battery icon 122 includes a gauge 124 which graphically demonstrates the amount of amp
hours remaining in the rechargeable auxiliary battery. In this initial screen, the prompt
line 41 identifies that the pump self-diagnostic tests are proceeding and instructs the user to
wait until the self-diagnostic tests are over.
Referring now to figure 6(b), after the self-diagnostic tests are completed, the prompt
20 line 41 instructs the user that the pump 10 is ready to continue into the programming mode.
Additionally, several soft keys are made available depending on the configuration options
chosen by the user. For example, in the embodiment depicted in figure 6(b), a soft key
labeled "change Personality™" is present which enables the user to enter a programming
mode to change the previously selected set of configuration parameters. Additionally, a soft
25  key labeled "new patient” is present, indicating that information from a previous program is

still retained in the memory. Pressing the "new patient" soft key will clear the programming



of arrow keys 36 which are used to interact with selection alternatives in
t he -di spl ay area 23.
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to figure 4, the display area 23 includes four display portions. Located

at the top portion of the display area is the status display 38. The status
di splay 38 gives the (? st at us ﬁjﬁmt he 'gu I nfusion. The status display

38 al so ident i fi®enopy apqd volums fisfory, gamhis prgvious patient. Asdnstrugtedindhe promphlineet]

ot he|over D01yl b TAAY sk L B R sl
Whi ch contai ns | abel oo ey o pg tukiafla A Hatee
beneat’h the di sphtayhepump maduld héisRefrying obwenfiguge 7.hike loadingofthaititube kitoithe
sel ections | nS automated tube-loading slot in the pump module 16 is described. Initially, the open key 94 is
pressed, which causes the automatic tube-loading mechanism to open. As seen in figure 7(a),
the user positions the on/off slide clamp 80 into the keyed slot 78, which helps assure the
proper orientation of the IV tube. Pulling the IV tube taut, as seen in figure 7(b), the user
slides the IV tube into and along the tube-loading channel 27. Once the pump 10 detects the
10 presence of the IV tube, the pump 10 automatically loads the IV tube into the proper position
in the pump drive mechanism. If the IV tube is not loaded in a given predetermined time -
period after the open key 94 has been pressed, the automatic tube-ioading mechanism will
close to assure that an inadvertent loading of an improper IV tube does not occur.
Additionally, when off, pressing the open key 94 powers on the infusion pump 10 so that the
15 IV tube can be loaded into the device..

The main display screen includes the stop icon 126 which indicates that the pump 10 -
is not infusing. The soft keys 36 include an "option" key, a "primary” key, and a "piggyback"
key. A stop icon 128 contained above the "primary" soft key indicates the default infusion.

| The display screen prompt instructs the user to press the "primary” soft key or "piggyback”
20  soft key to view the programming mode for those two infusions.

To begin programming the infusion pump 10, the rate key 68 is pressed, which
changes the display to the rate-volume programming screen with the rate field highlighted. as
seen in figure 6(d). If neither the "primary" soft key nor the "piggyback" soft key is pressed.
the programming mode assumes the default infusion is to be programmed. The rate-volume

25  programming screen prompt line instructs the user to enter the rate or press change mode
while the soft key options include the "change mode" key and the "piggyback" key. Once the

desired flow rate is entered by the user into the numeric key pad 50, either the volume or the

10



10 accordance wth the | abels applied to the soft keys 36, the user can
interface with the display screen. Finally, the mddle portion 42 of
‘the display area 23 is used for making infusion sel ections,
‘progranmmi ng, and di splayi ng operating or running conditions of the punp

i nfusion. Referring back to figure 3, the main body 14
further includewompr®éal ity of function 15  keys 44. The fuﬁﬂi’ﬁﬁ’”ﬂ%‘?s
44 include dedicated keys 46 which include user interface keys as

well as a nuneric key pad 50. Included in the nuneric key pad 50 are the

nunbers zero hr o nj . Gl Fgatl L0t '
and deci mal poi n?"‘lf(‘%% %#ggﬁgéﬁgguﬂ&t%e%en e#el%%}%rvgweﬁag\%a ug.sulg‘ﬁ?%&?%e
hi ghlighted fiel gyifad b thedisEiitisiy tid itherd keypade ForFdradiprimary infusith] @iy dofapletes
seen.in figure 4. The nuneric key pad 50 further includes a clear key 5

which is 20 usde pragraxhmaing stepb.ues fromthe highlighted field. As a safety
f eature agai nst inadvertent . clearing of values fromthe highlighted
field, if the clear KPyringpmgamgung ifinceeet yalups ap cqtpred by the user,pressing the dear
field has beep clea t he.cont ent, of leld. s r 0 | ast
val ue stored > k&% fﬂéﬁrsnpe_rlr‘ﬁ:g{r%ci V?h“%?"o%%kgic‘;eésog Sg.vaﬁlc c?xﬁe rbthahihel q‘ﬁ'ég fhe
dedi cated functi 'ﬁﬁhxb’x%’l&y‘bﬁd 50.CTo B&irpthERiftisi6H, Bi2lstt key 8BS tsl pRédsdde NF B8 prokRenmed
mai n- 25 di splay function key is used to return the display area 23
to the initial oraloes excebdaplaHywable range greprogrammedtonthe imastetheicrapeacessor based on
i nteraction. The volune-history function key 57 is used to disp|ay .
the vol ume hi st othe pextictianset pheonfpwationparamesdrs efipseicdly thoussy, ap Atef-rafgsalasm yyills
and punp 5

be activated upon pressing the start key 65.

10 When infusing, the display area will show as a droplet icon an animated drop of water
to indicate that the pump is operational. The program rate of delivery, the volume of fluid
remaining to be delivered, and/or the time remaining to deliver the remaining volume will be
displayed. To stop an infusion before it is completed, the stop key 96 is pressed. The droplet
icon will be replaced with the stop icon on the main display, and the pump LED will no

15 longer be illuminated. To restart the infusion, the start key 65 is pressed.

If the pump 10 is not restarted within a predetermined period of time, a channel stop -
alert will sound. The pump 10 also can be stopped if any alarm condition occurs or if the
on/off charge key 63 is pressed while running. A piggyback infusion is stopped by closing
the slide clamp 80 on the secondary infusion IV tube and pressing the stop key 96. Tb

20 continue with the primary infusion, the "primary” soft key is pressed to change the operation
mode of the pump 10, followed by the pressing of the start key 65 to begin the primary
infusion.

Once the volume remaining to be infused reaches zero, indicating the infusion is
concluded, the pump 10 will automatically enter a keep-vein-open (KVO) alert mode.

25  During this alert mode, the pump 10 will continue infusing at the lesser of a preprogrammed

KVO rate or at the programmed rate. To exit the KVO alert mode, the stop key 96 is pressed.

11
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alerts for a predeterm ned period, such as two

mnutes in the preferred enbodi nent. The back-1ight function key 61
serves one purpose when the punp is plugged into an el ectrical

and a rel ated but second purpose when the punp is on auxiliary
battery pover. wWweisres plugged into an electrical outlet, pheniingep ght
function key 61 turns the display back |ights 5 on and of f. Wen on
auxiliary battery power, the back-light function key 61 illum nates the

outl et,

di spl ay back Ii
remain on after

ht s, but in order to conserve power the back |ights do not
pump 10 cag thendie rsperaramed for e nextipfusion or the pump 10 can bepowerdd d

in the action ke?fs is an on/off charge key 63. The on/off charge key 63

powers the i nf ug

on punp 10 on and off. Wen the punp 10 is infusing,

pressing the on/of f A#& the &liPSrUR ikfR¥ioR 3o hibad tRE BV Lde, tﬁe ?ﬁk@f‘)@&?%ﬁeqeggg

stop the infusion. The action keys further I nclu

If ali

al arm

a star

of the r pamp modulpni6gutanmiicaily ¢ivkesalse shidy clafnp 80 andhépenethe dﬂ:&ﬂmlng
t he progranmm ng node, the start key 65 initiates the infusion. Follow ng an

>

10

15 .

20

channel 27 to allow removal of the IV tube. Upon removal of the IV tube, the auto load
mechanism will close. Alternatively, if the IV tube has not been removed after a
predetermined time period, the mechanism will automatically close.

Referring now to figure 8, a pop-up window is seen which displays an options
window if the "options” soft key is pressed from the main menu. The options display
includes a flow check feature, a current Personality™ view feature, the selection of the
downstream occlusion values, the battery charge level feature, and the configuration/service
feature. In order to view particular available features, the user highlights the feature to be
viewed using the scroll-up and scroll-down arrow keys 31, 33. The current Personality™
view feature allows a quick review of the current set of configuration parameters.

The present invention also provides several available programming modes for primary
infusion. Upon selection of the. "change mode" soft key in the programming mode display, if
the programming mode is in the primary programming function, an options window as seen
in figure 9 is displayed. The options window includes mode and function subsets. The
function subset includes a prime function.

The prime function is used to assist users in priming the IV tube in order to ensure
that no air is in the IV tube prior to infusion. In the primary programming mode, after the IV
tube has been loaded, the prime function is accessed by pressing the "change mode" soft key.
The scroll-up and scroll-down arrow keys 31, 33 can be employed to highlight the prime
field, which can be selected by pressing the "select” soft key. The display area then displays
the prime message window, as seen in figure 10(a). The prompt line 41 instructs the user to
press the "prime" soft key to prime the IV tube. A "done" soft key also is provided to

indicate when the prime function has been completed. While priming is active, the display

12



notification, once the alarmcondition is resolved the start key 65 cancel s
the alarm notification and restarts the infusion. The action keys
further include a rate key 68, which is 15 used to select the rate

val ues, and a volune key 70, which is used to select the vol une

paranmeters when the infusion punp 10 is programmed for an infusion.

Two additional iwos¥3Z®e used as indicators of punp conditi ons PCEfE97/00910

el ectroni c- pl ug icon 72 indicates when the infusion punp 10 is

pl ugged into an electrical outlet. The el ectronic-plug icon 72 al so

i ndi cates that t Ld 4 ; | f : " "

el ectrical power Qgera %&%e%@gém?%égﬁgg{inﬁfgal 03? @%ge%)bg%%géalﬁ{}ﬁ ? cd(%))ﬁe fz?ﬁlks?y
further provi dedupon completidh oftprinfing feturndtime dispiay 4¢P theCorinfarpidfisidhipdsraf.
auxiliary battery power. At | east one punE nodule 16 is

| ocat ed -beneat h t he ndihe ptesehy invantich alsegrqyidep sevoral troubleshooring alentglarmoand| failuté
i-ncl udes a tube-I oadi g% annel| into ich a standard |V tube

27 LS .
| oaded into the . anier, 2lAEm OF f2ilyrs mes3age gerurs, e status Atge pEthe display, as
t ube- | oadi ng fsea | L LN = ' nel 27 is
a keyed sl otg 78 ;%H}%tlp éh o g%@?%ﬂ%@gﬂnﬁbﬂ ;J&Eﬁ&@?ﬁ%&%&b@%@ﬁﬁ%é@%&n t he

][ Vv ty be 76. The pRakiRagsPRly feqhife i Bk ik Feniion, bAEId P Wop BRMERSIHN larm conditions
eat ure.

automatically stop the infusion and require immediate attention before infusion can be
restarted. A device failure automatically stops any infusion. An alarm condition overrides an
existing alert condition while a failure overrides all alerts and alarms.
10 An alert condition lights the yellow alert LED 89 beneath the pump module
display 29, and sounds the alert tone. The alert tone can be silenced for a period of time, such
as two minutes, by pressing the silence key 59. The alert conditions include advanced air
alért, which indicates that a detected air bubble is in the IV tube, as described in detail below.
As seen in figure 11(a), the display area displays the air-in-line icon 131 and asks the user if
15 the advance air feature is desired to be used to view the air bubble. Choosing the advance air
feature advances the display screen to the “advance air" screen depicted in figure 11(b). To
advance the air bubble, the user presses and holds the "advance air" soft key. When the air
detect feature again detects liquid, the display area will inform the user of the liquid detection
by displaying the liquid icon 133, seen in figure 11(c). The user can continue to advance the
20  air bubble until a predefined limit is reached. Upon sensing liquid at the air sensor location
and the appearance of the liquid icon 133, the alarm condition can be reset and the infusion
can be restarted by pressing the start key 65. A user can advance air until 2 maximum
defined volume has been pumped. Once this maximum volume has been pumped, the
display informs the clinical user, as seen in figure 11(d). The IV tube should be removed and
25 manually purged to reset the alarm.
To configure the set of configuration parameters for the pump, the

configuration/service function of the options menu seen in figure 8 is selected. Upon

-
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PCT/ US97/ 00910 In order to assure that the IV tube is

[ oaded into the punp nodule 16 in the proper orientation, the punp
hodul e 16 contains several safety features. Initially, the slide clanp 80
ts keyed such that it only fits into the keyed slot 78 in the proper

orientation. Adgénzonel |V, beneat h the tube-|oadi ng chROMESITRIN0a
fluid flow arrow 81 is provided to instruct the user as 5 to the proper
direction of fluid flowin the IV tube. Still further, on the left side of

t he punp nodul e_ 16 an_ i ntravenous solution b i con 83 i s provided.
This reminds thélestign °f‘ﬁ5f’°‘!f!¥é‘m“°n"ser"‘°%ﬁﬂ°‘6’|“~ ‘EH@S‘V‘{fggﬂtﬁéscﬁ?&ﬁe"Béﬁ S@Fég‘{ab

the solution bag is_t ' t |

t ube- | oadi ng chgﬂ’ﬁ%ﬁ #&5% {;r(la%%{r;?ﬂgartm@ﬁbﬁkltehébgﬁp %?@EF%‘F o5 H’g punp
modul e 16 is a pgifpeftion/service rdufifi€! T prothitFiné 4 PBirétss énfry 0F 8 phawb@MTRE t he
user that the end of the I'V tube that ‘connects to 10 the patient is to be
directed to theauthgized pérsennef ertdrea hurherall passshordjinonden fregro@ed in the

The punp nodul e display area 29 further inc]udes a character_ display area.
ln the 5 eRYYIgRIHON/ seTEice &%w*hMaWWOEHF"gV@HP@'BﬁaF‘Z%PéFfeﬁP ;sa§s 3&5%1

5 PrOvLUe0, TG el i g pyop 3l WA ooB T A

us ed. during an alar niJg(;n RicEdsbfuf QG df b Yid FRsdwded) laichifidurRioRRErvice e screen as

condition. Finally, 5 the display is used during 1nfusion to provide an

i ndi cation of sk@htsfigire 12®) appetrsi The options include Personality™ configuration utility, device
configuration utility, event history, service features, device configuration transfer, download

10  configuration, time set and date set. When an option is highlighted, a message appears giving
the particular components of an option. In the example seen in figure 12(b), the
Personality™ configuration utility includes as components a Personality™ list, infusion
modes and features, infusion limit alerts and alarms, drop sensors, and label library.

Authorized hospital personnel can program clinical feature limits and infusion alert

15  and alarm characteristics. The infusion limits, alerts and alarms are accessed from the
Personality™ configuration menu, seen in figure 12(c). Upon selection, the infusion limits,
alerts and alarms menu seen in figure 12(d) is displayed. The settings in this menu apply to
the infusion pump 10 as a whole and are not programmable for separate channels.

The authorized hospital personnel can set the size of the air bubble to be detected by

20 the infusion pump 10. Referring to figure 13, an air bubble select pop-up window which is
displayed upon selection of the air bubble setting is seen. The screen includes a "no change™
soft key and a "select" soft key. Options on the bubble size are displayed. Ina preferred
embodiment, four bubble size levels are expressed. In the preferred embodiment described
herein, the four bubble size levels are 25 microL., SO microL, 100 microL and 150 microL.

25  Each bubble size level will detect air bubbles within a given range. For example, the
25 microL level will detect air bubbles above 25 microL and will not detect air bubbles below

10 microL; the 50 microL level will detect air bubbles above S0 microL and will not detect

14



Cont ai ned beneath the character di spl éy area are three light-emtting di ode

(LED) status indicators. The first is a green LED 87 which indicates
when the punp is infusing. The second is a yell ow LED 89 which
i ndi cates when the punp is in an alert condition. The yel | ow LED 89

remai ns continuously lit during an alert condition, provided there are no
20 active alarwo9iBmsthird is a red LED 91 which indicates WAESHUSST®0MNp
is in an alarm condition. The red LED 91 flashes on and off during
an alarmcondition and remains it continuously during a failure

condition. If the | 10.ig r i.ng. on auxiliar bat ter)
power, the alert Wgaﬁi’iﬁs??ﬁ'ag'ﬁ r%l?}f ];ﬂﬁ ﬂ'gloﬁe vel i ‘Fa‘ia}/fb&Ph‘s-‘rabf’&e“s"m%m‘-
conserve battery ang will noPQMEk anr%ﬁbbles below 50 mibRE.; B4dTRe Mlc?oﬂl@véllvﬁ@detect air

i ncludes an open action key 94 and a stop- action key 96.

| oad/ unl oad act i obubtfes abeve50 Mticrohand wdnmgem@haubmmbem rm)tmafou V t ube

can be | oaded into the tube-loading channel 27. Wen an IV tube is
contai ned in the punp Refeming now to figwre 14, the air sensor 135 is seen in detail. Located in the

Z’CT / US9 7 /009107 mtrgl?s/mmer?nousmg 137 is the transmmer can 139. The transmitter can 139 restson a
retaining plate 142, which biases the tl_'ansmltter can 139 upwardly against a transmitter
platum face 144. The transmitter can 139 includes an ultrasonic crystal 146 encased in
stycast epoxy. Contained below the ultrasonic crystal 146 is a copper disk 148 which is
approximately the diameter of the ultrasonic crystal 146. The copper disk 148 acts as an

10 electrical barrier against ambient noise such as for example interference from electrosurgical
units. A coaxial cable 150 is provided to electrically connect the ultrasonic sensor to a
transmitter circuit, as described in detail below. The outer sheath of the coaxial cable 150 is
grounded first to the copper disk 148, then to the front face of the ultrasonic crystal 146
closest to the IV tube. The center conductor of the coaxial cable 150 is threaded through a

15  hole in the copper disk 148 to the back face of the ultrasonic crystal 146 furthest from the IV
tube. This configuration also helps shield against outside interference. The transmitter
housing 137 defines a tube rest area 159 in which the transmitter can 139 and the transmitter
housing 137 are flush to define a flat area. The tube rest area 159 includes an upwardly
extending rear wall 162 against which the IV tube 76 is registered when it is loaded. The

20 tube rest area 159 is unobstructed so that no alternate path for the ultrasonic signal is present
and a clear ultrasonic signal can be transmitted directly through the center of the tube.

Located in the receiver housing 164 is the receiver can 166. The receiver can 166 is
located within the receiver housing 164. The receiver can 166 is biased downward against a
receiver platum face 168 by a retaining plate 170. The receiver can 166 includes an ultrasonic

25  crystal 172 encased in stycast epoxy. Contained above the ultrasonic crystal 172 is a copper
disk 175. A coaxial cable 177 is provided to electrically connect the ultrasonic sensor to a

receiver circuit, as described in detail below. The outer sheath of the coaxial cable 177 is

15



open action key 94 opens the | oading nechanismto all ow renoval of the IV

tube. The st op- action key 96 provides a systemoverride to stop any
Active infusion, - Referring nowto figure 5, the rear 97 of
the infusion punp 10 is seen. The infusion punp 10 includes a

grounded power cord 98 for plugging the punp 10 into a wall outlet to 5
provi de standawgeastres nati ng current (AC) to power the i nfusisgrnetesid and
to recharge the auxiliary battery. The device further includes a
mounting clanp 100 which is used to nount the punp 10 onto an 1V

Wi ch i used IROBRRLPIF bt sppecsitk 5otk i FrsoReS01ish 12 Nbe cemer conducor
conmuni cat i OnS g@felcodlih cable 174 & t&%ﬁieéh%?gugth% i ﬂ‘i\bet&';? 1R 1‘19{&%@%3{@? can

and comruni cate with a conputer. T communi ca ns por

be used to conmuysial#72 THieconfigsatiomhdlpsshizidgaihg cutside interferti@put er | ocat ed
at a nurses station. In the preferred enbodinent, an RS 232 conpati bl e
interface i s provi ddBe reseiveshousing | 64defines tobe-segurs area 181 in which the recéiveri qard66
current (DC [eceptacle 107

enabl es t he)SpLﬁgﬁ%%h‘eﬁé%ﬁﬁ%%gf %‘ tg;??fﬁ‘dﬁgfé _E%Q;;e)’gbeé:ﬂ“b%‘iﬁ‘}%ééfﬁ 18 Liinsludss

o enabl o Che pooy P RELofERils BI85, L Eenl ol BpfRRL e ugertT ' °

rear 97 of the exfehdifig foar WalNP63, OTHeltiBeDREurt Bieh VSIES uhdtisBucted so that H0 ARGh4iVENt S

109 which contain electronic fuses as known in the art, an audi o speaker

vol ume control aemstic pathi forthe Witasovicisigaaltis préjentandardicat Gikrasonic signel camibe received.

A et ot e e sy e T Sk deSurS R T, e Upiard exidacib Sear walt 163, 9 e
10  downwardly extending step 183 act to secure the tube 76 in the proper position between the

transmitter can 139 and the receiver can 166.

To further ensure that no alternative acoustic path is provided between the transmitter
can 139 and the receiver can 166, the transmitter housing 137 defines an air-insulating area
which, when the IV tube 76 is secured, provides an air gap 187 between the receiver 164 and

15  the transmitter housing 137. Likewise, the receiver housing 164 defines an air-insulating area
which, when the IV tube 76 is secured, provides an air gap 192 between the transmitter 137
and the receiver housing 164.
The 1V tube 76 is contained between the transmitter can 139 and the receiver can 166.
The IV tube 76 is secured in proper position by the upwardly extending rear wall 162 of the
20  transmitter housing 137 and the downwardly extending step 183 of the receiver housing 164.
The air gap 192 provided by the air-insulating area of the receiver housing 164 and the air
gap 187 provided by the air-insulating area of the transmitter housing 137 eliminate
alternative acoustic paths between the transmitter can 139 and the receiver can 166, so the

only path for the ultrasonic signal is through the I'V tube 76. The coaxial cable 177 which

electrically connects the receiver can 166 to the receiver circuit extends through a wide-angle

(18
L

aperture 194 defined in the receiver housing 164 to enable movement of the receiver

housing 164 so the IV tube 76 can be inserted into position.
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20 panel keys to prevent inadvertent reprograming as wel | as deliberate
tanpering with the punp. Cont ai ned on the side of each
punp nodule 16 is a manual -tube rel ease knob 118. _ This knob 118
provi des a manual override of the automatic tube-Ioading and unl oadi ng
feature in the punp nodule 16. This allows the user to manually rel ease the
tubing fromthe wo®msmP6np 10. Further provided on each punp nORCH/ESILE9NE a

drop-sensor port 120. This port 120 allows for connection to the punp
10 of an optional drop sensor, which is used in conjunction with a
standard drip chanber. . 7/ 3770 e . .
PCT/ US97/ 00910 Referring now g figure 1}@% %F.S{S&WP‘%S‘??‘?"@ Qf & girquit, 200 for the gir sepsop js

interaction wth deBfinibldck Hidgfank UTRE cluit fcludes both a PRiSHlttePSitbuitAB1 Eﬁﬁigeéﬁéry

di scussed, the user interaction is principally conducted throug

purp di spl ay ar eeri8it 2021 cThediangmittercircait @01 incipdes mekascfoo énerhting arhoscillatide 03
31, 33 contained , _ . on the side and the soft keys 36 displayed
underneat h the di%Hfihin 3 preferred embodiment, is a 4.5 MHz pgrifiatqro vibe ossillatsr 204 propidesthd 0

by pressing t Qe Opr}(xt?grf; sigl%1 qut?le §§¥enessg’1’. tratngrgl xy rHl) orsdgxl- tfo_'provide a test to detect variations in
the receiver gain and to check the level of interference, a second signal is provided by a test
means 206 for adding an attenuation to the primary signal to derive a test signal. In the
preferred embodiment, the signal amplitude is reduced by approximately 15db. On power-
up, a test mode is used which utilizes the test signal. During the test mode, the vaiue received
10 by the receiver circuit is checked to ensure a corresponding reduction. In a further preferred
embodiment, the test mode can be used intermittently.

The primary signal and the test signal are input into means for switching 208 which,
in the preferred embodiment, is an analog gate switch. The switching means 208 selects one
of the two signals to be provided to an ultrasonic transmitter 146. After a gain 210 is

‘ 15  provided to the selected signal, the signal is applied to the ultrasonic transmitter 146.

| The receiver circuit 202 includes an ultrasonic receiver 172 which is positioned to
receive the ultrasonic signals transmitted from the ultrasonic transmitter 146. After a gain
212 is applied by a preamp, which in a preferred embodiment is approximately 13 db, the
primary signal is applied to a receiver/demodulator 216 through a filter 214 which, in a

20  preferred embodiment, is a 4.5 MHz bandpass ceramic filter. In a preferred embodiment, the
superhetrodyne receiver/demodulator is a Signetics SA 637 available from Signetics
Corporation, Sunnyvale, California. The receiver/demodulator 216 further filters 218 the
signal to provide extreme rejection of unwanted spurious signals and converts the Qignal from
the uitrasonic receiver into a calibrated output direct current. In a preferred embodiment, the

25  second and third filters are PBFS450P-30K 450 KHz bandpass ceramic filters available from
AVX/Kyocera Corporation, Myrtle Beach, South Carolina. This signal is then conditioned

and input into an A/D converter 220, which provides a digital signal representative of the
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di agnostic tests begin. The main display area 23 initially is lit, then
goes dark, while the punp nodul e display 29 illum nates each of the
character positions. Next, the LEDs are lit and the audi bl e speaker
I's activated, followed by the sounding of the back-up buzzer. This _
procedure enabl es the user to check for dark spots or lines on the display
when the screenwpsmmiad |it, check for light spots or |ines arcrnwsengisspl ay

when the screen is dark, ensure that the punp nodul e di spl ay
characters are appropriately lit, ensure that all of the LEDs are in
wor ki ng order, and_ hear that the audi bl e speaker and hack-up buzzer

tone are acti ve radio frequency signal receiygdat the dlteasani raceiver. A coptegh cirgh222 furthes js
tests are conplete e screen di ays t - u identificatlon
screen seen in PP@{M%{’&X‘.“C ‘f‘?ﬂt?ll g“@'k’%é?‘f'swﬂ%f Ereral zgl g'éﬁsfegmivﬁrocr‘fc‘i‘gﬁfThe 15
battery icon 122 i ncRaeghpFota Gigurtds, 4héhatid bAHR fi?d enBodiMeRV T iHedireit fof the
amount of anp hours remaining 1n the rechargeable auxiliary battery.
In this initial assensans sdehe Refemming first to the trahsnniger4ircuid ¢t astillator mbaus inchelepainp
sel f-diagnostic tests arecgroceedi ng and instructs the us [

[ er to .o wait
until the sePf - gsigheRl whicheinaprefemedgpphodiment, is a Raltron AS 4.500120:3MIp gvailghle frgm
figure 6(b), after t sel f-djagnosti.c tegsts are co ed, the pr t 20
line 41 instr ucﬁ‘f{‘?ﬁzgﬂ?é?mphgﬁg?‘hgkﬂg%pﬁfﬁuﬁp@ &é:g&{/gp{:ga &sodf?f‘f‘??fg% ﬁefngl_”fﬁe
progranmm ng M0U&egigor R1 and SEHAILERAG RY - ASRVEOR 1 30d b b8 ¥ESisRF R3 RS RE 8RS
dependi ng on the configuration options chosen by the user. For
exanpl e, in the dethndofthecrydapCRI and the résistn RE. H dprefeered ethbodiragnt, the invertors can
| abel ed "change Personality[err] is present which enables the user to enter
a programming be 74HCOhtype inyerors avpilablg &rop Bhilins Semicondiictozs, Synnyyale, ffalifornia.

configuratiqy PRHagELE % the Sublo? Pdiats rwd ifistinto two circuits. The first input is through

resistor Rl and an invertor A2 into a connector. In a preferred embodim_ent, the connector is
a J3 connector and the input is into pin 6 of the J3 connector. Pin 1 of the J3 connector is
powered while pins 3 and 7 are set to ground. The second input is through resistor R2 into an
analog gate Ul. In a preferred embodiment, the analog gate Ul is a DG 601DY available

15 from Maxim Corp., Sunnyvale, California and the input is into the S1 and S2 input pins. Pins
4 of the J3 connector is connected to the analog gate through a pull-up resistor R4. Pin 5 of
the J3 connector is input into the IN1 pin of the analog gate Ul. This controls whether the
signal proceeds through gates S1 and S2 or just through gate S2.

The output of analog gate U1 is input through a highpass filtering capacitor C1 into

20 the base of an n-p-n transistor Q1. The collector of transistor Q1 is connected to a power
source while the emitter is connected to the ultrasonic transmitter UT and to ground through
buffer resistor RS. The ultrasonic transmitter UT also is grounded. A pair of bias resistors
R6 and R7 are connected across the collector of transistor Q1 and ground, with the base
connected to the junction of resistor R6 and resistor R7.

25 In operation, the signal o be selected is determined on pin 5 of the J3 connector.
When the primary and test signals are desired, the S1 pin of analog gate Ul is selected by
pulling pin 5 low. When the test signal only is desired, the S1 pin of analog gate Ul is

18



25 key | abel ed "new patient” is present, indicating that information from
a previous programis still retained in the nenory. Pressing the
"new patient" soft key will clear the programi ng

9 WD 97/ 37706

PCT/ US97/ 00910 menory and vol ume history fromthis previous

patient. As i nstWQ@vat06 n the pronpt |ine 41. pressi ng tHCIYRRTPPI0

di spl ay key 55 advances the display area to the main display screen.

Prior to programm ng the infusion punp 10, the user is instructed to | oad

an |V tube ' : - 7
| oadi ng of the I\?el%%(gb){ﬂ?% 5“&@ hﬂaﬁ%crﬁat Eﬂljs Bxﬂprl% &a ?%g{e%lnh’g&u‘gsss
punp nmodul e 16 i FildeddyichRitorCl, adihput.intb mns’wmrmkesmla& fbnower transistfi @6 mkhes
whi ch. causes the automatic tube-|oadi ng nechanismto open. As seen in

figure 7(a), the relatively bigh-optyut im'mdrmcc héthgma&ﬁgfgasfltb welativelyripw $opddancs of te
keyed sl ot 78, which hel ps assure th orientation of, the IV

tube.- Pulling t hé‘hfa?lmilﬁﬂ'énsf"étﬁﬁr UT, %hlglé%‘ﬁcq’?f‘"ﬁ’ |'§ﬁ]"r‘€° grderyof 2P ghms ingeries with 1000
5 pF

Referring now to the receiver circuit, an ultrasonic receiver UR is provided which
receives the ultrasonic signal from the ultrasonic transmitter UT in the [V tube. The
ultrasonic receiver UR is connected through capacitor C3 into the base of an n-p-n transistor
Q2 and to ground. The input into transistor Q2 is limited by back-to-back diodes D1, D2

10 which prevent burnout if any transient signals are present. Transistor Q2 has a bandpass set
by capacitor C3 and capacitor C4 connected in parallel with resistor R10. Resistors R8 and
R9 set the gain of transistor Q2. A pair of resistors R11 and R12 are connected across the
supply to bias transistor Q2, with the base connected to the junction of resistors R11 and R12.

The signal is buffered through an n-p-n transistor Q3, the base of which is connected

15 to the collector of transistor Q2 through bleeder resistor R13 to prevent instability. The -
collector of transistor Q3 is connected to the power source while the emitter is connected to
ground through resistor R14. The signal is provided from the emitter of transistor Q3 to the
input of filter F1 through capacitor C5. A small gain is provided by a matching network

" consisting of resistor R15 in parallel with capacitor C7, The output of filter F1 is input into

20 the receiver/demodulator U2 via capacitor C8 which also is optimized for match. A few db
of gain is thus realized.

The receiver/demodulator U2 electronically mixes the primary signal to an
intermediate signal frequency. The mixing signal is provided by a second crystal local
oscillator CR2 along with capacitors C9 and C10. The output of gilbert cell oscillator CR2 is

25  connected to the receiver/demodulator U2 through capacitor C11 which forms the tank

circuit.
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slides the IV tube into and al ong the tube-|oadi ng channel 27. Once the
punp 10 detects the 10 presence of the |V tube, the punp 10 automatically
l,oads the IV tube into the proper position in the punp drive
mechanism If the IV tube is not |oaded in a given predetermned tine
period after the open key 94 has been pressed, the automatic tube-I oading
mechani sm wi | | wooms706l ose to assure that an inadvertent | oadcusshosio

i mproper |V tube does not occur. Addi tionally, when off, pressing
t he open key 94 powers on the infusion punp 10 so that the 15 1V tube can
be | oaded into the deyi ce. The mai n di spl ay screen includes

the stop icon 126 whi tIf 'Fefiver/demaodulator U2 signals ingludgcsignal conditioningmeans and; Sltering

The soft keys 36.,.LAG! ; 4 on: "L " d

b goybacks ) el bR A Lign e 1 mil o on R0, AR panepess s
key indicates the2 @efigus. twhic ampliFies the somewhal Bahdtinked A¥nab sidRdh tRfc¥BR fiter I3 to
I nstructs the user to press the "primary" soft key or "piggyback”" 20 soft

key to vi ew t he pnddmdich fugheraoplifiesithe bandlimitedosignal. Léia anmternal feedback means, T2
begi n progranm ng the i_nfgssti on pupp 10, the rate key_68 is pressed, which
changes the d spEsgjvedsignabsticngthndigatns€ RrSdooutpnt onpis & repessents a hineaneutpuiifor a

field highlight S . . seen in flaure d). |t I ther the "prinary"
soft key nor th:lgg?)rﬁ‘glailcﬁ%%ap%%‘fl?g ?r&? slxémbngxgtggé,on pin pgfw‘te%ﬂ%"l’%‘ﬁir“%’ﬁﬁ The
mode assunmes t hersisifsigtat isiafphiBiédBy dnSnteabépertionH r in A€ rec@b &7deRlodiBitor 92
progranm ng screen pronpt line instructs the user to enter the rate or
press change nod®mbined withuesibterstRié, Rbf andkbgosapVR dnAftempropedeontiitioningthe @SSI
node" key and the "piggyback"” key. Once the _desired flowrate is
entered by the Lﬁ@aij srreyvidaddo an AP ponvritsr in B¢ Pymp micropweessase Thus, theduwp t he

10 microprocessor utilizes the RSS] signal which represents a lincar output of the logarithmic

change in signal level in determining whether an air or a liquid is in the IV tube.

Referring now to figure 17, a second preferred embodiment of a circuit 300 for the air
sensor is seen in the block diagram. The circuit includes both a transmitter circuit 301 anda
receiver circuit 302. The transmitter circuit 301 includes means for generating an oscillation

15 304 which, in a preferred embodiment, is a 4.5 MHz oscillator. . The oscillator 304 provides -
the primary signal to the air sensor transmitter. - The transmitter circuit 301 further includes -
divider means 330 which provide a second signal. In the alternative preferred embodiment,
the additional divider means 330 divides the 4.5 MHz signal by 10 to derive a secondary 450
KHz signal. In order to provide a test to detect variations in the receiver gain and to check

20 the level of interference, a third signal is provided by a test means 306 for adding an
attenuation to the primary signal to derive a test signal as done in the first preferred
embodiment.

The primary signal, the secondary signal, and the test signal are input into means for
switching 308 which, in the preferred embodiment. is an analog gate switch. The switching

25  means 308 selects one of the three signals to be provided to an ultrasonic transmitter 146.
After a gain 310 is provided to the selected signal, the signal is applied to the ultrasonic

transmitter 146.



10 WO 97/ 37706

PCT/ US97/ 00910 arrow key can be used to highlight the volune field.
?The volune to be infused can then be entered by the user using the
nuneric key pad. For standard primary infusion, this conpletes t he
‘progranm ng steps. During progranm ng, if incorrect values

are entered by wESNM®M6, pressing the clear 5 key 53 cl ear ECTRI§97/00910
PREORRECERVal ue SOt ermgle?(gfguﬁ%h YiiludEs ﬁﬂﬂné%ﬁmefé&gﬁkfm%ﬂa@i i Bodidltihed o0

nuneric key pad 50. e |n usi on, e start key 65 1s pressed.
the programred receive the hliﬁ§o & tiitsrilued ik (e lilanghicangmiae ldGMadtet Ngin is
the master m croprocessor based on the particul ar set of

configuration paapptied by s prehop 312, Bfthe hmnwesxgpalatns bms@ecmchng%amhe# masierdnd
be activated upon pressing the_s

the display areamfrsifocitghing 332 HS’GES*I pe Pregﬂwdgﬁ'baﬂm% 5&“3\,%?)5 St ﬁﬁ?“'@pgﬂh
vol ume of 11 uta seeoniaR Bl facBRET BRI s appfealt WO G el Gl | T
to deliver the r W'Kﬁhﬁh%ﬁ)réf&*dd%ﬁbﬁﬂrﬂenﬂ@s a 4.5 MHz bandpass ceramic filter. The switch means
332 passes the selected signal through a filter 318 which, in a preferred embodiment, is a 450
KHz bandpass ceramic filter, to a receiver demodulator 316. In a preferred embodiment, this
receiver/demodulator is a Signetics SA 637 available from Signetics Corporation, Sunnyvale,
10  California. The receiver/demodulator 316 converts the signal from the ultrasonic receiver
into a calibrated output direct curreht. This signal is then input into an A/D converter 320,

which provides a digital signal representative of the radio frequency signal received at the

ultrasonic receiver.

The present invention allows two modes of operation to exist singly or in a combined
15  fashion which takes advantage of the inherent design of the crystal. The thickness of the
crystal is chosen to optimize the first mode of operation which is referred to as the "thickness
mode" of resonance. The diameter of the crystal is chosen carefully to optimize the second
mode of operation which is referred to as the "radial mode" of resonance. In the preferred
embodiment, the thickness mode of resonance is 4.SMHz while the area mode of resonance is
20 450KHz. Each mode of resonance has unique properties that allow measurements that singly
cannot be performed.
| Referring now to figure 18, a schematic of the preferred circuit for the second
embodiment of the air sensor is seen. Referring first to the transmitter circuit, the oscillator
means includes a crystal CR101 which, in a preferred embodiment, is a Raltron AS 4.500-20-
SMD available from Raltron Corporation, Miami, Florida. The output of crystal CR101 is

[ (8]
h

connected to resistor R101 and feedback resistor R102. An invertor A101 and a resistor

R103 are connected across the input of the crystal CR101 and the resistor R101. The output
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di spl ayed. To stop an infusion before it is conpleted, the sfop key 96 is

pressed. The dropl et icon will be replaced with the stop icon on the
mai n di splay, and the punp LEDw Il no 15 Ilonger be illum nated. To
restart the infusion, the start key 65 is pressed. If the
punp 10 is not restarted within a predeterm ned period of tine, a channel
st op al egio9tlsvies sound. The punp 10 al so can be stopped pérrespioodiar m
condition occurs or if the on/ of f charge key 63 is pressed while
runni ng. A piggyback infusion i s st opped by cl osi ng the slide clanp
80 on the secondary infusion | EL#.be and re55| n thﬁs op key 96. To 20
continue with t %’ pipT PWF’GE? ¢ ippyts nig thrge, cipotits, KEnpug ’&)‘P’@&S‘bﬁsﬂﬁf

change the oper %I'O@dianmve 02 inth AR oRHEPBr %Qu@b?%h%%ﬁn?&r&% Rh&% %{grgedo f

the start key 65 to begin the primry

the vol une remaiepiboginient, e donhettsrds i BasvhfRtor @iidthe bitginGsintdin'6h @inl ﬂéﬂﬁéw i's
concluded, the punp 10 will automatically enter a keep-vei n-open (KVO

al ert -node. 25 coiecton ds pawesedawllet pimsichnd 7tabeeseptorgooubd. Whe becomhibpuntisethroughisi ng
at the | esser. of a‘? O rate or at the Pro gramed rate.

.Q ram*recl KV ;
To exit the RVOTESSMRINZ a0 anaales gate WAQ!. Jp apectisred suipadiment, the analog gate U101 is

11 a DG 601DY available from Maxim Corporation, Sunnyvale, California and the input is into
the S1 and S2 pins. Pin 4 of the J3 connector is input into the IN2 pin while pin’5 is input
into the IN| pin of the analog gate U101. The third input is through invertor A103 into a
divider U102. In the preferred embodiment, the divider U102 is a 74 HC 390 counter

10  available from Texas Instruments. Dallas, Texas.

The output of divider U102 is connected to pin S3 of the analog gate U101. The
output of analog gate U101 is input through high pass capacitor C101 into the base of an n-p-
n transistor Q101. The collector of transistor Q101 is connected to a power source while the
emitter is connected to the ultrasonic transmitter UT and to ground through resistor R104.

15  The ultrasonic transmitter UT also is grounded. A pair of resistors R105 and R106 are
connected across power and ground whose common terminal is providing bias to the base of
transistor Q101.

In operation, the signal to be selected is determined through the J3 connector. When
the primary and test signals are desired, the S1 pin path of analog gate U101 is selected by

20  setting pin 5 of the J3 connector high. When the test signal is desired, the S2 pin of analog
gate U101 is selected. To achieve the secondary signal, the signal from crystal CR101 is

. buffered by invertor A103 and input into divider U102. The output of divider U102 is input

' into analog gate U101. When the primary signal is sélected. divider U102 and the S3 pin of

analog gate U101 are inhibited by the input of the J3 connector pin 5 low to analog gate U101

25  through invertor A104. This eliminates any possibility of leaks from the secondary signal to
the primary signal. If present, a small antifact signal from the primary signal to the secondary

signal is filtered out by the receiving circuit. As described in detail below, the select signals

22



WD 97/ 37706

PCT/ US97/ 00910 The punp 10 can then be programred for the next
'infusion or the punp 10 can be powered of f After the
end of the infusion, to unload the IV tube, the open key 94 is pressed. The
.punp nodul e 16 automatically closes the slide clanp 80 and opens the
‘tube-1oading  veo9mMnnel 27 to allow rempval of the IV tube PCEfi{§A7A00910
renmoval of the IV tube, the auto | oad mechanismw || cl ose.
Alternatively, if the IV tube has not been renoved after a

predeterm ned tigg, RRGHAA intd e é@@%ﬁa}cﬁg{)% Eéled?ﬂfe@&&h«?aﬁf}‘&igx?/aéﬁi&sfand pin 4 of the

Referring now to figur , a pop-up W ndow I's seen ays a

options U Est@vétorl aré 5 high s erBR théST pin kdd/toiishilit &6 Stend SDPink BEiheahdlog
menu. The options display 10 includes a flow check feature, a current
Personal ity[err] getedid0leat ure, the selection of the downst ream
occl usi on val ues, the at&ery charge | evel feature,

e selected sgégtlg

t h )
confi-gurati on/ service cted sienaty pyput fppm, &5 L{)Iﬂg&}lﬁ?ﬁtby(gapag}tm? C101. and
e he Lo S iiFurdiaRlor 16T RSl OdLLEALMS e iRy high oup: KfRfifke of

using the scroll-Up and scrol I™~-down arrow e rr

Personal i ty[err] the analog gatéit®ilakioy v inipedanbs ofithd Winatonicatnemitef UThe pfeviousipt
set of configuration paraneters. 15 The present invention al so

provi des sever al deseeibédabl e programmi ng nodes for primary _ i nf usi on

o Z;' SOl On O e e how 10 the reseiver circult, an ulirasonit receiver DR 1S provided which
receives the ultrasonic signal from the ultrasonic transmitter UT through the IV tube. The

10 ultrasonic receiver UR is connected through capacitor C102 into the base of an n-p-n
transistor Q102 and to ground. The input into transistor Q102 is limited by back-to-back
diodes D101, D102 which prevent burnout if any transient signals are present. Transistor
Q102 has a bandpass set by capacitor C102 and capacitor C103 connected in paralle]l with
resistor R109. Resistors R107 and R108 set the gain of transistor Q102. A pair of resistors

15 R110and R111 are connected across the power and ground whose common connection bias

the base.of transistor Q102. .

The signal is buffered through an n-p-n transistor Q103, the base of which is
connected to the collector of transistor Q102 through bleeder resistor R112 to provide
stability. The collector of transistor Q103 is connected to a power source while the emitter is

20  connected to ground through resistor R113. The signal is provided from the emitter of
transistor Q103 to the input of filter F101 through capacitor C104. A small gain is provided '
by a matching network consisting of resistor R114 in parallel with capacitor C105. The
output of filter F101 is input into the receiver/demodulator U104 via matching capacitor
C106.

25 The signal also is provided from the emitter of transistor Q103 via capacitor C104 to a
receiver analog gate U103. In a preferred embodiment, analog gate U103 is a DG 601.DY

" available from Maxim Corp., Sunnyvale, California and the input is into the S4 pin. The

N
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t he progranm ng node is iri the primary programm ng function, an‘options

w ndow as seen in figure 9 is displayed. The options w ndow

i:ncl udes node and function subsets. The function subset includes a
prime function. 20 The prinme function is used to assist users in
primng the IV tube in order to ensure that no air is inthe |V

tube prior to wabem37ee. | n the primary progranm ng node, aft erpctriusyindoro
tube has been | oaded, the prime function is accessed by pressing the
"change node" soft key. The scroll-up and scroll-down arrow keys

31, 33 b | oyed hi_ghl.i gh he .pri. . Leld ich b
L 33 5 P SRS ghel ol ] ke RS, et e WSy AV w3 e
25 the prine neSHaQe gieAow, rﬂéoﬁﬁﬁafaxwg@wnoé%ﬁb tixﬁb‘iﬂ%?ﬁﬂiz,lhh%ﬁ @,%f
i nstructs the user to press the "prine sotlf(eyto prinme t eﬁp

tube. A "done" which ikiaputdhte thel récepretiterilblaiar U104. This forfs thealiectahdigh ph@ foF thé®
function has been conpleted. Wiile primng is active, the display

12 - sopgndsigmal wbish bypasses the filter F101.
P 7 _ .Sh lh ' . W ) in fi
182- {);J .89 P/r gggﬁlgg t he W&gﬁ&g%ggxﬁys o lg sgééterg? threr%gt?t?o glgml gecci:glvae gyetrl]xe Ire’leivlengéjixrcsit

sends the signal through filter F101 to receiver/demodulator U104. When the secondary
signal is selected, the control signal received by the receiver circuit routes the signal into
analog gate U103, through filter F102, to the receiver/demodulator U104. The
receiver/demodulator U104 standardizes both signals to a secondary signal frequency. To
10  accomplish this, the primary signal is mixed with a mixing signal. A mixing local oscillator
is provided by a second crystal CR102 along with capacitors C107 and C108. The frequency
of crystal CR102 is selected to achieve a combined frequency for the primary signal equal to
the frequency of the secondary signal. The output of crystal CR102 is connected to the
receiver/demodulator U104 through capacitor C109.
15 The receiver/demodulator U104 signals include signal conditioning means and
filtering means to amplify the desired signal via the mixer output, on pin 20, through
bandpass filter F102 to pin 18, which amplifies the somewhat bandlimited signal and then
through filter F3 to pin 14 which further amplifies the bandlimited signal. Via an internal
feedback means, the received signal strength indicator ("RSSI") output on pin 7 represents a
20 linear output for a logarithmic input appearing at the signal input port on pin 1 of
receiver/demodulator U2. The RSSI signal is amplified by an internal operational amplifier
in the receiver/demodulator U104 combined with resistors R115, R116. The RSSI signal is
provided to an A/D converter in the pump microprocessor. Thus, the pump microprocessor
utilizes the RSSI signal which represents a linear output of the logarithmic change in signal
25  level in determining whether an air or a liquid is in the IV tube. In this embodiment, the gain
provided by resistors R115 and R116 is fixed as opposed to the first embodiment in which

the gain was variable.



upon conpl etion of primng returns the display area to the primary infusion
program The present invention al so provides several

troubl eshooting alert, alarmand failure nessages. When an alert,
alarmor failure nmessage occurs, the status area of the display, as 5
wel | as the punp nodul e character display, identifies the alert, alarm or
failure. Alert WO9MTofessages may require a user interventi onPCHUSOTE10 ¢

"stop the infusion. Alarmconditions automatically stop the infusion
and require imediate attention before infusion can be restarted. A
device failure aut onbjiskeild Ye HideRfood that VdHolSiHaRgesARd ﬂxbéi"f@&tfbﬂ?ﬁ':‘tﬁé é}E‘f
overrides an existing alert condition while a fallure over ges al
al erts and al ar membodifients described hefdin wilketapperditd ihose skillgbirsthe e Sichlchatigad aidt
LED 89 beneath the punp nodul e di spl ay 29, and sounds the alert

tone. The al ert medificatigpsisan be mmwwpm!p@frpmdhwxm|anéscomeﬂ1he present 3s

advancod aif OBt ol iRk e Sisbe 108 CHrEor (eES et
the 1V tube, &s Q’?‘aﬁﬁés‘éﬂﬁ%dd‘ﬁiéiﬁ&ﬁ'ﬂec@?ér%ythe rypende@‘élaﬁﬁsen in figure 11(a),

the display area displays the air-in-line”icon 131 and asks the user if 15
the advance air feature is desired to be used to view the air bubbl e.

Choosi ng t he advance air feature advances the display screen to the
"advance air" screen depicted in figure 11(b). To advance the air
bubbl e, the user presses and holds the "advance air" soft key. Wen the air
detect feature again detects liquid, the display area will informthe user
of the liquid detection by displaying the liquid icon 133, seen in

figure 11(c). The user can continue to advance the



20 air bubble until a predefined limt-is reached. Upon sensing liquid at
the air sensor |ocation Jl‘“jmmunﬂujﬁmar ance of the liquid icon 133,
the al armcondition can bell X ¥Mf usi on can be restarted
by pressing the start key 65. A user can advance air until a maxi num
defined vol une has been punped. Once this maxi num vol une has been punped,

't he di spbeg3moesf orns the clinical user, as seen in figweornsigeee. The
‘I'V tube should be renoved and 25 manual |y purged to reset the alarm

iTo configure the set of configuration paraneters for the punp, the

‘configuration/ iﬂ\/i'cﬁ .fugct_i on of the options nenu seen in figure 8 is
sel ected. Upon : WO 97/ 37706

PCT/ US97/ 00910, An iffdi&E l;lﬂ? .configuration/service function, a
password entry scr eenlseeln ?n fﬁﬁﬁ&gn’%ﬂa) appears. The password

ensures that only pmefsfolupplyidgdunpidpsaetited adigtidFow-teough tube:
configuration/service routine. The pronpt line 41 directs entry of the

password. The anltrasonicdrangraiticoion tshnsmifting witrasonigrsignals; password in order
to proceed % n the an ultrasonic receiver for receiving ultrasonic signals, the ultrasonic transmitter and
the ultrasonic receiver being separated by the tube;
circuit means for generating a transmitting signal to activate the ultrasonic transmitter:
circuit means for detecting received signais; and
means utilizing a logarithmic change in signal level for detecting whether the received
10  signal is indicative of air or liquid in the tube.
2. An apparatus for detecting excessive air in a liquid flow-through tube comprising:
an ultrasonic transmitter for transmitting ultrasonic _signals;
an ultrasonic receiver for receiving ultrasonic signals, the ultrasonic transmitter and
ultrasonic receiver being separated by the tube;
15 circuit means for generating at least two transmitting signals to actuate the ultrasonic
transmitter;
circuit means for detecting received signals; and

means for determining whether the received signal is indicative of air or liquid in the

tube.
20 5. The apparatus of claim 2 wherein the at least two signals include a primary signal and
a test signal.

4. The apparatus of claim 3 further including a third signal.
5. The apparatus of claim 4 wherein the third signal is a second primary signal.
6. The apparatus of claim 2 wherein the ultrasonic transmitter includes an ultrasonic
25  crystal and the first transmit signal is based on the frequency of the thickness of the ultrasonic

crystal.
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5 configuration/service routine. The password entry screen includes a

re]‘erence listing of the lons in the infusion punp. A
"cancel " soft key is provi deHlIl“l m[“mtmlmﬂﬁtl ne. Upon
successful entry of a valid pass$wortd, *a tonfiguration/service menu screen
as seen in figure 12(b) appears. The options include
Personal i ty[ er rivosasfiogur ation utility, device conf i gur BET/E$p7/00910
utility, event history, service features, device configuration transfer,
downl oad 10 configuration, tinme set and date set. Wen an option is :
hi ghl i ghted, a messa ?@gﬁ I
an option. In tg exgﬁrr% g%asr%])flglhmtl ?g’&frgln%ﬁ)ﬂ{cm tﬁﬂ%hgﬁm s GREPAR Sl
Personal i ty[ err Jara@fifHeqitfbniOtrysthl. | i ty incl udes as conponents a
Personality[err] list, infusion nodes and features, infusion limt
alerts and al ar s, dﬂbpam;og ciaim @ whatsin the d¢;¢rgmyng means uuhzesaloganthmw change

Aut hori zed hospi, taI rs can clinical] featyre limts and
i nfusion alert “15'3 °é$eé FIQWB%L@{H‘%’F?‘E‘? d srgpal it inpigRisP rplai"t?f liquid in the

alerts and alarng.are accessed fromthe Personality[err]
configuration menu, seen in figure 12(c). Upon selection, the infusion
limts, @l er A appatatal for GBtediRBexce8dive dininfailiguiddiob2(tBoulis Bk Sethpishi:
The settings in this nenu apply to the infusion punp 10 as a whol e

and are not progr ambh&%mctwsamr for ransmiing ultrasonic signals; The

aut hori zed hospital personne et the size of th I r bubble to be
detected by 20 thé“PﬁFf%ﬁ“’dﬁceb fifFe‘VR&‘l%ﬁ’?sPﬁtjs'%ﬁ%ﬂ&dﬂ‘éasﬂ@c trgpsmijtsr and
bubbl e sel ect pq@t{#g M%ﬂﬁ@tﬂg%%a‘réed by the tube pedi sp! ayed upon sel ection of

the air bubble setting 1's seen &cPeen 1 hcl udes a "no change”

soft key andopa "sel egfrcuitiédns k2 generitine@Rfanafining Qighalid htufté the uRfaorfid FalsARe.
In a preferred enbodi nent, four bubble size |evels are expressed.

In the preferred enbeittuitmeans &rdete¢sing received signals; and

means which utilizes a logarithmic change in signal level for determining whether the
received signal is indicative of air or liquid in the tube.
10.  The apparatus of claim 9 wherein the generating circuit means generates at least two
I5 transmitting signals to actnate the uitrasonic transmitter.
11.  The apparatus of claim 10 wherein the ultrasonic transmitter includes an ultrasonic
crystal and the first transmitter signal is based on the frequency of the thickness of the
ultrasonic crystal.
12.  The apparatus of claim 11 wherein the second transmitter signal is based on the
20 frequency of the surface area of the ultrasonic crystal.
13.  An apparatus for detecting excessive air in a liquid flow-through tube comprising:
an ultrasonic transmitter for transmitting ultrasonic signals, the ultrasonic transmitter
including an ultrasonic crystal having a thickness and a surface area;

an ultrasonic receiver for receiving ultrasonic signals, the ultrasonic transmitter and

3
W

ultrasonic receiver being separated by the tube;
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within a given range 25 mcroL level will detect
ai r bubbl es above 25 microL and wi not detect air bubbl es bel ow

herein, the four bubble 25 m crolL, 50 nicrol, 100 m crolL
and 150 m crolL. Eallm H i II evel will detect air bubbles

| S
10 mcroL; the 50 microL level will detect air bubbles above 50 nicroL and

will not det wn97/37706 PCT/US97/00910 14
WO 97/ 37706
PCT/ US97000910 air bubbl es below 25 microL; the 100 m croL | evel

Wil detect air bublles aRAPedadll £hlvanemyt signd Mol chlin BlauiE! Sl

bubbl es bel ow 50 mcro m Cro
bubbl es abov ethickResSof thelulteiithit\brystal @l a dJoRE iraridinit sighalbased &?ﬂh@bﬁrﬁ@é)area &t oL.

Referring now to figure 14, the air sensor 135 is seen in detail. Located
inthe 5 thsah@mmcawsthbm ng 137 is the transmitter can 139. The
transmtter can 139 rests on a retaining plate 142, which biases the

transmtter can 1%%&%‘\9?9“’&6‘&%5“‘9”&?& signa} ‘5‘“"“’“‘“’3&1‘3?@###%@&1144
The transmttg{)e,caq‘qbel‘gi?heﬁgss%eaﬁog Wx@ﬁ%ﬂld.c crystal 146 encased in

14.  The apparatus of claim 13 wherein the determining means utilizes a logarithmic
change in signal level for detecting whether the received signal is indicative of air or liquid in

the tube.
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stycast epoxy. Contained bel ow t he+ultrasoni ¢ «crystal 146 is a copper disk
148 which is approxi mately the dianeter of the ultrasonic crysta
146. The copper disk 148 acts as an 10 el ectrical barrier against

anbi ent noi se such as for exanple interference from el ectrosurgica

units. A coaxial cable 150 is provided to electrically connect the

bl trasoni c sensowo®w3706 transmitter circuit,: as descri bedGIISaHAI0
bel ow. The outer sheath of the coaxial c 912 50 is grounded first
to the copper disk 148, then to the front' f&¢e of the ultrasonic crystal
146 closest to the IV tube. The center conductor of the coaxial
cable 150 is threaded through a 15 hole in the copper disk 148 to the
back face of the ultrasonic crystal 146 furthest fromthe IV t ube.
This configuration also hel ps shield against outside interference. The
transmtter housi ng 137 defines a tube rest area 159 in which the
transmtter can 139 and the transmtter housing 137 are flush to
define a flat area. The tube rest area 159 includes an upwardly

extending rear wall 162 against which the IV tube 76 is registered when it
is loaded. The 20 tube rest area 159 is unobstructed so that no alternate
path for the ultrasonic signal is present and a clear ultrasonic
signal can be transmtted directly throughFﬂﬁb'center of the tube.

Located in the receiver housing 164 is the receiver can 146/l The recei ver
can 166 is | ocated withisghe reageiver housing 164. “he recei ver can

166 is bi ased downward agai nst a {recerver praja i 168 by a
retaining plate 170. The receiver caf JOmmeSEEuoas—s aflonic 25
crystal 172 encased in stycast epoxy ﬁﬂftained abo rasonic

crystal 172 is a copper e




di sk 175. A coaxial cable 177 is provided to electrically connect the
ultrasonic sensor to a receiver circuit, as described in detai

bel ow. The outer sheath of the coaxial cable 177 is

15 WD 97/ 37706

PCT/ US97/ 00910 grounded first to the copper disk 175, then to the

ul trasonic crysWQ9%8786 The center conduct or of the coaxPGIU$i00920 177
is threaded through a hole in the copper.,d 175 to the ultrasonic

crystal 172. This configuration hel ps sh?élz agai nst outside interference.
The receiver housing 164 defines a tube-secure area 181 in which the

recei ver can 166 5 is flush with the receiver housing 164 to define a
flat area. The tube-secure area 181 incl udes a downwardl y extending
step 183, which extends downwardly opposite the upwardly ext endi ng
rear wall 162. The tube-secure area 181 is unobstructed so that no
alternative acoustic path for the ultrasonic signal is present and a
clear ultrasonic signal can be received. The tube rest area 159,

t ube-secure area 181, the upwardly extendizqﬁagér wal | 162, and the 10
downwardly extending step 183 act to secur tube 76 in the proper
position between the 20

25
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transmtter can 139 and the receiver can 166. To further
ensure that no alternative acoustic path is provided between the
transmtter can 139 and the receiver can 166, the transm tter housing
137 defines an air-insulating area whi ch, when the IV tube 76 is
secured, provides an air gap 187 between the receiver 164 and 15 the
‘transmtter hoUNOAY37PEE. Li kewi se, the receiver housing 164 deRGERSI7/80910

air-insulating area whi ch, when tg;_&%’tube 76 is secured, provides
an air gap 192 between the transmtter 1 and the receiver housing
164. The 1V tube 76 is contai ned between the transmtter can
139 and the receiver can 166. The 1V tube 76 is secured in proper

position by the upwardly extending rear wall 162 of the 20 transmtter
housi ng 137 and the downwardly extending step 183 of the receiver housing
164. The air gap 192 provided by the air-insulating area of the
receiver housing 164 and the air gap 187 provided by the
air-insulating area of the transmtter housing 137 elimnate

alternative acoustic paths between t hePtM@n&mi tter can 139 and the receiver

can 166, so the onl ath for the ultrasonic signal is through the
|V tube 76. The coaxi al T nects the
receiver can 166 to the fecei i | a w de-angl e
aperture 194 defined in fhe r e of the
receiver housi ng 14 softhe IV tube 76 can be j | ggsi tion.
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WO 97/ 37706

PCT/ US97/ 00910 Referring now to fi
enbodi nent of a circuit 200:-for the air sensor is
diagram The circuit
circuit 202. The transmtter circuit 201 includes
oscil |l ation 204w09737706 whi ch,
oscillator. The oscillator 204 provides zgf

air sensor transmtter. In order to prov ezaztest
the receiver gain and to checknﬂﬁglgvel of interf
I's provided by a test : 06 for

primary signal to derj -
enbodi nent, the sign anplitude is reduced b
power - up, INFYSINGRRIMARY AT 125 8l \wWhi ch Afli |

e val ue recei ved 1?)

During the test nod {
checked to ensure a [c Pieg;grpm}glthn@afed&nmm I
enbodi nent, the test de Tan be used intermt

primary signal and thegﬁ%rfggnghzgﬁn@%ﬂ

n

nto

whi ch, in th an

In a preferred enbodi nent,

gure 15, a first
seen in bl ock

i ncludes both a transmtter circuit 201 and a receiver

means for generating an
i s aPETA 10
primary signal to the
to detect variations in
erence, a second signal

adding an attenuation to the

preferred
xi mtely 15db. On
zes the test signal.

the receiver circuit is
further preferred
W3| The

means for sw tching 208
Anal og gate switch. The

swi t chi ng means 208 kgl ects one of tha two|signals to be provided
to an ultrasonic traganOtLHn9146. After a gain 210{is 15 provided to the
sel ected signal , 42He[ 5iggk jhsyaed | ed@o2JME (ul trpsonic transnitter 146.

Q{ s 33
PRIMARY RATE RUNNING AT 125 mL/hr 0
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—+-CHANGE
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A AN NN F16.5
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The receiver circuit 202 includes an ultrasonic receiver 172 which is

positioned to receive the ultrasonic signals transmtted fromthe
ultrasonic transmtter 146. After a gain 212 is applied by a preanp,
which in a preferred enbodi nent is approxi mtely 13 db, the primry

signal is applied to a receiver/denodul ator 216 through a filter 214 which,-
ina 20 prefer WYEWIi nent, is a 4.5 Miz bandpass ceram c f PCT@S974009105
preferred enbodi nent, the superhetgqp%ﬂf recei ver/denodul ator is a
Signetics SA 637 available from Signetics Cor por ation, Sunnyval e,
California. The receiver/denodul 16 further filters 218 the

signal to provide extre ted spurious signals and
converts the signal g receiver into a calibrated

output direct currert/ In a preferred enbodi ngpt~38he 25  second and
third filters are PBFS450P-3 450 KHz bandpaf$ ceramic filters avail able
from AVX/ Kyog¢era Corp hEMrtle Bkach, South Carolina. This
signal is then condilfi one i pt in A/ D converter 220,
whi ch provides a di gift al &Qﬂ%ﬂg@%gogﬁéﬂ at|v32§r{3§
17 WO| 97/ 37706 copyRIGHT 1995 :
PCT/ US97/ 00910 BAXTER HEALTHCARE CORPORATION
42/—d-
122 /33
S LY Vai
124 EMPTY
4 —1T SELF TEST-PLEASE WAIT...
40—1T
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radi o frequency signal received at the ultrasonic receiver. A control
circuit 222 further is provided to provide control to the transmtter
circuit 201 and the receiver circuit 202. Referring now to
figure 16, a schematic of the first enbodinment of the circuit for the

air sensor is seen. Referring first to the transmtter circuit,_the

oscill ator neanswp8®BTdes a 5 crystal CRL which, in a pref HGTER97/00910

enbodi ment, is a Raltron AS 4.500-20- SMD ay?'r%abl e from Ral tron
Corporation, Mam , Florida. The output QT stal CRl is connected to
f eedback resistor R1 a&dlsiignal resistor R2. An invertor Al and a
bi as resistor R3 are connecte @Cs the input of the crystal CRl

the invertors can be
8onduct ors, Sunnyval e,

and the resistor RI1,
74HCO4 type invert
California. 10

circuits. The first
into a connector. |
connector and the i
connector is

second i nput |
preferred enbozlzﬁe

{,

avai l abl e from Philips
e output of the oscilla provides two inputs into two
i nput is through nesjstor RL and an invertor A2
a preferred enbodi ment, |t he\connector is a J3
put is into pin 6yaiumt he ector. Pin 1 of the J3
power eRRTEAVNI | € pi MEMANINGND |7 arle set to ground. The
meghstor R2 i nmb an anal og gate Ul. In a

, e analog gate Ul is & DG 601 DY available 15
from Maxi m Corp., Sunnyvare, Califorfra and tthe ijnput is into the S1 and S2
i nput pins. Ping2 4 of the J3 connectorn is jconnected to the anal og
gate through a pul l|jup resistor R4. Pin 5 of the J3 connector is
i.nput into the INl an of the analog gate Ul| Thils controls whet her the
signal proceeds through gates S1 and S2 or jyst tjhrough gate S2.

The out put of analog] gate Ul is input through thﬁB ss filtering
capacitor Cl into

4]|—1T1— PRESS PRIMARY OR PIGGYBACK TO VIEW
40—
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20 "the base of an n-p-n transistor QL. The collector of transistor QL is
connected to a power source while the emtter is connected to the
~ultrasonic transmtter UT and to ground through buffer resistor R5.
The ultrasonic transmtter UT also is grounded. A pair of bias resistors
R6 and R7 are connected across the collector of transistor QL _and ground,
W th the base wo9mT®@énnected to the junction of resistor R6 BOHUSHOMIP o

R7. 25 In operation, the sig 2 be selected is determ ned on
pin 5 of the J3 connector. When e imary and test signals are
desired, the S1 pin of analog gate Ul is selected by pulling pin 5

| ow. When the test signal only is desired, the S1 pin of analog gate Ul is
18 WD 97/ 37706

PCT/ US97/ 00910 selected by pulling pin 5 high. The sel ected signal
is output from anal og gate Ul, high pass filtered by capacitor CI,
and input into transistor QL. Emtter foll ower #r ngl stor QL natches
the-rel atively high-output inpedance of the ana 6%? e torelatively | ow
i npedance of the ultrasonic trgpsmtiter UT which electrically is on
the order of 20 ohnms in series with

FiG. 7b




5 pF.; . Referring now to the receiver circuit, an ultrasonic

receiver UR is provided which receives the ultrasonic signal from
the ultrasonic transmtter UT in the IV tube. The - ultrasonic
receiver URis connected through capacitor C3 into the base of an n-

transi stor @ and to ground. The input into transistor )H@nated
by back-to-backw@9@e86 D1, D2 10 whi ch prevent burnout if a‘%’d@& %t
signals are present. Transistor @ has g}) pass set by capacitor
C3 and capacitor C4 connected in parall iTh resistor R10. Resistors R8

and RO set the gain ofF'Eagsi stor Q2. A pair of resistors R11 and
R12 are connected acr : to bias transistor @2, with the
base connected to t 11 and R12. The
signal is buffere hrough an n-p-n transis 38, the base of which is
connected 15 to tjhe collector of transistorf{@ through bl eeder resistor
R13 to prevent instjahility, The col | d of transistor B is
connected to the power source while the enft is connected to
ground through resjjsfor Rl4. The signal is}prowes, fromthe emtter of
transistor B to tje Hdﬁgtl\ﬁnt}lte F1 through capacitor C5. A
small gain is provjjded b@% mat Chi ng net wot K consi sting of resistor
R15 in parallel wljhjcapacitor C7. The outpyt ofjfilter F1 is input into
20 the receiver/lde EY, U2 2772 capaci lor 8 which also is optimized

r

g

for match. A fé@7db T currentrBiso@@imAviiwe t hus]rleal i ged. The
recei ver/ denodul atpf j U2 el ectronically m xeq thel primary signal to an
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i nternedi ate signal frequency. The m xing signal is provided by a second
crystal |ocal oscillator CR2 along with capacitors C9 and C10. The
output of gilbert cell oscillator CR2 is 25 connected to the

recei ver/ denodul ator U2 t hrough capacitor Cl1 which fornms the tank

circuit. 19

WO 97/ 37706 WO 97/37706 PCT/US97/00910
PCT/ US97/ 00910 The rec yej denodul ator U2 signal s include
signal conditioning neans and filteri n? means to anplify the

desired signal via the m xer Fig pog ©on pin 20. through bandpass filter

F2 to pin 18, which & a bandl i mted signal and then
through filter F3 rther anplifies the bandlimted
signal. Via an in 33 recei ved signal
strength indicato epresents a |inear output for
a | ogarit ignal input port on pin 1 of

prn 12 wWhi ct
rnal feedback neans, th
("RSSI") output on

iC iRmnary@@wa{dlwgem

recei ver/ denodul Oz 1he RSSI al is anplified by an
internal operationgl anplifier in the rece vgﬁﬂewdul ator U2
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conbined with resistors R16, R17 and rheostat VRL . After proper

condi tioning, the RSSI signal is provided to an A/D converter in

t he punp m croprocessor. Thus, the punp 10 m croprocessor utilizes the

RSSI signal which represents a linear output of the logarithmc

change in signal level in determning whether an air or a liquid is in the

|V tube. WO 97376 Referring now to figure 17, a second PFEPERIGP

enbodi nent of a circuit 300 for the ai sensor is seen in the block
{QAR 1 cer

di agram The circui

t includes both a t circuit 301 and a

receiver circuit 302. The traéfén er circuit 301 includes neans for

generating an oscil

4.5 WMHz oscill ator
to the air sensor
di vi der neans 330j [t
preferred enbodi nght,

4.5-MHz signal ,gl,ﬁ.o—%—e—ﬂeu_vqlfa secondary‘

to provide a test
20 the | evel of
306 for adding an
test signal as doh
The primary S|g‘/
into nmeans forg2

an anal og gate swit
three signals to b

41— PRESS YES OR NO

I ation mhlch in a preferred enbodinent, is a

| des the primary signa

gg rcuit 301 further includes
In the alternative

di vider neans 330 divides the

KHz signal. |In order

bcegiver gain and to check

s provided by a test neans

mary signal to derive a
enbodi nent .

he test signal are input

he preferred enbodinment. is

b 308 sel ects one of the
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0 detect varrations in

nterference, a thiESpi

atten ion to t
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After a gain 310 is provided to the selected signal, the signal is applied

to the ultrasonic transmtter 146.

20 WO 97/ 37706

PCT/ US97/ 00910 ] The receiver circuit 302 includes an ultrasonic
receiver 172 which is positioned to receive the ultrasonic signals

transmtted fromygderithee asonic transmtter 146. After a gain i $CT/US97/00910
applied by a preanp 312, if the primary signal has been selected, it is
applied to a second nmeans for switcHiAZB32 which, in a preferred
enbodi nent, is an anal og gate sw adf the 5 secondary signal has
been selected, it is applied to theswitching neans through a filter

whi ch, in a preferred/enboth or—4 bandpass ceramc filter. The
swi tch neans al3g hrough a filter 318

whi ch, i-n a preferredrenmpodrment—Tsa 450 KHz bandpass ceramic
filter, to a receivef| denoérimatyRatdd¥boluine Oore egrred enbodi ment, this
recei ver/ denodul at or| | s—a—S+gretes=SA-63+aydi | abl e from Si gneti cs

Cor poration, Sungyvalk ! 16~ TalBarnia. Thé |rgoedyg;/ denodul ator 316
converts the signal ffgmthe ultrasonic recejver
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into a calibrated output direct current. This signal is then input into an
Al D converter 320, whi ch provides a digital signal representative of
the radi o frequency signal received at the ul trasonic receiver.

The present invention allows two nodes of operation to exist singly or in a
conbined 15 fashion which takes advantage of the inherent design of the
crystal. The thiqﬁg @f the crystal is chosen to opti m »erisendosnst
node of operation Ich'is referred to as the "thickness node" of
resonance. The di ameter of the crystal i42¢h@22en carefully to optimze the
second node of operation which is referred to as the "radial node"
of resonance. In the preferred gbodinent, the thickness node of
resonance i s 4.5MHz while the arggsngg of resonance is 20 450KHz. Each

nmode of resonance haw
cannot be perforned. : g
of the preferred ciriqui Fopg}glt'r%hggag;%{ﬁt@

| | ow neasurenents that singly
B8 figure 18, a schematic

enbodi nent of the air sensor
is seen. Referring flifrst t %§C @@r@,ﬂart cirnquit, the oscillator
means incl udes a crystal C%l% V\?II ch, a preferhed enbodinent, is a
Raltron AS 4.500- 20- SMD avai | abI e from Corporation, Mam,
Fl ori da. The out put lof cryﬂfﬂtOl!ERlOl_ Sonhected to resistor R101
and feedback resi stoFr R102. An invertor Al0l1 and al resistor R103 are
connected across thejl nput of the %rs\(%al CR1(1 and the resistor R101l. The
SOFTWARE VERSIO
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WD 97/ 37706

PCT/ US97/ 00910 of the oscillator provides three inputs into three
circuits. The first input is through resistor R101 and an invertor A
102 into a connector for use by other punp circuitry. In a preferred

enbodi nent, the connector is a J3 connector and the output is into pin 6.
Pin | of the JWO9M70&onnector is powered while pins 3 and 7 RET&SEER0910,
ground. The second input is through i istor R102 into an anal og gate
Ul01l. In a preferred enbodi nent, the a §Iog%§ate U101 is a DG 601 Dy
avai l abl e fron1thin1Cbrporat| ?ggnyvale California and the input is
into the S1 and _S2 pin Pi of the J3 connector is input into
the IN2 pin while pj -5t he INl pin of the analog gate
Ul01. The third in is through invertor ANY i.ggo a di vi der U102.
In the-preferred efbodi ment eRsNaNY der Ule; Is a 74 HC 390 counter 10

avail able from Tex&s$ In M The out put
of divider UlO2 is (:onn?c :gggp‘i(;égzloﬁﬁs th 2 | og gate UL01l. The

out put “of anal og gat enkykdl MbdEs WiFEATURES" ough i a$ls capacitor C101 into
: 1 CO

/\

U
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emtter is connected to the ultrasonic transmtter UT and to ground through
resistor RL04. 15 The ultrasonic transmtter UT also is grounded. A pair
of resistors RL0O5 and R106 are connected across power and ground
whose common terminal is providing bias to the base of transi stor
QL01. In operation, the signal to be selected is_determ ned

- through the J3wosmemwsor. \Wen the primary and test si a0
desired, the S1 pin path of anal og gati 912& is selected by 20 setting pin
5 of the J3 connector high. Wen the t ét fgnal is desired, the S2 pin of
anal og gate U101l is selected. To achieve the secondary signal, the
signal fromcrystal CR101 is buffered by invertor A103 and i nput
into divider Ul02. The output of divider ULO2 is input i nt o anal og
gate Ul0l1. When the primary signal is selected, divider Ul02 and the S3 pin
of =~ . anal og gate U101 are inhibited by the input of the J3 connector
pin 5 lowto analog gate U101 25 through invertor A104. This elim nates
any-possibility of |eaks fromthe secondary signal to the primry
signal: If present, a small artifact signal fromthe primary signal to the
secondary signal is filtered out by the receiving circuit. As
described in detail below, the select signals
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PCT/ US97/ 00910 al so are input into the receiver circuit. To sel ect
t he secondary signal, pins 5 and pin 4 of the J3 connector are set
high to enable the S3 pin and to inhibit the S1 and S2 pins of the anal og
gate U101. The sel ected signal is output from anal og gate
U101, filtered bWQHPZOPt or C101, and 5 input into transistBET/OEUMSIC
Transi stor QL01 matches the relatively hlggh 2ut put i npedance of t he
anal og gate to relatively | ow i npedance ? e ultrasonic transmtter UT as
previ ously descri bed. Referring now to the receiver
circuit, an ultrasonic receiver UR is provided which recei ves the
ultrasonic signal fromthe ul Fr'gcmj c UT through the 1V tube.
The .10 ul trasonic receiver UR'is ecte gh capacitor Cl02 into
the base of an n-p-n transi st 02 and groungggThe input into
transistor QL02 is limted by back-t e 0O D102 whi ch
prevent burnout if anytransientsignal rEseny. I 77 QL02
has a bandpass set by capacit (34 i npected in
parallel wth resi stor R109. R#S)Si401/S t he gain of
transi stor QL02. A pair of resi@&ors 1 Z re75connected
across the power and ground whose 8 conngct ¥ oAbl ' 162 t he base of
transi stor QLO2. ' 5__/"I'he {s - n n-p-n
transi stor QLO3, the base3 of whichjs csnngc t coll ector of
transi stor QL02 t hrough bl eeder r’%% B2 < [Afi da) -
137194 SR 159
\\ \
//
75— ;f N
139— // /N
146 4 A
S INIII =
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st abi Iity. The col l ector of transistor QL03 is connected to a power source
while the emtter is 20 connected to ground through resistor R113. The

signal is provided fromthe emtter of transi stor QLO3 to the input
of filter F101 through capacitor Cl04. A snmall gain is provided by a
mat chi ng network consisting of resistor R114 in parallel with capacitor C
105. The waoptamesof filter F101 is input into the PCT/US97/00910
recei ver/ denodul at or U104 vi a mat chi ngnjepfalé t or Cl106. 25
The signal also is provided fromthe enfttef4of transistor QLO3 via
capacitor Cl04 to a recei ver analog gate Ul03. In a preferred
enbodi nent, anal og gate Ul03 is a DG 601DY avai l abl e from Maxi m
Corp., Sunnyvale, California and the input is into the S4 pin. The
23 . WD 97/ 37706
PCT/ US97/ 00910 control signal from thEIG3@@nnector, pi 4’lés
provi ded through invertor Al104 to the IN3 pin of anal og fa‘t@ 103.
The output of analog gate Ul03 is input into a filter FT0Z2—The ouyput
which is input iinto the receiver/d dul atgsMour 104. Thils for an t he ¢irect
t hough path for the second i F—bBYypasses tthe filfer F101. 5
When the primary signal is seldcted, the control signal] receiyed by|the
receiver circuit FiIG. 160} FIG. I6D}FIG. IBC
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sends the signal through filter F101 to receiver/denodul ator UL04. \Wen the
secondary signal is selected, the control signal received by the
receiver circuit routes the signal into anal og gate U103, through
filter F102, to the receiver/denodul ator U 104. The

recei ver/ denodul at or Ul04 standardi zes both signals to a secondary signal
frequency. To 1W09782®6nplish this, the primary signal is mxe ﬁW@%m

m xing signal. A mxing |ocal oscillato#7 v is provided by a second
crystal CR102 along with capacitors C10 é&ﬁ C108. The frequency of
crystal CR102 is selected to achieve a conbined frequency for the primry

signal equal to t he frequency of the secondary signal. The output of
crystal CR102 is connected to the reﬁﬁﬁ;ﬁ% denodul ator U 104 t hrough
capaci tor C109. 15 The receiver/ ator U104 signals include

si gnal .conditioning nmeans and filtering neans to anplify the desired
signal via the m xer output, R 20, baedpass filter F102
to pin 18, which anplifies ' - Kgnalo and t hen !
through filter F3 to pin 14 pl i fies the{bandllinited signal!
Via an internal f eedb§ , ecei ved signal sfrength
i ndi cat or ("RS?I") out put

‘ grepresents a 20 |lingar Qutput for a
| ogarithmc input appeari ng i |_inpyt port onjpinfl of
recei ver/denodul ator U2. Thé& signal i4 Iiiledﬂb an LpLﬂLna
oper at i onal anblifier nodul attn ULlQ4" conbi ned with
resistors R115! R116. The R$ S V[provided{to am A/ D converter
in the punp m ¢roprocessor.| Thus,Zt he punp ni croprocessar utilizes |
t he RSSI signal which reprgsents | i near output of thejlogarithm c changej
in signal 25 kevel in detgrm ning whether an air or a Ii.guid
tube. In this enbodi ment, tlhe gaip mroviten—y-reststors) R115 and
R116 is fixed as opposed tT fhe f||st enbodinent in weiéh t he gain

was vari abl e. 24
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It should be understood that various changes and

PCT/ US97/ 00910

nodi fications to the preferred enbodi ments described herein will be
apparent to those skilled in the art. Such changes and nodi fications can
be made w thout departing fromthe spirit and scope of the present

I nvention and 9 mi ni shing its attendant advantages. | tPCTaUSSTI@SRF OF €

i nt ended that such changes and nodi f | i~aNs be covered by the appended
cl ai ns. H%E}ZEP
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What is clained is: 1. An i nfusion punp
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means for applying punping action to a liquid flowthrough tube;
an-ultrasonic transmtter for transmtting ultrasonic signals; 5

an ultrasonic receiver for receiving ultrasonic signals. the ultrasonic
transmtter and the ultrasonic receiver being separated by the tube;
circuit nmeans for generating a transmtting signal to activate the

ul trasoni c transWoeTme6 circuit neans for detecthOrgssmpeioved
signals; and - -~ means utilgébggzﬁ | ogarithm c change i'n signa

| evel for detecting whether the receiv signal is indicative of air
or liquid in the tube. 2. An apparatus for detecting excessive
air inaliquid flowthrough tube conprising: an ultrasonic
transmtter for transmtting ultrasonic signals; an
ultrasonic receiver for receiving ultrasonic signals, the ultrasonic
transm+tter and ultrasonic receiver being separated by the tube; 15
circuit neans for generating at |east tw Fl@n ting signals to actuate
the ultrasonic transnitter;sz circuit neans for
detecting received signals; and spsqoutreans for determ ni ng whet her
the received signal is indicati ' uid in the tube. 20
3. The apparatus of claim2 wherein the at | east two signals include a

primary signal and a test sigpal . U102
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4. The apparatus of claim3 further including a third signal. 5.
The apparatus of claim4 wherein the third signal is a second prinmary

si gnal . 6. The apparatus of claim2 wherein the ultrasonic
transmtter includes an ultrasonic 25 crystal and the first transmt
signal is based on the frequency of the thickness of the ultrasonic

crystal . WO 97/37706 Thi s Sheet Has Been Repl aced PCT/US97/00910
REPLACED WD 97/ 37706

PCT/ US97/ 00910 7. The appar%l 4323f claim6 wherein the second
transmt signal is based on the surface area of the ultrasonic
crystal. 8. The apparatus of claim2 wherein the determ ning neans
utilizes a logarithm c change in signal |evel for determ ning whether

the received signal is indicative of #kG.ol8biquid in the
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5 tube. 9. An apparatus for detecting excessive air in a liquid
fl.ow - through tube conprising: an ultrasonic transmtter for
transmtting ultrasonic signals; an ultrasonic receiver for
receiving ultrasonic signals, the ultrasonic transmtter and

ultrasonic receiver being separated by the tube; 10 circuit
means for generwO9m@?786transmtting signal to actuate the ult reEg9%00910
transmtter: circuit magrz/f detecting received signals;
and means which utilize I&ari thm c change in signal

- level for determ ning whether the received signal is indicative of
cair or liquid in the tube. 10. The apparatus of claim9 wherein

" the generating circuit neans generates at least two 15 transmtting
signals to actuate the ultrasonic transmtter. 11. The appar at us

of claim 10 V\:hE[Ei n the ultrasonic transm’tpgs ilgg udes an ultrasonic
crystal and thelfirst transmitter signal is baSed on the frequency of the

t hi ckness of thp ultrasonic crystal. 12. The appar at us of
claim1l whereig the second transmtter signal is based on the 20
frequency of the surface area of the ultrasonic crystal. 13. An
apparatus for dbt ect | ng excessive_air in a liquid flowthrough tube

conpri si ng: | an ultfpsonic transmtter for transmtting
ultrasonic signhls, the ultrasoni anshtif er SVREC
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_ 8 : L . _ _ ' 1POR /s r. WPY,
i-ncl.udi ng "an ultrasonic.crystal having a thickness and a surface

an ultrasonic receiver for receiving ultrasonic signals, the ultr @ﬁl?ci g-T |
transmtter and = 25 ul trasoni c receiver being separat ed by the tube; /

WD 97/ 37706 P
PCT/ US97/ 00910 circuit neans for generating a firstigs
OYeia

signal based on t he PCHuency ofwmmuwgmﬂmm ul t 1 as OWEs

crystal and a_sec hase

ul %lrasonlc ?J&Wiﬂmﬁ%&aﬂ iﬁ'. ?&E fﬂﬁ%&%ﬁ%ﬁﬁﬁﬁi@?ﬁ%ﬁﬁm
received s gn@mmlmmﬁvf‘s't he abgenc auninmm&nnmh&ﬁoﬂwwe WItIWO 97137706

excessive @i r AgIMps/36)IceINI20002 | | qui d. A1N4 The appar at us of cI aim
wherein the determ ning means utilizes a Ioj‘é?’?‘l"ﬁ‘?ﬂ“l?""""“ Wﬁge i m??‘b}?gﬂ“'w’"i

| evel -for ¢etecting whether the recei ved %nal s indicatjve of air or
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The present invention provides
an apparatus for detecting excessive
air in a liquid fow-through tube. : 19%170

The apparatus includes an ultrasonic
transmitter for transmitting ultrasonic 177
signals and an ultrasonic receiver for :

receiving ultrasonic signals. The ul- 64
trasonic transmitter and ultrasonic re- 192
ceiver are separated by the TV wbe. 66 1=~

The apparatus further provides cir- y ""isz
cuit means for generating at Jeast two Y
transmitting signals to actuate the ul- 135 — 168 /
trasonic transmitter and circuit means _} -—

for detecting received signals. Means 18

are provided for determining whether 148 — (o)
the received signal is indicative of air 44— 159
or liquid in the IV mbe. The appara- 137~——__ ]

tus further relies on logarithmic de- 75
tection of air in fluids rather than lin-

ear detection which provides a larger 139
safety factor in prediction of air em- |4G-—"><
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