TITLE | NFUSI ON PUMP KEYPAD ASSEMBLY AND METHOD FOR MAKI NG THE SAME FI ELD OF
THE | NVENTI ON The present invention is directed to infusion punps, and nore
particularly, to infusion punps having a silicone keypad overnolded to a
frame, which frane is chemcally bonded to the punp casing formng a
hermetic seal between the s keypad assenbly and the punp casi ng. BACKGROUND
OF THE | NVENTI ON Ceneral ly, nedical patients sonetines require precise
delivery of either continuous nedication or nedication at set periodic
intervals. Medical infusion punps have been devel oped to provide controlled
drug infusion wherein the drug can be 10 adm nistered at a precise rate that
keeps the drug concentration within a therapeutic nargin. Basically, the
medi cal i nfusion punps provide appropriate drug delivery to the patient at
a controllable rate which does not requi'F@Efrequent attention. Some infusion
punps are designed to be controlled by the patient through a user

interface. ThesaNpasIOBNRUNMPREYRAD &SISEMBUYUSN D METRODRTRNIMARINGSHREAR®W 15 t he
user to mani pul ate some of the settings of the punp, but are also typically

preprogranmmed with limts. The u i raneters are typically
controlled by a pressure pad co%ﬁgpﬁ?ﬂgﬁﬁhﬁ%%ﬁgaﬁhat can be activated by

the patient. A COW”TR?F%%EE AberltRA iQEiréc'?gci &Siétﬁc%@'ﬁl}ggﬂd{?hb fibrpunps are

insulin punmps. An insulin punp i's a nedic or adm ni stering
insulin in tPAEICEEMY IPFRSIN BIMRE RaYETges sitiganei kevrad aypringiiedita agtarme.ivhigh

al ternati ve fiaghemdlchémlcal@Bodded th RhEBlirmPREsiAG fdritiy & Redetf)deb NGB weER B
insulin pen and allo foré%nten5|ve,|nsulln t herapy when used in

conj unct { on X&YR3Y FEEHRYANGEBE BUMBfeF!5Pi ng and carb counting. Because insulin
punps travel with its user duréArtg(Gthb?erD @P‘ﬁ-ﬁ@iN\fE\iﬁéﬂN routi ne, the punps,

and their user interfaces, are exposed t0 environnmental hazards 25 and
insults, such as external noisture and shock. Accordingly, there is a need
for an insulin punp Ravemty.cneder pakies Sometimaaireasirn Predisesdelingrytdfelber

insults. -2 VMORW defeatiblof MEBNEHSNat set periodic intervals. Medical infusion pumps
have been developed to provide controlled drug infusion wherein the drug can be
10 administered at a precise rate that keeps the drug concentration within a therapeutic
margin. Basically, the medical infusion pumps provide appropriate drug delivery to
the patient at a controllable rate which does not require frequent attention.

Some infusion pumps are designed to be controlled by the patient
through a user interface. These patient-controlled, infusion-on-demand pumps allow
15 the user to manipulate some of the settings of the pump, but are also typically
preprogrammed with limits. The user manipulated parameters are typically controlled

by a pressure pad containing buttons that can be activated by the patient.

A common commercial use of the patient-controlled pumps are insulin
pumps. An insulin pump is a medical device used for administering insulin in the
20 treatment of diabetes mellitus. An insulin pump is an alternative to multiple daily
injections of insulin by syringe or an insulin pen and allows for intensive insulin
therapy when used in conjunction with blood glucose monitoring and carb counting.

Because insulin pumps travel with its user during their normal daily
routine, the pumps, and their user interfaces, are exposed to environmental hazards
25 and insults, such as external moisture and shock. Accordingly, there is a need for an

insulin pump having a user interface that can withstand these insults.



The present invention is directed to an infusion punp having a punp casing
made froma first material, for exanple pol ycarbonate, and defining a keypad
assenbly area. Hernetically sealed to the keypad assenbly area is a keypad 5
assenbly conprising a frane made froma second material and defining a
perimeter sized to mate with the keypad assenbly area. The franme has an
adhesi ve surface and an overnold surface. Coupled to the overnold surface
of the frane is a keypad nade froma third material, preferably

t her nopl asti ¢ pol yuret hane el astoners TPW - According to an exenpl ary

enbodi nent, a flexible circuit is disposed between the io keypad assenbly
and the keypad assenbly surface of the punp casing. The keypad is in direct
contact with the overnold surface of the frame and the adhesive surface is
chemical |y bonded to the keypadSHYMARYIOF THEINVENTION netical |y seal the
flexible circuit wthin the keypad assenbly area of the infusion punp

casing. Accordi ng to aﬂe XREM iavahtRALO dirdtRed to émﬂfmm%@ﬁaﬁﬁ@%fﬂﬁwrl ng

15 an i nfusion resent invention includes pr
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sol vent . Acamddeaﬂgoh@cﬁwutbxWamlcmduiade niethe, fraane 8haesticddhesive suiféceiis pl aced
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adhesive is p aced esive Surfate of ot
assenbl y. TH@tWHH@sﬁe\YEﬂ%éﬁeﬁﬂk?f@Qlﬂfﬂ?ﬁ:'éﬂtﬁfﬂntﬁv@ﬁ fasing-is aligned with the 30
keypad assenbly area, and the function keys are aligned with the el ectrical

contact of the flexi BFErdngLyep GXWB'a%?BB‘EF'@%E%? {refodpfapanyiaRiding he
keypad assermshliyfusibs@ump of the present invention includes providing a pump casing made

from a first material and having a keypad assembly area. A frame comprising a
second material and defining a perimeter sized to mate with the keypad assembly area
is provided. The frame has an adhesive surface and an overmold surface. A keypad is
then overmolded onto the overmold surface of the frame. According to an exemplary

20 embodiment, a flexible circuit is placed within the keypad assembly area, and the
adhering surface of the frame is chemically bonded to the keypad assembly area of the
infusion pump casing to hermetically seal the flexible circuit within the infusion pump
casing.

According to an exemplary embodiment, the method of assembling an

25 infusion pump having a keypad assembly and a pump casing includes first cleaning
the keypad assembly area with a solvent. According to an exemplary embodiment, a
flexible circuit is placed within the keypad assembly area and electrically coupled to
the pump. Next, adhesive is placed on the adhesive surface of the frame of the
keypad assembly. The adhesive perimeter surface of the frame is aligned with the

30 keypad assembly area, and the function keys are aligned with the electrical contact of
the flexible circuit. The keypad assembly is placed over the keypad assembly area.
When the adhesive cures, a hermetic seal is formed between the keypad assembly and



When t he adhesive cures, a hernetic seal is formed between the keypad
assenbly and -3- the punp casing to seal the flexible circuit within the
keypad assenbly area of the punp casing. BRI EF DESCRI PTI ON OF THE DRAW NGS
5 The invention is best understood fromthe follow ng detail ed description
when read in connection with the acconpanying drawing. It is enphasized
that, according to common practice, the various features of the drawing are
not to scale. On the contrary, the dinmensions of the various features are
arbitrarily expanded or reduced for clar3ty. Included in the drawing are
the followng figures: 10 Fig. 1 is a perspective view of an exenplary
enbodi nent of an infusion punp of the present invention; Fig. 2is a
perspective view of an infusion punp without a keypad assenbly attached

t hereto; Fi dghe Burins casipe ks pest thevBexiblewrafit withietkerpéaay dsegrmpbisl aaesefithey
accordi ng i ?genbodlnent of the present invention; and Fig. 4 is a
perspective VI a franme for the keypad assenbly shomn in Figure 3.
DETAI LED DESCRIPTICN OF THE | NVENTI ON 20 Referring now to the figures,

Figure 1 is an illustration of an exenplary infusion punp according to an
enbodi ment of the present i mresdt bescriIPrionsoPmHPWRAWINGSI ncl udes keypad
assenbly 20 coupled to punp casing 15 formng a hernetic seal. As used

herein "hernetic seal Themvehgsmithiesalddersead fro'h the soibwiradetbine deskagtioonshi p

bet ween ke us to air
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mai ntai n the safet%_ qual ity of rcuitry on the flexible circuit, and

t he oper at i dRA45E{ é'?rﬁf’uén%‘ﬂ\de&dﬁﬁhe ﬁa@tﬁ‘-’ea'? tf‘?l@@t"’r‘”&tfé%'r?ﬁf usi on punmp 10 of
Figure 1 with keypad 20 renmoyed fro rm cda ntg 15 tp expose
keypad dgsenbl y area g 9F9§HSDECUV€ view of an exemplary e bo nt“of an infusion

pump of the present invention;

Fig. 2 is a perspective view of an infusion pump without a keypad
assembly attached thereto;

Fig. 3 is a perspective view of an exemplary keypad assembly according
15 to an embodiment of the present invention; and

Fig. 4 is a perspective view of a frame for the keypad assembly shown in

Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

20 Referring now to the figures, Figure 1 is an ilustration of an exemplary
infusion pump according to an embodiment of the present invention. Infusion pump
10 includes keypad assembly 20 coupled to pump casing 15 forming a hermetic seal.
As used herein “hermetic seal” or “hermetically sealed” means that the relationship
between keypad assembly 20 and the pump casing 15 is made impervious to air and

25 other fluids. The electronic parts (e.q., a flexible circuit disposed on a fexible circuit
board) secured between keypad assembly 20 and the pump casing 15 are thus
shielded against the entry of air and moisutre to maintain the safety and quality of
circuitry on the flexible circuit, and the operation of the infusion pump.

Figure 2 illustrates infusion pump 10 of Figure 1 with keypad assembly

30 20 removed from pump casing 15 to expose keypad assembly area 25. Keypad



-4- assenbly area 25 is sized and shaped to receive keypad assenbly 20 and a
flexible circuit 50 (not shown in Fig. 3). Keypad assenbly 20 is shown in
nore detail in Figures 3 and 4. An exenplary keypad assenbly 20 conprises a
frame 30 and a keypad 32 overnolded to 5 frame 30. Franme 30 defines a
perimeter 35 sized to mate with keypad assenbly area 25. Keypad assenbly
area 25, punp casing 15, and frane 30 are nmade from a thernoplastic
material suitable for nedical applications. Typical materials include, but
are not limted to, acrylonitrile butadiehe styrene (ABS), acrylic, ethylene

10 vinyl acetate (EVA), ethylene vinyl alcohol (EVAL), liquid crystal
polymer (LCP), polyacetal (POM orAcetal), poI yacrylates (Acryli c)
pol yacrylonitrile (PAN or Acrylonitrile), yam de (PA or Nyl on)
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(PB), pol yb@tryu;egeéﬁ&rsapmh,ai:@t 8).(PBT), polyethylene terephthal ate (PET),
pol ycycl ohexyl ene di net hyl ene terephthalate (PCT), is polycarbonate (PC),
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pol ysul fone (PSU), 20 polyvinyl chloride (PVC, TPU, thernoplastic
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ccordi ng odi men sing fra an
the materi al r°€bﬁ$¢?rgfr%ga \éﬁfﬁ? v ﬁwéabi%}%maer%@?aaﬁ'caggﬁd P@ﬁtef§ re not
necessari |y ihduades aneatehet toptedsd) acryfatietle absadidnk styrbhe(A88), atrijkic, retyéerieal

conpri si rjal i and keypad
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t hr ough t he pey@cespl @OMson A@Mlb retieerilates (AandichrrebragrylemisilertRAN dral  conpri si ng
frame 30 andy M&.m)e?b@bm.&qwrdrwm)@Hwerﬁ&ﬁéﬂnato%{é (PREK g,ey&gqe)asserrbl y

area 25 are the sane St Vb pr feralg the materi al
conpri sing fqoyﬁgtag@neéﬁﬁla) Cp&é\{b[%yig_@ (PB),polybutylene terephthalate (P 1),

polyethylene terephthalate (PET), polycyclohexylene dimethylene terephthalate (PCT),
15 polycarbonate (PC), polyhydroxyalkanoates (PHAs), polyketone {PK), polyester,
polyethylene (PE), polyetheretherketone (PEEK), polyetherimide (PEI), olyethersulfone
{PES), polyethylenechlorinates {(PEC}, polyimide (PI), polylactic acid (PLA),
polymethylpentene (PMP), polyphenylene oxide (PPO), polyphenylene sulfide (PPS),
paolyphthalamide (PPA), polypropylene (PP), polystyrene (PS), polysulfone (PSU),
20 polyvinyl chloride (PVC), TPU, thermoplastic elastomers (TPE), spectralon, and

mixtures of any two or more thereof.

According to an exemplary embodiment, the material comprising frame
30 and the material comprising pump casing 15 and keypad assembly area 25 are not
necessarily the same thermoplastic materials. If different, the material comprising

25 frame 30 and the material comprising pump casing 15 and keypad assembly area 25

must be capable of forming a hermetic seal there between through the use of a
suitable adhesive. Preferably, the material comprising frame 30 and the material
comprising pump casing 15 and keypad assembly area 25 are the same thermoplastic
material. More preferably, the material comprising frame 30, pump casing 15, and

30 keypad assembly area 25 is polycarbonate,

Frame 30 has an adhesive surface 38. On adhesive surface 38 side of
frame 30 is disposed a layer of adhesive. This adhesive chemically bonds adhesive
surface 38 of frame 30 to keypad assembly area 25 of pump casing 15. Suitable



30 keypad assenbly area 25 is pol ycarbonate. Frane 30 has an adhesive
surface 38. On adhesive surface 38 side of franme 30 is disposed a | ayer of
adhesi ve. This adhesive chem cally bonds adhesive surface 38 of frame 30 to
keypad assenbly area 25 of punp casing 15. Suitable -5- adhesives include
acrylics, epoxies, roomtenperature vul canization chemcals, and m xtures
of any two or nore thereof. To nmaintain the adhesive | ayer on adhesive
surface 38, frame 30 includes an adhesive stop edge 42. Franme 30 al so has an
overnol d surface 40. On overnold surface #0 s side of frame 30 is nol ded
keypad 32. During the nolding process, for exanple an overnol ding process,

t he thernopl astic overnol ded keypad fornms an integral bond to overnold
surface 40 side of frame 30. To ensure that a proper hernetic seal has

f ormed over adhesiastingedeaqylidsy epaxiesproomhtenmestord dulcanidatipnichemitelskeypad nol d

nust be conplgl-&l & diylthvebr derk Bferbbe Foth&iRtdiP thd RHsiNg IzWe?Gﬁ%%heﬂegh
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yl
ethyl, and SASRIEElY &gk ”ré’?@e'i?ﬁl'ﬁleﬁt'%'ﬂ‘é ing RIofess| (i MRS @¥er s (NR) or
synt het ¢ r phéRn%s as¢lifbcedSarp @b ¥havpaenedldtd Bali ncl udi ng butyl rubber
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(chloro butyl rubber: An@xkfRplaoy orethdsudfyfbrmmiod bier intdgiralfjond@old tbeitesditeges ( BR)
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pol ybut adi ene itriteru bel’ copol uta e and
acrylonitri I@'d'NBFQChﬂmGS h?ﬂﬁ%tf"éﬁﬁelﬁot'ﬁ F‘Qr@e%ﬁé@ﬁs'io('HNBRFEd into the keypad

mold (not shown) over which molten material forming keypad 32 is injected. The high
15 temperature of the molten keypad material forms a hermetic seal with the formed

frame 30.

Keypad 32 is made from a suitable flexible elastomeric material. One
such exemplary material includes silicones, defined generally as inorganic-organic
polymers with the chemical formula [R,SiO]n, where R = organic groups such as

20 methyl, ethyl, and phenyl. Other exemplary materials Include natural rubbers (NR) or
synthetic rubbers, such as polyisoprenes (IR) including buty! rubber (copolymer of
isobutylene and isoprene, IIR) and halogenated butyl rubbers (chloro butyl rubber:
CIIR; bromo butyl rubber: BIIR}, polybutadienes (BR) including styrene-butadiene
rubber (copolymer of polystyrene and polybutadiene, SBR), nitrile rubber (copolymer

25 of polybutadiene and acrylonitrile, NBR)}, and hydrated Nitrile Rubbers (HNBR),
polychloroprene, ethylene propylene rubber (EPM), ethylene propylene diene rubber
(EPDM), epichlorohydrin rubber (ECO), polyacrylic rubber (ACM, ABR), silicone rubber
(SI, Q, VMQ), fluorosilicone rubber (FVYMQ), fluoroelastomers (FKM, FPM),
perfluoroelastormers (FFKM), tetrafluoro ethylene/propylene rubbers (FEPM),

30 chlorosulfonated polyethylene (CSM}, and ethylene-vinyl acetate (EVA).

According to an exemplary embodiment, the material comprising keypad

32 and the material comprising frame 30 may be different materials. Preferably, the



pol ychl oroprene, ethyl ene propyl ene rubber (EPM, ethylene propyl ene diene
rubber (EPDM), epichlorohydrin rubber (ECO, polyacrylic rubber (ACM ABR),
silicone rubber (SI, Q VM), fluorosilicone rubber (FVMY),

fluoroel astonmers (FKM FPM, perfluoroel astoners (FFKM, tetrafluoro

et hyl ene/ propyl ene rubbers (FEPM, 30 chlorosul fonated pol yet hyl ene (CSM,
and et hyl ene-vinyl acetate (EVA). According to an exenplary enbodi nent, the
mat erial conprising keypad 32 and the material conprising franme 30 nay be
different materials. Preferably, the -6--%mterial conprising keypad 32 is
TPU and the material conprising punp casing 15 is polycarbonate.
Illustrated in Figures 3 and 4 are function keys 44. According to an

exenpl ary enbodi nent, keypad 32 has four function keys. Function keys 44 can
be 5 confi @nﬁt@@ahcnmnalng kGéBﬁC#%QJI'SSTW&p@ddhe@ﬁ@“@ié‘ﬁ@!ﬁdﬁ'ﬁ@ POMPL4REINDLHSIE i on
associ at ed WoliafbRatkey. As illustrated in the non-limting exanple of
Figure 3, there is one function key that has the formof the term"OK " The

funCLl onhkey may be rrmstr%feainhmgdrénex mh@é nmcgﬁn eé@%mnpacfdoﬁjuﬁ@toeﬁn a: ﬁnd
may be the sane tera t co sa terial the
conpri ses ke%‘ﬁ%'ma B}GP EK%%EE%E EL@”F%”P Se UQF%%P G\r/?eytsr%%‘ s shape
of keypad 3Zoofiguret rm@arﬁv desi@dchhee Omamademhdmgm’nlthedumnonleewaadecB@l,thas is
shown in Fi e e n ys 44
are nade Qﬁ%ﬁ%’ﬁep‘és&glﬁ%%agﬁa Ll “r‘ﬁ%m%%}s ar eggo% eirén%d S Cetyl?gad 32
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are positioned such that i nternal .  surface e s to cont act poi nt
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in area 50. nction an be sized and/ or shaped to correspond with

an 20 operation of thﬁcéd?élHE'tQBn@H@nQBWﬁMﬁQﬂ HiREioh Qe\;saﬂ hr%arhg(ye

|dent|fythefunct|on and thus control the operation 0 e I nfusion

punp. An exdidF Hiesama 'P?é rgt an AT 20 i 4§ C?rl'fé‘eprpf’/d‘sei‘/B?fj B%ﬁ%'”’@fj durigg the

overmold process. In this embodiment, function keys 44 have an external surface 46
15 and an internal surface 48, Function keys 44 are positioned such that internal surface
48 corresponds to a contact point on a flexible circuit 50 disposed on the internal side
of the keypad, which contact point controls a function of the infusion pump. Flexible
circuit {Not Shown} may be disposed on a substrate such as a flexible circuit board in
area 50. The function keys can be sized and/or shaped to correspond with an
20 operation of the infusion purnp allowing the user to tactically identify the function key

and thus control the operation of the infusion pump.

An exemplary method of manufacturing the infusion pump of the
present invention includes molding a pump casing by any means known to one of
ordinary skill in the art. The frame of the keypad assembly is also molded by any

25 means known to one of ordinary skill in the art. Preferably, the frame is formed by
injection molding. Once the frame is formed, the frame is placed into the keypad mold
over which molten material forming the keypad is injected as would be understood to
one of ordinary skill in the art. The molten material of the keypad fuses or bonds with
the overmold surface of the frame. After the keypad assembly is formed, a bead or

30 layer of adhesive is placed onto the adhesive surface of the frame within the keypad
assembly, Optionally, the adhesive surface of the frame may be cleaned with a
solvent to remove residues from previous formation/handling process steps, A thin

flexible circuit is placed in electrical connection with the electric components of the



present invention includes nolding a punp casing by any neans known to one
of ordinary skill in the art. The franme of the keypad assenbly is al so

nol ded by any 25 means known to one of ordinary skill in the art.
Preferably, the frame is formed by injection nolding. Once the frane is
formed, the frane is placed into the keypad nold over which nolten materi al
formng the keypad is injected as woul d be understood to one of ordinary
skill in the art. The nolten material of the keypad fuses or bonds with the
overnol d surface of the frane. After the keypad assenbly is forned, a bead
or 30 layer of adhesive is placed onto the adhesive surface of the frane
within the keypad assenbly. Optionally, the adhesive surface of the frane
may be cleaned with a solvent to renove residues from previous
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seal strength suffici éﬁ@or@'ag\m ?ﬁ§f<%{ﬁ8'a§’ P pAimeRt ofithe RreseRbinkentiafn thf a
concr et e sumHept€tic sBaefdrdlkd cwvv@nttas ke\maﬂcaeebrh@y\aaaltﬁe Eéyriah%sfsetﬁlﬁwlaﬁe’wd)ﬂ ty

and encl osur, nt e [it |nf | | d to the
Drop Tedt. 'fﬁ 'nf rppl"lnéé |sgsepesrtr E& gl?ﬂcpe ceor thgﬁ?eg Oﬁsrlé§1£ go@ﬁfrl and
| EC 60601- ZOZ!D gnmrd-‘eftterses’ﬁlcaiml ch 15 are incorporated herel n by reference.
The infusion punp is positioned to a specific attitude such that when
dropped, it inpacts thBefallgyinddgstproredyre vesifieathe Binglenalily eof ARGIosUR {1 at

portion of tnlit@gr:tﬁ}lhmhe mﬁlémﬁ@ﬁp steaf iiddivpdctdd todBE DMES Seste B B@pli@st is
represent n%%%ormedeln accordgnce with BS EN 60601-1 and IEC 60601-2-24 guidelines, which

15 are incorporated herein by reference.

The infusion pump is positioned to a specific attitude such that when
dropped, it impacts the floor on a first corner, a second corner, or flat partion of the
pump. The three starting attitudes were selected to represent most likely drop
situations in field (i.e., if pump were dropped while infusion set was attached to user,

20 infusion set would most likely re-direct pump sc that one of two top corners of pump
would contact ground first). The Drop Test procedure is as follows:

1. An activated pump is held in one of the three above-described
attitudes such that the lowest point of the pump is maintained 1 meter above a
concrete surface;

25 2. The pump is released and allowed to fall (under gravity) onto the
concrete surface;

3. The pump is visually inspected for gross damage after the drop

and is allowed to make one delivery (approximately 3 minutes) to see if pump alarms;
4, A leak test is performed on the pump (see Leak Test below);

30 5. The pump is then held in a second attitude as described-above
and steps 2-4 are repeated;



situations in field (i.e., if punp were dropped while infusion set was
attached to user, 20 infusion set would nost likely re-direct punp so that
one of two top corners of punp would contact ground first). The Drop Test
procedure is as follows: 1. An activated punp is held in one of the three
above-described attitudes such that the | owest point of the punp is

mai ntai ned 1 neter above a concrete surface; 25 2. The punp is rel eased and
allowed to fall (under gravity) onto the concrete surface; 3. The punp is
visually inspected for gross damage after8the drop and is allowed to nake
one delivery (approximately 3 mnutes) to see if punp alarns; 4. A leak
test is perforned on the punp (see Leak Test below); 30 5. The punp is then
held in a second attitude as descri bed-above and steps 2-4 are repeated,
-8- 6. The punp is thén hellde pumptietiendgld iatthe findeattiidg¢@sdesyibgdzabove  and

steps 2-4 argdlseRatsdre Alksledt he punp is dropped fromeach starting
attitude, the punp is visually inspected for damage, noting particularly,

separ ation gf the keypadr @e dteymadjroglﬁaeas&mm‘?bch §tgﬂm!gtehlﬁuﬂ_@ﬂﬂ}e p%n;s;?rs! es OL
unction and operational .tests are also perforned, .inc i ng verifying that
he tunct | ol WBJ MSEFReR A GrbRER e op e e e o7hE YRR IKPVERRY 1<
st ruct ur al | yssouotrg frotrheneuump. passess dfifendivo@ndegptratinealkedieste Ascor di ng to an
exenplary e i . of . i i 0 ty formed
bet veen | he EagRie diditd Se R IRk D KFRALA ey D ork CrBBAT. 1iEneBline: o1
punp renai ndurdighedropedv and it strurourslly savedstherpurmp parses the2Drppfiesiof  wat er f or
24 hours. The following test verifies that the integrity of the hernetic

seal forned.e®eleden the keypad assenbly to the keypad assenbly area of the
i nfusi on punp, 15 particul arl i

, , after the punp is bjected to the Drop Test
as dof i ned above. Thi ACEELS t ap ExeBRIapEmBIURERCR B EEREBNENPRIRY tihe. punp
ar e suf fib ci drethstiqseat tcined batyedenshe keypad assembly to the keypad assembly area of

the infusion pump remains sealed upon continuous immersion in about 12,7 ft of

water for 24 hours.

The following test verifies that the integrity of the hermetic seal formed
between the keypad assembly to the keypad assembly area of the infusion pump,

15 particularly, after the pump is subjected to the Drop Test as defined above. This test
verifies the electronic components of the pump are sufficiently protected against
effects of continuous immersion in water. Specifically, this test verifies that there is
no ingress of water in quantities causing harmful effects to operation of the pump
when the pump is continuously immersed in 12.7 feet of water for 24 hours. The Leak

20 Test procedure is as follows:

1. The pump is placed inside a pressure chamber filled with a
sufficient quality of room temperature water such that the pump surface is at least 1

inch below the surface of the water; and

2. The pressure in the pressure chamber is increased to 5.75
25 (+0.25/-0.00) psi and maintained at this pressure for 24 hours.

After the 24 hour period, the pressure in the chamber is reduced to
atmospheric pressure and a series of visual inspections and function checks are
performed on the pump. These checks include;

a. Visually inspecting the keypad and keypad assembly area for

30 signs of water ingress;

b. Confirming an audibie alarm, if any;



effects of continuous imersion in water. Specifically, this test verifies
that there is no ingress of water in quantities causing harnful effects to
operation of the punp when the punp is continuously inmersed in 12.7 feet
of water for 24 hours. The Leak 20 Test procedure is as follows: 1. The
punp is placed inside a pressure chanber filled with a sufficient quality
of roomtenperature water such that the punp surface is at least 1 inch
bel ow the surface of the water; and 2. The pressure in the pressure chanber
is increased to 5.75 25 (+0.25/-0.00) ps?-and maintained at this pressure
for 24 hours. After the 24 hour period, the pressure in the chanber is
reduced to atnospheric pressure and a series of visual inspections and
function checks are perforned on the punp. These checks include: a.

Visual |y inspecting the keyﬁréfd'”&ﬁaak@?@&mpa%%’@WO5*?‘%%\1“1‘3‘69” keyOPUSANE of
wat er ingregsé c&res@rﬁﬂnhg abérgtian ofthdi foh@iod kayiperfdrrpioperiPte.§., thepirhyi ng t hat

h h_and.th di
of -t he. FuncerorreeeyBenas bR birghar Ky BeRgr%ent oum  act i vat o9 when an
ENTER unction key 1 sqdep Gaailliund: wdSEb it b N de D bRl

di spl ay screen of the punp umi nat ton key i gessed

and e. Veri filimigatepevreniaduatticickayriaoressdd;tand punp by performing a punp
cycle. If the punp functions properly and is structurally sound, the punp
passes the Leak Test. e o AVEmyigrereratiopalassyiagn of e numps Y Reermin@ladescr i bed
herein w th g gfieferce to specific enbodiments, the invention is not

i ntended to be Ilnlted to the details shown. Rather, various nodifications
may be made in the detfahkpuwip fahttidnBeraeopandnsstric@ng@y ébuel)uhy phept s of the

cl aims and %%ggg%ke eparling fromthe invention. - 10-

10 Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made In the details within the scope and

range of equivalents of the claims and without departing from the invention.



What is Cainmed: 1. An infusion punp conprising: a punp casing conprising a
first material and defining a keypad assenbly area; and a keypad assenbly
formng a hernetic seal over the keypad assenbly area, the keypad assenbly
conprising: (i) a franme conprising a second material and defining a
perinmeter sized to mate with the keypad assenbly area, the frane having an
adhesi ve surface and an overnold surface, and (ii) a keypad conprising a
third material and in direct contact wth the overnold surface of the
frame. 2. The infusion punp of claim1, -WRerein the keypad assenbly further
conprises function keys. 3. The infusion punp of claim2, wherein the keypad
defines openings adapted to receive the function keys, and wherein each
function key corresponds to an operational function of the infusion punp.
4. The infusion punp of claim3, wherein the keypad defines four function
keys. 5. The infusion punp of claim1, wherein the adhesive surface of the
frame defines an adhesive stop. 6. The infusion punp of claiml, wherein the
first materivhatandlatrhed: second material are the sane. 7. The infusion punp
of claim®6, wherein the second material is different than the third
material. 8. The infudion ponpfugpn pbetproomprigingrein the first and second
material are different fromthe third material. - 11 9. The infusion punp
of claim1, wherein tBR&EUML GSINGeROEIANGINgaNfirst meterabaothdefitit@pikayragr e a
t her nopl ast iggsdwi@hiad: apgl ected fromthe group consisting of acrylonitrile
but adi ene styrene (ABS), acrylic, ethylene-vinyl acetate (EVA), ethylene

a keypad assembly forming a hermetic seal over the keypad assembly

area, the keypad assembly comprising:

(i) a frame comprising a second material and defining a
perimeter sized to mate with the keypad assembly arga, the frame having an

adhesive surface and an overmold surface, and

(ii) a keypad comprising a third material and in direct contact
with the overmold surface of the frame.

2. The infusion pump of claim 1, wherein the keypad assembly
further comprises function keys.

3. The infusion pump of claim 2, wherein the keypad defines
openings adapted to receive the function keys, and wherein each function key

corresponds to an operational function of the infusion purnp.

4. The infusion pump of claim 3, wherein the keypad defines four
function keys.

5. The infusion pump of claim 1, wherein the adhesive surface of

the frame defines an adhesive stop.

6. The infusion pump of claim 1, wherein the first material and the
second material are the same.

7. The infusion pump of claim 6, wherein the second material is
different than the third material.

8. The infusion pump of claim 1, wherein the first and second
material are different from the third material.



vinyl al cohol (EVAL), liquid crystal polyner (LCP), polyacetal (POM or
Acetal ), polyacrylates (Acrylic), polyacrylonitrile (PAN or Acrylonitrile),
pol yam de (PA or Nylon) polyaryletherketone (PAEK or Ketone), polybutadiene
(PBD), polybutylene (PB), polybutylene terephthalate (PBT), polyethylene
terepht hal ate (PET), polycycl ohexyl ene dinethyl ene terephthalate (PCT),

pol ycarbonate (PC), pol yhydroxyal kanoates (PHAs), polyketone (PK),

pol yester, polyethylene (PE), polyetheretherketone (PEEK), polyetherim de
(PEl), olyethersul fone (PES), polyethylerddchlorinates (PEC), polyinide

(P1), polylactic acid (PLA), polynethyl pentene (PVMP), pol yphenyl ene oxide
(PPO, polyphenylene sulfide (PPS), polyphthal am de (PPA), polypropyl ene
(PP), polystyrene (PS), polysul fone (PSU), polyvinyl chloride (PVC

t her nopl asti ¢ pol yur ePhane Th@ind<iShRBP OTERm 1+ Heergbpingdirsicmatesal g

( TFE) ;S pectséainf«ann?t@ndl :-ﬂ‘ieé&ﬂ/{b}léﬁﬁq@ésti@ﬁﬁ?gﬁ%e@&eﬂﬁf&? theg @0& coAdlksti n]jh;g

i nfusion pu cl a " erein irst material and_t e

mtori ol ar SRR pidead S eBES. aniR o PRleRE v Edela EYAREERERTe | he
third mat erivaly! esofeol (BAlDY liquid seistd pelgrrfer GG R) heolgraets) (POMir detal, of
silicones, o ber 019 or
nore ther eo@wg&‘a{%ﬁ;&?%%éi@ﬁgﬁﬁadltg?e Q#@i ﬁ%ﬂyl@rﬂmﬂggé:&%%ﬁgde? ﬁAra(g'er%q@ri al
is a silicoelarvigherggtonedPAEK ohKtioRp) oplvetEdiens (PR melvRuttrned#Bbsi ve
surface of doh@ufyidHEReleph@pith ¢PBTY paJBBLRAe t@ephBality Bt aPRYBLNegIRR Of

the infusion pu casing wth an adhesive material selected fromthe group
consi sting &FFRS%BS?PFE?FD%BW(‘? @Dsq)'r%ﬁaf%@@é'r@'mﬂdﬁ%ﬁg‘%?%ﬁs f¥%ical s,
and m xt ur epohiketoref{ PK)l Holy&kter,i pol yeshydenepPEp polyetharetmedetoeePEEK), t he i nf usi on
punp remain | C I i rsion.l f er for
24 hours. 1@?""%&%“ H?%g&gh Op%&rﬁﬁ&g@%iﬁé%lﬁo&ﬁ@y %nggﬁﬁrin%é @g{cﬁ, Oshgﬁ@e
bet ween t héPReppaldcticaedtiyp) apalymidyloeyisad (BBl mblyphenydeneadxiden@PDf usi on
purp i s of o BHENGILRAREMPSS HRRALIAMUIPIS! BToRoAERR (BEShoildipitnd et er
onto a concrete surface. 16. A nethod of nmanufacturl ng{_ an i nfusion punp
conpri si ng: (PS) polysulfone (PSU), polyvinyl chloride (PVC), thermaplastic polyurethane

elastomers (TPU), thermoplastic elastomers (TPE), spectralon, and mixtures of any

two or more thereof.

10. The infusion pump of claim 9, wherein the first material and the
second material are polycarbonate.

11. The infusion pump of claim 1, wherein the third material is a
material selected from the group consisting of silicones, natural rubbers, synthetic

rubbers, and mixtures of any two or more thereof,

12.  The infusion pump of claim 11, wherein the third material is a

silicone.

13. The infusion pump of claim 1, wherein the adhesive surface of
the frame is chemically adhered to the keypad assembly area of the infusion pump
casing with an adhesive material selected from the group consisting of acrylics,
epoxies, room temperature vulcanization chemicals, and mixtures thereof.

14. The infusion pump of claim 1, wherein the infusion pump
remains sealed upon continuous immersion in about 12,7 ft of water for 24 hours.

15, The infusion pump of claim 1, wherein the hermetic seal between
the keypad assembly and the keypad assembly area of the infusion pump is of a

sufficient seal strength to withstand a drop test from 1 meter onto a concrete surface,

16. A method of manufacturing an infusion pump comprising:



provi ding a punp casing conprising a first material and having a keypad
assenbly area; nolding a frame conprising a second material and defining a
perimeter sized to nate with the keypad assenbly area, the frame having an
adhesive surface and an overnold surface; overnolding a keypad onto the
frame; and adhering the adhesive surface of the keypad frame to the keypad
assenbly area of the punp casing with an adhesive to provide a hernetic seal
to protect conmponents within the punp casing. 17. The nethod of claim 16,
wherein the overnol ding step conprises:lénserting the nolded frame into a
keypad nol d, and applying a nolten third material into the keypad nold
containing the nolded frane to bond the keypad to the overnold surface of
the frame formng a keypad assenbly. 18. A nethod of assenbling an infusion
punp having a keypad PEYlMhHE PURErGREIND caMPYsise 8l feet matesakeypbryingaenbl y area
of a punp cagipd fkehbB§ arkaf usi on punp, the keypad assenbly conprising (i) a
frame defining a perineter sized to mate with the keypad assenbly area, the
frag}? havi ng an adhest‘]ﬁbﬂ,’diﬁ@éffm @tmbl g rarhfg &y@b?@hﬁtéﬂikpfaaﬁelefiﬁgd r?(pieiri}neaerkey|oad
in direct contact with. ver surface of .the frame and having
Funct | on keyded thaheitbdRe Riblastergbikaris & e ralm Pre R it
assenbl y ar eadwntdveemddisudate; pl aci ng adhesi ve on the adhesive surface of
the frame of the keypad assenbly; aligning the adhesive surface of the
frame perineter wth prermoidinad keyaskorip yheafremenend he i nf usi on punp casing;
and hernetically sealing the keyﬁad assenbly to the keypad assenbly area of
the infusion punp Caspﬁl@ﬁrlng the adhesive surface of the keypad frame to the keypad

assembly area of the pump casing with an adhesive to provide a hermetic seal to

protect components within the pump casing.

17. The method of claim 16, wherein the overmolding step

comprises:
inserting the molded frame into a keypad mold, and

applying a molten third material into the keypad mold containing the
molded frame to bond the keypad to the overmeld surface of the frame forming a
keypad assembly.

18. A method of assembling an infusion pump having a keypad
assembly hermetically sealed to a keypad assembly area of a pump casing of the
infusion pump, the keypad assembly comprising (i) a frame defining a perimeter sized
to mate with the keypad assembly area, the frame having an adhesive surface and an
overmold surface, and (ii) a keypad in direct contact with the overmold surface of the

frame and having function keys, the method of assembly comprising:
cleaning the keypad assembly area with a solvent;

placing adhesive on the adhesive surface of the frame of the keypad

assembly;

aligning the adhesive surface of the frame perimeter with the keypad

assembly area of the infusion pump casing; and

hermetically sealing the keypad assembly to the keypad assembly area
of the infusion pump casing.



