-1- Method for producing a pricking element Description The invention
concerns a process for producing a lancing elenment in particular for
withdrawi ng a body fluid in which a flat "Shaped nenber is forned froma flat
5 material by applying a nmask and all owi ng an etching agent to act upon it
wherein at |least a part of the flat shaped nenber is shaped as a tip for
piercing into a body part of a test subject. Lancing elenents of this type
all ow the analysis of very small anounts of fluid especially in

bi oanal ytics, such as for exanple those which are withdrawn in situ as 10
capillary blood for blood glucose deterdi-nati ons. Such mcrofluidic systens,
in addition to the mcroscopic volunes (mcroliters and |less) are al so
characterized by structural elenents of increasingly smaller dinensions
which allow capillary forces to be utilized and can be inplenmented in
so-cal | ed di spetnid fesprodusingw pradking eteneetr for nass production. Al though
manuf acturing processes especially in the formof 15 mask etching

(phot ochemi cal etching) are known fromthe field of sem conductor

t echnol ogy foh thphy integrated systens; the materials used can hardly be
used for nechafif&4My stressed structures especially because of their
brittleness. Wien bioconpatible materials such as steel are etched, a
probl em occurs with conventional shaped-conpl enentary etch nmasking that the
gener at ed | anThengveios tén¢eins & §eocassefor produbirgy olhficingélemnbrtin particglar fat | ow a
particularly optiml puncture. An_etching process for producing surgical
needl es is kndithdrawingabeduilyidin poisha flat ﬂHP%ElF‘é%b?rH%foé?‘é framadlaxt ends beyond

the tip togbe . I i I i r i | d
prevent oundT SRS abfhyihe s ahd st SeicBHPRIG B Cahotl B
undercutting langpanbf the @atdhapddigernisee iy shagedtas attiptfepiticingiistositegg parby a

of a test subject.

Lancing elements of this type allow the analysis of very small amounts of fluid
especially in bioanalytics, such as for example those which are withdrawn in situ as
10  capillary blood for blood glucose determinations. Such microfluidic systems, in
addition to the microscopic volumes (microliters and less) are also characterized by
structural elements of increasingly smaller dimensions which allow capillary forces
to be utilized and can be implemented in so-called disposables in a suitable manner
for mass production. Although manufacturing processes especially in the form of
15  mask etching (photochemical etching) are known from the field of semiconductor
technology for highly integrated systems; the materials used can hardly be used for
mechanically stressed structures especially because of their brittleness. When
biocompatible materials such as steel are etched, a problem occurs with
conventional shaped-complementary etch masking that the generated lancing

20 structures are rounded off and thus do not allow a particularly optimal puncture.

An etching process for producing surgical needles is known from US 4 777 096 A,
in which the etch mask extends beyond the tip to be formed in a distally blunted
shaping area which should prevent rounding. However, this mask overhang is

shorter than the undercutting range of the etching agent so that the tip is shaped by a



-2 conbined lateral and frontal etching action which only slightly reduces
the problem of blunting. Fromthis starting point the object of the
invention was to avoid the di sadvantages occurring in the prior art and to
i nprove a production process of the type nentioned 5 above such that sharp
| anci ng structures for optimal lancing into a body part are created in a
process”sequence suitable for mass producty on without requiring conplicated
post - processi ng steps. The conbi nation of Features stated in the independent
patent clains is proposed to achieve this object. Advantageous enbodi nents
and further devel opnents of the 10 invention are derived fromthe dependent
clai ms. The i detpmunadiaterahand froras erchingiastianowhiely emly slightlyseduses the psoblest y by
means of Iatera&HJQH%Eally convergi ng etching agent fronts. Accordingly it
i's proposed accorélng to the invention that the mask is provided with a
shaping area for the tip to be forned and with a screening area which
extends distally beyond this shaping area to prevent 15 the tip from bei ng
etched of f at tFenfthsrstartingpbintith otgect bithe inveqtidnsvastp ewed theydidadvantagkd vy

undercutting the side.flanks of the.shapin nd. scr eeni area. This, can
orevent the  cofCBUME R UEREOLIE AL IPRQYE fBraCPHIAnRERGES ¢ b ABEMERIONGhor aby

the etching Pr oggsesich td Shdrh BALRE s@t@OOR: B5thd) fallrlite atoayphepaeal | ocat ed
bet ween the side flanks of the etching nmask is broken through. This all ows

optim zed tips treatbdincr pratessiseqnenoe stabledordfass pchduetidnheithamhiqnigingai n and to
enabl e body fluid to b icked up with the smallest possible dinensions.

Mor eover, the r%‘ﬁ’@}?l’rcétﬂgﬁg%’[?ﬂqc§§s $®fces for the |ancing can be nininized

and traumati zation of the body tissue can be substantially avoided. The
shaping area of the etching mask advant ageously narrows towards the

screeni ng ar eaThécdnibihiion ofl fdafuiesi stgedsih &etinddpaidehEyd@in® claimiik geopbded 6 i p.  For
this it is advantageous . .
achieve this object. Advantageous embodiments and further developments of the

10 invention are derived from the dependent claims.

The idea behind the invention is to produce a sharp tip solely by means of lateral
mutually converging etching agent fronts. Accordingly it is proposed according to
the invention that the mask is provided with a shaping area for the tip to be formed
and with a screening area which extends distally beyond this shaping area to prevent
15 the tip from being etched off at the front, and that a sharp tip is exposed by laterally
undercutting the side flanks of the shaping and screening area. This can prevent the
contour in the area of the tip from being rounded off whereby the etching process is
terminated as soon as the bridge of material located between the side flanks of the
etching mask is broken through. This allows optimized tips to be created in order to
20  reduce the lancing pain and to enable body fluid to be picked up with the smallest
possible dimensions. Moreover, the required propulsion forces for the lancing can

be minimized and traumatization of the body tissue can be substantially avoided.

The shaping area of the etching mask advantageously narrows towards the screening
area to produce a lancing shaft that tapers towards the tip. For this it is advantageous

25  when the shaping area is linearly chamfered at least on one side.



25 when the shaping area is linearly chanfered at |east on one side. -3-
Anot her advant ageous enbodi nent provides that at |east one side flank is
bent or concavely curved in the junction between the shaping area and
screening area so that the substrate nmaterial in the area of the tip to be
produced only has to be renoved fromthe side. 5 In any case it should be
ensured-that the screening area has a constant or increasing wdth over a
gi ven screening | ength where it connects With the shaping area. The
screening | ength should be | arger than the proximal undercutting w dth due
to the action of the etching agent. This reliably prevents the tip from
bei ng centr al | yAssthéradvamdgeousldnbbidimdnit provilepthef 2 laabl one skizfladk fbeat sresul t  of
a constriction in the nask where the wwdth_  of the constriction should be

| ess than tw ceCAnF@velyRueYed|in thedunatign betygernha shaping arefand sengeniag Mes $%at e

material under &Qﬁh@%b%&&% ?&aitegﬁl fn%h&&%&ﬁh@ﬁ%toe&eﬁg&c@d"@ﬁ%Rlﬂglbécr eeni ng

area i s advant ageous W dened again after the constricti so in order

to i nmprove the =hwived from thd siddhe et ching mask, it is advantageous when the 15
screening area has a w dening bridge section distal to the tip that is to be
formed. Whereas etching processes in steel mainly proceed isotropically, it

is also congeiyable that t | at er dercutting,wdth js |arger. or

St | or t oS ¢ hii Ry Epentbondhe R e theShoetink B e f bohskedt o 3 tindt e

etching agent i §idPdragdivh s@r@eni?’%’l@ﬁ%\_ﬁ%@ﬂéﬁ@coﬁxﬁécﬁwﬁvﬁlﬁt&%héﬂﬂﬁg &ed. maeindi ngs i n
ec

order to ensure a particularly e ive 20 action. The etching agent can be
applied in a di ppéenipetength @Oumeﬂmﬁghmhay@wmwodemmng‘Mﬁith dngttethieal . For a

high th h if i d Wh he fl ial. th i f bl
formed f rom ot afiioa sl tECBmIRER, Thisrfibiy dexenlne BB o frins it fediel by
phot o off.

10 The tip is preferably shaped as a result of a constriction in the mask where the width
of the constriction should be less than twice the lateral undercutting width so that

the substrate material under the constriction is completely etched away.

The screening area is advantageously widened again after the constriction. Also in
order to improve the stability of the etching mask, it is advantageous when the

15  screening area has a widening bridge section distal to the tip that is to be formed.

Whereas etching processes in steel mainly proceed isotropically, it is also
conceivable that the iateral undercutting width is larger or smaller than the etching
depth. Anisotropy for example occurs when the etching agent is applied at an
overpressure relative to the surroundings in order to ensure a particularly effective
20  action. The etching agent can be applied in a dipping bath or by being sprayed onto

the flat material.

For a high throughput it is advantageous when the flat material that is preferably

formed from stainless steel sheet metal is processed from roll to roll by photo-



-4- chem cal mask etching. However, it is also possible to use a

sem conductor wafer as a flat material. The thickness of the flat material
i s advant ageously between 1 mmand 0.01 nm According to a further
preferred enbodi nent the |ancing elenent is provided with a 5 sem -open
capillary channel to transport the body fluid that is formed by a channel
slot in the mask where the distal ends of the channel walls forma sharp
tip. In this connection the screening areas for the tips of the channel
walls aré delimted on one side by the channel slot. For a special design
of the shaped ne engﬁhe flah erial .is provigﬁg on both O sides with a
mask wherein a pBicAtieA magheirhige dienaver & ipleharssiplede udfn sUcUdpdonyRferas

sem - open capiII?ﬁ&nﬁgg@nel wi th pointed channel walls that extends towards
the lancing shaft is etched free on the other side. According to another
aspect of the invention the etching mask is provided with a conpensation
opening at a lateral distance from an undercut edge section, and an 15 edge
contour of the fThethitkagssf therflabmatesialds adnadtageoaisly betoveen hemeded0.0hmough t he
conpensati on openi ng under the action of the etching agent. This allows
undesired undercuts on the shaped nenber to be chemcally mlled off

ndesired undercuts . | _ .
Btvant agoous. whon IRETB AL AROE PRt hbouiy MR A LRERYEnb e FURER 1, °

chai n of hol e$ i gentirgpenesiiliay olgntine tragkport siedodp Auidkha is foanpEhsathatnel openi ng
shoul d have a smaller inner wwdth than a cut-away in the nask adjoining the

edge section. - _55101 i ﬂ%ﬁr'ﬁ@,ﬁk where thsidistad endsob thsi chamiel walds form aishagp gpsladhis on~ a
bridge of materiglgsidanl Qeening areas for the tips of the channel walls are delimited on one

side by the channel slot.

For a special design of the shaped member the flat material is provided on both
10 sides with a mask wherein a pointed lancing shaft is etched free on one side and a
semi-open capillary channel with pointed channel walls that extends towards the

lancing shaft is etched free on the other side.

According to another aspect of the invention the etching mask is provided with a
compensation opening at a lateral distance from an undercut edge section, and an
15  edge contour of the flat shaped member is etched away from the edge through the
compensation opening under the action of the etching agent. This allows undesired
undercuts on the shaped member to be chemically milled off without additional

manufacturing effort.

In order to remove the edges it is advantageous when the compensation opening
20  preferably runs as a slot or chain of holes in the mask along the edge section. The
compensation opening should have a smaller inner width than a cut-away in the

mask adjoining the edge section.



bet ween the edge of the mask and the conpensation cut-out, the wdth of the
overlying mask bridge should be |less than the undercutting wi dth of the
etching agent neasured fromthe edge of the nask. 5 Depending on the
desired shape of the contour the invention provides that the conpensation
opening is arranged in a shaping area and optionally in a screening area of
the mask for the tip to be formed. In partécular it is advantageous when the
conpensation opening is laterally spaced apart froma bent or concavely
curved side flank of the mask. 10 In order to also in this case protect the

tip frombeing etched a at the front jt | of ci al _advant age when

t he conpensatio %’géﬂf’ ﬁ\éﬁ%(vseqwm 8&8&’8@“&"{&"[‘%@%} Y E‘?‘(;% 0?6'@2?"@2?’“%{%’@

runni ng towar ds bétieerd ih@eﬂ%‘@éftilesmﬁék 438 tHeQoBensafort Aaloud tifd widkh 8ffthd he mask is
retained in front of the tip al on%tthe central axis and at | east beyond the

undercutting wowkrlying maskibiridgé ghould: edess shan thamslertuttingivadid ofthsieyching e wit h
regard to avoiding,a 15 frontal acti of .the etching agent as already
setforth with r36%‘?H’e?sélretdﬁgonéﬁﬁ@%%?Otﬁﬁ%ma%sk. In any case a V-shaped
contour of the conpensation opening should be avoided. The invention is

elucidated in nore detail in the following on the basis of the enbodinent

exanpl es shodn Pepantirig ohathe Yesirad sHape of thg camour 2Kk ihivghtiod pedvides tiaae thanci ng
elenent with a tip and a capillary channel for wthdrawing blood in a
top-view Fig. SOERIwRiionppenipgisasiapgeddn a shppiecassand opupnallyin pscserniieng t he
tip of the |angj [ YIEW I BitichiaPit i t face
of an etching n%eagfgif%ggsgt}é%n@ {Oﬁ’g fééapl Illna{%/tlcg agﬁﬁgg?&?ﬁt\ggﬁ?gp%%ﬂ{ﬁgf t he
tip in a top-Vi ewnpensation opening is laterally spaced apart from a bent or concavely curved side

flank of the mask.

10 Inorder to also in this case protect the tip from being etched away at the front, it is
of special advantage when the compensation opening is introduced at the side of a
central axis running towards the tip that is to be formed so that a strip of the mask is
retained in front of the tip along the central axis and at least beyond the undercutting
width. In principle the same considerations apply here with regard to avoiding a

15 frontal action of the etching agent as already setforth with regard to the edge of the
mask. In any case a V-shaped contour of the compensation opening should be

avoided.

The invention is elucidated in more detail in the following on the basis of the

embodiment examples shown schematically in the diagram.

20 Fig. 1 shows a lancing element with a tip and a capillary channel for

withdrawing blood in a top-view.

Fig. 2 shows the rear-side of an etching mask for producing the tip of the

lancing element in a top-view.



Fig. 4 shows an enl arged section of the etching nmask in the di stal end
region of the capillary channel in a top-view 5 Fig. 5 shows a section
along the line 5 - 5 of fig. 4. Fig. 6 shows a section along the line 6 - 6
of fig. 4. Figs. 7 to 9 show anot her enbodi nent exanple with a conpensation
slot in the etching mask in representations corresponding to figs. 4 to 6;
and Fig. 10 shows a top-view of an etching mask for producing a tip
according to 10 the prior art. The |anci-fg and sanpling el enent 10 shown in
the drawing is used as a disposable article to withdraw and to capillary
transport a small anount of blood froma body part of a test subject
especially in opges tosﬁ@M&xe%Btféb@&fi\nQidﬂﬁ%SﬁasHWé KieRIB!Be ca pﬁﬁ?th' S
purpose it conprises a flat shaped nenb a |l anci ng nmenber shaped 15
thereon having a tip 1@hmlmtb®m‘¢a@ﬁd@ﬂtlnmﬂopm¢w channel 18 for capillary
bl ood transport fromthe tip 16 to an analytical site 20. The flat shaped
menber 12 is made of a stainless steel netal sheet 22 having a thickness of

about_ 100 to 309?{;% | U Sh Qéﬂgﬂﬂr oeﬁcéf'tﬁ)eﬂ-tt{]h(?ﬁ an Iln(ﬂ{eqh#% Cﬁ&i&%l ot

handl i ng during IanC|ng proc erea which is
20 shaped as one piece tbécatph&rﬁﬂﬁhﬁﬂlnemd;p-»g@ﬂer ates a small wound in the
skin of the user in order to renove mcroscopic volunes of blood. In this
connection the capill ary channel 18 has a groove shape or is sem -open over
its length s escri bed el.ow_ it n be produced by

phot ol i t hogrgphglg %’he P‘Pi%l?é%ﬂ%?@%&&ﬁ%ﬁésc‘gﬁ‘ag' #or exanpl e be anal ysed by
refl ection spectroscopic or electrochem cal detection nethods in a known
manner. The material of the sheet nmetal or substrate is structured by neans

of the photo- Fig. 6 shows a section along the line 6 — 6 of fig. 4.

Figs. 7 to 9 show another embodiment example with a compensation slot in the

etching mask in representations corresponding to figs. 4 to 6; and

Fig. 10 shows a top-view of an etching mask for producing a tip according to

10 the prior art.

The lancing and sampling element 10 shown in the drawing is used as a disposable
article to withdraw and to capillary transport a small amount of blood from a body
part of a test subject especially in order to carry out blood glucose measurements.
For this purpose it comprises a flat shaped member 12, a lancing member 14 shaped

15  thereon having a tip 16 and a semi-open capillary channel 18 for capillary blood
transport from the tip 16 to an analytical site 20.

The flat shaped member 12 is made of a stainless steel metal sheet 22 having a
thickness of about 100 to 300 um. Its proximal end section forms a holding area for
handling during the lancing process whereas the lancing member 14 which is

20  shaped as one piece at the distal end, generates a small wound in the skin of the user
in order to remove microscopic volumes of blood. In this connection the capillary

channel 18 has a groove shape or is semi-open over its length so that, as described



5 chem cal machining or mlling nethod. In this process an etching mask 24
is applied, preferably to both sides, of the substrate 22 which covers the
structure of the shaped nenber that is to be uncovered in a subsequent
etching step. The mask is forned by coating the substrate 22 with a
photoresist and it is exposed through a photomask having the desired
pattern-that is arranged in front of the mask whereby 10 the photoresist is
pol yneri zed or hardened in the covered aréas while the other areas are
rinsed away after devel opnent. An etching agent to the substrate 22 is
subsequent|ly applied over the (double-sided) etching nask 24 generated in

t hi s manner so beloay, ittche berprokedtd by pastohthegreplyh€hie withdrawabdod damgje tan t he basi c
shape. In the case of an isotrqpic, etching action, the depth of 15 the
Fembved mat or i 4 CaPPledsSREESEPYrcioh @Fatrossqn&wr@eqraf@ﬂﬁeﬁ? detgetion
undercutting of 1656 £RRMSnRE the mask 24. The etching process can al so
take place anisotropically due to external influencing paraneters or
material properties of the substrate i.e. the lateral undercutting rate is
then larger or smaller than the depth etching rate. 20 Manufacture of the
tip 16 is partildamaterial ef the shegt metgl orsHestmigng strugturest byt means ahthephotoe| enent  10.

TR REAT BTN VR e e

be to provi an appropria 1%mgular

shapi ng area 26Gpsidd; peRedly RbotiosiddiCoftBS subsieht € DA coV¥erd the sfridhins BEd part.
However, it was observed in this case that the tip 28 fornmed in this manner

i s not sharp buhe shgpetsmembaidlad isgp foe yoeovergd imesubsegnenigtchingrstep: filbg maskows i n

fromall sides .dyrin cutti t.he tri | ar. ma : | n order
o avoi d this thErBrany RAhE e shihueoz il Mol Rl s F Pt 41,200 g
area 30 for thehbioghadlbhivendrbie teyire® Patenslthat ieligdrkd in britldf thRGddsk whereby e
| anci ng direction ) )

the photoresist is polymerized or hardened in the covered areas while the other areas

are rinsed away after development.

An etching agent to the substrate 22 is subsequently applied over the (double-sided)
etching mask 24 generated in this manner so that the masked areas are etched away
according to the basic shape. In the case of an isotropic etching action, the depth of
15  the removed material corresponds to the lateral etching rate for the undercutting of
edge contours of the mask 24. The etching process can also take place
anisotropically due to external influencing parameters or material properties of the
substrate i.e. the lateral undercutting rate is then larger or smaller than the depth

etching rate.

20  Manufacture of the tip 16 is particularly critical for the function of the lancing
element 10. According to fig. 10 an obvious approach according to the prior art
would be to provide an appropriate etching mask with a pointed or triangular
shaping area 26 corresponding to the desired contour of the finished part. However,
it was observed in this case that the tip 28 formed in this manner is not sharp but is

25  rounded off due to the etching agent that flows in from all sides during undercutting

of the triangular mask 26.



- adjoining screening area 32 preventing the front of the tip 16 from being
etched off. The shaping area 30 narrows towards the screening area 32 and
the side flanks 5 34, 36 of the nask 24 are bevelled with a |linear slope.
Starting at a constriction 38 the screening area 32 widens while formng a
bridge section 40 towards the other areas of the nmask so that the etching
mask 24 remains overall nore stable. Hence, a sharp tip 16 is etched free by
| at eral undercutting of the side flanks 33 36 of the shaping area and
screening area 30, 32, the contour of which is shown by the 10 dashed |ine
infig. 2. In this connection the screening area 32 has a | arger screening

| engt h t han t hdnonttetocavbid thiy the eithing maske24 dcoortiing tpthexnveatiordhasachapimg wher eas

the width of the gco riction 38 is ,less . than twice the |latera
under cutting widar COf?’hE‘FIH‘PsM‘?rBﬁ e‘?ﬁ‘éis Yitrke ithagpastep dhe | é‘i“’“?gr‘&if?%o‘bonver ge

at the constrictjigin3g s&@édx Jrleef‘?i _Ijr)]%venfulﬂ tHe'tR;n@@f théti ”G i &%g’%:’séﬁt he

etching process 15 conplet e de sect of th 24 shown
infig. 3 is dedl dhedhapmgbeea lﬁmplow\NWadsytht snrd:dnmgdmsm 3rZe11id¢laapildeI ftanks

structure 1 ea of .fhe |ancin 14, Accordingly.the mask 24
has a capi II 3’4 F@?FE??"PF#% bﬁ}‘ﬁrﬁ@ﬁ“gtﬁéq%&‘l‘fa?ﬁﬂ? Stargng at %ﬁoegté*aﬂ?w&o form
the channel walhssdédnig %&rﬂ%wm % iRl b blidleeldf 40 BREHOfhelohet hi S case
the distal ends of the channe hanhfered as sharp 20 tips 16'.
This is achi evededsof tHemas&ﬁmmatdhestchmbmtlsh%mm werbamragtableeas 32

positioned in front where in fig. 3 functionally identical parts have the
sane reference nuneral s so that reference can be made to the previous

erbodi ment s. | e S@B i 5 i bine Cdd AL ARWRN R e 3fc nk B, 362, O

the constri ctl on ar e ave aré rat her

bl untly angl ed mh@shepna deaankds@éentdgeare'é&:mm@;?ddoﬁtoat sewhibielsehowh Bethear e
l'inearly delimted the capillary gap 42 so that a _wedge-shaped tip 16’
is formed a0 Smdﬂweﬂmﬁg&&@@ qoppgetion the screening area 32 has a larger screening

{ength than the undercutting width viewed in the proximal direction whereas the
width of the constriction 38 is less than twice the lateral undercutting width. In this
manner the etched away material fronts converge at the constriction 38 until finally

the tip 16 is uncovered when the etching process is completed.

15  The front side section of the mask 24 shown in fig. 3 is designed to be
complementary to the desired capillary structure 18 in the area of the lancing
member 14. Accordingly the mask 24 has a capillary slot 42 through which the
channel 18 is etched in to form the channel walls 44. In order to also facilitate the
lancing in this case the distal ends of the channel walls 44 are chamfered as sharp

20 tips 16" This is achieved in the manner described above by screening areas 32
positioned in front where in fig. 3 functionally identical parts have the same
reference numerals so that reference can be made to the previous embodiments. In
contrast to fig. 2 the side flanks 34, 36 in the area of the constriction 38 are not
concavely curved on both sides but are rather bluntly angled on one side and on the

25  opposite side thereto they are linearly delimited by the capillary gap 42 so that a
wedge-shaped tip 16' is formed as shown by the dashed line.



The basic geonetric effects of the etching process in the area of the

channel tips 16' are illustrated in figs. 4 to 6. Figs 5 and 6 only show
t he upper substrate area after a certain etching tine where the |ateral
etching contours 46 only describe a circular line in the case of an

i sotropic etching action. Thus | ateral undercutting of the mask 5 edges and
side fl-anks 34, 36 of the mask 24 result in undercut edges of the shaped
menber 48, 50 as shown best in fig. 5. Su®h undercuts are indeed desirable
in the- area of the capillary channel 18 because they further inprove the
capillarity. However, the undercut 52 results in a barb (fig. 6) at the tip

16, 16" which Q&8 basicgintetriduffeli e the@tchiig@rddass ifi KiearealdY thé\chanakd tips 06'r ecti fy
this, a conpensation slot 54 can be kept free in the mask 24 according to
figs. 7 and 8. amrllustigtedtin Egs. drig§. Hgs Hand enlyshayy e appar substighe algpdiceut edge

of the  under oot oehap iRy Bl ARoIR Pl TRRA RHAR £ A8 "Perce,

the etching ag@aein thbcb opanRbiicficachkiagiction. THIS IaRegeundeutting of hepeBkat i on
slot 54 results in a 15 rounding of the edge 58 while avoiding a barb. The
width of thé mgdeesapd pige @Ef‘ksﬁét:\‘?ﬁééﬁhft maskAdgrsulidn sndrgcud gdgesiob theshansAs at i on

slot 54 is advalAdemIShy Lt?o%iq ﬁggﬂg Xlgt ﬁ%ukﬁﬁﬁ&eﬁdms gﬁgdﬁ%de‘éi Q:fl{‘int gi s should

ensure that the conpersati on has 'a substan Shal T ers nner

wi dt h conpar ed atea of tte cagillgfylcharnehB taealse el firtter Adproee the bagilldritg r ounded
edges 58 have a correspondingly smal]er etching radius. -10- Cains 1.
Process for erWﬁgthﬁupﬁﬁ%‘%ﬁé resuBsin A bart(figap ) at e 4y 16 46" WhiehheMawi ng a body

fluid in which:.a.f @}Fr’gg (12) is formed froma flat material (22)
by applying a ﬁ@g%}?%jﬁﬁgﬁg&gl omﬁ%g an etching agent to act upon it wherein

5 at least a part of the flat shaped nenber (12) is shaped as a tip (16,
16') for
10 In order to rectify this, a compensation slot 54 can be kept free in the mask 24

according to figs. 7 and 8. This slot extends at a lateral distance to an undercut edge
section 56 in the shaping area 30 of the mask 24 and ensures that the edges of the
undercut 48 that would otherwise be formed are etched away. Hence, the etching
agent which penetrates near to the edge via the compensation slot 54 results in a

15 rounding of the edge 58 while avoiding a barb. The width of the mask strip 60
between the mask edge 56 and the compensation slot 54 is advantageously less than
the lateral undercut width. This should ensure that the compensation slot 54 has a
substantially smaller inner width compared to the neighbouring mask cut-out 62 so

that the rounded edges 58 have a correspondingly smaller etching radius.



piercing into a body part of a test suqbect, wherein the mask (24) is
provided wth a shaping area (30) for ‘e tip to be shaped (16, 16') and
with a screening area (32) which extends distally beyond this shaping area
to prevent the tip frombeing etched off at the front (16, 16'),
characterized in 10 that at |east one side flank (34) is bent or concavely
curved in the junction between the shaping area (30) and screening area
(32) so that the screening area (32) has a constant or increasing w dth
over a given screening length where it connects with the shaping area (30)
and a sharp tip (16, &Bimsi S exposed only by laterally undercutting the
side flanks (34, 36) of the shaping 15 area and screening area (32). 2.
Process according to claim1l, characterized in that the shapi ng area (30) of

the etching mask nagrows _.towards the scr enlng are 3. Proces
according to cﬁal m Hroggss or e ?‘tcﬂgd’ “i‘FnEH‘dta“t g aYBF‘ﬂQa"ﬁP%% 30) is

[inear!y ehanf er ed alialifahicnaMaPhiaps] HEmbaQ)2)is REALEROmALRREI 09) ol ai m 1

characterized in that the screenin arger than the proxi mal
under cut ti ng wi dt h biuapplying dmasko@i# pandadlowing aetethingggent ge adt updn it Whereins s

ding t f the clajms 1 to 4, ch d i,n that th 16,
T6°) is Shaped by e EHGt PO b Iqiagped Fegiier (akie apss s 87 (1, IOMoE Coss

according to clai m gerctiya ﬁt%(htt%ﬂ%' Eﬁ"tjof J‘teEtQﬁE eéthﬁhé%lﬂttllfb Rhski(2H 15391‘&5%& ction
(38) should be less than tw ce | at er al un dercutting w dt'h . Process

according to clai m githa skapingea(30kfor thedipitm be Bbiiped aé, bﬁi)r@ém’lthga ar ea (32) is
v Sened 202, a1 e B SRkl e AR B g 0 O O

prevent the tip from being etched off at the front (16, 16'), characterized in

10 that at least one side flank (34) is bent or concavely curved in the junction

between the shaping area (30) and screening area (32) so that the screening

area (32) has a constant or increasing width over a given screening length

where it connects with the shaping area (30) and a sharp tip (16, 16) is

exposed only by laterally undercutting the side flanks (34, 36) of the shaping

15 area and screening area (32).

2. Process according to claim 1, characterized in that the shaping area (30) of

the etching mask narrows towards the screening area (32).

3. Process according to claim 1 or 2, characterized in that the shaping area

(30) is linearly chamfered at least on one side.

20 4 Process according to claim 1, characterized in that the screening length is

larger than the proximal undercutting width due to the action of the etching

agent.

5. Process according to one of the claims 1 to 4, characterized in that the tip

(16, 16") is shaped by a constriction (38) in the mask (24).



screening area (32) has a bridge section (40) that widens in the distal
direction relative to the tip (16, 16“ﬂ1rhat is to be formed. 9. Process
according to one of the clainms | to 8, characterized in that the
undercutting etching width is larger or snmaller than the etching depth. 10
10. Process according to one of the clains | to 9, characterized in that the
etching agent is applied in a dipping bath or by being sprayed onto the fl at
material. 11. Process according to one of the clains | to 10, characterized
in that the etching agent is applied at an overpressure relative to the

surroundi ngs. %5 12Proeése@@c%sdiﬁ§w£mwcmua@ﬁzaimtdi@c it ¥idth ofthgo 11,
characterized in that the flat™ material (22) that is preferably forrred from

stainl ess steel sheeanstristion (383 shopldddess daanftwismtiredhteral undes¢uttingwidtot ocheni cal
mask etching. 13. Process according to one of the clains 1 to 12,
characterized in that the thickness of the flat materi al (22) is sel ected

Lo be between by mn pag 200 0nfite WBldsork pudPaEAss ASHRY ol Bty of Lhe

clainms Ito 13, char acteri ze ancl ng ed with a

sem -open capi | | ar y(32hsnwidéned h83in tafter the constriotidn BBe body fluid that is for rred
by a channel slot (42) in the mask (24), and that the distal ends of the
channel walls (44) are shaped as a sharp 5 tip (16'). 15. Process according

to claim 14, charac erizedl at t ) i reas . (32) .f the tips
(16') of th& ﬁanne?m\ﬁ%ﬁslagcof g °a‘?n§°g§1° f?f 8 gﬂ gﬂ'éacgqr&gg tha?h’@ channel
slot (42). 16. ProcggéenipGdadBmMthat @ b eEtidn80)thativiiBenk ih theldstalchar act eri zed

in that the flat
direction relative to the tip (16, 16') that is to be formed.

9. Process according to one of the claims 1 to 8, characterized in that the

undercutting etching width is larger or smaller than the etching depth.

10 10.  Process according to one of the claims 1 to 9, characterized in that the
etching agent is applied in a dipping bath or by being sprayed onto the flat

material.

11.  Process according to one of the claims 1 to 10, characterized in that the

etching agent is applied at an overpressure relative to the surroundings.

15 12.  Process according to one of the claims 1 to 11, characterized in that the flat
material (22) that is preferably formed from stainless steel sheet metal is

processed from roll to roll by photochemical mask etching.

13. Process according to one of the claims 1 to 12, characterized in that the
thickness of the flat material (22) is selected to be between 1 mm and
20 0.01 mm.



10 material (22) is provided on both sides wwth a mask (24) wherein a
pointed |I|ancing shaft (14) is etched fdde on one side and a sem - open
capillary channel (18) with pointed channel walls (44) that extends towards
the lancing shaft (14) is etched free on the other side. 17. Process
according to one of the clains I to 16, characterized in that the 15 mask
(24) is provided with a conpensation opening (54) at a | ateral distance
from an.undercut edge section (56), and that an edge contour (48) of the
flat shaped nmenber (12) is etched away fromthe edge through the
conpensation OpENi MigodesddccordfiRito bRCoMAE EBhsaf o118 Schakfdiéri 30 Bkt thel S-
Process for producing a lancing element in particular for wthdrawi ng a body
20 fluid in which a laicing el¢ragnt e prevites wighi 23emipew capiithry channel (18)ae nat eri al
(22) by applying a mask (24 .al.l owi.n et chi t. 0 act upon it
wherein at |east atgg;qonotﬁe g’?f@r}?q“i{hagﬁg?fgﬁaﬁ%ﬁﬁ@?m?ﬁg%%?g ‘%hﬁd’é‘ﬁ}‘as atip
(16, 16') for pier q2agandth the iSdYendsbf the thanélSdlls $44)jaRChapedhis a@hdipt he nmask
(24) is provided wth a conpensation opening (54) at a |ateral distance
from an undet cut eddw @6).section (56), and an edge contour (48) of the flat
shaped menber (12) is etched away fromthe edge through the conpensation
opening (54) under the 13 action of the etching agent, characterized in
that the conpensgati Nalo -] LI : t ' of a
central axis ruﬁ%i nzjlj}?%ev\g&ggﬁﬂééﬁaghi?’rlb&ﬁﬁf%&;}g'?ﬁggﬂ#gé tsglte%gnéﬁg%ed so t hat
a strip of the nask (82) foethaitipe(l 61) of the@hinnef wallsi{é4)targddlihfited bf'ope sideby t he
central axis and the ti%lgxpéqjlts 64(67% Is screened from5 being etched off at the
front.. 19. Process B¢ ﬁ@t claim17 or 18, characterized in that the
conpensati on opening (54) preferably runs as a slot or chain of holes in the

16.  Process according to one of the claims 1 to 15, characterized in that the flat
10 material (22) is provided on both sides with a mask (24) wherein a pointed
lancing shaft (14) is etched free on one side and a semi-open capillary
channel (18) with pointed channel walls (44) that extends towards the
lancing shaft (14) is etched free on the other side.

17.  Process according to one of the claims 1 to 16, characterized in that the
15 mask (24) is provided with a compensation opening (54) at a lateral distance
from an undercut edge section (56), and that an edge contour (48) of the flat
shaped member (12) is etched away from the edge through the compensation
opening (54) under the action of the etching agent.

18.  Process for producing a lancing element in particular for withdrawing a body

20 fluid in which a flat shaped member (12) is formed from a flat material (22)
by applying a mask (24) and allowing an etching agent to act upon it wherein
at least a part of the flat shaped member (12) is shaped as a tip (16, 16") for
piercing into a body part of a test subject, wherein the mask (24) is provided
with a compensation opening (54) at a lateral distance from an undercut edge

25 section (56), and an edge contour (48) of the flat shaped member (12) is
etched away from the edge through the compensation opening (54) under the



mask (24) along the edge section (56). 20. Process according to one of the
clainms 17 to 19, characterized in thatjshe 10 conpensation opening (54) has
a smaller inner wwdth than a cut-away in the mask (62) adjoining the edge
section (56). 21. Process according to one of the clains 17 to 20,
characterized in that a mask bridge (60) runs between the mask edge and the
conpensati on opening (54), and that the width of the mask bridge (60) is

| ess than the undercutting 15 width of the etching agent neasured formthe
edge of the mask. 22. Process according to one of the clainms 17 to 21,
characterized in that the conpensation enln ‘g54 Is arranged i.n a

shapi ng area (30) a?ﬁaorb‘gﬁth%ﬁahlm&ageat §E‘F'@§ Fized iy at%'SQ‘?mBﬁf“S?tW@%ﬁ%‘RE(M) for
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17 to 22, charact erl conpensati on op ni ng
| ateral |y spaced apas, t16f)|tlmtnsao$»eslcapéd m’that(a&s&)p mmemhﬂcmhn(cﬁﬁ)frdnhaﬁ i s bent
or concavely curved, dis d the t tob h d

y the tlpE é/ 16" aﬁongt e centrgl axlls and the tip (]16 ?6') 1(s) scrgencstd targr%

5 being etched off at the front..

19.  Process according to claim 17 or 18, characterized in that the
compensation opening (54) preferably runs as a slot or chain of holes in the

mask (24) along the edge section (56).

20.  Process according to one of the claims 17 to 19, characterized in that the
10 compensation opening (54) has a smaller inner width than a cut-away in the

mask (62) adjoining the edge section (56).

21.  Process according to one of the claims 17 to 20, characterized in that a
mask bridge (60) runs between the mask edge and the compensation opening
(54), and that the width of the mask bridge (69) is less than the undercutting
15 width of the etching agent measured form the edge of the mask.

22.  Process according to one of the claims 17 to 21, characterized in that the
compensation opening (54) is arranged in a shaping area (30) and optionally
a screening area (32) of the mask (24) for the tip (16, 16') to be shaped.

23.  Process according to one of the claims 17 to 22, characterized in that the
20 compensation opening (54) is laterally spaced apart from a side flank (34) of
the mask (24) that is bent or concavely curved distally beyond the tip (16,
16') to be shaped.





