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SUPPORT FOR SMALL CUTTING WIDTH OF WATERJET TREATING
OF THE SIC-MICRARRAYS

In the work cutting of SO-microarray to separate elements with high pressure jets of particulate
abrasive has proved possible to use small-diameter jet for precise cuts of microchips as hard and brittle
materials. Using a functional approach has reduced the width of the damage to the plating. The original
way of using waterjet cutting slit masks is offered. The use of such masks significantly improves the
quality and accuracy of the cut edges of the chip.
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Introduction. Cutting microarrays mechanically with using fineligpersed tool containing diamonds is
a technology that allows to perform straight cat€@mpliance with a number of technical requirersdat the
quality of the surface layer, the absence of sigguift residual microstresses, any force-thermal adps.
Sometimes, for plates cutting or small-width graoperforming a electrospark method is also usirg¢hvin
the implementation of water environment satisfactprality of edge with a relatively small outputgises.

Recently the spread began to take other method#ip$ cutting, the most promising is considered a
laser-jet method based on simultaneous action qroaessed surface as heat and jet streams [1]. The
combinations of these streams has such an impagtpoacessed surface, which due to strong heatgsatkent
thermally high field on only a small area of thefaae is localized, which provided fleeting fluitbdv. This
avoids problems with the cracking chips and wit ¢hanging of their physical and mechanical.

However, in some cases, the metalized pelliclactirig on a plate surface is considerably limite th
possibility of using laser-jet method. According @, 3] the presence of metalized pellicle can eaas
redistribution of the temperature in the processinge, which in turn will cause to its detachmeawoinf the
surface. In addition, the SiC-plates cutting ioatemplicated by high strength and brittlenesshef taterial
resulting in a significant number of workpieceqs®rmed into an incorrigible reject.

The Kremenchuk Mykhailo Ostrohradskyi National Usrisity attempts to perform cutting chips into
individual elements using ultrahigh pressure ligjgtd Ability to use for processing hard materiéscluding
silicon carbide) the fleeting fluid jet flowing fno the nozzle and mixes with finely dispersed abeasias
studied in performance a number of works in paldic[#].

However, unlike the processing of macrosolids latgan 10-25 mm with providing executable size-at 3
12 mm in IT8-9 , getting microcuts on plates of 2agn and a thickness of 0.1 — 0.2 mm ensuring acgura
implementation of sizes at £IT9/2 is fundamentalifferent problem. It is related to the orientatiand fixture
of the workpiece, ensuring its keeping safe infitv at the time of cutting, and the necessity tweauch a load
at which at the maximum achievable jet compactnessthe
processed material will not have critical microsses that can
destroy the chip or separate inflicted pellicle.

Resear ch objective.

It is waterjet cutting process used to obtain @@ciuts on the
metalized microarrays of carbide materials, whiclan cbe
implemented in a small-scale production.

Basic maintenance and result of research.

For experimental researches were selected 10 okiffs
metalized pellicle inflicted on both sides. Chip teral - silicon
carbide (SiC), crystal size 2.8x2.8 mm, plate thiess 110 microns.
Able to supply on the crystal placed four sepasaitectures (Figure
1), which in the processing must be separated ftioen original
structure. For the normal functioning of the chipthe product put
forward a number of requirements, among which tlaénmnes are
the following: separate structures after separatinrst not contain cracks following in depth of plat a
distance of more than 0.02 mm; on the surface sindube chippings that exceed 0.015 mm; metalliatn
the lower and top surfaces (obtained by sprayihgukin’t exfoliate and buckle up; allowable detaeimnat the
lower edge of the crystal is not more than 0.05 from the edge; after cutting the surface of thestatg should

Figurel — The tested chip, mounted on
subsidiary table
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not have dirt, oxide films or oxidized layer meizdkion; chip can be heated to a temperature nleehithan 300
0C. Special requirements to roughness of the endsaireominated.

Processed plate enshrined to the subsidiary thkleause the size of chips does not allow the use of
traditional means of orientation and fastening.

Before the work microscopic examination of the aoef of the workpiece and quality of inflicting
metallization are performed. Was found that the kp@ce has some defects both on the separatioatigteu
edge and on the surface. It is hampered the waalse any defect could cause cracks and crysigiing.
Later, during the research with this phenomenonrbpdatedly.

Attempts to use only liquid jet had no effect: Tjet¢ with flowing out pressure above 250 MPa
significantly damaged metallization (Figure 2,b) view of the demands put forward was unacceptable.
Moreover the damage was spreading over a distan@d.® mm for the impact time of 3—-4 s. Thus thedcef
implementation of the cut by abrasive liquid floasvevident.

Figure 2 — Cracking of the workpiece (a) in an afteta get a groove in the center of the chip andatged metallization (b)

The workpiece can’'t be mounted cantilever becaliseetis the possible compications associated with a
absence of conditions for the free flow of wastiilil. Since in this case inleaked flow that createssure,
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wherep — pressure in the hydraulic system, M&a:; diameter at the cut profile of the jet of the formingziez
mm; h — thickness of the processing material, man; — tensile strength, MPa, can cause it brittle destruction.

Therefore was accepted an attempt to make abrasive jengeuttihich profiles were calculated on the
assumption that is using of finely dispersed garnet aleasgih fraction of 50-100 microns, and working feed is
installed such that the jet penetration of the processed maecizdds its thickness of 2 ... 3 times. By this was
expected to create conditions for the groove forming ine¢kening table for fluid flow at maximum saving of
interaction pattern power. To determine the right procesaodes used the equation
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where W =W, +W, =

moreovero, =

Werem — mass of abrasive particlég;, V,— normal and tangential components of the partivjgact speed

with the processing surfacBa, HB,q, — roughness parameter, hardness parameter andliyizdrameterz, —
grit of abrasive particlest, — constant which takes into account the inertithefmicrocutting process;, k, —
constant coefficients.
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Were established following modes of processinguitigpressurep=200 MITa, it makes possible to
2pfe

fer2p/ p+M,

mm is 270 m/s. Gauge tube was chosen from theadlaibnes, although it did not comply with the \idf the
groove — 0,25-0,4 mm. Of course, the use of smdiemeter tubes would get better grooves and ogenias
well as provide a smaller area damaged adjaceheteurface processing zone.

The processing performed by setting contouring fatel of 500 mm/s. This one tried to process théepl
from the center toward the edge, and the other th whe introduction of the jet outside the crystal.
Unfortunately, processing from the center has tegdrmanent damage of the chip with occurrenceadks
that led to chipping, truck cracks branching andh formation of microcracks grid. Processing vgthdual
supply of jet to the processed workpiece had moceess because surface defects has been avoidegdnthe
groove width of 1.1 mm is almost completely spoitate part of the workpiece (which is permissiblethe
technical requirements) leaving the rest part ef ¢hip in a satisfactory state (Figure 2,a). Theievaf edge
roughness measured by electronic means estimafe@ aticrons in the parameter Ra.

The data showed that the processing pattern isational and requires correction. It was found that
waterjet cutting can be used for the microarraytirgyinto individual structure provided that theogve width
will be increase. At the same time receiving graowver 0.3 ... 0.5 mm is hardly acceptable from the
perspective of the technology. Invokes the compjexd the orientation and retention workpieces atkaable,
that for implementation of serial process requites use of additional tools. Resulting edge roughnis
satisfactory and has no significant chipping of sheface, has a homogeneous structure and hasfecislas
stress concentrators which is essential to ensarstability of physical and mechanical propertftsthe same
time there is a likelihood of chip cracking theguires beginning of processing outside inleakédVjéhen
calculating the rate of the working feed shouldvite a deeper groove cutting, but on the other headlicing
the rate of the working feed leads to growth dardesyea on the lower edge of the chip and on thestiye of
the chip (where applied metalized layer). The esslgoroblem is to minimize the damage zone of fliz&dion
on the top and lower edges of the processing wedeilt was pointed out to our previously resuitd ¢éhe
conclusions: quality and reliable cut can be oledionly if the wasted liquid is free to flow, antl such
placement of the processing workpiece, which isiryity particles that move relative to the progegsurface
at small angles of attack.

Of the above conditions led to the logical conausof the need to use special slotted masks. This
allowed us to offer an original way to cutting teegorkpieces. The method of waterjet cutting ofroacrays is
realized using inkjet system. It consists of atéatlon the high pressure tube 1 (Figure 3) mixingndter 2
which on the one hand coupled with the jet nozz{esdially with diameted,=0.1...0,3 mm) and on the other
hand contacted with the calibration tube 4. Gaudpe imounted coaxially with nozzle 2 so that betwibenend
face of the tube and nozzle cut 2 loose ejectirgsabe particles that follow by supply channel ®ttthg into
the gauge tube, abrasive particles being accetetatethe redistribution of the kinetic energy oé tfet that
coming out of the nozzle 2. Processing sheet wedgi6 is installed on the support plates 7 thahrémed
motionlessly on the work table of machine 8 in tlistanced; from each other. The top of the workpiece
pressed through the compensating spacer 9 by nladkh& mask is protective plate (plates) with dadpening
in width A, and at least one free end face. At the same tmaeleft of the mask 10 is located coaxially to the
end faces of support plates 7 so that defis over cleftA,. And the mask connected with intermediate supports
11, one of which is simultaneously contacting wtid face of the workpiece 6, providing precisiottiisg of
the mask. The axis of the jet stream 12 is locatdte plane of the mask cleft axis 10, paralleth® end faces
of support plates 7 and at an angle to the perpaladtiof the processing plane.

The method have implemented in such a way. Workptemstall on the support plates 7 so as to touch
the end face of one intermediate support 11. Heneanother intermediate support is at a distahé®m the
opposite end face of the workpiece 6. On top ofvibekpiece through compensating spacer 9 overlaskri
and press against the intermediate supports 11n e workpiece that has been preparing to praogssi
placing at the point of jet inleaking at some dist from the zone of hydraulic influence therelbynglating
instabilities of the cutting process at the inijietl acceleration. When liquid applied, it beginguing by tube 1
and flowing through the nozzle 3, at the same taweiding the mixing chamber 2 and cause ejectinthef
abrasive particles by supply channel 5. The rewylfet-abrasive flow goes by gauge tube 4 and durth
inleaking on the mask 10. Herewith its part doespasform useful work and screened from the surfzctne
workpiece 6 by mask 10 (Fig. 2), and the necessddth provides by a working cleft, of mask 10. Moving of
the jet with a working feed, allows to transfer hydraulic influence on the deditength, usually=B+1,2D,,
and inclination of the jet provides sliding effedtabrasive grains and free flow of waste stream.

To check and to prove the proposed method theyfaimhple devise (Figure 4) with cemented carbide
(WC type) plates were assembled, into which esthbll the processing microarray and enshrined on the
desktop of the machine LSK-400-5. Working cleftfpemed to the size oA;=A,=0,3 mm; herewith used the

determine the velocity of abrasive particles for nozzle of 0.12 mm and gauge tube of 1.1
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special thickness gauges. As an abrasive was Usetdoeorundum with fraction of 20/50 mm, whiclefil with
a expenditure of 0.5 kg/min from additional hoppleat mounted on the working organ (this was possibl
because the processing time didn’'t exceed 2-5 s).
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Figure 3 — Scheme of the device for conducting ggsing of chip with cleft mask
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Figure 4 — Workpiece mounted in the device laymat alignment of technological equipment on the tgskf machine
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Working feed was chosen on the basis of equatiip= with the

requirements of the desired edge quality, whdye— manufacturability processing of the mater@- constant;

Q — quality index which is inherent to a particutgpe of processing; — rated pressure, MPh;— thickness of
the processing material, mnar, — tensile strength of the material, MR&:- diameter of the abrasive grains,

microns; M, — mass concentration of grains, %. The compleaitg additional refinement of the coefficients
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were caused by the fact that the process was shont-and therefore unstable. After a few test paseas
installeds,=500 mm/min.

The results in Figure 5 are shown. So, it was fotlmad the chip was cuted according to the maskghvhi
was installed above the surface of processingwitirehe level of roughness that obtained on thgeedid not
exceed 6.3 mm in the parameRa. The width of cut did not exceed a given size, fmine waviness of the
surface was determined by the corresponding dewidtiom parallelism of plates used as a mask. Wss a
implemented a series of experiments directed aitiigeng of the functional conditionality of surfacoughness
by fraction used abrasive.

Plot of Fitted Model Plot of Fitted Model
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Figure 5 — Dissected microchip and the receivea eagthe end face of the cut (x50). The size optate before processing
2,8x2, 5 mm, width of cut — 0.3 mm
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Herewith found that the use of more small abragirection of 10/30 microns) gives better resulhe t
level of roughness managed to partially reduce. éi@m, in our opinion, a more effective result woblel to
optimization of the thickness of the mask platesisTconclusion follows from the analysis of thetitg zone.
Because diamter gauge tube is much greater thadidheeter of clefts mask, the most of the abrafiose does
not perform useful work. Vice versa at the timeirdéaking on the obstacle (and the use of hardltoahard
materials causes almost complete lack of cuttimgafehort time) the greater number of particlesngka the
direction of the movement and affects on the plagicthat is moving in the stream opposite theagwi to the
working cleft. Having the momentum, the particl&ésiege the direction of the movement and upon raegatie
surface of the microchip can perform it damageh® dutside area that limited by the mask. This phemnon
leads to the fact that the surface roughness thdnfunctional dependence of the kinetics of plsidn the
stream, which requires further researches in tingction.

Conclusions. Thus, we have proved the possibility of using srdaimeter jet stream to perform precise
cuts of microchips with hard and brittle materiagigch as SiO-chips with double-sided metalizediag@pln this
case damage of the structure are not observecheAsame time, analysis of the kinetics of two-phgtseam
when using high-strength mask will allow better udethe energy of the jet stream, will provide bettut
quality and reproducibility of the process and alsibreduce the cost of funds for making masksgascessing.
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Canenxo O.®., lyniok B., Hukutin B.A. 3a0e3neueHnst Maioi MIMPHHU pi3aHHA npu o00podui Mikpouinis
rifpoadpa3suBHUM CTPyMeHeM

VY pobotri BHkOHaHO po3pizaHHsS SiO-MIKpOYHIIB Ha OKpPEMi €IEeMEHTH 3a JOMOMOTOH CTPYMEHS
HAJBUCOKOTO THCKY i3 ApiOHOIMCIIEpcHUM abpa3uBoM. byna noBeneHa MOXKIHUBICTh BUKOPHUCTAHHS CTPYMEHIO
Majoro JiaMeTpa i BHKOHAaHHS TOYHHX Pi3iB MIKPOUHWIIB SK 3 TBEPAUX TaK 1 KPUXKHX MaTepialiB.
BuxopucranHs (GyHKIIIOHATLHOTO MMAXOMY MO3BOJIMJIO 3MEHIIUTH IIMPUHY IOMIKOJKCHHS MeTalli3allii.
3anpornoHOBaHO OPHUTiHAIBHUKN Crocid Tigpo abpa3wBHOTO pi3aHHS i3 3aCTOCYBaHHSAM MIIJIMHHUX MAacoK.
BuxopucTaHHs TaKUX MacOK 3HAYHO MIABHUIIYE SKICTh 1 TOYHICTh KpaHOK pO3pi3aHOTO Hira.

Karwuogi ciioBa: SiC-Mikpounmy; rigpoabpasuBHe pi3aHHs, AKICTb pi3y.

Canenko O.®., lymok B., Huxutun B.A. OfecneyeHne Majioil IIMPUHBI pe3aHUsi NMpuU 00padoTke
MHKPOYHIIOB FHIP0adpa3suBHOI cTpyei

B pabote BbimosiHeHO paspe3aHue SiO-MUKPOYUIIOB HAa OTEIBHBIE JJIEMEHTBHI C TMOMOIIBIO CTPYH
BBICOKOTO JIABJICHUS C MEJKOIMCICPCHBIM a0pa3uBoM. Bbula JOKa3aHa BO3MOXKHOCTh HCIIOJB30BAHUS CTPYU
MaJIOTO THAMEeTpa Ui BBITOTHEHHS TOYHBIX PE30B MHUKPOYHIIOB KaK M3 TBEPABIX TaK M XPYNKHX MaTEepHAJOB.
Hcnonp3oBanne (yHKIMOHATIHHOTO MOAXO0JA IMO3BOJIIIO YMEHBIIUTH IIUPHUHY ITOBPEXKICHUS METaJUTH3aI[IH.
TIpennoskeH OpUrHHAIBHBIN CTIOCO0 THAPOoadpa3suBHOM pe3KH ¢ MPUMEHEHHEM IIEIeBBIX MacoK. Mcmonb3oBanme
TaKWX MaCOK 3HAYHUTENHHO MOBBHIIIAET KAYECTBO M TOYHOCTH KPOMOK Pa3pe3aHHOTo YuIa.

Kawuesbie ciaoBa: SIC-MuKpo4uiibl, ruipoadpa3uBHOE pe3aHne, KauecTBO Pe3aHusl.
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