OCOBEHHOCTU TPAGAPETHOM
NEYATU U CBOPKU B NMAKET
HEOBOMOKEHHOW KEPAMWKM

C.Yuzupunckuii, K.¢.-m.H., B.Yepubix, E.Illmynap /
micro@ostec-group.ru

Kepamuka ansa 3N1eKTpOHUKU Bbi3biBaeT
3HAUYUTEeNbHbIN UHTepec B POCCUMU, YTO CBSAI3AHO
C XapaKTepucTMkamu v YHUBepCasbHOCTbIO
06paboTkM 3TOro matepmuana. Us Hero,

B YaCTHOCTU, U3roTaB/INBAKOTCA: KOMMOHEHTbI
M YCTPOWCTBA, B TOM 4ucse gns CBY-yctponcTs
(HuskoTemnepaTypHas kepamuka, LTCC),
Kopnyca (BbicokoTemnepaTypHas KepaMuka,
HTCC ), MHorocnoiHbie KoHgeHcaTopbl (MLCC).
B ctaTbe kKOMNaHuM "OcTek" 06cyxaaeTcs
OaHHbIN BOMpOC.

perMyIlecTBa AJIIOMOOKCHIHOM KepPaMHKH:
XUMHUYecKasi M TepMHUYeckas CTabHJIBHOCTD
(MHepTHOCTD K KUC/IOTHBIM U LIEJIOYHBIM CpeilaM,

COXpaHeHHe CBOMCTB [0 600°C), BBICOKHE TeIUIOIIPOBO-

IOHOCTb K TBEPAOCTH (8 1o Moccy), HU3KHe TH3/IeKTPH-

4JecKHe IIOTepH, pafHallHOHHasa CTOMKOCTb, IJIOTHOCTD

U TePMEeTHUYHOCTb U3[IeTMH U3 KOHEYHOI O IIPOAYKTA.
Lenecoobpa3sHo paccMOTpeTh HaHeCeHHe TOIIOJIOTUU

IIPOBOJTHHKOB Ha KepaMHUeCcKHe MOJIOKKH U UX COOpKy

B I[IaKeT C UCII0/Ib30BaHKeM IIPUHTepa - cTekepa PAL-9Y

(puc.1), mpryeM, B MHOTOC/IOMHOM KepaMUKe Tpadaper-

Hasl reyaTh ¥ cOOpKa ITPOM3BOJSTCS Ha HEOHOKKeHHOM

(3eneHom) martepuaie [1]. YcranoBka PAL-9Y npuMeHs-

eTCs B OCHOBHOM [/is IIPOM3BO/JCTBA MACCUBHBIX KOM-

[IOHEHTOB, HallpUMep MHOT'OC/IOMHBIX KePaMHUYeCKUX

KOHJIeHCaTopoB. IIpu paspaboTke MpoayKTa HeobXo-

OYIMO IIOMHUTB, UTO TOYHOCTB I[Ie4aTH U OKOHYaTe/IbHON

cbopKY ompesiensieTcst TOUHOCTBIO ITO3ULIMOHHM POBAH U S

pabournx y3710B 060pymoBaHUS, 0CODEHHOCTSMH MaTe-

puana u TeXHOJIOTUYeCKMMH I1apaMeTpaMu. ToUHOCTh

[IO3ULIMOHH POBaHM S BK/IIOYAeT:

* IOBTOPSEMOCTb IIO3UIJMOHHUPOBAHHS OLHHOUYHOU
naneTs-HOCHTeNs (pabodero CTOMA/IIUTEL), CABUIA
Tpadapera;

* IapajjelbHOCTb U IVIOCKOCTHOCTD ITPeCcCOBAIBHOM
[LJIUTHL;

* MeXaHHYeCKyI IIOBTOPSeMOCTb IIPOYMX IIapaMeTPOB
C MUHUMaJIbHBIM BIMSSHHEM Ha TOUHOCTb [IeYaTH.
duHanpHasg TOYHOCTh, B IIEPBYIO OUepelb, 3aBUCUT

oT mozibopa mapaMeTpoB, KOTOPEIe BHOCSIT B Hee 3Ha-

YUTENbHO OONMBIINN BRIAJ, HEXKeNH IepeMelleHue
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SPECIFIC FEATURES OF SCREEN
PRINTING AND PACKAGE
ASSEMBLAGE OF UNBURNT CERAMICS

S.Chigirinsky, PhD, V.Chernykh, E.Shtupar /
micro@ostec-group.ru

Ceramics for electronics evoke great interest
in Russia, which is due to the characteristics
of the material and universality of its
processing. In particular, it is used for
manufacture of components and devices,
including microwave frequency devices
(LTCC - Low Temperature Co-fired Ceramics),
cases (High Temperature Co-fired Ceramics)
and multi-layer condensers (MLCC). This

is the topic for discussion in the article by
Ostek Co.

dvantages of alumina ceramics: chemical and
thermal stability (inertness to the acid and alkaline
nvironments, preservation of its properties at
temperatures up to 600°C), high heat conductivity and
hardness (8 by Mohs), low dielectric losses, radiation
resistance, density and tightness of the goods from the
end-product.

It would be expedient to discuss application of the
conductor topology on ceramic substrates and their
assembly into a package with the use of PAL-9Y printer-
stacker (Fig.1), at that, in multi-layer ceramics the

Puc.1 MpuHmep-cmekep PAL-9Y
Fig.1 PAL-9Y Printer-stacker
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WU ToJJepskaHUe [IapaMeTpPoB MallKMHbL. Hanpumep,
HeIlpaBUJ/IbHO 3aJlaHHOe JlaBJleHHe IPU IpeccoBa-
HUU IPUBOAUT K PACCOBMeIeHUIO 110 OCSIM HMJIH pas-
pyIIeHHI0O KOMIIOHEHTa, XOTsl 060pyfoBaHUE COXpa-
HsieT CO6CTBEHHYIO TOYHOCTh ITO3ULIMOHUPOBAHUS
Y COBMeILIeHUS.

Ha TouHOCTb cOOPKU TakKe BIUSIOT Tpadaper, mapa-
MeTPphI Ipoliecca MedyaTH, XapaKTePUCTUKHU IaCTHI
Y KepaMUYeCKOH JIEHTBL.

B/IMAHUE TPA®APETA HA MPOLLECC MEYATHU

Ha 60/IBbIIMHCTBe ITPOM3BOACTB UCIIONB3YI0TCS CETKO-Tpada-
peThI 325 11 400 Me3K (UKCIIO sTueeK Ha [IIOMM), KOTOpbIe BBIOH-
PAIOTCS B 3aBUCHMOCTH OT TpebOBaHUI KOHEUHOIO ITPo-
AyKTa. Ha KayecTBO HaHeCeHM PUCYHKA B OCHOBHOM BJIH-
SIIOT OKHO CeTKH, TO/IIMHA ITPOBOAHKKA U CII0C06 M3r0TOB-
neHus TpadapeTa. ECIM HCIIOIB30BaTh TpadapeTsl, BHIIIO-
HEHHBIe C [IOMOIIbI0 GOTOIMYIBCUH, HEBO3MOXKHO II0/1y-
YUTH POBHBIE KPasi [IPOBONHUKA (pHc.2). st Tpadapera 325
Me>K HepOBHOCT (3Ur3ar) Kpast cocTaniisteT 20 - 30 MKM, AJ15
Tpadapera 400 mexk - 5-10 MKM. 111 yMeHBIIEHUS JaH-
HOro 3¢ peKTa c/1efyeT COOTHOCUTh KOHQUTYPALIHIO JOPO-
>KeK U HallpaB/leHHe HUTel ceTKH B TpadapeTe (CTaH-
IApTHO MUCIIOb3yeMble YIbl: 0° 1 45°), mpryeM Heobxo-
AUMO IIPUMEHATh MaKCHMMaJIbHOe KOJIMYeCTBO COBIIA-
JeHUH YIJIOB 37leMeHTOB TOIIOJIOTMH PUCYHKA U HUTeH
Tpadapera.

I1py HU3roTOBJIEHUHU TPadapeToB C UCII0/Ib30BAHHEM
$OTOUYBCTBUTE/NIBHBIX MJIEHOK 3pHeKT OTCYTCTBYET,
HO TaKHe TpadapeThl HeIIPUTOAHBI [/1 TOHKHUX PUCYHKOB
13-3a JIOIIOJTHUTEe/IbHOM TO/IIMHBI II7IeHKU. [Ipu cbopke
nakeTa (CTeKa) P UCIIOIb30BAHUM KaueCTBEHHOTO Tpa-
daperTa 3Ur3ar He CH/IbHO BIXSAET Ha O3ULIMOHHUPOBA-
HHe. DTO Ha3blBaeTCsl BUPTYalbHOH pa3opHeHTalluel,
KOTOPYIO Heo6XOA MO YUUTHIBATH, €C/TH TpebyeTcs Tod-
HOCTb ITOpSIIKA HeCKOJIBKUX MHUKPOMeTpPOB. I1pu Tpada-
PeTHOM IeyaTH CYIIeCcTBYeT ellle ofHa I1pobaeMa - yIIu-
HeHHe TpadapeTa B HalpaB/JIeHUH [BUKEHHUS paKess
(puc.3).

Ha n3sMeHeHue IJIMHBI TPadapeTa BIUSIOT:

* OKHO CeTKH,

* pa3sMepnl paMKHU TpadapeTa,

* IUIOINAMb [I€YaTH;

* HaTsDKeHHUe TpadapeTa (HOBble TpadapeTsl - yAJIHHe-

HIe MeHbllle, HCII0/b30BaHHEIe — 60sbIIIe);

* OJHOPOMHOCTDH HaTSKeHMs Tpadapera ompeaenser
bopMy yIIHMHEHHS,
 TUI pakess (IOTHYpeTaHOBHIH obecrieunBaet bosee

OIHOpPOJHOe yA/IMHeHHe 10 CPAaBHEHHIO C a/IMa3HBIM);
* yCHJIMe Ha paKenb (deM oHoO 6osblle, TeM bosnblie

yAIVHeHHUe);

* JIMHeMHOCTb paboder 4acTu pakens (BIUSIHHe Ha
dopMy yoIUHEHUS);

OT 20 £0 30 MKkMm ans TpadapeTa 325 mex
From 20 up to 30 mcm for a stencil of 325
points perinch

md

OT5 no 10 mkm ans Tpadapeta 400 mexx
From 5 up to 10 mcm for a stencil of 400
points perinch

Puc.2. Bud kpaes (3¢p¢ekm 3u23aza) nposodHuUKa nocae
mpacgapemHoll nesamu

Fig.2. View of the edges (zigzag effect) of a conductor after a stencil
printing

HanpasneHuve neyatn
Direction of printing

HanpasneHuve yanHeHns
== Direction of lengthening

B Hauane B KOHLe nevyaTun
neyatu yAnvHeHne 6onbLue

yaMHeHne =—p At the end of printing
Masno the lengthening is
At the bigger

beginning of

printing the

lengthening L

is small

Puc.3 YoauHeHue mpagapema npu neyamu
Fig.3. Lengthening of a stencil during printing

screen printing and assembly are done on an unburnt
(green) material [1]. PAL-9Y installation is mainly used
for manufacture of passive components, for example,
multilayered ceramic condensers. During development
of a product it is necessary to remember, that precision
of printing and final assemblage are determined by
the accuracy of positioning of the working units of
the equipment, specific features of a material and
technological parameters. Accuracy of positioning
includes:
 Repeatability of positioning of a single pallet of a
carrier (a working table/plate), screen shift;
« Parallelism and flatness of a pressing plate;
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Puc.4. Mpumep neyamu MoHKUX NPOBOOHUKOB
Fig.4. Example of printing of thin conductors

Puc.5. Mpumep dedexmos (068edeHbl KpacHbIM) NpU nedamu yepes
MOHKYH0 cemKy nocae o6xkuza (nposodHuUK/3azop — 100 MKm)

Fig.5. Example of defects (outlined by red color), which appear during
printing through a thin grid after burning(conductor/gap -

100 micrometers)

* Iapa/Ule/IbHOCTh PaKe/isl IVIOCKOCTH [e4aTH (BIHUSIHHe

Ha GOpMY yIJIMHEHH ).

Ecniu TpadapeT BHIIOJHEH Ha IIJIeHKe, YIAJIMHE-
HUe He3Ha4YUTelbHOe, eCJIM Ha 3MY/IbCHUH — OOJBIIOE.
I1py KCIIO/IB30BAHUHU JIYUIIHX TPpadapeToB U CIlel|hajlb-
HBIX I1aCT TpadapeTHas evyaTh [103BOJISET IOTYYUTh
pa3mep IpPOBOSHUK-3a30p 50 MKM (puc.4), YTO ZOCTH-
>KHMO TOJIBKO B 71aBOPaTOPHBIX YCIOBHAX. B peanb-
HOM IIPOM3BO/ICTBE MOKHO IIOJIyYMTh MUHHMaJbHBIN
pasmep IpoBOAHHUK-3a30p ~ 100 MKM. MaKkCHMaIbHOE
YHCJI0 SiYeeK Ha AIOHM, LOCTYIIHOe Ha pPeIHKe, 600
MeX. CeTKHU CIIJIeTeHBI U3 TOHKOM ITPOBOJIOKU U O6BICTPO
BBITATHMBAIOTCS Ja’ke IIPYU MajIblX YCUIMSAX Ha PaKesb.
IIpy KX MCIIONB30BAHUHU Ba’keH IPelM3MOHHBIN KOH-
TPOJIb YCU/IMS ¥ PABHOMEPHOCTDb €r0 pacIipee/eHus .
PaccTossHHA MeXIy HUTAMMU IIPOBOJIOKH B CETKE MAJIbI,
[I03TOMY MaJIble OTBEPCTHS JIeTKO 3a6UBAIOTCS ITACTOM.
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 Mechanical repeatability of the other parameters with
aminimal influence on the accuracy of printing.

Final accuracy, first of all, depends on selection of
the parameters, which bring a considerably bigger
contribution to it, than just moving or keeping
parameters of a machine. For example, an incorrectly
set pressure for pressing leads to misregistration by axes
or destruction of a component, although the equipment
preserves its own accuracy of positioning and register.
The accuracy of assemblage is also influenced by a stencil,
parameters of the printing process, characteristics of
paste and ceramic tape.

INFLUENCE OF A STENCIL ON THE PRINTING PROCESS
Most productions use grid-stencils of 325 and 400
points per inch, which are selected depending on
the requirements to the final product. The quality of
patterning depends on the grid window, thickness of a
conductor and method for manufacture of a stencil.

If stencils made with the help of photoemulsion
are used, it is impossible to obtain even edges of
the conductor (Fig.2). For a stencil of 325 points per
inch the unevenness (zigzag) of the edge equals to
20 -30 microns, for a stencil of 400 points per inch -
5 -10 microns. In order to reduce the given effect it is
necessary to correlate the configuration of the paths
and direction of the grid threads in a stencil (the
standardly used angles are 0° and 45°), at that, it
is necessary to achieve the maximum number of
coincidences of the angles of topology elements of a
drawing and stencil threads.

If stencils are manufactured with the use of
photosensitive films, the effect is absent, but such
stencils are unsuitable for thin drawings because of an
additional thickness of a film. During assemblage of
a package (stack) with the use of a quality stencil the
zigzag does not have a strong influence on positioning.
This is called a virtual off-orientation, which should be
taken into account, if accuracy of several micrometers
is required. The stencil process (screen printing) has one
more problem - stencil lengthening in the direction of
movement of squeegee (Fig.3).

The change of a stencil’s length depends on:

« Grid window;

 Size of a stencil framework;

« Printing area;

« Stencil tension (new stencils - the lengthening is less,
used stencils - the lengthening is bigger);

+ Uniformity of a stencil’s tension (determines the form
of lengthening);

+ Type of a squeegee (diamond squeegee, polyurethane
squeegee ensures a more homogeneous lengthening
than the diamond one);
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[IpoBOIHUK, MONABIIKUI Ha [Ie€peKpecTHe JBYX IIPOBO-
JIOK B CeTKe, MMeeT B JaHHOK TOUKe MeHbIIYyI0 TONIHHY.
BMecTe C YaCTUYHOM MUTpalLiuell cepeOpsHOM ITacThl
(muddysus B KepaMHUKY), HMeIOIIer MecTo IIpH CIIeKa-
HUU, BO3HUKAIOT lepeKTHI (pUC.5).

ToNIIMHEL [1aCT, HAHOCUMBIX Yepe3 TOHKHUe Tpada-
peTsl, Manbl. HOrfa mevyaTtsh HeobXOAHMMO IIOBTOPSITh
HECKOJIBKO Pa3, YTOoOBI [10C/Ie CIIeKaHU S [IOTyYUTh IIPH-
eMJIeMble TOJIIHMHBI IPOBOSHHKOB K HeOOXOIMBIe 3JIeK-
TpHUYecKye 1apaMeTphl.

B/IMAHUE PEXXUMOB HA MPOLIECC NMEYATHU
PaccMoTpeHHe [OIYCKOB, OIpeleseMbIX IIpolec-
COM IeYaTH, AOJI’KHO HaIVIAAHO [I0Ka3aTh TPYAHOCTHU
UX cO6MI0IeHUs U BIUSHUE Ha IIOTPEIIHOCTH reoMe-
TPUYECKHX Pa3MepoB U B3aMMHOIO PACIIONIOKeHHUS
3JIeMeHTOB. IIpu mevyaTu ceTka mporubaercs pake-
JIeM JI0 COIIPUKOCHOBEHUS C IOAJIOKKOM K UCIIBITHI-
BaeT obpaTuMoe yIIMHEHUe, 3aBUCSILee OT [10JI0XKe-
HHUSA pakess. PacTsakeHHe TpadapeTa IIolepeK OBUKe-
HUS paKesis [IOYTH He 3aBHUCHUT OT ero I10JIoKeHU . Tak
KaK MCIIOJIB3YIOTCS KeCTKHEe PaMbl, YOJIMHEHUS BO3-
JNeHCTBYIOT MCKIOYHUTE/NBbHO Ha TpadapeT, UCKaxKas
PHCYHOK CXeMBI. BIaronpusTHOe BO3LELCTBHE OKa3bl-
BaeT YIIpyroe KpeIlJleHHe TpadapeTa (IHeBMaTHYeCKoe
HaTsKeHHe, 3/IaCTUYHbIe IPOKJIAIKH), a TAK)KE ero pas-
Mepbl, KOTOPbIE I10 CPABHEHUIO C PUCYHKOM I1e4aTHOMN
[1JIaThI OTHOCHUTE/IbHO BeJIUKH [2].

ITpy meyaTH ceTUaThIN TpadapeT K3-3a CU/Ibl TPEHH S,
BBI3bIBAEMOM ABUsKEHHEM PaKesisi, [I0/IBepraeTcst I0II0/-
HUTe/IbHOMY PAaCTATHUBAIOIIEeMY BO3[eHCTBHIO0. CHla Tpe-
HHUSL 3aBUCHT OT 60JIbIIOro Yrcia $pakTopoB (MaTepuas
TpadapeTa, OTKPEITAs II0BEPXHOCTD, BA3KOCTH U COCTAaB
IIaCThI, TBEPAOCTH M 3aTOUKA PaKesisi) U XapaKTepH3yeTCst
yAeIbHBIM K03$OHIIKeHTOM TPeHH TpadapeTa.

HccnemoBaHus Ha IIPOM3BOACTBE II03BOIM/IM YCTAHO-
BUTb OTHOCHUTEJIbHBIE [TIOTPeIIHOCTH TOIIOJIOTHH I10 CPaB-
HeHHIO C PUCYHKOM TpadapeTa B IIPOLOJIBHOM U IIOIIe-
peYHOM HaIlpaB/IeHHIX:

Ly -lp Tp -
: 1 =P-=(0,5...1,5)1073 »
P.Tp.
rae lp ;- IIHMHA KOHTPOJIBHOIO Y4acTKA PUCYHKA H3fe-
s, lP.Tp. - IJIMHa KOHTPOJIBHOIO y4acTKa PHUCYHKaA
Tpadapera.

YITUHEHU S CeTYATOro Tpadapera oka3bIBaIOT O0IbIIee
BJIMSIHHE Ha ITOTPEIIHOCTb B3AaUMHOI'O PACIIONIOKeHU S
3JIEMEHTOB PHUCYHKa H3JeIHs, YeM Ha IIOIPeIIHOCTh
&OpMEI ero 371eMeHTOB. BellMyKrHa, Ha KOTOPYIO pacCIly-
PpsieTcsi IIpH MevYaTH TaKOK 3/IeMeHT M3/Ie/Ius K3-3a pacTe-
KaHUS [1aCTHI, 3aBUCUT OT [IapaMeTPOB:

* BS3KOCTH, KOTOpas M3-3a UCIIapeHUs PaCTBOPUTENS

HM3MEeHSeTCs CO BpeMeHeM,;

+ Effort on a squeegee (the bigger it is, the bigger is
lengthening);

« Linearity of the working part of a squeegee (influence
on the form of lengthening);

 Parallelism of a squeegee to the printing plane

(influence on the form of lengthening).

If a stencil is made on a film, the lengthening is
insignificant, if on an emulsion, than it is greater.
The best stencils and special pastes allow us to get the
conductor/gap size equal to 50 micrometers (Fig.4),
which is possible only in laboratories. In real productions
the minimal achievable size of a conductor/gap is 100
micrometers.

The maximal number of cells per one inch available
in the market is 600 (units). The grids are weaved from
a thin wire and extended quickly even with a small
effort applied on a squeegee. During their use of great
importance are a precision control of the effort and
uniformity of its distribution. The spacing between the
grid wires is very little, therefore, small apertures are
easily jammed with paste. The conductor, which is in
the crosshair of two wires in a grid, has the smallest
thickness in the given point. Due to a partial migration of
a silver paste (diffusion in the ceramics), which happens
during sintering, defects appear (Fig.5).

The thickness of the pastes put through thin stencils is
small. Sometimes the printing process has to be repeated
several times in order to obtain after sintering the
acceptable thickness of the conductors and the necessary
electric parameters.

INFLUENCE OF THE MODES ON THE PRINTING PROCESS
Consideration of the tolerances determined by the
printing process should demonstrate visually the
difficulties of their observance and influence on the
errors of the geometrical sizes and relative positioning
of elements. During printing the grid is sagged by
the squeegee up to a contact with a substrate and is
subjected to a reversible lengthening, which depends
on the position of the squeegee. Stretching of a stencil
across the movement of the squeegee almost does not
depend on its position. Since rigid frames are used, the
lengthening influences exclusively the stencil, deforming
the scheme drawing. A favorable influence is rendered by
the elastic fastening of the stencil (pneumatic tension,
elastic cushions), and also by its dimensions, which in
comparison with the printing plate drawing are relatively
big [2].

A relative lengthening of a stencil in the direction of
the squeegee movement is described by the following
expression:

During printing due to the friction force caused by
squeegee movement, the lattice stencil is subjected to an
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¢ KOJIMYecTBa IIAcThl (B ycTaHOBKax KEKO mpemycmo-

TpeH CKpebOK, KOTOPBII [TPH BO3BpaTe PaKessi B HCXOL-

HYIO IIO3UIIHIO OITYCKAeTCs Ha 3aJaHHYI0 JUCTAHIIHIO

K TpadapeTy U Co3[aéT OMHOPOAHBIM CJIOH MACTHI 4715

C/Ie[yIolIero oTIe4yarka);

* THIIA U TONIIHHEI CeTKY;
* KaueCTBa M3TOTOBJIeHM s TpadapeTa;
* OTKPBITO IJIOMIAAU [TIOBEPXHOCTH TpadapeTa I10 CpaB-

HEeHHUIO C ero 00111eH [JI0IA/Ibo;

* IIMPHHBI [IEYATHBIX 3/IeMEHTOB;
* YHCTOTHI U IIE€POXOBATOCTH I10/JIOKKH;
* CMaYMBAWOMUX CBOKMCTB IAaCThl Ha IIOBEPXHOCTHU

IIOZIJIOKKH.

H3MeHeHM S MO3UIIMOHUPOBAHUS JIeKaT B JHalla-
3oHe -0,1 ... +0,5 MM Ha MeTp AauHB. CTaHZApTHOE
yonuHeHUe Tpadapera - mpuMepHo 100 MKM 1 Tpa-
dapeTHOM paMbl pa3MepoM 450x450 MM C IJI0IA b0
PHCYHKa 6x6 AI0MMOB. YIIHHeHHe TpadapeTa TMHELHO
3aBUCUT OT IJIOMAAM HAHOCHMOTO PHUCYHKa (4eM OHa
6onpire, Tem 6onblle yaanHeHHe). DGPeKT OKa3blBaeT
MeHblllee BIHSHUE Ha IIO3UIMOHMPOBAHHE eJUHHNY-
HOT'0 YMII-KOMIIOHEHTA IIpU I'PyIIIOBOM obpaboTke.
Ecny HampaBiieHHe [Ie4aTH OOUHAKOBOe ISl BCeX II0J-
JIO’KEeK B [IapTHUH, ee [lapaMeTphl He MEHSIOTCS B Teye-
HUe TeXHOJIOTMYeCKOTo LIMKJIa, [IeYaTh OCYIeCTBIs-
eTCsd OMHUM paKejeM. YIJIMHeHHe TpadapeTa OKa3bl-
BaeT 3HaUMTe/IbHOe BIIUSIHHEe Ha TOYHOCTh HaHeCeHU
TOIIOJIOTHH, eCJIH:

* [Ba TpadapeTa UCIIONb30BAIKCH B O HOM TeXHOJIOTH-

YeCKOM LIMKIIE;

* HaHeCeHHe TOIIOJIOTHMH OCYIECTB/I/IOCh B HECKOJIBKO
3TAIIOB C [IOBOPOTOM TpadapeTa UIH IIOAJI0KKH.

B mocimenHeM ciydae yaJIMHeHHe yoBauBaeTcs. Ero
MO>KHO YaCTUYHO YCTPAaHUTh CMeLleHHeM LIeHTpa Tpa-
dapeTa OTHOCHUTE/BHO LIEHTPA IIOJJIOKKH B IIPOTUBO-
II0JIO’KHYIO CTOPOHY OT HaIlpaBjleHUs yIJIHHeHus. Tak
KakK yoJHUHeHHEe HeOLHOPOSHO 110 TpadapeTy, HEBO3-
MO>KHO HJea/IbHO HaJIOKUTD [;Ba PUCYHKA C IIOBOPOTOM.

B ciy4yae M3roTOBJIeHUMS] KOHIEHCATOPOB IIOBOPOT
MO>KHO 3aMeHHUTb PSIIOM MHEIX ITPUeMOB. IIpy HUCIIOb-
30BaHHMU [JBOMHOM ITe4YaTH B NPOTHBOIIOJOXHBIX
HaIlpaB/JIeHUAX PUCYHOK TaKXe CMeIaeTcsl B ABYX
HaIlpaB/IeHUSX, U B pe3y/bTaTe YBeJIUYHBaeTCs 1110~
[Iaab [1eYaTH.

YonyHeHue TpadapeTa IIPUBOLUT U K IIpobieMam IIpH
M3rOTOBJIEHUU KOMIIOHEHTOB MaJIOro pa3mepa Ha 6071b-
IIOM IVIOIIAAH IeYaTH, TaK KaK JTUHUH IIeYaTHBIX 371e-
MeHTOB OyAyT UCKPUBIIEHEL. [IpH pe3Ke Ha KOHEYHBbIe
3/7IeMeHTBI 3TO IIPUBeJeT K 6paKy (puc.6).

B/IUAHME NACT HA NPOLLECC MEYATHU
[TacTa Ha TpadapeTe IIpU IeYaTH He [OJKHA BBICHI-
xaTh. Ec/iu 0Ha coxHeT 6pICTPO, TO ByIeT ocTaBaThCs HA
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additional stretching influence. The friction force depends
on a big number of factors (stencil material, open surface,
viscosity and composition of a paste, hardness and kind
of sharpening of the squeegee) and is characterized by the
specific friction coefficient of the stencil.

Production researches revealed relative errors of
topology in comparison with the stencil drawing in the
longitudinal and crosswise directions:

I, -1
U PIp._ (0 5,..1,5)103

1P.Tp.

where 1, ; - length of the control section of a product

drawing; 1,1, - length of the control section of a stencil

drawing.

Lengthening of a lattice stencil render bigger influence
on the error of a relative positioning of the elements of
a product drawing, than on the error of the form of its
elements. The degree, to which such an element of a
product extends during printing because of the spreading
of pastes, depends on the following parameters:

« Viscosity, which changes with the time due to solvent
evaporation;

+ Quantity (design of KEKO installations envisages a
scraper, which with a return of the squeegee in the
initial position falls at a set distance to the stencil and
ensures a homogeneous layer of paste for the following
print);

« Type and thickness of a grid;

* Quality of manufacture of a stencil;

« Open space of the stencil surface in comparison with
its total area;

 Width of the printing elements;

+ Cleanliness and roughness of a substrate;

 Moistening properties of a paste on a substrate surface.

Changes in positioning lie within the range of -0.1...
..+0.5 mm per one meter of length. The standard stencil
lengthening is roughly 100 micrometers for a stencil
frame of 450x450mm in size with the drawing area of
6x6 inches. Lengthening of the stencil linearly depends
on the area of the applied drawing (the bigger it is, the
greater is the lengthening).

The effect has a smaller impact on positioning of an
individual chip-component in case of a group processing.
If a printing direction is identical for all substrates in a
party, its parameters do not vary during a technological
cycle, and printing is carried out by one squeegee. Stencil
lengthening has a considerable impact on the accuracy of
application of topology, if:

« Two stencils are used in one technological cycle;

« Topology application is carried out in several stages
with a turn of the stencil or of a substrate.

In the latter case the lengthening doubles. It can
be eliminated partially by displacement of the center
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6OKOBBIX [IOBEPXHOCTSIX PUCYHKA TpadapeTa. Torga mpu-
XOOHUTCS YacTO YUCTUTD TpadapeT. B IPOTUBHOM CI1y-
Yae I0C/Ie OYUCTKH IIJIOMA/b mevyaTH bymer 6osbiie.
B pe3ynbrate 6pICTpOe BBICBIXaHHUE K YaCTast OYHCTKA TPa-
dapeTa IpUBOAAT K HEPABHOMEPHOCTH I1eYaTH, U PUCY-
HOK MeHS$eTcsI OT IIpoliecca K ITporieccy. ITacta cyrTaeTcs
IO X0/ Sk, eC/IM HeT Heo6X0AMMOCTH YHUCTUTD Tpada-
PeT IIpH ero AJINTe/IbHOM HCII0JIb30BaHMH.

[leyaTHast IIacTa JO/KHA OBICTPO BBICBIXATh IIPH HU3-
KUX TeMIlepatypax. TemnepaTypa Boinie 80°C 1 BpeMs
cymkHy 6oynee 4 MUH IIPUBOASAT K yIOJTHHEHHUIO HOCH-
TeJIsl, KepaMHUUYeCKOH JIeHThl K BO3MOXKHOMY HCKaKeHUIO
PHCYHKa.

B/IMSHWUE KEPAMWYECKOW NEHTbI HA NEYATb
CoBMECTHMOCTb CBOMCTB JIEHTBI C yKIaAKOM B CTEK ~ BasK-
HeHIIHH MOMEHT IIPH MTO3ULIMOHUPOBAHUH U IIPeCccoBa-
HHUU. Ha COBMeCTHMOCTS C [1e4aThi0 U YK/AaAKOM BIHsIeT
[IPOHUILIAeMOCTD JIEHTHI. IIpK yK/Ia[Ke B CTeK IOCIeny-
IOIIero JINCTA K IIpeibIAyIieMy HHU3Kas IIPOHHIIAeMOCTb
JIeHTBI IPUBOJUT K BOSHUKHOBEHHUIO MeXKAY TUCTAMHU
IedeKTOB - [10/I0CTeH € BO3AYyxXoM (pHc.7). [IpOHH1IaeMOCTh
KepaMHUYecKoH JIeHThl Ha Maiiiape (II9T-miéHKa, Ha
KOTOPYIO IbeTCsI KePaMHKa) IO/KHA KMeTh IYYILYIO I1PO-
HHUIIaeMOCTb I10 CPaBHEHHUIO C JIEHTO! 6e3 IJIeHKHU-HOCH-
Tesst. O6BIYHO, yMeHbIlas CoflepsKaHue CBSI3KH U IIACTH-
drKaTOpa, MO>KHO IIOBBICUTH IIPOHH1IAeMOCTb JIEHTHI.
[TapaMeTpEl 3aXBaTa JIEHTBI TAKKe BIHSAIOT Ha Kade-
CTBO TpadapeTHOM Ie4aTH, II03TOMY CHJa ee JOJKHA
6pITh MeHee 10 H/MM? 1715 JIeHT Ha Maruiape U 5 H/MM?
IJ1s 1eHT 6e3 Mariapa; TeMmueparypa o 80°C. Bonee
BBICOKHME TeMIIepaTyphl U yCHUJINS MOTYT IIPUBeCTH
K lebOpMallHU CTeKa, eC/IM CBOMCTBA JIEHTHI He TOYHO

Bo3ayx, 3axBa4yeHHbIN
MexXay CnosMun

Air captured between
the layers

Puc.7. M306paxkeHue cmexa c Hu3Koli (1) u ebicokoli (2)
NPOHULAeMOoCMbto
Fig.7. Image of the stacks with a low (1) and high (2) permeability

JInHnd cpesa
Shear line

L

TuNWYHble
5-10 MKM
Typical 5-10 mcm

Puc.6. Bo3HUKHo8eHUe 6paka (UckpueneHue U pazopueHmauus
pUCYHKO8 N0 CA0SIM CMeKa) npu neyamu KOMNoHeHMoe Mdanozo
pasmepa ecaedcmaue yonuHeHusl mpagapema

Fig.6. Spoilage (bend and off-orientation of drawings by the stack lay-
ers), which appears during printing of small size components dueto a
stencil lengthening

of the stencil relative to the substrate centre, in the
opposite direction from the lengthening direction.
Since lengthening is not uniform along the stencil, it is
impossible to impose ideally two drawings with a turn.
In case of manufacture of condensers it is possible to
replace a turn with a number of other technics. If a double
printing in opposite directions is used, a drawing is also
moved in two directions, and as a result the press area is
increased.

Stencil lengthening may also cause problems in
manufacture of small size components on a big area of
printing, because the lines of the printing elements will
be bent. During cutting into final elements this will
resultin a spoilage (Fig.6).

INFLUENCE OF PASTES ON THE PRINTING PROCESS

Paste on a stencil should not dry up during printing. If
it dries quickly, it will remain on the lateral surfaces of
a stencil drawing. In this case a stencil will have to be
cleaned too often. Otherwise after clearing the printing
area will be bigger.

As aresult, quick drying and frequent cleaning of the
stencil lead to unevenness of printing, and a drawing
changes from one process to another. A paste is considered
suitable, if there is no need to clean a stencil during its
prolonged use.

A printing paste should dry up quickly at low
temperatures. A temperature above 80°C and time of
drying over 4 minutes lead to a lengthening of the carrier,
ceramic tape and possible distortion of a drawing.

INFLUENCE OF A CERAMIC TAPE ON THE PRINTING

Compatibility of the properties of a tape with packing
into a stack is a major factor in positioning and pressing.
Compatibility with printing and packing is influenced by
permeability of a tape. When a subsequent sheet is packed
into a stack to the previous sheet, low permeability of a
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HOL[OﬁpaHbI. BOMBIIMHCTBO JIEHT IO3BOJISIOT pa60TaT1>
B Tp86yeMOM AHAaIla30HE I[1apaMeTPOB, MCK/II04asl HEKO-
TOPpBI€E JIEHTHI Ha BO,ELHOI;I OCHOBe, IOJIs1 KOTOPhIX Heobxo-
A M HO,II6OP I[IapaMeTpPOB 3aXBaTa.

yciosua AEGOPMALIUW JIEHTDI

HexoTopble IeHTHI ¢ 60/IBIIMM COfep>KaHHeM IIaCTUPU-
KaTopa I0JBeP>KeHbI lepOopMalliK, BeTHYMHa KOTOPOK
3aBHCHUT OT JaB/IeHHS U TeMIlepaTyphl. Jepopmanus
BEIPa’KAeTCAd B CABUre U M3MeHeHHH QOPMEI CTeKa.
PacTsakeHHe ero IPUBOAUT K CUJIIBHOMY YIJTHUHEHUIO
(momo6Hble pobreMbl UMeIOT 60IBIIMHCTBO IEHT KOM-
naHuY Ferro, BRIIOJIHeHHBIX I10 CTAaHAAPTHOH $op-
MyJe). [lis IO/lydeHHUs XOPOIIero pesyjibTaTa yJjiu-
HeHMe JIeHTHI O/IKHO OBITh MeHee 5% [0 ee pa3phIBa.
Ycnosus gedopMalMu JIeHTH Hauboee KPUTHUHBI
[P MCII0/Ib30BAHUH OPraHUYeCKHUX CBS30K B OTIMYLE
OT JIeHT Ha BOJIHOM OCHOBe, KOTOpbIe 6oJlee yCTOMYKBEI
K UCKa>KeHHSIM.

MIACTUYHOCTD JIEHTDI

ITa XapaKTepUCTHUKA B [IePBYI0 04Yepesib CBs3aHa ¢ Aedop-
Manuen. JleHTa JOJIKHA 06J1aaTh IJIACTUYHOCTHIO,
4yTO6BI B IIpoliecce yKAAAKH B ITaKeT YyCTPAHUTD BO3-
MO>KHBIE OTKJIOHEHHM S ee TONIIHUHBL. EC/IN 4acTb TeHTbl
TOJIILEe /:prrofl Ha 1 MKM, To pasHHUIia cTeKa B 100 cjioeB
I10 TOJIIIMHE COCTaBUT 100 MKM. 3Ta HEOOHOPOLHOCTh
KOMITeHCHpYeTCs JIOKaJIbHOU AedopMalidell JIEHTHI.
BOJIBIIMHCTBO JIEHT Ha OpraHHUYeCcKUX CBA3KaxX B OT/IU-
Yle OT JIeHT Ha BOLHOM 0oCcHOBe 6e3 106aBOK obnazaer
JAHHBIM CBOMCTBOM.

M3 ombiTa "OcTeK: IpUMepHO 80% MaTepHaJIOB, IPH-
MeHsieMBbIX Ha MHPOBOM PhIHKE, IIPUTOJHO 15 UCII0JIb-
30BAHUS Ha MalllMHaX TUma PAL-9, a Tak>XKe HA MAaIllU-
Hax KEKO Equipment, npefHa3HaueHHBIX [JI5 BBIIIOJ-
HeHUs JAHHBIX 3aJa4, 0coOeHHO, eC/IU B KayecTBe
IIOCTABIIMKA MaTepHalia BEIGpaHBl KOMIIAaHUHU Ferro
unu DuPont.

Bce BbIIIeH3/I05KeHHOE e MOHCTPHPYeT OCHOBHBIE TOH-
KOCTH ITPOLIeCCoB TpadapeTHOM [eyaTy ¥ COOPKH B IIAKeT,
Ha KOTOpble HeobxoAuMo obpaliaTh BHUMaHUe. JTO
[I03BOJIUT UCKJIIOYUTD PSiJ TEXHOJIOTHYECKUX ITPobiemM
HJIM IIOMOYb B UX PellleHuH, Ha4uHas oT BbIbopa 060-
PYZOBAaHUS U 3aKaHUYMBas peaan3aliyell IPoH3BOICTBa
KOHKPETHBIX IIPOJYKTOB.
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tape results in occurrence of defects - air cavities between
the sheets (Fig.7). Permeability of a ceramic tape on a
mylar (PET film, on which ceramics is poured) should
have better permeability in comparison with a tape
without a film-carrier. Usually it is possible to raise the
permeability of a tape by reducing the content of a binder
and plasticizer.

The parameters of tape capture also influence the
quality of the screen printing, therefore its force should
be less than 10 N/mma2 for the tapes on a mylar and 5 N/
mm2 for the tapes without a mylar; and temperature
should be within the level of 80°C. Higher temperatures
and force may cause deformation of the stack, if the tape’s
properties are not selected accurately enough. Most tapes
allow us to work within the required range of parameters,
except certain water-based tapes, which need matching
of the capture parameters.

TAPE DEFORMATION CONDITIONS

Pressure and temperature cause deformation of certain
tapes with a high content of plasticizer. The deformation
is expressed in shifts and form changes of a stack. Its
stretching results in a big elongation (such problems are
typical for most Ferro tapes made in accordance with the
standard formula). For obtaining of good results the tape
lengthening should be less than 5 % before its rupture.
The conditions of a tape deformation are most critical
when organic binders are used, in contrast to the water-
based tapes, which are more resistant to distortions.

PLASTICITY OF ATAPE

This characteristic is first of all connected with
deformation. A tape should have plasticity in order to
eliminate possible deviations of its thickness in the
course of packing into a package. If a part of a tape is 1
micrometer thicker than another part of it, than in a
100-layer stack the difference in thickness will reach
100 microns. This heterogeneity is compensated by a
local deformation of a tape. Most tapes based on organic
binders have the given property, unlike water-based tapes
without additives.

From Ostek experience: approximately 80 % of the
materials available in the world market are suitable
for use by machines of PAL-9 type, and also by KEKO
Equipment intended for solving of the given tasks,
especially, if the suppliers of the material are Ferro or
DuPont companies.

Such are the main subtleties of the processes of
screen printing and package assemblage, which
deserve attention and allow to eliminate a number of
technological problems or help to solve them, beginning
from selection of equipment and finishing with
realization of a manufacture of concrete products.
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