Met hod and Device for treati ng Hol es or Recesses extend| ng into

Wor kpl eces with L| qui d Treatnent Media
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Verfahren und Vorrichtung zum Behandeln von sich in Werkstiicke
erstreckenden Lochern oder Vertlefungen mlt fliissigen

. Behandlungsmltteln

Beschreibung:

Die Erfindung betrifft ein Verfahren und eine Vorrichtung zum Behandeln von

sich in Werkstﬂcken erstreckenden sehr kleinen Lﬁchern oder Vemefungen

 mit fiissigen Behandlungsmltteln.

Sollen Werkstiickoberflichen mit Flissigkeiten behandelt werden, so werden
die Oberfiachen mit den Behandlungsmitteln in der Regel.durch Eintauchen
in Kontakt gebracht. Typische Anwendungsbeispiele stellen das Reinigen von
Substraten, beispielsweise von Kleidungsstiicken, die galvanotechnische

Behandlung von Metall- und Kunststoffteilen sowie die galvanotechnischen

Verfahrensschritte bei der Herstellung von Leiterplatten dar.

in Vielen Bereichen der Tecﬁnik we’fdeh danne Metallschichten auf die

-Oberﬂachen von Materialien aufgettagen um den Oberflachen bestimmte
" Eigenschaften zu verleihen, dxe fur die Nutzung der Matenallen far techmsche'

Anwendungsfille bendtigt werden. Obwoht heute berelts eine Vielzahl
unterschiedlicher Beschichtungstechniken zur Verfiigung steht, stellen
galvanische Metallabscheidungsverfahren trotz der haufig auftretenden

“verfahrensspezifischen Probleme nach wie vor wichtige

Behandlungsmethoden dar.

. Beispielsweise kénnen Probleme entstehen, wenn Werksticke mit sehr



5 Speci fication The invention relates to a nmethod and to a

gevice for treating very small - hol es or recesses extending into

workpi eces with liquid treatnent nedia. 10 Shoul d wor kpi ece surfaces

be treated with liquids, the surfaces are as a rul e brought into

. contact with the treatnent nedia by irmersion. Typical - exanpl es of .
‘usage are repwesamizsg by the cleaning of substrates, for. - PCT/DES@IMée of

covering pieces, the electro-plating treatq;nt of netal’ parts and

. plastic material parts and also the electro®plating procedures in the 15

~production of Ckjefdh!LdeRBF8der anderen sich von der Oberflache her in den
~ Werkstilcken erstreckende Vertiefungen mit geringen Abmessungen mit
flussigen Mitteln behandelt werden sollen. In diesem Fall werden diese
: Lécher und Vertiefungen von der FIﬂsankelt nicht ausreichend oder

5 uberhaupt nicht mehr durchspdlt, so daR der gewunschte Behandlungserfolg
mcht erzielt werden kann.

in der Lelterplattentechmk belsplelswelse miissen dle Wandungen der
L&cher, die sich durch das Le:terplattenlammat hindurch erstrecken oder die
10 als Sacklécher angebracht sind, mit einer Metalischicht versehen werden.

" Hierzu sind diese Lcher oder Vertiefungen nach ihref Herstellung. '
beispielsweise durch Bohren, im aligemeinen zunachst von Verunrelmgungen_
2u befrelen belsp|elswelse von den beim Bohren entstehenden

| Harzverschmierungen auf der Bohrlochwand, indem die Leiterplatte mit
s Atzmittein in-Kontakt gebracht wird. Weiterhin werden zur Reinigung der
' Lécher auch chem|sche Lésungen mit oberﬂachenaktlven Substanzen
(Netzmnﬁel) eingesetzt. Nach der Relmgung werden die elekirisch
nichtleitenden Bohrlochwénde mit Edelmetall enthaltenden Lbsungeh aktiviert
und nachfolgend mit stromlos arbeitenden Metallisierungslésungen in der
20 ' Regel verkupfert oder vernickelt. AnschiieBend wird eine Metallschicht mit

einer Dicke von etwa 20 um miittels elektrolytischer Abscheidung auf den
Wandflachen der Lécher abgeschieden.

' .Durc.ﬁ-c_lie Miniaturisierung der 'Schaltungsstrukturen auf Leiterplatteh werden
25 immer kieinere Ldcher, baispielsweise mit einem Durchmesser von 0.2 mm,
-in den Leiterplatten gebildet, die nach wie vor sicher metallisiert werden
mussen Daher sind verschiedene Verfahrenswelsen vorgeschlagen worden,
" um Luft aus diesen Léchern auszutrenben und einen ausre:chenden
 Flussigkeitsaustausch zwischen dem Lochinneren und dem flussigen
30 Behandiungsmittel auBerhalb der Lﬁcher zu gewa‘ihrleisfeh. Es missen
s_pezielle Methoden zur Durchstrﬁmun§ dieser sehr kleinen Lécher eingesetzt
werden.



In many areas of technology thin metal layers are applied to the surfaces
of materials, in order to jnpart to the surfaces certain properties,
which are reqU|red for the use of naterials in cases of industrial
application. Al though 20 there is already a nultitude of varying coating
techni ques avail able, electro- - plating netal plating nethods stil

r epr esent |nqu$ P& s0b" €2t Ment net hods ' - despite the fregiasdisoesr ence
of problens specific to the procedure. o For exanpl e, problens can
arise, when workpieces with very small holes or 25 wi th ot Her recesses,
‘which extend into the surface of the workpieces and have smal |

di rensions, are to be treated with liquid medium In this case

In der deutschen Offenlegungsschrift DE 35 28 5§75 A1 sind hierzu ein
Verfahren zur Reinigung, Aktivierung und/oder Metallisierung von Bohﬂbéhern

‘in horizontal gefiihrten Lelterplatten bei dem die Leiterplatten mit konstanter
5 Geschwmdlgkent Uber eine Schwallstrecke hinweglaufen, die von einer
unterhalb der Transportbahn und senkrecht zur Transportrichtung
angeordneten Duse gebildet wird, aus derri das ﬂﬁssigé Behandiungsmittel in
Form einer stehenden Welle an die Unterseite der Leiterplatt_e gefordert wird, -
‘sowie eine Einrichtung zur Durchfithrung dieses \_Ierfahrens offenbart. |
10 | - .
Zu dieser Verfahrensweise sind weltere Druckschrlften verdffentlicht worden |
in denen spezielle Anwendungen der Durchstrémung der Bohrungen von
Lelterplatten beschrieben werden (beispielsweise in DE 36 38 630 A1 ' DE 36
24 481 A1). o | |
15 :
Eine andere L&sung ist der deutschen Patentschrift DE 39 05 100 C2 zu
entnehmen, in der ein Verfahren zur chemischen oder.elektrolytischen
Oberflachenbehandlung von_i‘nit kieinen Oﬁnunger_\ versehenen
_pIattgnfﬁrmige'n Werkstiicken in'wésfigen Lésungen vorgeschiagen wird,
20  wobei das Werkstﬂck 2wei selbsténdige vbneinander unabhéngige
Schwmgungsbewegungen ausfihrt. Dle erste der beiden’
Schwmgungsbewegungen verlauft rechtwmkllg zur Flache des Werkstucks
-und:die zweite in etwa ders_elben Richtung wie die erste und glelchzemg mit
dieser, wobei die Frequenz der ersten Bewegung wesentlich niedriger ist als
25 die def zweiten, die eine in rascher Folge heftig pulsierende
. Vibrationsschwingung darstellt. Die Amplitude der ersten
Schwinguhgsbewegnjng ist wesentlich groBer als die der zweiten.

"Numerische Simulationeri zur Bestimmung der Stromungsverhéltnisse in

- 30 Bohrléc'hern von Leiterplatten haben dariiber hinaus gezeigt, dal derartige
senkrecht zur Oberfidche der_.Leiterp!atten gerichteten
Vibrationsschwingungen den Flussigkeitsaustausch wirksamer unterstiitzen



t hese hol es and recesses are not adequately or not at all washed through,
with the result that the desired treatnment cannot be achieved. 30 I n
circuit board technology for exanpl e the si des of the holes, which
extend through the circuit board lam nate or which are |nserted as blind
hores, are provided with a metal layer. For this purpose, ~after being

: WO 97/11209 _ PCT/DE96/01716

-4
als Vlbrationsschwmgungen die ausschheshch Schwmgungskomponenten
paraliei zur Lelterplattenoberﬂache aufweisen.

' “Jedoch sind die genannte_h Problemiésungen fiir die sichere Behandlhng sehr
5 kleiner Lécher und insbesondere von Sacklschern nicht geeignet, da sich in
diesen Fallen nurim Emgangsberench der Locher Strdmungen ausbilden.
Sacklscher und andere Vertiefungen erstrecken sich nur b|s zu emer be-
stimmten Tiefe in ein Werksttick oder einen Festkﬁrper Abgesehen von
.Problemen, die auch bei sehr kleinen Durchgangsiéchern auftreten, besteht
10 hier zusatzlich das Problem, daf die emstrdmende Flissigkeit auch wieder
herausstrémen muB, um einen ausreichenden Flussigkeitsaustausch zu
erreichen. Sonst ware allenfalls ein sehr Iéngsamef Stoffaustausch mittels
Diffusion mﬁ_glich.

15 Aufgrund. der an der Lochwand anhaﬂenden_Grehzsé:hicht bzw. einer
. endlichen Viskositat vem_lendbarer'Behandlungsﬂuss_igkeiten kénnen in
diesen L&chern durch Schwingungsbewegungen in einer Tiefe, die
beispielsweise bei Verwendung wél&riger Behéndlungsﬂﬁssigkeiten etwa dem
Durchmesser des Loches eritspricht, keine StrﬁmUhgen mehr erzeugt
20 werden. |

Zur Beharidldng von Leiterplatten mit S_ackiﬁch.ern' ist es beis'pielsweise

ublich, die Leiterplatten in einer Vorrichtung zu behandeln, bei der die |

Leitel;platten in horizontaler Lagé und horizontalef_Richtung durch eine
25 Beha'ndlungsk'ammer hindurchgefilhrt werden, wobei sich die Leitérplatten

. 'wahrend des Durchlaufes innerhalb der Behandlungsfiiissigkeit befinden.

_ Dadurch kann zumlndest erreicht werden daB aus den an der Oberseite der
Lelterplatten befi ndhch_en Léchern Gasblasen einigermafen problemlos
entfernt werden kénnen. Ein Sich’erer St_offéustausch innerhalb der fir die

30 Behandlung zur Vérfﬁgung stehenden Zeit und insbesondere auch die
- Entfernung von Gasblasen aus Léchern an der Unterseite der Leiterplatten ist
‘mit dieser Methode jedoch nicht méglich. Zudem kénnen Gasblasen aus



2 produced, for exanple by dfilling, t hese hol es of recesses have

firstly to be

. cleared of jinpurities generally for-exanple—af—resin
snEars caused by + . boring on the drilled hole wall while the circuit .
board is brought into contact . w th etching agents. Furthernore,
chem cal soljut:ons with surface-active 5 Substances (wetting agents)
are inserted als cleaning the holes. After ' cl eapgTmEIsoiTes
electrically. Wr?ﬁlé@%ng drilled hole walls are activated with

sol utions containing a noble netal and subs®quently are copper-pl ated or

ni ckel - pl at ed,
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as a rule with el ectrol ess tall t |
netal | ayer w tkﬁ@erlmlaedr@@gn&asr\{mgamys ggge[l@fa:hllahégagbg_@ﬁﬁgwgé' ons. [Lhen a

Wert von etwa 1 Obersteigt, auch mit dlesem Verfahren nicht mehr sncher
entfernt werden. '

Der Erfindung llegt von daher das Problem zugrunde, die Nachtelle des Stan-.
des der Techmk zu vermesden und insbesondere ein sicheres Verfahren
sowie eine hierzu geelgnete Vorrichtung zum Spalen von in Werkstﬂcken

vorgesehenen Léchern und anderen nach auBen offenen kleinsten

Hohlrdumen sowie Vertnefungen mit einer Offnungswelte unter 0,5 mm mut

-einem fliissigen Behandlungsmtttel zu finden. Es sollen insbesondere em

Verfahren und eine Vorrichtung zur Behandlung von mit Sacklﬁchern
versehenen Leiterplatten bereitgestelit werden.

Gelost wird das Problem durch _die Anspriche 1, 7 und 8. Vorteilhafte
Ausfohrungsformen der Erfindung sind in den Unteransprichen angegeber. -

Die Losung des Problems besteht darin, einen Flissigkeitsstrahl des Be-
handlungsmittels auf die Oberflache des zu behandeinden Substrats zu |
richten, der einen St'rahldur‘chr_nesser aufweist, der kleiner ist éls die
Offnungsweite der Locher oder Vertiefungen, bei Bohrungen also des
Durchmessers der zu behandelnden Locher in der Oberfléche des Substrats.
Unter Substrat wird ein beliebiger Festkorper oder ein zu behandelndes
Werk'stu'ck verstanden. Dadurch wird eine in das Innere der Lécher und
Vertiefungen geﬁchtete Strémung des Behandlungsmittels ermdglicht, so daB
auch eine wirksame Spﬁlung von Sackiochern erreicht wird, selbst wenn

‘diese Locher einen sehr kleinen Durchmesser aufweiéen beispielsweise von

75 ym. Der ins Innere der Vertlefung genchtete Strahl wird an dessen Boden
umgelenkt so daB sich innerhalb des Loches zusatzlich auswarts gerichtete

‘Strémungen.des Behandlungsmittels ausbilden.

Die erﬂndungsgeméﬁe Wirkung entfaltet sich vor aliem dann, wenn der

@eEFERIBeR of



©10° electrolytic plating on the wall surfaces of the holes.

.Because of the mniaturisation of circuit structures on circuit boards,
“small'er and smaller holes are being formed, for exanple with a dianmeter of-
'0.2nm. in circuit boards, which still need to be reli ably plated. For this
15 reason there exist various nmethods for renoving air fromthese hol es
and : eneauwTin®ean adequat e exchange of |iquid between RCEDENGIIe of

t he hol e and the liquid treatnent rrgdi umoutwi th the hol es. Speci al
nmet hods are ~enployed for flushing out these very small holes. 20

| Int he German B@ﬁ&%u#ﬁbﬂﬁﬁgﬂh%ﬁén Btirchinedder bllRldist SekRaal'di HaleS

" des Lochdurchmessers betragt. Liegt ein Strahl mit einem Strahldurchmesser
vor, der groRer ist als der Lochdurchmesser, kann die erﬁndungsgemalse
Strémungswirkung im Loch nicht mehr erzielt werden.

Anhand der nachfolge_nd beschriebenen Zeichnungen und Abbildungen wird
das erfindungsgemaBe Verfahren erlautert und die Vorrichtung éqhematisch _
' dérgestellt bzw. Einzelheiten der Vorrichtung mittels photographischer
Abbildungen wiedergegeben. Es zeigen: |
10 o
Fig. 1. Querschnitt durch ein Sackloch in einer Lelterplatte
| schematssche Darstellung,
Fig. 2: StrémungsVerhéltnisse in einem Sackloch, Computersihulation; |
15 ' o | . '
Fig. 3: “Stabilitétskurve eines Behandlungsmittelstrahls in Luft,
| “schematische Darsteliung;
_ Abb.4:  Ansicht d_er Diisenaustrittsffnungen in einer Mehrlochdiise,
20 _ ~ rasterelektronenmikroskopische Aufnahme;
Fig. 5: h .-‘Erﬁndungsgem'alse VorricHtung, schematische Darstel!ung:
Fig. 6 _ Dusenkammer mit mehreren DUsenbffnungen schemat:sche
25 ' Darstellung, ' '
Abb. 7: ‘Disendffnung, rasterélekttqriéhmikroskopische Aufnahme;
Fig. 82  Behandlungsaniage zum horizohtalen_BehandeIn von

30  Leiterplatten, schematische Seitenansicht.

In Fig. 1 sind die sich'éinstelle,nf:len _St_réfnungsverhéltnisse in einem Sackloch



burbose, a method for cleaning,  activating and/ or platrng boreholes in
horizontally placed circuit boards. in

drenching line at a constant speed, sai d |ine bei ng forned by a jet

arranged beneath the travelling line and perpendicular to the
direction of novenent, 25 ‘and in which the liquid treatnent mediumis
conveyed in t%% of a- vertical wave to the under sicmrdtnoi7ne
circuit board and al'So a device for - carrying out this nethod is
known. g Further papers have been published on- this nethod '
descri bi ng speci al gl ications for flushing out_drilled holes in
circuit boards '(‘fQH'Fe"éeGiﬁﬁﬂ'lé ¢ fchematischigjargestelll. Wird der Behandiungsmifteistpghy

5 mittig und entlang der Lochachse i in das vorzugsweise zylindrische Loch 1
(Lochlange |, Lochdurchmess_er d) durch den Locheingang 2 einer Leiterplatte
7. gelenkt, so entsteht die schematisch dargestellte Strémhngsverteilung |
s  innerhalb des Loches. Die einzelnen Pfeile 6 charakterisieren lokale

Strémungskomponenten Der abwirts genchtete Strahl 5 wird. am Lochboden :
3 nach oben umgel_enkt. Dadurch entsteht eine starke ringférmige auswarts
gerichtete Strbmung entlang der zu behandelnden Wandung 4 des Loches,
so daf Gasblasen, die durch die Oberﬂéchenspannung dort festgehaiten

10 werden, von diesen abgérissen werden. Ferner wird dadurch auch der for die
Behandlung der Wandung und des Lochbodens erforderliche Stofftransport |
erméglicht,' durch den verbrauchte Stoffe weg- und fur die Behandiung
bendtigte Stoffe hintransportiert werden. Diese Strémungskomponenten

| ‘summieren sich in der Nahe der Lochmantelflachen und bilden ein im |
15 wesentlichen ringfﬁr_rnigés. aus dem Loch heraus gerichtetes Strémungsprofil
- 8 aus. )

Handelt es sich bei den Vertiefungen um langliche Lécher, so wird der
Behandlungsmittelstrahl vorzugsweise im wesentlichen parallel zur
20 Langsachse der Lécher gefihrt, |

In einem numerischen Simulatiorisverfahren nach derh Prinzip der Finite-
Volumén'-Mgthode (beispielswéise besr:hrieben in: E. Noll. "Nume_rische

. Strémungstechnik”, Springer-Veriag Berlin, New York, 1993), kdnnen die

25 ~ Strémungsverhélitnisse in einem Sackloch g_raphisch_dargestellt werden. In
Fig. 2 ist hier_'ein Schnif_t durch éin Sackloch 1 in einer Leiterplatte 7 sowie
die Richtung der einzelnen Strémungskomponenten in dem Loch, durch
Pfeile 6 markiert, wredergegeben Der in das Loch gerichtete
FIﬂssugkertsstrahl 5 ist in diesem Fall nicht genau mittig ausgerichtet und wrrd
130 durch die aufwérts gerichteten, durch Umlenkung am Lochboden 3 gebrldeten _

' Stromungskomponenten 6 Iercht_abgelenkt. Trotzdem bildet sich ein an den . |

Wandungen 4 des Loches anliegendes zum Lo_cheingéng 'auswér_ts



3 Anot her solution can be drawn fromthe Gernan Patent docunent DE
.39 05 100 C2, in which a nethod is given for the chem cal and
.electrolytic surface treatnment of board-shaped wor kpi eces, which are
furnished with smal | openings, in agueous sol utions,the workpiece
having two 5 aut ononous vi bration novenents which are independent of .
one anot her. wo9711209 * _ PCT/DE96/01716

8

genchtetes Strbmungsproﬂl aus, so daB sich dle erﬁndungsgemé&en
Wirkungen ergeben.

" Der vorteilhafte erﬁndungsgemaﬂe Effekt wird nur dann erreicnt, wenn der
5 - Sfréhldurchm_ésser kleiner ist als _die Offnungsweité der zu behandeinden
Vertiefungen. Es werden beso'nders gute V\ﬁrkungen erreicht, wenn der
| _ Strahidurchmesser kieiner ist als die Hélfte der Offnungsweite der
Vertiefungen oder des Durchmessers der Lécher.

.10 Andererseits nimmt die 'Strbmung'sgeschwindigkeit im Inneren des Loches bei
sehr kleinen Strahldurchmessern wieder ab, da der zur Verfigung stéhende
Impuls des in das Loch hinein gerichieten Strahles dann:gering_er ist. Diese-
~ Wirkung'ist in der Tabelle 1 wiedergegében Flussigkeitsstrahlen mit |
| unterschiedlichen Strahidurchmessern wurden mit verschiedenen
| 15 Strahlgeschwmdlgkelten in ein Loch mit einem Durchmesser von 0,3 mm und
einer Tiefe von 0,8.mm gerichtet. Die erfindungsgeméRe erung der .
' Durchspulung wird durch die sich noch unmittelbar (iber dem Lochboden
-~ einstellende Flﬁssngkeutsgeschwmdlgkelt (Bodengeschwmdlgkelt)
_ wuedergegeben
20 | _
Ein maximaler Effekt wird in dem dargesteliten Fall erreicht, wenn der
Strahidurchmesser etwa 0,1 mm (e etwa 35 % des dehdurchmesserS) _
betr_a'_gt. Ein sehr starker Abfall der Strdmungswirkung innerhalb des Loches
ist béifn Ubergang des Strahidurchmessers von 0,16 mm (2 53 % des
.25 'Lochdurchmessers) auf einen Wert von 0,2 mm (é 67 % des
‘Lochdurchmessers) zu beobachten. 'Ber'eit_s kieinere Anderungen des
Durchmessers zu grﬁl&efen Werten hin ergeben drastische erungen
 Dasselbe gxlt auch bei einer Anderung des Strahldurchmessers von 0,05 mm
(2 17 %) Zu 0025 mm (2 83%)
30
Die erfindungsgemaBe Wirkung wird dann nicht beobachtet, wenn nicht
zusammenhangende, sondern bereits in einzelne Trépfchen zerfallene



The first of the two vibration novements extends per pendicul ar to the
surface of the workpiece and the second inroughly the same direction—as
the first and at the same time as the latter, the frequency of the first

" npvenent being essentially |lower than the frequency of the second, 10
representing a heavily pulsating oscillation in quick sucession. The
anplitude of Ghposhihdest Vibrating novement.is essentially. gremttsesshoens t he
anplitude of the second. Nunerical sinulations for determ ning the
fllow conditions in drilled holes of 15 Arcuit boards have shown in

addi tion that oscillatjons t hat type, - orientated perpendicular to
the surface of P#ahl gpr%gqtooglgg}gagg pégg'ﬁw-the _ 1iquid exchange nore
ef fectively than oscillations which have vibration § . '

Die feinen Flﬁssig'_keitsstrahlen kannen durch Ausstrémen des
Behandiungsmittels aus geeigneten Disen erzeugt werden. Hiérzu werden
5 ausreichend feine Lécher ais Disenaustrittsdffnungen in eine Diisenkammer

oder aligemein als Diise bezeichnete Strahlerzeugungseinrichtung
eingebracht, in die das flissige Behandlungsmittel einstrémt. Zur Erzeugung
der Strahlen wird die Fmssigk'eit untér Druck gesetzt. Die Stabilit4t der
Flussugkentsstrahlen gegen eine Trépfchenblldung hangt von verschiedenen

10  Faktoren ab:

Die Erﬁndung bedient sich dabel einer fir sich bekannten Techmk zur
) Blldung laminarer Strahlen jenseits der D(Jsenbffnung (M.J. McCarthy. NA.
Molloy. "Review of Stability of Liquid Jets and the Influence of Nozzie
15 - Desngn" The Chemical Engineering Journal, Band 7 (1974) Seiten 1 bis 20)
Die Strahien neigen bei gasfbrm:ger Umgebung grundsitzlich dazu, nach
einer bestimmten Lauflange (Zerfallslsnge L), dh in einer bestimmten .
Entfernung von der Disenaustrittsdffnung, in Tropfen zu zerfallen. Diese
. Tendenz wird vor aliem durch die Oberfldchenspannung dér'_aus den
20 Dusenéffhungen' austretenden Flissigkeit 'gee_nﬁber dem Medium, das die
Freistrahlen umgibt, beeiriﬂuf&t. In Abhéngigkeit von der dimensionslosén _
Weberzahi We der Flﬁssigkeitsstrahlen werden verschieden grofle
) 'Zerfallslarigen_béobachtet. Eine charakteristische Abhéngigkeit der
Zerfaljslange L von der Austritth_eschwindigk_eit v der Fliussigkeit aus der
25 Diisensffnung ist in Fig. 3 d:argestellt'. Danach ergibt sich eine komplizierte
Abhangigkeit der Zerfallslange L von der Auétrittsgeschwindigkeit Lediglich
im unteren Geschwmdlgkeltsberelch hangt die Zerfallsiange ungeféhr |
propomonal von der Geschwindigkeit v ab.

30 - Die Zerfallslange kann also nicht unabhangig von der Reynéldszahl Re des
Flussigkeitsstréhles gewahit werden, wenn eine bestimmte Flussigkeit
verwendet wird. Fir die erfindungsgemaRe Anwendung der Fre_iStrah'len r_nuB,



conponents exclusively parallel to the circuit board surface. 20

However the mentioned solutions to the problemof reliably treating very
smal |- hol es and especially blind bores are not suitable, since, in.these
cases, the flow only works in the entry region of the holes. Blind_bores
and - - ot-her recesses extend -only to a definite depth in a workpiece or
solid body. wo9rmzgart from problens arising also from verpCyDEd6I01716

cl earance hol es, the 25 probl em exists here as well in that -the liquid
flowing in nust also flow out agaln]ﬁb attain an adequate |iquid

exchange. O her yfg SZ(;\?rfagfsﬁfl‘éétL ﬁ\ﬁbﬁéWst groB sein’ L%@%ﬁ‘sbﬂé‘ungeéﬁﬁé nge would be .

possi bl e by nmeans
_geschlossenen Flussxgkeltsstrahles zwnschen der Duse und der zu

behandeinden Werkst_uck_obqrﬂache bzw. der dann enthaltenen Locher und
| Vertiefungen sicherzustellen. Die fir die Zerfallslange L charakteristische
5 | dimensionslose GréBe ist die Weberzahl We, die von der Dichte p des
flussigen Behandiungsmittels, der Oberfidchenspannung o des -
Behandlungsmittels, der Austrittsgeschwindigkeit v und dem
Austrittsdurchmesser d des Behandlungsmnttelstrahls in folgender Welse

abhéngt
10 |  We = vidpo?,
‘Tabelle 1:
Versuch Strahigeschwin- Strahidurch- Boden-
15 Nr. - digkeit messer geschwindigkeit
1 1 s (mm] T
A 30 01 0,45
2 1,5 ) 0.2 0,01
3 1,5 - 0,16 01
4 1.5 - 0,14 0,12
20 5 15 01 0,22
6 1,5 . - 0,05 0,1
7 15 0,025 0,01
25  Fur rohrfSrmige Dusen ist die dimensionslose Zerfallslange L/d eine Funktton

der Quadratwurzel aus der Weberzahl VWe

Eine Zerfallslange von einigen Zenti’metérn kann beispielsweise erreicht _
werden wenn ein Strahldurchmesser von 150 um gebildet wird und wenn ein
30 walriger Flussigkeitsstrahl unter Druck aus einer entsprechenden



Because of the boundary |ayer adhering to the hole wall or because of a 30
finite viscosity fromapplicable treatnment liquids, a through-flow by nmeans:
- of Tvibration novenents cannot be produced in these holes at a depth,

- whi ch for exanple, when using aqueous treatnent-|iquids, corresponds

WO 977111209 . A PCT/DE96/01716
| B TR
Dusen_c'iffnﬁn_g in Gas, beispielsweise in LUft, ebildet wird. Die Weberzahl _
nimmt den Wert We = 206,9 an, so daB \/WE = 14,4 ist, wenn ein waBriges
Behandlungsmittel mit einer Au'str'itt,sgesphwindigkeit von v =10 m/s und
einem Austrittsdurchmesser von d = 150.10° m in Luft gestrahlt wird (c =
5  72,510° N/m, p = 1 gleni ). In diesem Fall erhalt man eine dimensionslose |
- Zerfallslange von L/d = 86, d.h; die Zerfallslinge L. betrigt 12,9 mm.
innerhalb dieser Strecke ist dér Strahl homogen' und zerfallt nicht in einzeine -
Trépfchen. Ein zu behandelndes Substrat, das in einem Abstand von wemger
. als dieser Lange von der Diisenaustrittséffnung angeordnet ist, wird von
‘10 einem feinen Strahl mit einem Strahldurchmesser von etwa 150 ym getroffen.
' ‘SO d_a'B die erfindungsgeméiBe Wirkung erzieit werden'k'ann. |

Wird die flissige Behandlungslésung dagegen 'nicht in eine gasférmige
Atmosphére, sondern in eine Fliissigkeit eingespritzt, so ergeben sich andere

15 Verhiltnisse, da in dieserﬁ Fall die Réynoldszahl des Strahles die |
charakterisierende GroBe darstellt. Wird als Flussigkeit, durch die der Strahl
des Behandlungsmittels hindurch in die Locher des sich ebenfalls in dieser
Flussigkeit befindenden Werkstiickes gespritzt wird, die Fitssigkeit
\)ewvendet, mit der das Werkstiick behandelt werden soll, so zerfillt der -

20 Strahi nicht mehr.in einzeine Trbpfchén da die Oberflachenspannung o '
gegen Null geht In diesem Fall weitet sich der Strahl durch die héhere
\fskosxtat des die Duse umgebenden Mednums dagegen etwas auf.

_ 'Dahér stelit eine Verfahrens\iari'ante, bei der sich das zu behandelnde
25  Werkstiick in dem fliissigen Behandlungsmittel befindet und bei der die
' Dﬁsenaus'tri_ttséffnungen. die der Werkstiickoberflache dicht gegeni]berliegén.
_ebenféllls in das Behandl'ungsmiltel. eintauchen, eine bevorzugte |
Ausfithrungsform dar, da hiermit sehr feine, stabile Strah_lén erzeugt werden
kénnen. | '
30 - | . ,
Fir die Behandlung von Leiterplatten, in denen sich Gber die gesamte
Oberflache verteilt Durchgangs- und Saéklﬁch'er' befinden, ist es ferner



approxi mately to the di aneter of the hole. In order to treat
circuit boards with blind bores it is nornmal for exanple to treat
the circuit boards in a device, in which the circuit boards are 5

i ntroduced in a horizontal position and hori zontal direction through a
treat ment chanber; the circuit boards being situated within the treatnent
liquid duringwoessege. In this way, it can at |east be achi eMADEISNENG gas
bubbl es which are situated in the holes on _the top of the circuit boards
can ' be renoved relatively sinply. Alﬁbllable exchange of material

inin the 1o ybuemanakl ebichobtls uriesl BRAL 0 ABHHA PR hshlfod 2

~of the gas bubbl es L ol es on
boards i s howevikewegen. Beispielsweise kénnte die Lelterplatte in horizontaler Lage und

horizontaler Richtung vorzugsweise in geringem Abstand an einer stationéfen
D_iise vorbeibewegt werden. Andererseits ist es auch moglich, die Dise an
5 der Leiterplatte vorbeizubewegen, beispielsweise wenn die Leiterplatte an
| einem Gestell in vertikaler Anordnung befestlgt ist und mit diesem zusammen
in ein Behandlungsbad emgetaucht wird. Hierbei wird die
Behandlungsfliissigkeit zur verbesserten Durchstrémung aus den
DUsenaustnttséffnungen die innerhalb der Behandlungsﬂﬂssngkelt angeordnet
10 sind, auf die Lelterplattenoberﬂache und in die L&cher gelenkt. In beiden
" Fallen Uberstreicht der Strahl des Behandlungsmltteis die Oberﬂache der
'Leuterplatte und wird dadurch nachemander in due einzelnen Lécher in der
Lelterplatte gelenkt.

: 15 Fir beide Anwen'dungsfa'lle mit linearer Relativbewegungsrichtﬁng 'ist es auch
vorteilhaft, mehrere DUsenaustnttsdffnungen z.B.im Lochabstand
nebeneinander in einer geeigneten Vorrichtung vorzusehen in Fig. 4 ist ein
anderes Beispiel fiir eine kreisformige Anordnung einer Vielzahi von feinsten
Offnu_ng_en_ von etwa 60 um Durchmesser in einer Dilsenmiindungsflache

20 . dargestelit. In einer anderen Ausfuhrungsform kdnnen auch mehfere Reihen

' . mit gegeneinander versetzt angeordneten Du$enaustr|ttsdffnungen |
beispielsweise in emer im wesenthchen
ebenen Dﬁsenmﬂndungsﬂéche vorgesehen sein. Dadurch kénnen mehrere
Strahlen des Behandlungsmittels gleichzeitig und parallel zueinander auf die .

. 25 Leiterplattenoberﬂéche und in die Lécher gerichtet werden. Der Abstahd der

einzelnen Locher darf jedoch einen kritischen Mindestabstand nicht |
unterschreiten, da d|e Flussxgkeltsstrahlen dazu nelgen miteinander zu
verschmelzen

30 ‘Um die Flussigkeitsstrahlen auch in D_Ur_chgangslﬁcher und _Sackldcher in
Leiterplatten gezielt und gleichmaRig zu lenken, kénnen die
~Disenaustritts&ffnungen in der _Dﬁsenmiindung_sﬂéche so in mehreren Reihen .



possible with this nethod. Mreover even gas bubbles can no | onger be
renoved with certainty, using this nethod fromhboles in which the ratio of
hole length to hol e di ameter exceeds a val ue of - approxi mately -1. 15

‘Hence the probl emunderlying the invention is to avoid the di sadvantages of
the state of the art and particularly to find a reliable method and a

devi ce ,?lﬁggto t he purpose of flushing hol es provi ¢egdmnedsn1rié

wor kpi eces an‘g tiny hol | ow spaces, opening outwards, and al so
recesses wth an opening 20 wi-dth belov® 0.5nrmwith a liquid treatnent
medium In particular, a ~ nethod and device for treating circuit

_ boards provi d@8ggneinapgerKer wztegngegrﬁmet sein, daBderp/argatgwischen
benachbarten Reihen oder ein Vlelfaches dieses Versatzes etwa dem

Abstand der Durchgangslocher und/oder Sacklécher entspricht.

5 Mit derartigen Anordnungen mit mehreren Disenaustrittséffnungen in_der'_
erfindungsgeméBen Vorrichtung wird erreicht, daR die eiﬁlnz'elnen Lécher in
der Leiterplatte beim Vorbeibewegen an der Dise von den. Freistrahlen mit
den Flussigkeitsstrahlen behandeit werden. |

10 Falls das Rést_er derin einer Matrix angeordneten Dusendffnungen nicht mit
| dem Raster der auf der Leiterplatte angeordneten Ldcher tbereinstimmt,
. werden einzelne Lécher beim Vorbeibewegen der Leiterplatten an den Dusen
trotzdem nicht von den Freistrahlen getroffen. In diesem Fall kénnen die
~ Ddsen zuséitzlich parallel zuf Leiterpiattenoberflache uhd quer zur

15 - Re'lativbewegung' der Leiterplatte 2u den Disen hin und her b,ewégt werden.
Anstelle einer Hin- und Herbewegung kénnen die Dusen auch in einer
kreisférmigen oder elliptischen Bahn parallel zur Oberflache der Leiterplatte
bewegt werden. | o

20 - Zur Durchfiihrung des Verfahrens wird eine Vorrichtung mit einer oder
-mehreren Diusen eingesetzt. Die in Fig. 5 schematisch dargestelite
Vorrichtung umfaft zwei Disen 9 mit jeweils einer oder mehreren _
'Dusenaustrittséffnungen mit einem Durchmesser unter 0,5 mm, ferner eine
F n‘}ssigkeitsversbfgungéeinheit, typischerweise eine Pumpe 10, mittels derer
25 ﬂijssigés Behandlungsmittel 11 durch die Disenaustrittsoffnungen gepumpt
wird, und eine mit den Offnungen und der Versorgungseinheit in Verbmdung
stehende Fllterelnhelt 12 zur Entfernung von Partikeln aus dem
S Behandlungsmlttel in unmittelbarer Nahe zu den Dusenaustnttsdffnungen
" werden die zu behandeln_der_n Werksttcke, hier Leiterplatten 7, entweder
-30 stationér befestigt, o_der die Werkstiicke. werden mittels geeignetér
Transportmittel in unmittelbarer Nahe zu den 00senaustfittséffnungen an den
Disen vorbeibewegt. |



The problemis solved by neans of Clains 1, 7 and 8. Advantageous 25

enbodi nents of the invention are given in the subcl ai ns. ' The
solution to the problemconsists indirecting a liquid jet of the treatnent
nmediumon to the surface of the substrate to be treated which has a

di aneter which is smaller than the opening wi.dth of the holes or recesses,

30 i.e. in vwdthedohol es of the dianeter of the holes to RETDESeDIE6 i n
t he surface of the substrate. By substrate is neant any solid body
or wor kpi ece to be treated. By meams*of this it is possible to

direct a flow gm%be\fétrlqﬁﬂém ‘daR die sehr kleinen Austrittséffnungen durch Partikel in
der Behandlungsﬂﬂsslgkelt verstopft werden, mufl die Fliissigkeit vor dem
Austreten aus der Duse sehr sorgféltig auch von sehr feinen Partikeln oder
‘Verunreinigungen befreit werden. Hierzu ist die Filtereinheit 12 vorgesehen.
5 -Ferner wird die FlUssigkeit mittels einer Blasenfélle 13. vor dem Eintritt in die
Diisen von mitgerissenem Gas befreit, um zu verhindern, daR die Strahlen
~ durch aus den Offnungen austretende Luft g’estﬁrt’werdeh. _

Zur Erzeugung ausreichend stabiler und feiner Freistrahlen sind Dusen mit -

10 sehr feinen Dnsenaustrittséffnungén. beispielsweise mit einem DurchmeSser'

' von 0,02 mm bis 0,5 mm, vorzusehen. Die Durchmesser und der
‘Rasterabstand der einzelnen Disenldcher kénnen dem Durchmesser und
dem Rasterabstand der Lécher in den Leltetplatten angepafit werden. Hierzu
konnen belsplelswelse geeignete Hohlk&rper mit Offnungen an etner

15 vorzugswelse ebenen Seite {Disenmindungsfliiche) verwendet werden (Flg
6). Die Dusensffnungen werden belsplelswelse durch Laserbohren
hergestelit. Die Locher kénnen auch mittels eines chemischen A_tzprozeSses
'erzeugt werden, indem auf die OberﬂécheQ in die die Lécher geatzt _werdén
éollén, ein'gegén das Atzmittel besténdigerPhotbresist aufgebracht wird,

- 20 dieser mit dem Lbchmuster belichtet wird und die Lécher nach dem
| Entwickeln durch ein geeignetes Atzmittel gebildet werden. |

Der. Flilssigkeitéstrahl 5 wird durch die in der Unterseite der Diise _
.beﬁndhchen Dusenaustnttsdffnungen erzeugt. Hlerzu wnrd die Flusslgken 1
25 von oben her unter Druck in die Duse eingeleitet.

Die Form der Austrittséffinungen ist ebenfalls kritisch far die Qualitat der |
._gébildeien Freistrahlen. Insbesondere sich in der Richtung des Strahles 5 des
Behandlu_ngsrh'ittels verjungende Offnungen (Fig. 7) gewahrleisten, dafl die
30 Geschwindigkeitéverteilung der Flissigkeit in den Strahlen keine radialen
Inhomogemtéten aufwelst so daB die Strahlen nur in geringem MaBe zum
~ Aufweiten oder zum Zerfallen in eanzelne Tropfchen nelgen



5 nmediuminto the inside of the holes and recesses such that an

effective . rinsing of the blind bore is also achieved even when
t hese hol es have a very small dianeter, for exanple of 75 [err]m"
The jet directed into the inside of ‘the recess is reversed at its.
“base, so that, within the hole, jets.of 5 . treatment medi um which are
directed out vvar(()jgw%o% al so forned. : | . PCT/DE96/01716

15 -

Werden Dusen mit matrixartig in mehreren Reihen angeordneten
Dusenaustrittséffnungen verwendet, so muB ferner dafir gesorgt werdeh, dafl
alle Flussigkeitsstrahlen mit annéhernd demselben Druck aus den 6ffnungén
austreten. Andernfalls kénnen keine gleichmaRigen Ergebnisse erzielt |
5 werden. Hierzu ist die Verteilkamm_er 16 in der Dﬁsé vorgesehen, durch die
die Behandlungsflissigkeit vor dem Durchtritt durch die Austrittsoffnungen
 hindurchflieit, so daB die DurchﬂuEmengen des durch die einzelnen
Offnungen austretenden Behandltjngsmittels vergleichméaBigt werden. Die
konstruktive Aus!egt_jng _derartiger Verteilkammern ist nach Gesichtsbunkten
10 mdglich. die in: F. Durst, U. Lange und H. Raszillier,. "Optimization of
" Distribution Chambers of Coating Facilities", Chemiéal.Engine'ering Science,
Band 49 (1 994), Heft 2, Seiten 161 bis 170 ausfahrlich beschrieben sind.

Leiterplatten kénnen voriugsweise m horizontaler Lage und in horizontaler

| 1.5 ' Richtung durch eine Beh_andlungéanlage geschleust werden, in der die
Behandlbngsﬂﬁssigkeit von obéﬁ und/oder von unten an die |
'Leiterpiattenoberﬂﬁchen gelenkt wird. Die Leiterplatten werden in diesem Fall.
in geringem Abstand an den Disen vorbeigefiihrt. Innerhalb der |
Behandlungskammer befinden sich die Leiterplatten ebenso wie die

20 Dusenéffnungen bevoriugt innerhalb der Behandlungslésung. '

Um die Lelterplatten durch die Anordnung hmdurchzubewegen sind Trans-
' portemnchtungen (Walzen oder Réder) 14, 14" vorgesehen zwischen denen
 die Leiterplatten 7 hmdurchgefijhrt werden (Fig. 8). Die
. 25 -_ Transportelnnchtungen erstrecken sich ebenso wie die Dusen vorzugsweise
" tber die gesamte Breite der Lelterplatten Zwischen den _ |
Transporteinrichtungen sind dle erfi ndungsgemésen Dusen 9, o" angeordnet.
Die oberen Transportetnrlchtungen 14’ smd mit den Disen 9' in einer festen
Einheit verbunden. Wiéhrend die unteren Transportelnrlchtungen 14" und die
30  unteren Disen 9" eine feste vertikale Position einnehmen, sind die oberen
Transportelnrlchtungen und Diisen in vert:kaler Rlchtung 15 bewegbar, so
daRk Dnckenunterschlede der Le|terplatten ausgeglichen werden kénnen Da



According to the invention, this is effective prinarily when the jet of
treatnent nmedi um has a dianmeter, which at nost anounts to half the

di ameter of the hole. If.a jet has a diameter which is greater than the 10
di aneter of the hole, then the flow effect, according to the invention, can

no longer be achieved in the hole. - Wth the aid of the :
subsequent | y weswrizewed drawi ngs and figures, the. nmet RCWDESRMILH ng t O
the invention is explained and the device js shown 15 schematically or
details of the device are depicted by nmeans of photographic figures,
whi ch show;,

die cberen Transportemnchtungen und Dusen miteinander verbunden sind,
kann ein fester Abstand zwischen’ den Dusendffnungen und der
Leaterplattenoberﬂache emgeste_llt werden.

5 Anstelle von Leiterplatten kdnnen mit dem erfindungsgemaRen Verfahren
auch andere Festkorper bzw. Werkstiicke mit feinen Offnungen und
' Vertlefungen wirksam behandelt werden. Belsplelswexse kbnnen feine Slebe
Spmndusen oder shnliche Werkstﬁcke vorteilhaft gerelmgt werden

10 Nachfolgendes Beispiel dient zur néiherén Erlduterung der Erfindung: |

Sacklocher mit éine,m' Durchmesser von 0,3 mm in Leiterplattenzus_chnitten' :
' ohne Kupferkaschierung aus FR4-Material'(Epox'idharzpl_att'en mit
15 Glasfaser_manen 2ur Verstarkung, FR: ﬂamé'ret_érdent) und mit
unterschiedlichen Sacklochtiefen sollten mit siner wakrigen
Permanganatiésung behandelt werden.

. Die Platten enthielten die Lécher in einzelnen Testfeidern mit gleichen
20 Sacklochtiefen Qon 0,3 mm, 0,5 mm, 1,0 mm bzw. 2,0 mm innerhalb der
Felder. Die Locher waren innerhalb der 25 mm x 25 mm groRen
Testfeldmatrices im Abstand von jeweilé 0,6 mm (Mittenabstand der Locher)
. angeordnet. ' ' ' |

25 Die 'Leiterplattenzqschriitte wurden in horizontaler Richtung durch eine

| Behandlungsaniage, in der die Platten in horizontaler Lage .ausgerichtet_
waren, kontinuierlich hindurchtransportiert. Die.BehandIungsiésung wurde von
unten her an die Le,iterplaﬁeniuschnitt'e herangefﬁhrt_. Zum einen diente
hierzu eine Feinstrahi-Dsenbarste mit Offnungen von 0,1 mm Durchmesser

30 und mit einem 30 mm breiten Diisentffnungsbereich _
(Gesamtoffnungsquerschnitt etwa 120 mm?), die im Abstand von 0,5 mm

voneinander angeordnet waren. Feﬂrner war in der Behan_dlungsénlage auch



Fi-gure 1: Cross-section of a blind bore in a circuit board, shown
schematically; 20 . Fiqure 2: Elow conditions in a blind hore,
conmput er sinul ati on; Figure 3. Stablllty curve of a jet of
treatment nmediumin air, shown schematical ly; 25
Figure 4: Vi ew of the nozzle di schar ge openlngs in a multi-hole nozzle,

- phot ogr aph fr%ﬁnmgnnl ng el ectron mcroscope; PCT/DE96/01716

17

ein herkémmilicher Schwaildusenstock unterhalb der Bewegungsebene fiir dle

Lesterplattenzuschmtte vorgesehen durch den ein dicker Schwallstrahl der

Behandlungslésung an die Leiterplattenoberfliche herangefihrt wurde Der

Abstand der Schwalldusen zur Leiterplattenoberfiiche betrug 5 mm der der
5  Feinstrahldisenburste 2ur Platte 15 mm.

Die Zuschnitte wurden in mehreren Versuchen mit
Vorschubgeschwindigkeiten von 0,2 m/min und 0;5 m/min durch die Anlage
bewegt. |

10 _ _ . _ _

| Zur Auswertung des Béhandlungsglfolge's der einzelnen Lécher in dem

transpare'nten Leiterplatterimaterial wurde der Wahdﬂéchenanteil innerhalb

der Lécher, der durch die_ P_ennanganatbehandlung verfarbt war, mittels eines

. Stereomikroskopes in der Querschnittsansicht der Platte beurteilt. In den

15 nachstehend_en'Tabellen sind die Ergebnisse der Versuche wiedergegeben.

| Die angegebenen Werte stellen den Anteil der verfarbten Flache innerhalb

der Lécher dar. Ein geringer Anteil verfarbter Wandflache deutet auf einen '
unzureichenden Flussigkeitstransport in die Locher.

20 Tabelle 1 (Feinstfahldﬁse):

Durchlaufge- Lochtiefe Lochtiefe Lochtiefe

schwindigkeit 0,3 mm 05mm |  1,0mm

| [mimin] e . |
25 02 - | 100% T 100% | 100%
05 100 % 100 % 100 %

30



Figure 5: Devi ce according to the invention, shown schematically; 30
Figure 6: Nozzl e chamber with several nozzle openings, shown

schemati cal | y;

WO 97/11209 PCTID_E96ID17|6
| " .. 18 '
Tabelle 2 (Schwallduse):
Durchlaufge- Lochtiefe Lochtiefe Lochtiefe
. schwindigkeit 03mm 0,5 mm 1,0 mm
5  [m/min] | - |
02 100 % 100 % 35 %
0,5 100 % 100 % 10 %

10

15




6 Fi gure 7: Nozzl e openi ng, photograph froma scanning el ectron
m croscope; ___Fiqure 8: Treatpent unit for the horizontal — -
treatment of circuit boards, 5 ' schemati c side-vi ew

" In Figure 1 the self-adjusting flow conditions in a blind bore in a circuit
board are shown schematically. If the jet of treatment nedium5 is directed

centrally and“%émgmghe hole axis into the preferably cyli nd‘fm%,bgll@ 1
(hoI e |

19

U

Patentanspr_ﬁche:
10 | : . .
1. Verfahren zum Behandeln von sich in Werkstiicke erstreckendéh Léchern
oder Vertiefungen mit einer Offnungsweite unter 0,5 mm mit einem aus einer
Dﬁse ahstretendén flissigen Behandlungsmittel, dadurch gekennzeichnet,
da ein Strahl des Behand_l'ungsmittels mit einem Durchmesser, der klei.ner
15 ist als die Offnungsweite, vorzugsweise kieiner ais die Halfte der Offnungs-
weité; in die Locher oder Vertiéfungen gerichtét'wird.

2. Verfahren nach einem der vorstehenden Anspriiche, dadurch gekennzeich'-
net, daR der Strahl des flissigen Behandlungsmitteis durch eine Flssigkeit
20 hindurch auf die in dieser Flussigkeit oder durch einen Gasraum hindurch auf
 die in diesem Gasraum befindlichen Werkstiicke gerichtet wird.

3. Verfahren nach einem der vorstehenden Anspriic_ﬁhe, dadurch gekennzeich-
net, daft das Werkstck und der Strahl relativ zueinander bewegt werden, so
25 daB der Strahl des Behandlungsmittels die Oberﬂache des Werkstucks iber-
 streicht und n'achéinander in die einzelnen Locher oder Vertiefungen gerichtet
wird. ' '

- 4. Verfahren nach'einem der vorstehenden Ahspruche, -dadurch gekénnzeich?
30. .net, 'daB_ mehrere Strahien des Behandiungsmittels gleichzeitig und paréllel -
- zueinander auf'd_ie Oberfische des Werkstiicks und in die Locher undfoder
Vertiefungen gerichtet werden. | '



10 | en mm through the hole entrance 2 of a circuit
board 7 “‘“s“m an of the floww thin the hole, whichis -
shown scherm‘t\“l“‘m rises. The individual arrows 6 characterise
| ocal. fl'ow conpoherits.” The. ~jet 5 which is directed downwards is

rever sed upward

the hole to be

s at the base of the hole 3. In this way a strong:

toroi dal fl owwédpmh2es directed outwards arises 15 al ong péeEDRSYdi17Hd Of -
treated; so that gas bubbl es, which adhere there
tenS| on, are renoved from t#‘Fé wal | s Furt her nore,

t hrough surface
the materi al tr
of the walls an
way, through wh
removed and mat gf,
conmponent.s accumnu
toroidal flowp
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6. Verfahren nach einem der vorstehenden Anspriiche, dadurch gekennzeich-
net daR Lelterplatten in horizontaler Lage und honzontaler Rlchtung in gerin-
gem Abstand an der Diise vorbelgerhrt werden.

| 7. Anwendun'g des Verfahrens nach einem der vorstehenden Anspniche zur

Behandlung von mit Durchgangsléchern und/oder Sacklﬁchem versehenen
Leiterplatten. '

8. Vorrichtﬁng zur Durchfﬁhiu'ng des Verfahrens nach einem der vorstehen-

den Anspriiche, gekennzeichnet 'durch"eine Diise (9) mit einer oder mehreren
Disenaustritts6ffnungen mit einem Durchmesser unter 0,5 mm, einer Fliissig-
keitsversorgungseinheit (1'0), mittels derer fiissiges Behandlungsmittel durch |

- die Dusenaustrittsdffnungen gepumpt wird, und einer mit den Offnungen und

20

der Versorgungsemhelt in Verblndung stehenden Filtereinheit (12) zur Entfer-
nung von Partikeln aus dem Behandlungsmlttel (1 1)

9. Vorrichtung nach Anspruch 8, dadurch gekehnzeichnet, daB sich die Di-
Sengustrittsﬁffnungen in der Richtung des Behandlungsmittelstrahles (5) 'v_er-

~-jlingen.

25

10. Vorrichtung nach einem der Anspriiche 8 oder 9, gekennzeichnet durch
mehrere Disenaustrittséffnungen in einer Matnxanordnung in-einer im we-

30

sentlichen ebenen Dusenmundungsﬂéche

11. Vofribhturig nach Anspruch 10, dadurch gekennzeichnet, daR die Diisen-
austrittséffnungen in der Dﬁsenmundungsﬂéche in mehreren Reihen gegén—

einander versetzt angeordnet sind.
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|'f |t concer oles in the recesses, the jet of treatnent
rmterlal S m‘ “m LI

a nunerical simulation procedure
he prInCIp|e of f|n|te ~ volunes method (for exanple
:E.- Noll, Nunerical flow 30 t echnol ogy , Spri nger- Verl ag

flow conditions in a _ bl i nd b\%’ﬁnﬁsﬁms
a(%;?néa In Figure 2 a section through a blind
board 7 |s reproduced here @nd al so the di rectlon of the

12. Vorrichtung nach einem der AnSpr_uche 8 bis 11, gekennzeichnet durch

~ eine die Menge des durch die einzelnen Diisendffnungen hindurchtretenden
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Behandlungsmiﬁels (11) vergleichmaRigende und den Disenaustrittssffnun-

- gen vorgelagerte Verteilka_mme‘rﬁ(‘ls') fir das Behandiuﬁgsmittel. :

13. Vorrichtung zum Behandeln i}on Durchgan'gslﬁchem und Sackl$chern in
Leiterplatten nach einem der Anspriiche 8 bis 12, dadurch gekennzeichnet,
daB die Disenaustrittséffnungen in einer im wesentlichen ebenen Disenmin-
_duhgsﬂéche in mehreren Reihen gegeneinander versetzt angeordnef sind
und daB der Versatz zwischen benachbarten Reihen oder ein Vielfaches die-

bore

ses Versatzes etwa dem Abstand der Durchgangslcher und/oder Sacklécher -

voneinander entspricht.

14. Vorrichtung nach einem der Anspriiche 12 bis 13, gekennzeichnet durch
Mittel zum horizontalen Bewegen der in horizontaler Lage angeordneten Lei-
terplatten (7) relativ zur Duse (9).

15. Vdrrichtung nach Anspfuch 14, dadurch gekennieichnet. dal mehrere
Disen (9',9") zwischen Transporteinrichtungen (14',14"), 'mittels derer die

Leiterplatten (7) bewegt werden angeordnet sind und daB sich die Disen
(99"} mlndestens iber die gesamte Breite der Leiterplatten (7) erstrecken.

' 16. Verfahren zum Behandeln von sich in Werkstiicke erstreckenden Léchern

oder Vertiefungen, gekennzeichnet durch einzelne oder alle neuen Merkmale

~ oder Kombinationen von offenbarten _Mefkmalen.

~ 17. Vorrichtung zur Durchfihrung des Verfahrens nach Anspruch 16 oder

.zum Behandeln von Durchga'rigsléchern oder Sackléchern in Leiterplatten,
gekennzeichnet durch einzeine oder alle neuen Merkmale oder Kombmat;o-
nen von offenbarten Merkmalen '



7 i ndi vi dual flow conmponents in the hole, marked by arrows 6. The

liquid jet 5, which is directed into the hole is in this case not.
alTgned quite centrally .x and-is slightly deflected by the flow
conponents 6 which are directed upwards and formed by reversal in
. the base of the hole 3. Nevertheless a '
' WO 97/11209 | PCT/DE96/01716
1/8

Fig; 1
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5 flow profile is constructed which is adjacent to the walls 4 of the
hol e _and directed outwards.to the hole entrance so that the .
operation according to " the invention results. : The

advant ageous effect according to the invention is only achi eved when 10
the jet. dianeter is smaller than the opening width of the recesses to be
treated. Particul good results-are achi eved when the jet S
smal | er than h‘gpfﬁ'tli#ég opening wi dth of the recesses or of thﬁ?ﬁ??ﬁ of
t he hol es. 15 On the other hand thezjg(nN speed in the |nS|de of t he
hol e decreases agaln
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in the case of very small jet diameters, since the available inmpulse of the
jet, which is directed.into the hole _is then sponller This effect s
reproduced 1n Table 1. Liquid jets with varying dianeters were directed
into a hole with a dianeter of 0.3nmand a depth of O. 8nm usi ng various 20
jet speeds. The effect, according to the invention, of the rinsing is

r epr esent ed bﬁlthe sgeed of the liquid (speed at the base), ﬁ@ﬂﬂﬁ“ﬁmhysts

i medi ately a¥®21392 base of the hole. Maxi num effect | s achi eved
in the portrayed case when the di anet er %78
35% of the dianeter of the hole). A very great reduction in the
effectiveness of the flow within the hole can be observed when the
jet dianeter exceeds 0.1 6mm (53% of the hole . : '

“Fig. 3

25 about 0.1mm (approxi mately



-d| arreter) up to 0.2mm ( 67% of the dianeter of the hole). Even smaller
changes in the dianeter at largec.values causedrastic offectsThe same.is
30 also true for a change in the jet d| anet er fromO 05mn([err]17% to
0.025mMm ([err] 8. 3%. _
8

WO 911200 ' o ' PCT/DE96/01716
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| Fig.'4_



The effect according to the invention is negligible when the jets are
di scontinuous or rather fall as single droplets as they pass the entrance

to ~the hole. - 5 The fine jets of-liquid.can be produced by

di schargi ng the treatnment medi um from appropriate nozzles. For this
.purpose, sufficiently fine holes ~ .are inserted as nozzle di scharge
openi ngs, or i | a jet production ~~_ device confi

nozzle, into awr?gg}zifioachanber into which the liquid = . l)@r‘weda@glma' 6
mediumflows. In-order to produce the jetgsghe liquid is 10 pressuri sed.
The stability of the liquid jets agai nst tée

formation of droplets
depends on various factors: :

Fig. 5



" The invention avails itself then of known technol ogy for the constructlon

of lam nar jets on . the other side of the naozz
McCarthy, N A 15 Mol I oy, Review of Stability of Liquid Jets and the

I nfl uence of Nozzle .. Design, The Chem cal Engi neering Journal, Vol une
7 (1974) Pages 1-20). .The jets tend fundanentally, in a gaseous
environnent, to bre % into - droplets after a definite poraEssomes
length (di spewga?l 1}2@ gth L) i.e. at a definite di stance fromthe
nozzl e di scharge opening. This tendency-is influenced 20 primarily by
the surface tension of the liquid energlﬁﬁ fromthe nozzle ~openi ngs
relative to the medium surrounding the free jets: Dependent upon : the

non- di mensi onal Weber nunmber W of the liquid jets, various large
di spersal lengths are observed. A characteristic relationship of the
di sper sal o _

Fig. 6



Iength L to the discharge speed v of the liquid fromthe nozzle opening is.
25 depicted in Figure 3. Accarding o thatet hers—resuts—a—conpH-cat ed
dependency of the dispersal |ength L to the di scharge speed. Only in the
lower speed region is there a relation -between the dispersal |ength roughly

_proportional to the speed v. - 30 The di spersal |ength cannot therefore
be sel ected irrespective of the - Reynol ds nunber Re of the liquid
jet, when a c doype of Iqu| d is used. ~ For the u&e,-,gé%)‘oiﬁe jets

_accordlng to t e |nvent|on the dispersal length L
| 7/8

Fig. 7 -



9 must be as great as possible to ensure the formation-of a
continuous liquid jet between the nozzle and the workpiece swface
to be treated or the hol es: ~and recesses contained within it. The
non- di mensi onal paraneter which is : characteristic of the dispersal
length L is the Weber nunber We, whichis 5 dependent upon the density
p of the liquid treatnment nmedium the surface - tensi on dcqfy; he .
treat ment medSYHAR di scharge speed v and the- dm@ﬁﬁ

8/8

- Fig. 8



di séharge dianeter d of the jet of the treatnent nediumin the foll ow ng

10

15

20

25

30

W = v[err].d.p.[err], 10

Test Jet Jet Base
Speed di anet er Speed '
[ ] [ms] 115 1 3.0
0. 45 2 1.5 0.2
3 1.5 0. 16 0.1 4
5

Q-

0,1
Mq;hgé and Device for treC)dthnZQ Holes or Eecesses extending into

Workpieces with Liquid Treatment Media.

Specification

The invention relates to a method and to a device for treating very small

holes or recesses extending into workpieces with liquid treatment media.

Should workpiece surfaces be treated with liquids, the surfaces are as a
rule brought into contact with the treatment media by immersion. Typical
examples of usage are represented by the cleaning of substrates, for
example of covering pieces, the electro-plating treatment of metal parts and
plastic material parts and also the electro-plating procedures in the

production of circuit boards.

In many areas of technology thin metal layers are 'applied to the surfaces of
materials, in order to impart to the surfaces certain properties, which are
required for the use of materials in cases of industrial application. Although
there is already a multitude of varying coating techniques available, electro-
plating metal plating methods still represent important treatment methods

despite the frequent occurence of problems specific to the proéedure.

For example, problems can arise, when workpieces with very small holes or
with other recesses, which extend into the surface of the workpieces and
have small dimensions, are to be treated with liqguid medium. In this case
these holes and recesses are not adequately or not at all washed through,

with the result that the desired treatment cannot be achieved.

In circuit board technology for example the sides of the holes, which
extend through the circuit board laminate or which are inserted as blind

bores, are provided with a metal layer. For this purpose, after being



20 6 1.5 0.05 0.1 7

1.5 0. 025 0.01 25 For tubular
nozzl es, the non-di mensional dispersal length L/d is a function - of
t he square-root of the Weber nunber [err]. A di spersal |ength of

few centinmetres can be achieved for examplz, if a

produced, for example by drilling, these holes or recesses have firstiy to be
cleared of impurities generally, for example of resin srhears caused by
boring on the drilled hole wall while the circuit board is brought into contact
with etching agents. Furthermore, chemical solutions with surface-active
5 substances {wetting agents) are inserted also for cleaning the holes. After
cleaning, the electrically insulating drilled hole walls are activated with
solutions containing a noble metal énd subsequently are copper-plated or
nickel-plated, as a rule with electroless metallization solutions. Then a
metal layer with a thickness of roughly 20 ym is deposited by means of

10 electrolytic plating on the wall surfaces of the holes.

Because of the miniaturisation of circuit structures on circuit boards,
smaller and smaller holes are being formed, for example with a diameter of
0.2mm, in circuit boards, which still need to be reliably plated. For this

15 reason there exist various methods for removing air from these holes and
ensuring an adequate exchange of liquid between the inside of the hole and
the liquid treatment medium outwith the holes. Special methods are

employed for flushing out these very small holes.

20 In the German Patent document DE 35 28 575 A1 there is known, for this
purpose, a method for cleaning, activating and/or plating boreholes in
horizontally placed circuit boards, in which the circuit boards run over a
drenching line at a constant speed, said line being formed by a jet arranged
beneath the travelling line and perpendicular to the direction of movement,

25 and in which the liquid treatment medium is conveyed in the form of a
vertical wave to the underside of the circuit board and also a device for

carrying out this method is known.

Further papers have been published on this method describing special
30 applications for flushing out drilled holes in circuit boards (for example in
DE 36 38 630 A1, DE 36 24 481 A1).



30 © jet dianmeter of 150 [err]mis fornmed and if an aqueous liquid jet is

pr oduced under pressure from an appropriate nozzle opening into a
gas, for exanple into air. The Wber nunber takes on the value W
206:9, so that [err]

10

15
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25

30
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Another solution can be drawn from the German Patent document DE 39
05 100 C2, in which a method is given for the chemical and electrolytic
surface treatment of board-shaped workpieces, which are furnished with
small openings, in aqueous solutions,the workpiece having two
autonomous vibration movements which are independeht of one another.
The first of the two vibration movements extends perpendicular to the
surface of the workpiece and the second in roughly the same direction as
the first and at the same time as the latter, the frequency of the first
movement being 'essentiaily lower than the frequency of the second,
representing a heavily pulsating oscillation in quick sucession. The
amplitude of the first vibrating movement is essentially greater than the

amplitude of the second.

Numerical simulations for determining the flow conditions in drilled holes of

circuit boards have shown in addition that oscillations of that type,
orientated perpendicular to the surface of the circuit boards, assist the
liquid exchange more effectively than oscillations which have vibration

components exclusively parallel to the circuit board surface.

However the mentioned solutions to the problem of reliably treating very

small holes and especially blind bores are not suitable, since, in these

cases, the flow only works in the entry region of the holes. Blind bores and

other recesses extend only to a definite depth in a workpiece or solid body.

Apart from problems arising also from very small clearance holes, the
problem exists here as well in that the liquid flowing in must also flow out
again to attain an adequate liquid exchange. Otherwise, at best a very

slow material exchange would be possible by means of diffusion.

Because of the boundéry layer adhering to the hole wall or because of a
finite viscosity from applicable treatment liquids, a thro'ugh-flow by means
of vibration movements cannot be produced in these holes at a depth,

which for example, when using aqueous treatment liquids, corresponds

10



= 14. 4," when an aqueous treatment mediumw th a discharge speed of v=
10 ms and a discharge dianeter of d = 150.10[err] mis sprayed into the

air ([err] =72.5 10[err] Nmp =1 g/cnferr]. In this case a

non-di mensi onal di spersal |l ength of L/d =86, i.e. the dispersal

length L of 12.9 mmis attained. 5 W4hin this distance the jet is
honbgenous and does not disperse into I ndi vi dual droplets. A
substrate, \apiprhxinately te the shiamatesraf the kele; s arranged at a spacing
of less than this Iength fromthe nozzle discharge opening, is _

struck by a fine jet with a jet dianmeter of approximtely 150

[errIm in qpdsidel hattrédteciffieBbarieonithi Blihd botdieitiis voninabforcexarhple to
achi eved. 10 If the aqueous treatnment nediumis not sprayed on the
ot her hand itreat the circuit b@@g@%usamherwhmth%%cwthoa[;%?r%t her

gﬁg?gg'tsgpfsﬁagsoag%ﬂéﬁ e&{ nﬁﬁz?r}\ﬁag poﬁ?%ﬂoérg@ haYiZBRtal Yirdclion ol giwaesent s the

treatment chamber; the circuit boards being situated within the treatment
liquid during passage. In this way, it can at least be achieved, that gas
bubbles which are situated in the holes on the top of the circuit boards can
be removed relatively simply. A reliable exchange of material within the

10 time available for treatment and particularly the removal 6f the gas bubbles
from the holes on the underside of the circuit boards is however not
possible with this method. Moreover even gas bubbles can no longer be
removed with certainty, using this method, from holes in which the ratio of
hole length to hole diameter exceeds a value of approximately 1.

15
Hence the problem underlying the invention is to avoid the disadvantages of
the state of the art and particularly to find a reliable method and a device
suited to the purpose of flushing holes provided in workpieces and other
tiny hollow spaces, opening outwards, and also recesses with an opening

20 width below 0.5mm with a liquid treatment medium. In particular, a
method and device for treating circuit boards provided with.blind bores is to

be produced.

The problem is solved by means of Claims 1, 7 and 8. Advantageous

25 embodiments of the invention are given in the subclaims.

The solution to the problem consists in dirécting a liquid jet of the treatment
medium on to the surface of the substrate to be treated which has a
diameter which is smaller than the opening width of the holes or recesses,
30  i.e. in drilled holes of the diameter of the holes to be treated in the surface
of the substrate. By substrate is meant any solid body or workpiece to be

treated. By means of this it is possible to direct a flow of treatment



case. If the liquid is used as a liquid through which the jet of treatnent
15 mediumis sprayed into the holes of the workpiece which is |ikew se
Situated in this liquid with which the workpiece is to be treated then the
j et no | onger disperses into individual droplets, since the surface
tension [err] is approaching zero. 8n this case on the other hand,
the jet expands a little . because of the higher viscosity of the
.medi um sur r oometinm irtte theznside gfothe holes anshracesses stichtbat antedtiativet i s

d by h K
et roatcd i Shea aF s HiRe e gl oriinyad aven Wheh Yge rtfen RevR epii cn”
the nozzi e dieppars aRAmteASiorseledT7SI0LKD TRE jot directeBUfid\Bie fidMe! V.

are likew se s in the treatnment medium sinCe in 25 hi s way
very fine, sofishe rjegess isareviessest atiits duase, so that, within the hole, jets of
5 treatment medium which are directed outwards are also formed.

According to the invention, this is effective primarily when the jet of
treatment medium has a diameter, which at most amounts to half the
diameter of the hole. If a jet has a diameter which is greater than the

10 diameter of the hole, then the flow effect, according to the invention, can

no longer be achieved in the hole.

With the aid of the subsequently desbribed drawings and figures, the
method according to the invention is explained and the device is shown
15 schematically or details of the device are depicted by means of

photographic figures, which show;

Figure 1: Cross-section of a blind bore in a circuit board, shown

schematically;

20
Figure 2: Flow conditions in a blind bore, computer simulation;
Figure 3: Stability curve of a jet of treatment medium in air, shown
schematically; '
25
Figure 4: View of the nozzle discharge openings in a multi-hole nozzle,
photograph from a scanning electron microscope;
Figure 5: Device according to the invention, shown schematically;
30
Figure 6: Nozzle chamber with several nozzle openings, shown

schematically;



In order to treat circuit boards, in which clearance holes and blind bores,

whi ch are distributed over the entire surface, are situated, it is further

advant ageous to nove the circuit board and the nozzle continuously relative

30 to one another. For exanple, the circuit board could be noved in a .

hori zontal position and horizontal directifbn and preferably at a short

di stance past a stationary nozzle. On the other hand it is also possible to
Figure 7: Nozzle opening, photograph from a scanning electron

microscope;

Figure 8: Treatment unit for the horizontal treatment of circuit boards,

5 schematic side-view.

In Figure 1 the self-adjusting flow conditions in a blind bore in a circuit
board are shown schematically. If the jet of treatment medium 5 is directed
centrally and along the hole axis into the preferably cylindrical hole 1 (hole

10  length |, hole diameter d) through the hole entrance 2 of a circuit board 7,
the distribution of the flow within the hole, which is shown schematically,
arises. The individual arrows 6 characterise local flow components. The
jet 5 which is directed downwards is reversed upwards at the base of the
hole 3. In this way a strong toroidal flow which is directed outwards arises

15 along the wall 4 of the hole to be treated, so that gas bubbles, which
adhere there through surface tension, are removed from the walls.
Furthermore, the material transporter means, which is required for the -
treatment of the walls and the base of the hole, is also made possibié in
this way, through which material transporting means used materials are

20 removed and materials required for fhe treatment are delivered. These flow
components accumulate near the hole surface area and form an essentially

toroidal flow profile 8 which is directed out of the hole.

If it concerns longitudinal holes in the recesses, the jet of treatment
25 material is directed preferably essentially parallel to the longitudinal axis of

the holes.

In a numerical simulation procedure according to the principle of finite
volumes method (for example described in :E. Noll, Numerical flow

30 technology ,Springer-Verlag Berlin, New York, 1993), flow conditions in a
blind bore are represented graphically. In ngure 2 a section through a blind

bore 1 in a circuit board 7 is reproduced here and also the direction of the



nove the nozzle past the circuit board, for exanple if the circuit board is
attached to a framework in a vertical fashion and subnmerged together with
the latter into a treatnment bath. In this way, the treatnment liquid for

i nproved flushing out fromthe nozzle di scharge openings, which are 5

| ocated within the treatment nmedium is directed on to the circuit board
surface and into the holes. In both cases the jet of treatnent nedium
washes over individual fflpos asmperentsriothe halder maaiﬁ@d by amewst. dihecliqwid ieht o

the iéq,d\/iv ic(fiuu%l dipgcl:t%% iin?o ttﬁg h%ier,cigiilll tRf&aééLeOH& gfiér?éd aURE r1’:%rn‘trall'y

and is slightly deflected by the flow components 6 which are directed

upwards and formed by reversal in the base of the hole 3. Nevertheless a
5 flow profile is constructed which is adjacent to the walls 4 of the hole and

directed outwards to the hole entrance, so that the operation according to

the invention results.

The advantageous effect according to the invention is only achieved when
10 the jet diameter is smaller than the opening width of the recesses to be

treated. Particularly good results are achieved when the jet diameter is

smaller than half the opening width of the recesses or of the diameter of

the holes.

15 On the other hand the flow speed in the inside of the hole decreases again
in the case of very small jet diameters, since the available impulse of the
jet, which is directed into the hole, is then smaller. This effect is
reproduced in Table 1. Liquid jets with varying diameters were directed
into a hole with a diameter of 0.3mm and a depth of 0.8mm using various

20 jet speeds. The effect, according to the invention, of the rinsing is
represented by the speed of the liquid (speed at the base), which adjusts

immediately above the base of the hole.

Maximum effect is achieved in the portrayed case when the diameter is

25 about 0.1mm (approximately 35% of the diameter of the hole). A very
great reduction in the effectiveness of the flow within the hole can be
observed when the jet diameter exceeds 0.16mm (53% of the hole
diameter) up to 0.2mm ( 67% of the diameter of the hole). Even smaller
changes in the diameter at larger values cause drastic effects. The same is

30 also true for a change in the jet diameter from 0.05mm (A17%) to
0.025mm (A8.3%).



10 ' In both application cases with linear direction of relative novenent
it is also advant ageous to provi de several nozzle di scharge openings
e.g. at the spaci ng of the hol es beside one another in an
appropriate device. In Figure 4 a further exanple is shown for a
circular arrangenent of a nmultiplicity of 8 very fine openings of
approxi mately_60 }err]nldiqneter per nozzle head. |In 15 anot her

enbodi ment selke gffecsascetding|te shednyentien del negligibim whes the jets arg schar ge

cbsent vai 1y FIESeRySle HiaBheh i a8l 8 bt af tn Bos Bhe BoffAnce Boai um
can be directigglhslgrul t aneously and parallel to one another on to the

circuit board surface and into the holes. The spacing of the
i ndi vi dual hol es nust 20 not however remain under a critical mninmm

spaci N9 s n?ﬁetiﬂ?e Htglgfqidu% Ban be pro&fc@% B{I) ﬁé&?gﬂgt{ﬂewgaﬁqgﬁ#er '
medium from appropriate nozzles. For this purpose, sufficiently fine holes
. are inserted as nozzle discharge openings, or in general a jet production
device configuring a nozzle, into a nozzle chamber, into which the liquid
treatment medium flows. In order to produce the jets the liquid is
10 pressurised. The stability of the Iiduid jets against the formation of droplets

depends on various factors:

The invention avails itself then of known technology for the construction of
laminar jets on the other side of the nozzle opening. (M.J. McCarthy, N.A. -

15 Molloy, Review of Stability of Liquid Jets and the Influence of Nozzle
Design, The Chemical Engineering Journal, Volume 7 (1974) Pages 1-20).
The jets tend fundamentally, in a gaseous environment, to break into
droplets after a definite operating length (dispersal length L) i.e. at a definite
distance from the nozzle discharge opening. This tendency is influenced

20 primarily by the surface tension of the liquid emerging from the nozzle
openings relative to the medium surrounding the free jets. Dependent upon
the non-dimensional Weber number We of the liquid jets, various large
dispersal lengths are observed. A characteristic relationship of the dispersal
length L to the discharge speed v of the liquid from the nozzie opening is

25 depicted in Figure 3. According to that, there results a complicated
dependency of the dispérsal length L to the discharge speed. Only in the
lower speed region is there a relation between the dispersal iength roughly

proportional to the speed v.

30 The dispersal length cannot therefore be selected irrespective of the
Reynolds number Re of the liquid jet, when a certain type of liquid is used.

For the use of free jets according to the invention, the dispersal length L



In order to direct the liquid jets accurately and uniformy also into

cl earance holes and blind bores in circuit boards, the nozzle

di scharge openings in the 25 nozzl e head can be arranged in several rows
and of fset agai nst one anot her such that the offset between adjacent
rows or a multiple of this offset Qorresponds roughly to the spacing
of the clearance holes and/or blind bores. 30 Wth arrangenents
of this sortmust hesas/great ascpossiblgitocensuse thedermgtionipf a continueus figuid e

2001415, ek BonkEE T ble hRL AR THOBHR, b0ARke Bl PEHKEPlne nol,
jets and recesses contained within it. The non-dimensional parameter which is
characteristic of the dispersal length L is the Weber number We, which is
5 dependent upon the density p of the liquid treatment medium, the surface
tension o of the treatment medium, the discharge speed v and the

discharge diameter d of the jet of the treatment medium in the following

way:
We = v*d-p-o’,
10 _
Table 1:
Test Jet Jet Base
No. Speed diameter Speed
| [m/s] [mm] . [m/s]
15 1 3.0 0.1 0.45
2 1.5 0.2 0.01
3 1.5 0.16 ' 0.1
4 1.5 0.14 0.12
5 1.5 0.1 0.22
20 6 1.5 0.05 0.1
7 1.5 0.025 0.01
25
For tubular nozzles, the non-dimensional dispersal length L/d is a function
of the square-root of the Weber number vWe.
A dispersal length of a few centimetres can be achieved for example, if a
30 jet diameter of 150 ym is formed and if an \aqueous liquid jet is produced

under pressure from an appropriate nozzle opening into a gas, for example
into air. The Weber number takes on the value We = 206.9, so thatvVWe

eet Has Been RTlaced THIS SHEET HAS BEEN

Thimmw ™ ePLAED
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of liquid jets.

10

= 14.4, when an aqueous treatment medium with a discharge speed of v=
10 m/s and a discharge diameter of d = 150.10° m is sprayed into the air
(c = 72.5:10° N/m,p = 1 g/cm®. In this case a non-dimensional dispersal
length of L/d =886, i.e. the dispersal length L of 12.9 mm is attained.

Within this distance the jet is homogenous and does not disperse into
individual droplets. A substrate, which is to be treated and which is
arranged at a spacing of less than this length from the nozzle discharge
opening, is struck by a fine jet with a jet diameter of approximately 150

ugm, in order that the effect according to the invention can be achieved.

If the aqueous treatment medium is not sprayed on the other hand into a
gaseous atmosphere but into a liquid, other conditions arise since the
Reynolds number of the jet represents the characterising parameter in this
case. If the liquid is used as a liquid through which the jet of treatment
medium is sprayed into the holes of the workpiece which is likewise .
situated in this.liquid with which the workpiece is to be treated then the jet
no longer disperses into individual droplets, since the surface tension ¢ is
approaching zero. In this case on the other hand, the jet expands a little

because of the higher viscosity of the medium surrounding the nozzle.

Hence a preferred embodiment is represented by a variation on the method,
in which the workpiece to be treated is situated in the liquid treatment
medium and in which the nozzle discharge openings, facing the workpiece
surface closely, are likewise submerged in the treatment medium, since in

this way very fine, stable jets can be produced.

In order to treat circuit boards, in which clearance holes and blind bores,
which are distributed over the entire surface, are situated, it is further
advantageous to move the circuit board and the nozzle continuously relative
to one another. For example, the circuit board could be moved in a
horizontal position and horizontal direction and preferably at a short

distance past a stationary nozzle. On the other hand it is also possible to



If the grid of nozzle openings which are arranged in a matrix does not
accord with the grid of the holes arranged on the circuit board, individual

5 holes will still not be struck by the free jets when the circuit board
noves over the nozzles. In this situation, the nozzles can al so be
noved backwards and forwards, pafldllel to the circuit board surface

and transversly to the rel ative npvenent of the circuit board to

t he nozzl esmove the nozgle;Rast the Girgyit Prardisfos exampledt the acwitdeard e
| b \ _ Bialte |
Lo e’ sary Sutetheliold framBRIFK ih b Ferich fadhior? anblsuthorsRy Wcndol ©

t hi s proceddhe lattedintocetreatientdath. de\thisalvaypiizé dreatment liquid forgg; '[ gd.OUt
The device, ir%r;ln(r)g\\lsledg ?Iﬁgﬂﬁltgi 83’1 l‘l%rrlx th in léglee (%’scggrg%r(i)pseensmég\f) which are
5 located within the treatment medium, is directed on to the circuit board
surface and into the holes. In both cases the jet of treatment medium
washes over the surface of the circuit board and is thereby directed into the

individual holes in the circuit board one after énother.

10 In both application cases with linear direction of relative movement it is also
advantageous to provide several nozzle discharge openings e.g. at the
spacing of the holes beside one another in an appropriate device. In Figure
4 a further example is shown for a circular arrangement of a multfplicity of
very fine openings of approximately 60 ym diameter per nozzle head. In

15 another embodiment several rows can also be provided with nozzle
discharge openings, which are offset against one another, for example in an
essentially flat nozzle head. In this way, several jets of treatment medium
can be directed simultaneously and parallel to one another on to the circuit
board surface and into the holes. The spacing of the individual holes must

20 not however remain under a critical minimum spacing, since the liquid jets

tend to merge with one another.

In order to direct the liquid jets accurately and uniformly also into clearance

holes and blind bores in circuit boards, the nozzle discharge openings in the
25 ‘nozzle head can be arranged in several rows and offset against one another

such that the offset between adjacent rows or a multiple of this offset

corresponds roughly to the spacing of the clearance holes and/or blind

bores.

30 With arrangements of this sort with several nozzle discharge openings in
the device according to the invention it is possible to treat the individual

holes in the circuit board by passing them over the nozzle with the free jets



15 nozzles 9 with respectively one or several nozzle discharge openings

with a di aneter under 0.5mm in addition a liquid supply unit, .
typically a punp 10, by neans of which liquid treatnment mediumis
punped t hrough the nozzle . discharge openings, and a filter unit 12,
conmmuni cating with the openings and2t he supply unit, for renoving
particles fromthe treatnent nedi um 20 | medi ately beside the nozzle
di schar ge op®iliggdd jete wor kpi eces to be treated, in this case
circuit boards 7, are either located in a stationary manner or the

wor kpi eces. are passed over nozzles, by neans of appropriate

transport medf thre ghidadf nozzie bpehingsnwhich ared bﬂ’aﬁgéd lie adinaeidatioes eeni ngs.
25 In order to, prevent Ge very snal | dlschar openlhgé bei ng bl ocked
by pa@pperdsyvltm thegr r%fath?ela@les.aﬁmrwecl AB hpcﬁwcan grdajindjvidualer y

careful by Tregfbs will still not be struck by the free jets when the circuit board moves
over the nozzles. In this situation, the nozzles can also be moved
backwards and forwards, parallel to the circuit board surface and
transversly to the relative movement of the circuit board to the nozzles.
Instead of a backwards and forwards movement the nozzles can also be
10 moved in a circular or elliptical path parallel to the surface of the circuit
board.

In order to carry out this procedure, a device with one or several nozzles is
inserted. The device, shown schematically in Figure 5, comprises two

15 nozzles 9 with respectively one or several nozzle discharge openings with a
diameter under 0.5mm, in addition a liquid supply unit, typically a pump 10,
by means of which liquid treatment medium is pumped through the nozzie
discharg'e openings, and a filter unit 12, communicating with the openings
and the supply unit, for removing particles from the treatment medium.

20 Immediately beside the nozzle discharge openings, the workpieces to be
treated, in this case circuit boards 7, are either located in a stationary
manner or the workpieces are passed over nozzles, by means of appropriate

transport medium which is directly next to the nozzle discharge openings.

25 In order to prevent the very small discharge openings being blocked by
particles in the treatment liquid, the liquid must also be very carefully freed
of very fine particles or impurities before discharging from the nozzle. For
this purpose, the filter unit 12 is prdvided. Furthermore, the liquid is freed
of entrained gas by means of a bubble trap 13 before entering into the

30 nozzles, in order to prevent the jets being disturbed by gas escaping out of

the openings.



of \'/ery'fi ne particles or inpurities before discharging fromthe nozzle.

For this purpose, the filter unit 12 is provided. Furthernore, the
liquid.is freed of entrained gas by neans of a bubble trap 13 before
entering into the 30 nozzles, in order to prevent the jets belng '

di sturbed by gas escapi ng out of th& openi ngs.

In order to produce sufficiently stable and fine free jets, nozzles are
provided with very fine nozzle discharge openings, for example with a
diameter of 0.02mm to 0.5mm. The diameters and the grid spacing of the
individual nozzle holes can be fitted to the diameter and the grid spacing of
5 the holes in the circuit boards. For this purpose, appropriate hollow piec'es,
for example, with openings preferably on a flat side (nozzle head) are Lised
(Figure 6). The nozzle openings are produced for example by laser drilling.
The holes can be produced also by means of a chemical etching process by
applying a stablé photosensitive resist against the etching means on to the
10 surface, in which the holes are to be etched, said resist being exposed with
the hole pattern and the holes being formed after developing with suitable

etching means. -

The liquid jet 5 is produced by the nozzle discharge openings, which are
15 situated on the underside of the nozzle. For this purpose, the liquid 11 is

fed into the nozzle under pressure from above.

The shape of the discharge openings is likewise critical for the quality of
the free jets which are formed. Particularly openings (Figure 7i_ which taper
20 in the direction of the jet 5 of treatment medium ensure that the speed
distribution of the liquid in the jets has no radial non-homogeneities so that
the jets tend to expand or disperse into individual droplets only to a small

extent.

25 If nozzles with matrix-like nozzle discharge openings, which are arranged in
several rows are used, it must, furthermore, be seen to, that all liquid jets
emerge from the openings with roughly the same pressure. If this is not
the case constant results cannot be achieved. For this purpose, there is a
distribution chamber 16 in the nozzle, through which the treatment medium

30 flows before penetrating through the dischérge openings, with the result
that' the quantities of treatment medium passing through the individual

holes are evened out. The constructional design of distribution chambers
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nozzles are

In order to produce sufficiently stable and fine free jets,

provided with very fine nozzle discharge openings, for

exanple with a di aneter of 0.02mmto 0.5nm The dianeters and the
grid spacing of the i ndi vi dual nozzle holes can be fitted to the.
di anmeter and the grid spacing of 5 tHe# holes in the circuit boards.
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Circuit boards can be conducted in a horizontal position and in a horizontal
direction thrbugh a treatment unit, in which the treatment liquid is directed
from above and/or from below on to the circuit board surfaces. The circuit
boards are, in this case, directed past the nozzles at a small spacing.
Within the treatment chamber there are situated the circuit boards as well

as the nozzle openings, preferably within the treatment solution.

In order to move the circuit boards through this arrangement, transporting
devices (rollers or wheels) 14’, 14" are provided, between which the circuit
boards 7 are directed (Figure 8). The transporting devices extend just like
the nozzles, preferably over the entire width of the circuit boards. Between
the transporting devices, the nozzles 9’,9” , according to the invention are
arranged. The upper transporting devices 14’ are connected with the
nozzles 9’ in a fixed unit. While the lower transporting devices 14” and
lower nozzles 9” adopt a secure vertical position, the upper transporting
devices and nozzles are movable in a vertical direction 15, so that
differences in thickness in the circuit boards may be evened out. Since the
upper transporting devices and nozzles are connected with one another, a

fixed spacing can be arranged between the nozzle openings and the circuit

board surface.

X

Instead of circuit boards, other solid bodies or workpieces with fine
openings and recesses can also be treated effectively using the method
according to the invention. For example fine sieves, spinning nozzles or

similar workpieces can be cleaned advantageously.

The following example serves to explain the invention in greater detail.



et chi ng neans. The liquid jet 5 is produced by the nozzle

di scharge openi ngs, which are 15 situated on the underside of the
nozzle. For this purpose, the liquid 11 is fed into the nozzl e under
pressure from above. The shape of the discharge openings.is

| i kewi se critical for the quality of 15 the free jets which are forned.
Particularly openings (Figure 7) which taper 20 in the direction of the
jet 5 of trd&lincbhereswiina siameten o&0.3me ipeiseuit board blanks: witloudn of t he

tend to expapes TatiTaith R o FRAGTBRS IR 28 HRites stengrheited ' ©
with glass-fibre mats, FR: flame retardant) and having varying blind bore

depths were to be treated with an aqueous permanganate solution:

The boards contained the holes in individual testing sections with the same
blind bore depths of 0.3mm, 0.5mm, 1.0mm or 2.0mm within the sections.
The holes were arranged within the 25mm x 25mm testing section matrix
at a spacing of 0.6mm (mean spacing of the holes) respectively.

10 '
The circuit board blanks were conveyed continuously in a horizontal
direction through a treatment unit, in which the boards were aligned in a
horizonal position. The treatment solution was applied from below on to
the circuit board blanks. For this purpose a fine jet-nozzle brush was used,

15 in the first place, with openings of 0.1mm diameter and with a 30mm wide -
nozzle opening region (entire opening cross-section circa 120mm?), said
openings being arranged at a distance of 0.5mm from one another.
Furthermore, there was also in the treatment unit a traditional splash nozzle
stick beneath the plane of movement for the circuit board blanks, by means

20 of which a strong splash jet of treatment solution was directed on to the
circuit board surface. The spacing of the splash nozzle from the circuit
board surface was 5mm, the spacing of the fine jet-nozzle brush from the -

board 15mm.

25 The blanks were moved, in several experiments, through the unit with feed-

in speeds of 0.2m/min and 0.5m/min.

In order to evaluate the success of the treatment of the individual holes in

the transparent circuit board material, the yvall surface portion within the
30 holes, which was stained with the permanéanate treatment, was assessed

by means of a stereo-microscope in the cross-sectional view of the board.

In the following tables the results of the experiments are reproduced. The



extent. 25 I f nozzles with matrix-Iike nozzle di scharge openi ngs,
which are arranged in several rows are used, it nust, furthernore,
be seen to, that all liquid jets energe fromthe openings with
roughly the sane pressure. If this is not the case constant results
cannot be achieved. For this purpose, thée is a di stribution
chanber 16 in the nozzI e, through whjich the treatnent medi um 30 fl ows
bef ore penetQ'&?Fﬁ’g" YR EﬁF{j’ﬁs?Wethﬂ B%ﬁlﬂ‘b@f Gﬂ)%ﬁﬁ'ﬁ@gd sirtaget withinethg holes.
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of liquid into the holes.

5 Table 1 {fine jet nozzle)
Passage Bore Depth Bore Depth Bore Depth
Speed 0.3 mm 0.5 mm 1.0 mm
[m/min]
0.2 100% : 100% 100%

10 0.5 100% 100% 100%

Table 2 (splash nozzle)

Passage Bore Depth Bore Depth Bore Depth
Speed 0.3 mm 0.5 mm 1.0 mm

15 [m/min] |
0.2 100% 100% 35%
0.5 100% 100% 10%

20

25

30



14 : ' of thls type is possible according to the principal points,

whi ch are ed extensively in; F. Durst, U Lange and H.
Raszi | I ﬂm - of Distribution Chambers of Coat i ng
Facilit ” "]Hmi’ Ei neering Sci ence, Vol une 49(1994), Part 2,
Pages 161- £70t w0 17
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Method and Device for treating Holes or Recesses extending into

Workpieces with Liquid Treatment Media.

10 Patent Claims:

1. Method for treating holes or recesses extending into workpieces with an

opening width below 0.5mm using a liquid treatment medium emerging

from a nozzle, characterised in that a jet of the treatment medium with a
15 diameter, which is smaller than the opening width and preferably smaller-

than half the opening width, is directed into the holes or recesses.

2. The method according to one of the preceding claims, characterised in
that the jet of the liquid treatment medium is directed through a liquid on to
20 the workpieces situated in said liquid or through a gas space on to the

workpieces situated in this gas space.

3. The method according to one of the preceding claims, characterised in
that the workpiece and the jet are moved relative to one another so that the
25 jet of the treatment medium washes over the surface of the workpiece and

is directed into the holes or recesses one after another.

4. The method according to one of the preceding claims, characterised in
that several jets of the treatment medium are directed simultaneously and
30 parallel to one another on to the surface of the workpiece and into the

holes and/or recesses.
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boards can be conducted in a horizontal position and in a
m@ ""”Jm””ﬂ rection through a treatnent unit, in which the
Idlrected from above and/or from bel ow on to the
CI rcuit boar’ surfaces. The circuit boards are, in this case,

directed past the nozzles at a small spactthg. 10 Wthi n the t r eat ment

chanber there are situated the circuit boards as s the nozzl e
openi ngs, pr%f Thamngthgd: aggerding te eapr@‘nwesmqwm clalms, charappprdﬁq%lrn to

rove the Cl Lk BRI | %%8@@8 Belpiv s AP i dlardb iAfRRGHEIT b0 the

devices (rolTeéers or are provi bet ween ich the

circuit 15 reldthay dﬁ)v'én&rrﬁ ahd patalidl t&ithersurfyce dhthet wankgiece mgndaaw ces
extend just |ike nozzl es erab} over the entire width of

the circuit Geasor BH'IPN\SéhPath para"@h@t%%r%‘b i HothgcYPERIEC] e nozzl es

9, 9" ,saccordl ng to the invention are

6. The method according to one of the preceding claims, characterised in
that circuit boards are directed past the nozzle in a horizontal position and

horizontal direction at a short spacing.

10 7. Application of the method according to one of the preceding claims for

treating circuit boards provided with clearance holes and/or blind bores.

8. Device for carrying out the method according to one of the preceding
claims, characterised by a nozzle (9) with one or several nozzle discharge -
15 openings with a diameter below 0.5mm , with a liquid distribution unit (10),
by means of which liquid treatment medium is pumped through the nozzle
discharge openings and with a filter unit (12), communicating with the

openings and the distribution unit, for kemoving particles from the treatment

medium(11).
20
9. The device according to claim 8, characterised in that, the nozzle
discharge openings taper in the direction of the treatment jet (5).
10. The device according to one of the claims 8 or 9, characterised by
25 several nozzle discharge openings in a matrix arrangement in an essentially
flat nozzle head.
11. The device according to claim 10, characterised in that, the nozzle
discharge openings are arranged in the nozzle head in several rows which
30 are offset against one another.
12. The device according to one of the claims 8 to 11, characterised by a
Sheet Has Been Replaced
T
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arrangeﬂ“The—upﬁeF—t;ansporti ng devices 14' are connected with the
nozzles ed unit, While the | ower transporting devices 14" and 20
| ower '&M‘ﬂ& secure vertical position, the upper transporting
deV|ces an vable in a vertical direction 15, so that

di fferences in thi ckness inthe circuit bd8rds may be evened out. Since the

upper transparti. devi ces, an 0 are connected with one_another, a
fi xed spacin§ s&ﬁﬁgﬂenawﬁ'ﬁﬁéﬂqﬁg{ &%’eﬁ"q Heatipert meshem sgid ‘éﬁﬂ""?ll‘lféo%l rcuit
25 board gHafH{e?: evenlng out tﬂ\é‘%ﬁ%totf)f ﬁgéﬁﬂélt\t H%%ﬂﬂﬁ ltl’n%u@ pdi es
or wor kpi eces WI th f eni ngs and recesses ca aI so t rea
effectively tse ng:llvidelalmbhzid holes andabging docateddntfrent of/ thy nOﬂzleFor exanpl e
fine sieves, sspihnni n% nozzl es or
discharge openings.
5
13. The device for treating clearance holes and blind bores in circuit boards
according to one of claims 8 to 12, characterised in that the nozzle
discharge openings in an essentially flat nozzle head are arranged in several
rows which are offset against one another, and in that the offset between
10 adjacent rows or a muttiplicity of said offset roughly corresponds to the

spacing of the clearance holes and/or blind bores from one another.

14. The device according to one of the claims 12 to 13, characterised by
“means for moving circuit boards (7) horizontally which are arranged in a

15 - horizontal position relative to the nozzle (9).

15. The device according to Claim 14, characterised in that, several
nozzles (9',9” ) are arranged between transportation devices (14’,14") by
means of which the circuit boards(7) are moved and in that,

20 the nozzles (9',9” ) extend at least over the entire width of the circuit

boards(7).

16. Method of treating holes or recesses extending into workpieces,

characterised by individual or all new features or combinations of disclosed

25 features.

17. Device for carrying out the method according to claim 16, or for
treating clearance holes or blind bores in circuit boards, characterised by

individual or all new features or combinations of disclosed features.

30
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30° js'i m | ar wor kpi eces can be cl eaned-advant ageously. The
foll owi ng exanpl e serves to explain the invention in greater detail.
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Method and Device for treating Holes or Recesses extending into

Workpieces with Liquid Treatment Media.

Abstract

The treatment, for example the cleaning of holes or recesses in
workpieces, is problematic when the holes or recesses have an opening
width of below 0'.5mm, and especially when the latter do not penetrate the
workpiece (blind bores). In known methods, gas bubbles adhering to the

side-walls of holes of this type cannot be removed or liquids situated within

- the holes cannot be effectively exchanged.

With the method according to the invention an effective exchange of the
liquid contained in the holes and situated outwith the holes is made
possible. For this purpose the liquid treatment means is sprayed as a jet

into the holes, said jet having a diameter which is smaller than that of the

holes.

Furthermore, a device is described for carrying out this method which is
characterised by a nozzle with one or several nozzle dischafge openings
with a diameter bélow 0.5mm, by a liquid supply unit by means of which
liquid treatment medium is pumped through the nozzle discharge openings
and by a filter unit, communicating with the openings and the feeder unit,

for removing particles from the treatment medium.



Bl ind bores with a diameter of 0.3mmin circuit board bl anks w t hout

copper | am nation nade from FR4-mat.erial (epoxy resin plates strengthened
with glass-fibre mats, FR flame retardant) and having varying blind bore
depths were to be treated with an aqdb $is per manganate solution. 5

The boards contained the holes in individual testing sections with the sane
blind bore depths of 0.3mm 0.5mm 1.0mmor 2.0mm w thin the sections.

The holes were arranged within the 25nm x 25nmtesting section matrix

at a spacing of 0.6mm (nean spacing of the holes) respectively. 10

. The circuit board bl anks were conveyed continuously in a horizontal
direction through a treatnent unit, in which the boards were aligned in a

Fig. 1



hori zonal position. The treatnent solution was applied from below on to
the circuit board blanks. For this purpose a fine jet-nozzle brush was
used, 15 inthe first place, with o@efi ngs of 0.1nmdianeter and with a
30m wi de nozzl e opening region (entire opening cross-section circa
120mierr]), said openi ngs being arranged at a di stance of 0.5mm
from one anot her. Furthernore, there was also in the treatnent unit
a traditional splash nozzle stick beneath the plane of novenent for
the circuit board bl anks, by neans 20 of which a strong splash jet of
treatnment solution was directed on to the circuit board surface. The
spaci ng of the splash nozzle fromthe circuit board surface was 5mm
the spacing of the fine jet-nozzle brush fromthe board 15mm
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25 °~ The blanks were noved, in several experinments, through the unit wth

feed- in speeds of 0.2mM mn and 0.5m m n. In order to
eval uate the success of the treatnent Z% t he individual holes in t he
transparent circuit board material, t% wal | surface portion within the 30

hol es, which was stained with the permanganate treatnent, was assessed
by nmeans of a stereo-mcroscope in the cross-sectional view of the board.
In the following tables the results of the experinments are reproduced. The

Fig. 3



16 ' gi ven val ues represent the portion of the stained surface within

the hol es. A smal l er portion of stained surface indicates an
i nsufficient transportation of liquid into the hol es. 5 Tabl e
1 (fine jet nozzle) Passage Bore Depth Bore Depth
Bore Depth WO 957/11209 PCT/DE96/01716
4/8
R

Fig. 4



Speed
0.2
100%
Passage
0.3 mm
100%
100%

0.3 mm
100%

100%
Bore Depth
0.5 mm

100%

10%

e

0.5 M

100%

10024
Bo?se?qjept h

1.0 nm 15
35%

0.

5

1.0 mm
100% 10

[ M m n]

0.5

Tabl e 2 (splash nozzle)

Bore Depth
[ M m n]

0.2
100%

Fig. 5

Speed
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Method and Device for treating Hol es or Recesses extending into

ANorkpieces with Ligui ‘eat ment Medi a. 10 Pat ent d ai ns: _ 1.
Met hod for Ing holgs or recesses extending into workpieces with an
openi ng wi dt m@é\ ‘using a liquid treatnment medi umenergi ng

froma i @\R _ : ised in that a j&1 of the treatment nediumwith ‘a
15 di A .. Wh ch is smaller than the opening width and preferably
smal | er than half the opening width, is directed into the hol es or

recesses.
5
Amendments according to Art. 34 PCT
Method and Device for treating Holes or Recesses extending into
Workpieces with Liquid Treatment Media.
10

Patent Claims:

1. Method for treating holes or recesses extending into workpieces with an
opening width below 0.5mm using a liquid treatment medium emerging
15 from a nozzle, characterised in that a jet of the treatment medium with a'
| diameter, which is smaller than the opening width and preferably smaliler

than half the opening width, is directed into the holes or recesses.

2. The method according to one of the preceding claims, characterised in
20 that the jet of the liquid treatment medium is directed through a liquid on to
the workpieces situated in said liquid or through a gas space on to the

workpieces situated in this gas space.

3. The method according to one of the preceding claims, characterised in
25 that the workpiece and the jet are moved relative to one another so that the
jet of the treatment medium washes over the surface of the workpiece and

is directed into the holes or recesses one after another.

4. The method according to one of the preceding claims, characterised in
30 that several jets of the treatment medium are directed simultaneously and
parallel to one another on to the surface of the workpiece and into the

holes and/or recesses.

This Sheet Has Been Replaced ' -} THIS SHEET HAS BEEN
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2. The— od accordi ng to one of the preceding clains, characterised in
Hdhat thegd “wmll ‘\i d treatnment nediumis directed through a liquid on
to 20 T\“\ “ ‘ ; situated in said liquid or through a gas space on
to the "%

*

¢ workpieces situated in thi S£as space. 3. The net hod
according to one of the preceding clains,2&haracterised in that the
wor kpi ece and the jet are noved relative to one another so that the 25

jet of the tPehbAEREthARERATANGER 0peR! thecrraseding: claimenehaigcrgrisetkinand
is directed ¢k Ghb Mo R RSmBled HRk W de Yhd fdrvard8 HrdHdversely to the

relative movement and parallel to the surface of the workpiece or in a

circular or elliptical path parallel to the surface of the workpiece.

6. The method according to one of the preceding claims, characterised in
that circuit boards are directed past the nozzle in a horizontal position and

horizontal direction at a short spacing.

10 7. Application of the method according to one of the preceding claims for

_ treating circuit boards provided with clearance holes and/or blind bores.

8. Device for carrying out the method according to one of the preceding
claims, characterised by a nozzle (9) with one or several nozzle discharge
15 openings with a diameter below 0.5mm , with a liquid distribution unit (10),
by means of which liquid treatment medium is pumped through the nozzle
discharge openings and with a filter unit (12), communicating with the
openings and the distribution unit, for removing particles from the treatment
medium(11). '
20
9. The device acgording to claim 8, characterised in that, the nozzle

discharge openings taper in the direction of the treatment jet (5).

10. The device according to one of the claims 8 or 9, characterised by
25 several nozzle discharge openings in a matrix arrangement in an essentially

flat nozzle head.

11. The device according to claim 10, characterised in that, the nozzle
discharge openings are arranged in the nozzle head in several rows which

30 are offset against one another.

12. The device according to one of the claims 8 to 11, characterised by a

This Sheet Has Been Replaced | THIS SHEET HAS BEEN
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4. Th g to one of the preceding clains, characterised in
..that @L m he treatnment nedium are directed sinultaneously and

t he
18

10

15

20

holes and/ or recesses.

sone another on to the surface of the workpiece and into
23

distribution chamber (16) for the treatment medium, said distribution
chamber evening out the amount of treatment medium(11) flowing through =
the individual nozzle holes and being located in front of the nozzle

discharge openings.

13. The device for treating clearance holes and blind bores in circuit boards
according to one of claims 8 to 12, characterised in that the nozzle |
discharge openings in an essentially flat nozzle head are arranged in several
rows which are offset against one another, and in that the offset between
adjacent rows or a multiplicity of said offset roughly corresponds to the

spacing of the clearance holes and/or blind bores from one another.

14. The device according to one of the claims 12 to 13, characterised by
means for moving circuit boards (7) horizontally which are arranged in a

horizontal position relative to the nozzle (9).

15. The device according to Claim 14, characterised in that, several
nozzles (9°,9" } are arranged between transportation devices (14°,14") by
means of which the circuit boards(7) are moved and in that,

the nozzles (9’,9” ) extend at least over the entire width of the circuit

boards(7).
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5. The nethod according to one of the preceding clains, characterised in
t hat the_ng.zzl_e_iwl@ckwards and forwards transversely to the
rel ati ve npvenent and parallel to the surface of the workpiece or in a
circul ar Hulﬂ”uﬂﬂ"mmur h parallel to the surface of the workpiece. 5
6. The met'§ | ‘one of the preceding clains, characterised in
that circuit boardd arfe lirected past the nozzle in a horizontal position
and hori zontal direction at a short spacing. 10 7. Application
of the method according to one of the preceding clains for ~treating
circuit boards provided with clearance holes and/or blind bores.
Verfahren und Vorrichtung zum Behandeln von sich in Werkstiicke
5 erstreckenden Léchern oder Vertiefungen mit fliissigen

Behandlungsmittein

Patentanspriiche:

10 , . _, -
1. Verfahren zum Behandeln von sich in Werkstiicke érstreckenden Lc‘ichem -

oder Vertiefung'en_ mit einer Cffnungsweite unter 0,5 mm mit einem aus einer
--Duse austretenden flussigen Behandlungsmittel, dadurch gekennzeichnet, |

daB ein Strahl des Behandlungsmittels mit einem Durchmesser, der kleiner

15 ' ist als die Offnungsweite, vorzugsweise kleiner als die Halfte der Offnungs-

weite, in die Lécher oder Vertiefungen g‘erichtet wird.

-~ 2. Verfahren nach einém der vorstehenden Anspriiche, dadurch gekehnzeich-
net, dal der Strahl des flissigen Behandlungsmitt_els durch eine Flissigkeit
20 hindurch auf die in dieser Flussigkeit oder durch einen Gasraum hindurch auf
die in diesem Gasraum beﬂndliche_n Werkstlicke gerichtet wird.

3. Verfahren nach einem dér vorstehenden Anspriiche, dadurch gekerihzei_chQ

 net, déﬁ?'da.s Werkstiick und der Strahl relati,\) zueinander bewégt werden, so

25 daR der Strahl des Behandluhgsmittels die Oberflache des Werkstiicks tiber-
" streicht und nacheinander in die einzelnen Lécher oder Ve_rtiéfungen gerichtet

wird.

-4. Verfahren nach einem der vorstehenden Anspriiche, _dadurch gekennzeich-
30 ©  net, dal mehrere Strahlen des Behandlungsmittels gleichzeitig und paraliel
zueinander auf die Oberfliche des Werkstiicks und in die Licher und/oder

Vertiefungen gerichtet werden.

CEAMDERTES BLAF



é. DeV| ce for- carrying out the nethod according to one of .the preceding
cl ai s, mu ﬂml"mtﬂmﬂmﬁenozzl e (9) with one or several nozzle discharge
15 op ter below 0.5mm with a liquid distribution unit
(10), by nefins® of* whi ch I|qU| d trggtment mediumis punped through

t he nozzle di scharge openings and with a filter unit (12),

communi cat i Bg\Wirfairdd'Rach einem W VdiSteh@ndeh 'ﬂn#jﬂrﬁ%l?é bc?!d%h @%kénné@&h

renoving particles fromthe treatnent
devi ce. acconet, rdy& dlecDasmcw,erczmarFaiaWbmgung uhchiparaited zno Oberfiiche des

di scharge OWer\( s%pn undq'ner oder lheecut'\éro Erensfort'nr'}l%etnroeéj‘ernﬁp ptlécﬁen thn

parallel zur Oberfliche des Werkstucks bewegt wird.

5.
8. Verfahren nach einem der vorstehenden Anspriiche, dadurch gekennzeich-
net, dal Leiterplatten in horizontaler Lage und horlzontaler Rnchtung in gerin-
gem Abstand an der Dise vorbelgefuhrt werden. ‘
10 7. Anwendung des Verfahrens nach einem der vorstehenden Ansprﬁche zur

Behandlung von mit Durchgangslochern und/oder Sackléchern versehenen

Lelterplatten

8. Vorrichtung zur Dufchfﬁhrung des Verfahrens nach einem der vorstehen-
15 den Ansprﬁche_, gekennzeiéhnét durch eine Dise (9)"mit einer oder mehreren '
Dﬁsenaustrit’tsi’jffnﬂngén mit einem Durchmesser unter 0,5 mm, einer Flussig-
keitsversorgungseinheit (10), mfﬁels derer flissiges Behandiungsmittel durch
die Dusenaustrittséffnungen gepumpt wird, und einer mit den Offnungen und
der Versorgungsemhelt in Verbmdung stehenden Filtereinheit (12) zur Entfer-

20  nung von Partlkeln aus dem Behandlungsmlttel (11)

7 9. Vorrichtung nach Anspruch 8, dadurch gekennzeichnet, daf sich die'Dt‘J_- :
o senaust_ritts'o'ffnungen in der Richmng des Behandlungsmittelstrahles (5) ver-

jongen.
25 o _ _
10. Vorrichtung nach einem der Anspriiche 8 oder 9, gekennzeichnet durch
- mehrere Dusenaustrlttsoffnungen in elner Matrixanordnung in einer im we-
sentllchen ebenen Dusenmundungsﬂache
30 11. Vorrichtung nach Anspruch 10, dadurch gekennzeichnet, dal die Disen-

austrittséffnungen_in der Disenmiindungsfléache in mehreren Reihen gegen-

einander versetzt angeordnet sind.

-~
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10. The deyi ' o one of the clains 8 or 9, characterised by 25
sever al nﬁgﬂmnﬂﬁmﬂumﬁﬁu penings in a matrix arrangenent in an essentially
flat nozzl L & s =+ 11. The device according to claim 10,

characterised in that, the nozzle = s scharge openings are arranged in

"the nozzle _head in seyeral rows which 30 _are of f set agai nst one anot her .
12. The devi ¢2. W6fighiting nbeh @ieraldér&nsprathe 85pis1 1k gekehhreichrét gaenby a

eine die Menge des durch die einzelnen Disencffnungen hindurchtretenden
Behandlungsmittels (11) vergleichmaRigende und den Dﬁsenaustfittséffnun-
gen vorgelagerte Verteilkammer (16)'ﬂlr das Behandlungsmittel.

13. Vorrichiung zum Behandeln von Dui’chgangsléchem und Sackiéchern in
Leiterplatten nach einem der Anspri‘.‘xChe 8 bis 12 dadurch gekennzeichnet,
dal die Dlsenaustrittséffnungen in einer im wesentlichen ebenen Disenmin-
.dungsflache in mehreren Reihen gegeneinander versetzt angeordnet sind '
10 ‘und daR der Versatz zwischen benachbarten Reihen oder ein Vielfaches die-
ses Versatzes etwa dem Abstand der Durchgangslécher und/oder S‘acklﬁcher
voneinander entspricht. '
14. Vorrichtung nach einem der Anspriiche 12 bis 13, gekennzeichne_t durch
15 Mittel zum horizontalen Bewegen der in horizontalér Lage angeordneten Lei-

~ terplatten (7) relativ zur Dise (9).

15. Vorrichtung nach Anspruch 14, dadurch gekennzeichnet, daR mehrere

Disen (9’,9")'zwischen Transporteinrichtunge_n (14’,14"), mittels derer die
20 Leiterplatten (7) bewegt Werden, angeordnet sind und daB sich die Disen

(9",9") mindestens tber die gesamte Breite der Leitérplatten (7) erstrecken.



di'stri.buti on chanber (16) for the treatnent medium said distribution
chanbe%—evem—ng—eu{——{—he—armunt of treatnent nmediun(l11l) flow ng through

the in | es and being located in front of the nozzle
o scr RHARRRRITIT

Amendments according to Art. 34 PCT

Method and Device for treating Holes or Recesses extending into Workpieces

with Liquid Treatment Media.
Patent Claims:

1. Method for treating holes or recesses extending into workpieces with an
opening width below 0.5mm using a liquid treatment medium penetreting from a
nozzle, characterised in that a jet of the treatment medium with a diameter,
which is smaller than the opening width and preferably smaller than half the

opening width, is directed into the holes or recesses.

2. The method according to one of the preceding claims, characterised in that
said jets of the liquid treatment medium is directed through a liquid on to the
workpieces situated in said liquid or through a gas space on to the workpieces

situated in this gas space.

3. The method according to one of the preceding claims, characterised in that
the workpiece and said jet are moved relative to one another so that said jet of
the treatment medium washes over the surface of the workpiece and is directed

into said holes or recesses one after another.

4. The method according to one of the preceding claims, characterised in that a
plurality of said jets of the treatment medium are directed simultaneously and
parallel to one another on to the surface of the workpiece and into said holes

and/or recesses.

5. The method according to one of the preceding claims, characterised in that

said nozzle is moved backwards and forwards transversely to the relative

] AS BEEN
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5 . 13. _The device for treating clearance holes and blind bores in
circuit boards according to one of clains 8 to 12, characterised in
that t he jmmjjmu"u 'l,lumgcharge openings in an essentially flat nozzle
head are | rows which are of fset against one

anot her, and in thal the %off set bet weeny 10 adj acent rows or a
multiplicity of said offset roughly corresponds to the spachng OLe
the cl eapie I bl . anot her, . .

devi ce accor gré]ng ét?rgi gﬁlgd"g; tﬁ'@%ﬁ"ﬁ?ﬁ%@[gf‘&% q%,ﬁ'eic%aé'j;@t%ﬂrg@arw elllpﬁlcaT

means f opatiopanaielto the sulface d$ theé workpietent al |y which are arranged in a 15
hori zontal position relative to the nozzle (9).

6. The method according to one of the preceding claims, characterised in that
circuit boards are directed past said nozzle in a horizontal position and horizontal

direction at a short spacing.

7. Application of the method according to one of the preceding claims for

treating circuit boards provided with clearance holes_ and/or blind bores.

8. Device for carrying out the method according to one of the preceding claims,
characterised by a nozzle (9) with one or several nozzle discharge openings
having a diameter below 0.65mm , with a liquid supply unit (10), by means of
which liquid treatment medium is pumped through said nozzle discharge
openings and with a filter unit (12), communicating with the openings and said

supply unit, for removing particles from the treatment medium (11).

9. The device according to claim 8, characterised in that, said nozzle discharge

openings taper in the direction of the treatment medium jet (5).

10. The device according to one of the claims 8 or 9, characterised by
several nozzle discharge openings in a matrix arrangement in an essentially even

nozzle opening surface.

11. The device according to claim 10, characterised in that, the nozzle discharge
openings are arranged in the nozzle opening surface in several rows which are

offset against one another.

12. The device according to one of the claims 8 to 11, characterised by a
distribution chamber (16) for the treatment medium, said distribution chamber

homogenizing the amount of treatment medium (11) flowing through the

N
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15. The ce according to Claim 14, characterised in that, several
nozz| es aﬂ Iu ﬁ',liuﬁ nged between transportatlon devices (14',14") by
mearrs ‘of boards(7) are noved and in that, 20 t he
nozzl'es (9',9" ') extend “at |east over the entire width of the circuit
boards(7). 16. Method of treaty ng holes or recesses extending into
wor kpi eces, ~ characterised by individual or all new features or
conmbi nath AR ndse! 151EE afad beind *Hd{EE $n front of the riozzle discharge

openings.

13. The device for treating clearance holes and blind bores in circuit boards
according to one of claims 8 to 12, characterised in that the nozzie discharge
openings in an essentially even nozzle opening surface are arranged in several
rows which are offset against one another, and in that the offset between
adjacent rows or a multiplicity of said offset roughly corresponds to the spacing

of the clearance holes and/or blind bores from one another.

14. The device according to one of the claims 12 to 13, characterised by
means for moving circuit boards (7) horizontally which are arranged in a

horizontal position relative to the nozzle (9).

15. The device according to Claim 14, characterised in that, several nozzles
(97,9" ) are arranged between transportation devices (14°,14") by means of
which the circuit boards (7) are moved and in that,

said nozzles (9’,9” ) extend at least over the entire width of the circuit boards
(7).

This Sheet Has Been R.
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17. Device for C’rWEWEMﬁNTt%E%eﬂthod according to claim16, or fleoss C”Olﬂ»o

treating cl earande tholes or bling bores in circuit boar dSHEET
[ nd| vi dual or al I} nevQ flagARIre99 O onbi nati ons of discl gﬁ?t&@@\ﬂmg
9

must be as great as possible to ensure the formation of a continuous liquid
jet between the nozzle and the workpiece surface.to be treated or the holes
and recesses contained -within it. The non-dimensional parameter which is
characteristic of the dispersal length L is the Weber number We, which is
dependent upon the density p of the liquid treatment medium, the surface
tension o of the treatment medium, the discharge speed v and the

discharge diameter d of the jet of the treatment medium in the following

way:
We = v3d-p-o’,

Table 1: |

Test Jet Jet Base

No. Speed diameter Speed
[m/s] [mm] . Im/s]

1 3.0 0.1 0.45

2 1.5 0.2 0.01

3 1.5 0.16 0.1

4 1.5 : 0.14 0.12

5 1.5 041 0.22

6 1.6 0.05 0.1

7 1.5 0.025 0.01.

For tubular nozzles, the non-dimensional dispersal length L/d is a function

" of the square-root of the Weber number VWe _in the lower discharge
speed range. '
A 'dispersal length of a few centimetres can be achieved for example, if 8 .=
jet diameter of 150 ym is formed and if an 'aqueous liquid jet is produced
under pressure from an appropriate nozzle opening into a gas; for example
into air. The Weber number takes on the value We = 206.9, so thatVWe
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Amendments according to Art. 34 PCT

Method and Device for treating Holes or Recesses extending into

Workpieces with Liquid Treatment Media.

Patent Claims:

1. Method for treating holes or recesses extending into workpieces with an

opening width below 0.5mm using a liquid treatment medium emerging

from a nozzle, characterised in that a jet of the treatment medium with a
diameter, which is smaller than the opening width and preferably smalier

than half the opening width; is directed into the holes or recesses.

2. The method according to one of the preceding claims, characterised in
that the jet of the liquid treatment medium is directed through a liquid on to
the workpieces situated in said liquid or through a gas space on to the

workpieces situated in this gas space.

3. The method according to one of the preceding claims, characterised in
that the workpiece and the jet are moved relative to one another so that the
jet of the treatment medium washes over the surface of the workpiece and

is directed into the holes or recesses one after another.

4. The method according to one of the preceding claims, characterised in

~ that several jets of the treatment medium are directed simultaneously and

paraliel to one another on to the surface of the workpiece and into the
holes and/or recesses.
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5. The method according to one of the preceding cldims, characterised in
that the nozzle is moved backwards and forwards transversely to the
relative movement and paraliel to the surface of the workpiece or in a

circular or elliptical path parallel to the surface of the workpiece.

6. The method according to one of the preceding claims, characterised in
that circuit boards are directed past the nozzle in a horizontal position and

horizontal direction at a short spacing.

7. Application of the method according to one of the preceding claims for

treating circuit boards provided with clearance holes and/or blind bores.

8. Device for carrying out the method according to one of the preceding
claims, characterised by a nozzle () with one or several nozzle discharge
openings with a diameter below 0.5mm , with a liquid distribution unit {10),
by means of which liquid treatment medium is pumped through the nozzie
discharge openings and with a filter unit (12), communicating with the

openings and the distribution unit, for removing particles from the treatment
medium(11).

9. The device according to claim 8, characterised in that, the nozzle

discharge openings taper in the direction of the treatment jet (5).

10. The device according to one of the claims 8 or 9, characterised by

several nozzle discharge openings in a matrix arrangement in an essentially
flat nozzle head.

11. The device according to claim 10, characterised in that, the nozzle

discharge openings are arranged in the nozzle head in several rows which

are offset against one another.

12. The device according to one of the claims 8 to 11, characterised by a
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distribution chamber (16) for the treatment medium, said distribution
chamber evening out the amount of treatment medium(11) flowing through

the individual nozzle holes and being located in front of the nozzle

discharge openings.

13. The device for treating clearance holes and blind bores in circuit boards

according to one of claims 8 to 12, characterised in that the nozzle

discharge openings in an essentially flat nozzle head are arranged in several

rows which are offset against one another, and in that the offset between
10 adjacent rows or a multiplicity of said offset roughly corresponds to the

spacing of the clearance holes and/or blind bores from one another.

14. The device according to one of the claims 12 to 13, characterised by
means for moving circuit boards (7) horizontally which are arranged in a

15 horizontal position relative to the nozzle (9).

15. The device according to Claim 14, characterised in that, several
nozzles (S’,9” ) are arranged between transportation devices (14',14") by
means of which the circuit boards(7) are moved and in that,

20 the nozzles {9°,9” ) extend at least over the entire width of the circuit
boards(7).
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(54) Title: PROCESS AND DEVICE FOR TREATING HOLES OR RECESSES IN WORKPIECES WITH LIQUID '!'REAWT
" AGENTS

54) Bmichnlmg VERFAHREN UND VORRICHTUNG ZUM BEHANDELN VON SICH IN WERKSTOCKE ERSTRECKENDEN
LOCHERN ODER VERTIEFUNGEN MIT FLUSSIGEN BEHANDLUNGSMI’ITELN

167)] Ahstnct

Treating, for example cleaning, holes or recesses in workpieces is
problematic when the holes or recesses are less than 0.5 mm wide, and in .
patticular when they do not extend through the workpiece (blind holes). . /5
Known processes do not aliow gas bubbles that adhere to the side walls : .-
of such holes to be‘rémoved nor liquids inside the holes to be effectively
exchanged. The disclosed process allows the liquid inside the hole to be
effectively exchanged by the liquid outside the holes. For that purpose,
the liquid treatment medium is injected into the holes as a jet with a
smaller diameter than the holes. Also disclosed is a device for carrying -
out this process with a nozzle with one or more outlets of less than 0.5
mm diameter, & liquid supply unit for pumping liquid treatment medium
through the nozzle outlets, and a ﬁltenng unit in communication with
the outlets and the supply unit for removing particles from the treatment
medium,

(57) Zusammenfassung

Die Behandlung, beupzelswelse die Renmgung von Léchem oder
Vertiefungen in Werkstticken, ist dann problematisch, wenn dic Locher
oder Vertiefungen eine Offnungsweite von unter 0,5 mm aufweisen,
und insbesondere wenn diese nicht durch das Werkstiick hindurchgehen
(Sacklocher). Mit bekannten Verfahren kdnnen an den Seitenwiinden derartiger Locher anhaftende Gasblasen nicht entfernt oder sich
innechalb der Lacher befindende Flissigkeiten nicht wirksam ausgetauscht werden. Mit dem erfindungsgemifien Verfahren wird ein
wirksamer Austausch der in den Lichem enthaltenen und der sich auBerhalb der Licher beﬁndmden Fldssigkeit ermdglicht. Hierzu
wird das fliissige Behandlungsmxml als Strahl in die Locher eingespritzt, der einen Durchmesser aufweist, der kleiner ist als der der
Locher, Es wird femer eine Vorrichtung zur Durchfiihrung dieses Verfahrens beschrieben, das durch cine Dlise mit ciner oder mehreren
Disenaustrinsdffaungen mit einem Durchmesser unter 0,5 mm, eine Flissigkeitsversorgungseinheit, mittels derer ﬂnsngn Behandlungsmittel
durch die Dfisensustrittsdffaungen gepumpt wird, und cine mit den ungen und der Versorgungsemhen in Vu-bmdung stehende
Filtereinheit zur Entfernung von Partikeln aus dem Belundlmmsmmel gekennzeichnet ist.




