SOLDERI NG APPARATUS AND METHOD The present invention relates to an
apparatus and nethod for applying solder to electrical or electronic
conponents. The invention is particularly suitable fot tg;&gq?g?xf$?nlof '
solder to the |eads of integrated circuit packages. Inte e Iremt” -
packages now conme in a variety of different forns. For exanple . A
“dual -in-l1ine packages" ("Dl P s") have_ajgenerally rectangular body wth (§
| eads projecting fromtwo opposing si-des. "Plastic |eadless chip carriers”
known as "PLCC s" and "small outline integrated circuits” known as "SO C s"
are two further exanples of integrated circuit packages. The latter two
packages are forned from"quad flat packs" which have a relatively flat

body, rectangul ar in pl anSQLBERING APPARATUS ANDHMETHOR from all four

sides generally in the sane plane as the flat body. The | eads, nornally of
copper, are bent to the required shape so as to formeither a PLCC or a

SO C. The shapeThe mr@sq%snew%boe. yelategpte &n ARPRFRENS @Rdent quad

flat pac k‘sl?éahbablﬁmﬂ%@%émaﬁotar eltl%i%ﬂi%%ds 03* F?-ﬂbclﬁ?@@n_ﬁbde ?—Ed

are genera square or rectangular,or simlarl, aped in, VL ew. e
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(2.5mm dowthéoapplirmtias dF diderhte the2ieapisoofe\istegmated. The

| eads of el k.C ts and in particular the | eads of integrated
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circuit packages are usu precoated with solder to provide themwth a
protective coati Agtesmated lrirentt npaskades. JovosoRpithte¥a¥+et¥t board.
There are appugReredenteiftibis KNO¥Er f 8kaRipee vHAA1SUG 1ITRE Gl ddges

El ectroplatipg is _Qne such nethod. {?mever ne&ﬁod has thf

di sadvant agé 8ﬁ§tsiﬂ have a genera ody with leads

projecting from two opposing sides. *plastic leadless

Y recta%ghiar

chip carriers" known as "PLCC's" and "small outline
integrated circuits" known as "SOIC's" are two further .
examples of integrated circuit packages. The latter two
packages are fdrmed from "quad flat packs“ which have a
relatively flat bddy, rectangulaf'in plan view and with
leads prbjecting frqm all four sides generally in the
.Same plane as the flat body. The leads, normally of
copper, are bent to the required shape so és to form
either a PLCC or a SOIC. The shape of the leads can be
e.g. stepped or J-shaped. '

Current quad flat packs available may have 20 to
200 or more leads along each side and are generally

square or rectangular or similarly shaped in plan view.
The spacing between the leads, i.e. their pitch, can
vary from 0.100 inchés (2.5mm) down to as small as 0.010
inches (0.25mm) or even smaller.

The leads of electronic components and in
particular the leads of integrated circuit packages are
usually precoated with solder to provide them with a
protective coating before they are mounted e.g. on a.
printed circuit board. ' ,

There are a number of methods known for achieving
such precoating. Electroplating is one such method. .
However, this method has the disadvantage that it is

-



possible to plate on even those surfaces which have been contam nated by
‘di,rt, grease or oxidation. "If a coated |ead having a contam nated surface
is connected to the printed circuit board, the resulting connection is
weakened and can result in malfunction. To avoid this problem sol der
coatlng Is preferred by the end-user since solder will not attach to a
dont am nated surface so the risk of formirzg-a weakened connection is
reduced. Moreover, during the trimand form process, the cross- section of
the | eads belprgssxbhqeuompllatbam evess dthase csunfaces Whichyhave dmen in
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One net hod of_ so coatin ,nomn from Eur opean -Pat ent Application No.
0171257 whi ckﬂ-%ﬁ@d‘%‘éé§9aamﬁ9§t§@|1@éﬁ% suxfree 18 cAnpesfedoto Fhanrrier
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sol dering, is_di Clgéfgﬁ#.gﬁiﬁoﬁﬁg At aéﬁ égmg 8&&8&1N3te%?%ﬁ}€§)er'drag

sol deri ng, t HEREF cuit ages 1 s -nove Wn into
the sol der, t$®othé riheksofdEeraig taerweqdmemycponee#Qm tiise nedicasbs

fromthe sol dgsy ewéfngdﬁbﬁnsmth'ée L0 a&dd)%i—ﬁepfa&éggr khek loddl-a

hori zontal orientatio whe wave or- drag sol dering net hods
are used for $%§Hé°ﬁa9f-n§h8 §9&F’F ?ﬁé&%d:%iéi‘%@nwéa}aﬁéﬂﬁ eERFSed ch as
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hormal 1y checheReeRepds, Ehg purbbed ok Hbtofebhiky SRRt I ldins Ve, as
weM< as unrel i abl eonet hethetll ofpsolder cuattimg nijst knowa £xpec Euxfopdan
invention, theggehs RERY1HEH13RPRAL 63 /15 ARMYERIas 8L BEeE o Raefads of
soldering method. 1In this system, a carrier for the
1ntegrated circuit packages .is passed over a bath of
solder in which a standing wave is formed. The
arrangement is such that the component portlons to be
coated pass through the peak of the standlng wave of
_'solder as the carrier is moved over the bath.
Another method, known as drag soldering, is
disclosed in European Patent Application No. 0252771.
In drag soldering, the carrier'which holds the circuit
packages is moved down into the solder, through the
solder and then upwardly to remove the packages from the
solder. During the entire. operation, the carrier ‘is
kept in a horizontal orientation. |
However, when the wave or drag solderlng methods
are used for leads hav1ng a small spacing between
adjacent leads, such as 0.025 inches (0. 64mm) or
smaller, capillary action of the solder can cause the
spacing to be bridged resulting in a short c1rcu1t. !
Bridging is normaliy checked for by eye and this is;%ime
consuming and expensive, as weéll as unreliable with
small spacings. : | _ a
According to one aspect'of the'invention, there is
provided apparatus for applying solder to the leads of



-3- an electrical or electronic conponent, conprising a holder for holding

a conponent during dipping of the | eads thereof into solder, and vibratory
means coupled to said holder for generating vibratory notion of said
.conponent, said vibratory notion being such that the conponent i‘'s noved at

- such a speed and to such an extent that sol der bridging between adjatent- /-
| eads i s substantially prevented, wherei® said vibratory neans conpri ses afhé
drive nmenber arranged to rotate about an axi.s thereof and a driven nenber -
connected t er .t arr, m ted
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met hod for app%y 9 solder to the l of an electiical, or electronic
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using a hol dmpohdid d ddid oammeety tloppbAubeliag eadh Qj’hatme;h‘@rmonent
i nto solder,: and vi rg%%ﬁg% hol der. and_t he .conponent. hel d t hereby _during -
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bri dgi ng bettlmmdn snl;dmerhric@mbglhetueenaadnatehtpﬂ.eadmsds wherein the
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connected t@ompriassa dﬁiwed@&#@%rn@ﬁﬁéﬂgéﬁdﬁpgepﬁgtﬁ At AR enent

about sai d @4i% ithd RSO 12 dfi@éﬁ‘ méﬂBérC@BhﬁéthatWrtH@rt i ons of
said drive and driven nembers duri rotation of said driven nenber The -

vi bratory mbCise sy 150 GHAYR (Y ExP%%QgsﬁFﬂépgﬁﬁffpﬁéq dt hereby

over com ng  irevreaRit |0uBCaA DD okisolAerobpbngen toedatermittedt | dgi ng U

bet ween w0 or, JIoke ) RS0 b £80nk %02 BEL8 L 21k B YR\

menbers durlng rotatlon of sald drlven member.

_ Accordlng to another aspect of the 1nventlon, there
is prov1ded a method for applylng solder to the ‘leads of
an electrlcal or electronic component, such as an '
1ntegrated c1rcu1t package, compr1s1ng the steps of
using a holder to hold the component dlpplng the leads
of the component 1nto solder, and v1brat1ng the holder
and the component held thereby durlng said dlpplng step
at such a speed and to such an extent that solder
brldglng between adjacent leads 1s substantlally
prevented whereln the v1bratlon of the component 1s

' effected by v1bratory means compr1s1ng a drlve ‘member o/
arranged to rotate about an axis thereof and a drlven
member connected to the holder, the drlven member
under901ng llmlted movement about sald axis in response
to 1nterm1ttent contact between portlons ‘of said drive
and drlven members durlng rotatlon of said drlven
member o

The v1bratory motion w1ll tend to throw excess

solder off the leads, thereby overcomlng the caplllary
action of solder between leads. Thus brldglng between
two or more adjacent leads is substantially prevented.
A thin, even coating of solder may be achieved.
Furthermore, the scrubbing effect of the vibratery



A thin, even coating of solder may be, achi eved. Furthernore, the scrubbing
effect of the vibratory -4- notion tends to prevent inpurities in the
sol der from adhering to the |eads of the conponent. Such inpurities may be
the result of ‘contami nation of the solder or they nmay. be in the formof ~
dross which results fromoxidation of the solder. It has al so been found
t®at such apparatus results in benefits wh&n-used during other .
non- sol deri ng stages of the operation such as during washing, cleaning and
rinsing. ThismbeiBACRENAL IS Y EFALNLRBELE ESek 18N tp2) I A Ofrbiie
cleaning action etg¢. Preferably the vibratory neans is arranged to,generate
vi bratory rmt?%eﬁ‘nﬂh&%&%riﬂﬂd%uﬁgt%ﬁ SPMPOPRNEHe [ﬁ“&(ﬁé %BH‘EE?-%P—#& t he
| eads ther eofmaghbeethel lratil®lof GontaninhéienobrvithicdtdasldertotrSthey
preferable to naigtaLn %ﬁg 3&{ one tdin.a-hﬂni ontal %%_ tation.ggﬁLngt
di ppi ng to en®a¥eP8n it &S FAAR Lo OEBFRFRIER FREPY ANCHEREBPR i on
I s advant ageoaf!| the bodideont al pl ane. - The conponent may then: be vertically
lowered into the SEhdﬁ%Isa%Ciﬁ\’c?rﬂééﬁ' £Sub fEfiQtt BELA! %%?g éééi’&gﬁigg' ng
vibrations in a horizontal plane. The vibratory neans y be arranged to
vi brate the céapbaasfits when tused oderingeothsy nen-Felsiering ostagesng
the |eads, I0bfe¥REPLBertdin ! 480adl1he" GEndnGtCldIn £AG! ahdl g
per pendi cul ar ¢conponents to each other. Prefe[abl¥,t e two directions are
per pendi cul ar*tBSéRgh offkds Ihikecaupg the VabPratdor: feswits $adnf | at
- pack where | egflhafixtignd Jff AL acTeMihgcateiibnskedes thereof. Thus in a
- preferred enbodi meBt, t he ibr%téor%imea{_js S arrans_ed to Vvibrate the

conponent forwar ds §ﬁ5eF@§%®ér e YARIREPTY BPABE: 18n 2AFAIHNar Qs and
reaiyards I N generate dibxEtory mopioni ofil shet compenent substantially

in the plane containing the leads thereof. There will
normally be one plane of vibration. It is preferable to

maintain the component in a horizontal orientation

- during dipping to ensure an even coating of solder, so
that the plane of vibration is advantageously a
horizontal plane. The component may then be vertically
lowered into the solder and vertically lifted therefrom
whilst undergoing vibrations in a horizontal plane.

The vibratory means may be arranged to vibrate the
component in more than one direction in the plane
containing the leads, for example, in at least two

_ different directions containing perpendicular components

\ to each other. Preferably the two directions are
perpendicular to each other. This is particularly
useful for a quad flat pack where leads extend from each
of the four sides thereof. o

Thus in a preferred embodiment, the vibratory wmeans
is arranged to vibrate the component forwards and
rearwards in a first direction and forwards and
rearwards in a second direction perpendicular to the
first. The amplitude of vibration in the two directions
may be substantially equal to each other. A complete
cycle of vibration may consist of a forward and rearward
movement in the first direction followed by a forward
and rearward movement in the second direction, but



first. The anplitude of vibration in the.two directions may be
substantially equal to each other. A conplete cycle of vibration may

consist of a forward and rearward novenent in the first direction foll owed
by a forward and rearward novenent in the second direction, but * T
preferably the cycle conprises, in succession: a forward novenent in the
first direction, a forward novenment i the second direction, a rearward '
novenent in the first direction and a rearward novenent in the second

directi on. pheferabloothenejcldcdnPptines, gthesattessohangulfarvirgquar e

path of novenent. The_ |imt venent of the_dgiven penber may he achi eved
by arrangin °Yﬁ@eaFr&8ntﬁ%h§§F§3h- ?ﬁﬁﬁ%@?mh?Cﬁoﬁggrngﬁﬁﬁan%aﬁjbr -
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may be arra@irecthon.r eTous Whieccqroonent |mayrEeliewrat gepemaldient in the
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permits lateral vibratory movement in the recess but

prevents vertical movement therein. . _

- In a simple form, the drive member may have a
single contact portion arranged to contédtgone”or more
contact portions oﬁ:the.d:iven member_during rotation.
Preferably, both the drive member and_the_driven member
have a plurality Qf contact:po;tions; In a preferred
embodiment, the drive member has a plurality of
circumferential;y'spaced-contéct portions and the driven
member has a_plurality of:circumferentially spaced
contact portions, the spaCings between“;heiéontgct
portions of the'drivé member being different from the (")
spacings'between'the COntactuportidns of the driven |
member. This will ensure that a plurality of cdntacts,
each imparting a movement to the holder, take place
during one revolution of the drive member. .' |
_ The.differehtzspaCings_may-fcr.example be provided
by arranging one of the drive member;and'the_driveh
member to have an odd number of cOntaCt portions ahd the
other of the driﬁe member -and driven member to have an
even number of contact portions. Thus for example the



by arrangi ng one of the drive nmenber .and the driven menber to have an odd
nunber of contact portions and the other of the drive nenber and driven
menber to have an even nunber of contact portions. Thus for exanple the
-6- drive nmenber may have "n" contact portions and the driven nenber "n-I"
cont act portions. In a preferred enbodi ment, the drive nenber has five
dent act portions and the driven nenber lra® four contact portions. As
described in nore detail below wth this arrangenmeni. a conpl ete cycle of
vibrati on of Gri&ejmenherspa¥rhave 'a" sonkagt Bekignsrard; ¥heon by t he

drive Wenberdrﬁwﬂtn%inbé%eﬁﬁlihe&bn%@@ meiormen the sOpi-aﬁbr&@alons
shoul d not result_jn undue wear rOVId 3$t %gr%ﬁare ﬁgﬁgosrl Qﬁé
shaped. For Qﬂﬁﬂﬂk?eqqmatkﬁthP ﬁgﬁ

defi Ined bydt h@tdC(ﬁH&r@zf'Mﬁhméﬁlbeheh%ls giﬁdzy dontaketl poéreoiensst adisi al |y
regul ar side WA or anp re.: pe on
etc. The con% &p'tﬁ%q ot %?r?hgg&sly h’%ﬁ%erﬁw? ‘fq%%gegg?rgﬁgeggw%
circul ar crosomplette @yclécof unbmm@munancxhardxungntmembekepqmunﬁ<ﬁ

damage when 236 GOMIRC)2 POGE! PBEATRKR HANUA \aiyé théubley. during rotation
of the drive nmenber. An electric notor I's pre erablé grOV|ded to drive the

vibratory nmeans. IReReated inkermittent qont the gondagF t hat
the notor isparaifats dNGuldhhotr Qéwiﬂa: tlhe&nnml wéat hprovidedt ¢hdit ve t he

XLS{?LSHVO”?%Z@%%%?F%ES 22817, rhanadr otor el R Toitbadh,

may be st-eppgpdriionsdyos uthabriyeamenbdm ni)p beprﬂef!méérhyl ¥het he

Faroe. S0 PRI ELEINR o BT RGR LM oI
anpl i t udeegulanraided fbgnvel.nﬁqmexample a triangle, square,

pentagon, hexagon etc. The contact portions of the_

driven member may for example be of circular cross-—

section. These arrangements can reduce the likelihood

of damage when the contact portions make contact, or

collide, during rotation of the drive member.

An electric motor is prefefably provided to drive
the vibratory means. In certain embodiments, the
arrangement may be such that the motor is stépped down.
This reduces the speed of the motor to drive the
vibratory means at the desired speed but increases the
torque which is applied to the mechanism. Thus a high
speed motor, for example 1200 rpm, may be stepped down
by suitable gearing to 600 rpmn.

_ Preferably, the vibratory ‘means is arranged to
generate vibrations with a frequency in the range 50 Hz
to 500 Hz, more preferably 50 Hz to 150 Hz. It is
preferred for the amplitude of vibration to be in the
range of 0.25 mm to 10 mm, more preferably 0.25 mm to

- 2.00 mm. o |

The holder may take various forms, but in a
preferred form comprises a vacuum cup or clamp. A
plurallty of vacuum cups or clamps wmay be arranged in a
row or plurality of rows so that more than one component
can be vibrated at a time.

-



range of 0.25 mmto 10 mm nore preferably 0.25 nmto 2.00 nm The holder’

may take various fornms, but in a preferred formconprises a vacuum cup or
clanp. A plurality of vacuum cups or clanmps may be arranged in a row or
plurality of rows so that nore than one conponent can be vibrated at, a~ -
tine. -7- The conponent. may be dlpped I nto sol der using a knomn mave or Kj
drag sol-dering systen1|n conjunction Wth The present invention. :

ble that t br at t | { bbl t th"
Formation of dr ols BRBERRADE 3 e, R L ER GUPIAAE zfﬁwﬁ“’”" g the
at nospher e, ksowh wavelbrogmng|so1der1mg|snsmenrﬁndcppgngctaomovudnur
Pref erably, eﬁf?ﬁgﬁetiﬁJaHGJE§ cqf@rﬁgeéﬂgﬁggfgbgﬁaerEﬁ@ged to contaln ‘a

body of sol ace having an outl et opening .
arr anged to"h‘ér%EPm Qsﬁé%p@rl]s L9¢%Jéatﬁm%€lhubbhe§sepr9m%f sol der

I s”di schar gerle f F6Pinh B8 0Bl Dreldrss) Nsut Otlalgaaaﬁybédaeaiaedt pgreto where a
conponent isS dlgged into,the solder flow. nh golder tqQq b plied

Lo The. compPRerLainguan: AORES. FRRTRREH  HERERcABoRiEEPaRR hd e |

surface of régienlwherewddppirie il terocsunot Ereﬁeedbly,atmmsphere t he
solder is s n t Uy of - the coating -
S |nprovedﬂggégg%h%bkﬁgkhenera &g%ﬂégﬁg g?% fo%gﬁ?ﬁge?e S to be carried
away by thecomtainval bofiysoff |spldgr smitleran Oepparnsprﬁamer.ed:h@nbodl ment s

of the inveslnBe h?vﬂﬁye? Ly tﬁ%’%@ﬁhﬂ\@yaﬁaﬁééﬁpts pad puldy, r ef erence

to the acconpanyi n ure ‘1 shoWws_a schematic
perspectlve5®+€mPBPe§ FPF?PQﬁqnﬂhﬂF%%%teh?f%?eapﬂl§4ﬁ§ of| §olasF difad flat

packs; Fi gudfsdhabged EiroftNe)sShletNesénifgVtéVaotatity adjacent |
thereto where a component is dlpped into the solder o
flow. -Since-the*solder_to be appliedtto_the_component .
flows from a regioﬁﬁof:the ehamber_helow thetupper; '
_surfacefof_thefsoldef, where the solder is not exposed
to atmosphere,  the solder is substantially free from.
dross end thus the quality of the coating is'improved.
Alr bubbles generated by the v1bratlon will tend to be
carried avay. by the relatlvely fast. flow of - solder.
Certain preferred embodiments of the invention will
now be described'by way of example'end with reference to
the accompanylng figures 1n whloh. L
Flgure 1 shows a schematic perspectlve view of a
_ flrst dlpplng system for applying solder to quad flat ST
packs; " . _
Figure 2 shows an enlarged perspectlve view of a
- hollow post of the first dipping system, _ ' _
Figure 3 shows a plan v1ew of the hollow post of |
the first dlpplng system, _ : _
Flgure 4 shows a schematlc perspectlve v1ew of a
second dlpplng system for applying solder to quad flat
packs; _
Figure 5 shows an enlarged perspectlve view of a
hollow -post of the second dipping system.
Flgure 6. shows a schematic plan view of part of ‘the
second dipping system;



.hol I ow post of the first dipping system Figure 3 shows a plan view of the
hol | ow post of the first dipping system Figure 4 shows a schematic
perspective view of a second di pping system for applying solder to quad
flat packs; Figure 5 shows an enl arged perspective view of a holl ow post “of
t hé. second di ppi ng system Figure 6 shows a schematic plan view of part of
t k& second di ppi ng system Figure 7 sh8ws a schenmatic sectional view of
apparatus for causing vibratory notion; and Figures 8a to,8d show
cross-sections of Rigtirg b ghoEsor schgpatiq Eacniendhgvie¥etviii-viil)
in four diff apparadtafd (feNScaddeéng ¥ibraitedygatyisdeindndor appl yi ng sol der
to quad flat packs,.2 wll %%W$be aeSﬁribed with reference to Figures 1 to
3. A tank 3 provi oSSR etC 488 POV, GXPS5TSATHENR PheM®Heat i ng

el enent s (noapraxatusref dFfiguped?i i takenbaliong dindese VEREK-VIAMY dmne

appropriater*dﬂyﬂdéﬁégﬁ?%ﬁé5§§?t§338§oIder at .the correct: tenperature. A

nunber of hollow po anged in the tank 3, each post 5 having a

cross sectional sifhs Sirsh dipping: system @ farrapply kgt 8oideri ¥o a
correspondi nghiads AR PridKks f2 ari PACKow bellieROsiiSed Wi€h ' B8LLRENEe
arranged in parallel rows to forman array. Each post 5 is s ace% %part
from the adj FLPEES b} £ sHaci Agtankedc PURYIdRF fghambet ¢, fogea
SVL ea[1 I ]y seen bodyndt GasEser wmar.hgnehwmwwm&meét?uﬂi snowgl)lzar;]é

iCc orm a _square cavity 8- .aryanged_to,receive ‘at pac t herein
with the sid& ’ﬁ?éfe‘&f %‘%?n€°fs§_?’ | P& %PS gﬁéﬁ‘ of"%a'ﬁ ?B%r wal s 7. Each
wal | 7 is forppdaopriatelylcentoolled &pekieep ithe woXdem at theel ongat e
sl ot 10. Th%&f?&&égégﬁbéfﬁfefélomhpﬂﬁhﬁé}53f3hollow-posts 5 are

i

S\t arranged in the tank 3, each post 5 having a -cross
sectional shape which is substantially square so as to
receive a correspoﬁdingly shaped quad flat pack 2. The
posts 5 are regularly arranged in parallel rows to form
an-array} Each post 5 is spaced apart from the adjacent

- post by a spacing 6. ' |

Each hollow post 5,'as can be clearly seen from
Figqures 2 and 3, has four upwardly extending walls 7
which form a square cavity 8 arranged to receive a quad
flat pack 2 therein with the sides 9 thereof being
parallel to each of the four walls 7. Each wall 7 is
formed with a solder outlet opening in the form of an
elongate slot 10. The tank 3 and the hollow posts 5 are
preferably of titanium but can be of any suitable
material. ' |

Along one side 11, the tank is provided with an
overflow 12 for regulating the level of solder contained
therein. 8

A pump 13 is arranged at a location below the level
of the hollow posts 5 and to one side 14 of the tank.
The pump 13 is arranged so as to be able to maintain the
level of the solder at least at the level of the
overflow 12 which is above the upper edges 15 of the
outlet slots 10 but below the top 16 of the hollow'pbsts
5. At the bottom of each hollow post there is a drain



preferably of titaniumbut can be of any suitable material. Al ong one side
11, the tank is provided with an overflow 12 for regul ating the | evel of

sol der contained therein. A punp 13 is arranged at a | ocation bel ow the

| evel of the hollow posts 5 and to one side 14 of the tank. The punp 13 ks
- arranged so as to be able to maintain_the |level of the solder at | east at Ty
the level of the overfIOM/lz whi ch. i's aiove the upper edges 15 of ‘the 5§

of ' each’ ol T pElibt B8 | trldhll vilsdif Sofacf! AP %%omﬁ@tﬁﬁoug’ﬁ%??h
sol der. in t¥YRMe¥ed:y ?hﬁsrﬁ@ﬁﬁﬁﬂiisOIﬂﬁi'N@HDW@UeEObGeFeﬁuﬂmﬁﬁkn be repunped

t hr ough t hepYShGR" ¥he k t@mmqlgsthgl' érhﬂj of the tank is arranged so
as to be free fron1angﬁhollogéposts so that ‘the surface of the solder can

be ski med to r AoVRIAAR &7 0€ e fFank (i 2XE_ANGRA; fQ 8F tX P the
sol der. Thefwerﬂi-omnaﬁir hb&lw Postisp[B ngp syisatnthil sut®adces oM ned.

Th 13 I ff { h
over 1 ow 17$108F Bap; Bec BiciBinefl, 2 Feiiis i) akdbe) WIS ovel hel ow e

top of the axdtlimulpbesson: the sbmfadme:feltl'rgaseldent-s 10. Any dross
floats on the unpge spobatdon Gr 'Ei | |EHShiAG B8 eOuAe rRhoL S 10

sol der surroundlng l-ow post -5 avi t In the
- post 5 thr Rgyrexplaingds 1Ghetpimn 33 SURR RS ?B?-ﬁ‘ﬁraaé'aéc&@é'-%f dr oss

free sol defsuf'fi)ciéﬁtpﬁbb ot Wo paddoveandshd Sovérenewquad <d ahawck 2 are

di pped so d with_salder Si nce, olde IS.r ved fron1the
Cabtt 1 s s e FRLAGF hASH B CrBRE S SARe (v} VAL Bedaw

Peri odi cal yoptdf thef hoklolw plost'solajdmt ralhdmee p'ahe éIon'gattlees.‘laJﬂs 3 which
is free erﬂBthQA39ldggss floats. on the upper: surface. At the -

lower level of the elongate slots 10, solder surroundlng
. each hollow post .5 flows 1nto the. cav1ty 8 w1thin the
post 5 through the slots 10. The flow of solder forms a
cascade of dross . free solder 1nto the path of which. the
leads 18 of the quad flat pack 2 are. dlpped so as .to be
coated w1th solder.. 81nce solder 1s removed from the
cavities 8 v1a the draln hole, they do not £ill up with
solder. Perlodlcally, the surface of the solder in the
part 17 of the tank 3 whlch is free from the hollow
posts 5 is sklmmed S0 as to remove any. dross accumulated .
on the surface. Aadditional solder heed only ‘be _

_ perlodlcally added s1nce unused solder is repumped
through the system.__. '

A second dipping system 101 for applylng solder to
quad flat packs-z w111 now be descrlbed with reference
to Flgures 4 to 6. As w1th ‘the first system, the _

o apparatus has a tank 103 which prov1des a chamber 104
for a body of molten solder. Heatlng elements (not
shown) are arranged at the bottom of the tank and are
controlled to keep the solder at the correct _
temperature. In th1s dlpplng system, the cav1ty 108 for
a quad- flat pack 2 1s located between. a set of. four
hollow posts 105. The hollow posts 105 are
substantially oblong shaped and. have a solder outlet

.



posts 5 is skimmed so as to renobve any dross accunul ated on the surface.
Addi ti onal sol der need only be periodically added since unused solder is
repunped through the system A second di pping system 101 for applying

sl der to quad flat packs 2 will now be described with reference to Figurés
470 6. As with the first system the apparatus has a tank 103 which

provi des a chanber 104 for a body of nolt &P sol der. Heating el enents (not-

shown) are arranged at, t boftom of. the tank and ar 1L rQll o _keep
the sol der at PR 1&‘&%&[{'31% %’F‘&tﬁ%e‘?‘“ F:‘r° %edisgp°f‘h§f£§/s&é‘mggf’he°gvi ty
108 for a quathefixt longer sixiéscildd tbeweby proyviding oarsadfdedw posts
105, The 10! bae1eesitor Wed Sapa0ahebadibt 2D udil ShAe heldolipbsts

sol der outl et -10- opening 1h the formof an elongate slot 110 on each
of their |ongdPSspdes arranged tinyan, a¥rayn§os MmN AXYY P& two

adj acent cavi taQitie2 10%. hohEVHE8EES 1085 a¥l Th Ipe¥eRshépyasfathay to
forman array of cayvities 108. The gosts 105 .at Hﬁﬁ)p rlfhe&x of the array
have only one@EFa¥glayes LY 19n¢ 21RYIPLRaSIAF (ﬁhﬁ REWARYIrALY .

pL ovi ded al 0nanoWeﬁ::;ﬁlibwlhhmfié'[)lprbﬁm&eﬁoallbﬁ@\dﬂég siidele111 hefefthen | : n
this systemthe_ov w 112, | e t te slot 0 e, hol | ow
posts. As w t?faf‘%e r e‘%ﬂWigsg§§%]§mp'ﬁfﬁg@e%él g‘?t%ﬁ%l%ﬁ%&%& SF:% S5t s
110 i s arrangevesflaw tidDespdrelowl the eldngatghtshottsol0taf thees 9 of

the quad fl at ,R34§l6% %%gglthey are lowered into the cavities 108 defi ned
by the sets OP ?our ﬁb ow posts. 105. The bottom portigns of the holl ow

posts 105 are int e®Soitiddt dhe rbirekafpPRing £Ywhe% o the nbeverot) thaich
that the postelbthyatld S1uts PE1d £6 arcanged SrEiertd Wespagalleldi do is

supplied by aa%%ﬁ%l%%ﬁé¥;éggg$ga'hg gg&%%igng¥ﬂéﬁ%téﬁéd flat packs 2
when they are lowered into the cavities 108 defined by
the sets of four hollow posts 105. The bottom portions
of the hollow posts 105 are interconnected, for example
by a manifold (not shown), such that the poéts 105 all
form part of a common chamber for solder which is
supplied by a pump 113 arranged at a location below the
hollow posts 105. The pump 113 is arranged to maintain
the solder level in the posts 105 above the upper edges
115 of the elongate slots 110 but below the top of the
hollow posts 105. '

At the top of each of the two shorter walls 119 of
the hollow posts 105, there are cutout portions 120
which define an overflow for regulating the level of
solder in the hollow posts 105. Thus solder at the top
of the posts 105, where dross will tend to accumulate,
can overflow out of the hollow posts 105 in a direction
away from the leads 18 of the quad flat packs 2, via the
cutout portions 120. '

The operation of the second dipping system will now
be explained. Solder is supplied by the pump 113 to the
hollow posts 105 and flows therefrom through the slots
110 so ‘as to form cascades.  The leads 18 of the quad
flat packs 2 are dipped in the cascades so as to be
coated with solder. The level of solder in the posts
105 is regulated by the cutout portions 120 at each end



hol | ow posts 105. The punp 113 is arranged to maintain the sol der level i

the posts 105 above the upper edges 115 of the elongate.slots 110 but bel ow

the top of

t he hol |l ow posts 105. At the top of each of the two shorter

wal'l's 119 of the hollow posts 105, there are cutout portions 120 which

define an overflow for regulating the level of solder in the hollow posts

105. Thus solder at the top of the: post§ 105, where dross wll tend to

accunul at e,

an _overfl.ow qut .of t hol | ow_posts 1 di rection away
fromthe | eﬁﬁ?rfgfdf tit?e"&h‘aﬁ}" %{I ?)Ecﬁgeffgﬁ"g “t h%t’tﬁ oﬁs‘bo??ﬂ}ﬁ?slm
The oper at i thatf dtbsssd@rnbub\mﬂ nfremsther holl owo\pdstsexpl PThaesol8ekder -

i ough « noriPEERTRR bE i e 1080588 Aiestithd Mndgeertiglh

packs 2 ar elapppaé the qutont pretionssizs peldestsl Wt‘Ph%oF%iOHThe o
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| evel of SObﬂei:henttahﬂ: W&&Qﬁm ﬂesubageg hos & HHUERSR t i ons 120 at

each end

dross is reﬁﬁFBHnFtdoﬁq Iﬁ‘%(ﬂ"}%\/ Jp:b%tlgy OYRE

t her eof whi ch solder over f %ggw .This also ensures that

f‘?‘fﬁﬁnﬁt‘%ut of the

posts 105 voﬁebtmbwt uazelamgtﬂie sidé sof 18hentanke 1AL .out -porti ons 120

collects 1110 padthdle Ut b ouhr AL 00 SR S RaCHH 3, 101

returned to the

of the tank8D1Whche1’smtzema4:ma11yloshm apperatul QO fox7 smdjeﬂting8D x

whi ch schenghbc%P Q¢ HY “éuySthv{?%%FHQ?eﬂHﬁ§§%J&ﬁl | flat packs 2

appar at us of

to vibrator
Figures 1 t lBPéFQbh@Piﬁ*?l%ﬁé) usewith ¥he éﬁﬂ%ﬁﬁ?ESZthﬁégﬂrﬁﬁnber of

urin Sul

si de:

hol dersfztlhleeehsogmvwﬁm € qappbkas of sl dungmegr%#au@aza Ras Onl o/
ree o ese ers e re e .Nno S C ri se
vacuum cups 2? é‘@aﬁ)‘f gzoif'\g egcgg w?&&?‘cészs‘:%%e% of™

holdlng a quad: flat pack 2. Only: three of these holders

| 21 are shown in Flgure 7. The holders comprlse vacuum

cups 22 whlch are coupled to a’ vacuum source’ 23 which

. when switched on causes the. quad .- flat ‘packs 2 to be held :'

agalnst the cups: 22 by a sucking. actlon.: The - cups- 22

. are of titanium whlch is a partlcularly advantageous

-metal in that 1t does not pick up solder,_is thermally'_
_stable and is inert.- Alternatlvely, the vacuum cups 22
‘may be made of rubber or thermoplastlc.. The holders 21

are each attached to a horizontal rlgld mounting plate
24 through whlch vacuum lines 25 extend between each of
the cups 22 and ‘the vacuum source 23, °

A vert1ca1 shaft 26.is flxedly connected to the

_mountlng plate 24. The - -shaft 26 is ‘arranged so as to be

vibrated such that the mountlng plate 24 and the holders
21 vibrate in a hor1zonta1 plane.  The shaft 26 is
fixedly attached at its ‘end remote from the: mounting
plate 24, to a cub01da11y shaped box 27., The box.is
open topped and has a substantially- squareecross
section. Four upright posts 28 are arranged. in the
1nterlor of the box 27, each post 28 being located mid-
way along each of. the 51des -of the box. The posts 28
protrude a small dlstance into the interior of the- box
as can be seen from Figure 8. '



when’ swi t ched on causes the quad flat ,packs 2 to be held agai nst the cups
22.by a sucking action. The cups 22 are of titaniumwhich is a particularly
advant ageous netal in that it does not pick up solder, is thermally stable
and is inert. "Alternatively, the vacuum cups 22 may be made of rubber or

t h€rnopl astic. The holders 21 are each attached to a horizontal rigid
neunt i ng plate 24 through whi ch-vacuum ITnt® 25 extend between each of the

cups 22 and the vagyumsourgceg 23. A vertica aft_26.] 3 f i xed| ed
to the nounting pl g‘t}be 2&°XT%Z gﬁaf’f'sféfit 9 i’r%r?@e%eé g‘gédt éﬁbg %%]g‘%é
such that theimanisulspantialdyasdquare mdchss 30 of baacssinga 3dori e al
pl ane. The s | | X€E hg@h |t -ﬁgﬁ% tg: e

nmounti ng pl at E%ff%,s?s?oééé %hugo%él ?& .ha%(éd lﬁéo‘g(éZ .1 %sﬁgxgﬁgb&?grg]t opped
and has a subd@Xgiern iy kethrdirestdons.tthan the externgi: ddgensions, o
arranged in tlgF itHe ok 29.t henkokox/ 27edd Hesd €8 Vibigteotdittdnithe way
al ong each of the side o% &ﬁe box.. T@@gposts 28 protrude a snmall distance
into the inteMe5®H 19eChokP8sCBEA e *deen from Figure 8. -12- The box
27 is itself novably retatabllecdriviecddafid 32 kas ubspantienl B3seqfare

recess 30 of i : r ecess 30 qa Bavendi SipNS
cslightly |ar ggﬁ%ﬁa%#dlcgggﬁ %%;E%?ﬁg%]t %ﬁ?eéﬁg?ﬁ%%ﬁeggi%nhg 0 héelﬁbox _
27. The box 2arnd & marrowerbpersian [Fidh afhesukstantialdy circdamg 31. A
rotatable dri odiaf s BAS a3y g@hp f ok 0 | I
" shape arrangegﬁ.l n théee%‘g&Bg?agﬁgﬁ nar%rb}v\%eér) t%@;'t'k? on 3 gfsrlsg%sf?gngtﬂi g{?g

circul ar cros@nsb&hePReRIEGRICEHEPX AT pEtheRAEFOYSFt PORtIOM #f ¢
open top of b@eoupledheonar agive moroBs34 iTheéadpied shagtdsivdsotor 35.

Irg\?\a%'n;’e shafd; 8% ' o0 b38eiBnPReh AV e FS NS L8:1R§ 535hRA Tovillient
of the drive shaft 32 causes the box 27 to move within
the recess 30. Retaining members 36 extend from the
casing 31 to a position above the box 27 to prevent the
box 27 from moving upwardly out of the recess 30. The
box 27 is thus retained between the ledge 29 and the
retaining members 36 so as to be movable in the recess

30 in a horizontal plane. - :

In operation, the quad flat packs 2 are hel
against the holders 21 by the vacuum cups 22 and are
lowered so that each quad flat pack 2 is received in a
cavity sucht as described in relation to Figures 1 to 3.
As the cups 22 are lowered, the drive shaft 32 is
rotated by the motor 35. As the drive shaft 32 rotates,
successive corners 37 of the pentagon strike in '
succession the four upright posts 28 in the box'27,-
thereby causing the box 27 to be moved in the recess 30
to follow a generally square shaped path of movement.
Successive positions of the box 27 during rotation of
the drive shaft 32 can be seen from Figures 8a to 8d.

For ease of reference, the five corners 37 of the
pentagonal cross-section of the drive shaft 32 have been
numberéd I to V and the four posts 28 of the box 27 have
been referenced by the letters a to d. In Figure sa,
corner V is striking post a to cause the box 27 to move



of the drive shaft 32 causes the box 27 to nove within the recess 30.

Ret ai ni ng menbers 36 extend fromthe casing 31 to a position above the box®
27 to prevent the box 27 from noving upwardly out of the recess 30. The box

27 is thus retai ned between the | edge 29 and the retaini ng nmenbers.367.s6 as_

to be novable in the recess 30 in a horjzontal plane. In operation, the rﬁ,
quad flat.packs 2 are held agai nst the %I’aers 21 by the vacuumcups 22 a

are | owered sq.t hat .each | a i S r in.a,avity. such as
descri bed'-%‘? %é\eaﬁ’f)'ﬂ: gr"g%?% e3re'%es[she c‘up?%f%’?eb?oﬁgég t he
dri ve shaf ifred iRigurtetsls, byhehethet drive shafitha2rhas mteGZbyot ates,

Success, Ve et il JUEL0ER' ARG B kil UG Bi5¢ o8y 08 piup UPT! O

‘recess 30 ta fthe d\ﬂwwmd‘éld requap@ sfafhe Fhonrgs % chaftasShscessi ve

Posi ti ons PerkfITRAK LY th i PEcé8kaBioQn Artidie dlrtwmersdnliig82ogan be seen

from Figures 83 to 8d.” For ease of ,reference, the five corners_37 of the
pent agonal TOtHEE. e (NS JE:FleSHFf"SF@ D 3R ABRG FeMFETT to v
and the fomigms 8R&oméve the BaxhaVeﬁmeame éﬂmmeﬁttbe theters a
tod. In Fi 8 r i - 0Xe27 tOo nove
é:%g)ﬁeslse%eo gﬂfﬁ%%l#h eg%‘:e@ % nsé)&cgal L@S‘té@foxq 5]\; .

-13- to'th recess e Seén Trom gure

- 8b, when t h&hdr |dm-\e§166ham. heerneralfdd. lgtmg‘[_eﬁ rgositcﬂnetOItlsmsu megepost b

causi ng,  NEri el £ 4T SexBehbepelatpi! byl Rt ategl Lhochbaures as

far as is permtte € Tecess ter "a further 18[err] of rotation,
corner |1 SHRWaxd 'bd%%r%cW%aﬂbeh?ecfﬁgH’?ﬁﬁ'Fl RS gzan P eBhe box 27

to the extregh IEigued dde rm&aSOﬁQF o‘ﬁenéﬁlﬁth Bt i eompletel8 of -
rotation of the drive s orn ]

d h
box 1 0t he TSRO eren (Tey 8 FRERFAER DY 1A, diVe ‘snafe 3455 g0Ve 1hen

suff1c1ent to cause the box 27 to complete a cycle
con51st1ng,of_a square shaped_path.of movement.

~ This vibrational movement may be in the range of
0.25mm to 10mm, more preferably 0.25mm to 2mm e.g. lmm
in each Qireotion;'.The:frequency of vibration is
preferably in the ‘range of 50 to SOOsz,-moreupreferably'
50 to 150 Hz. However, 1t'W111 be appreciated that any
suitable. frequency and. amplltude of movement are all
possible w1thin the scope of the present 1nvent10n.

_The.vibratorygapparatus~oan_bevused during all -

stages of the processing of quad flat packs during: | |
1nsertlon, dipplng and removal from the tank. o ' Q‘)_"
Furthermore, this apparatus can be used during the "
washing and’ cleanlng steps as the v1brat1on movement
prov1des a scrubblng effect. ' '



“upward" direction of the figures. This can be seen fromFigure 8d. Thus
ondy one fifth of a conplete rotation-ie. 72[err] of rotation of the drive
shaft 32 is sufficient to cause the box 27 to conplete a cycle consisting

of a.square shaped path of novenent. This vibratiﬂﬂu“nﬂﬂ “Ul be in~

the range of 0.25mmto 10mm nore preferably 0.25mMEE e 1in each
dFection. The frequency of vibration is preferably in t fie range of#50 to
500 Hz, nore preferably 50 to 150 Hz. However, it will be appreciated that

any suitabl e Ekatm&ncy and anplitude of novenent areall possible within
t he scope of the present invention. The vibratory apparatus can be used
during all stages of the processing_of, quad flat packs during insertion,

di ppi ng and renovalPPREAENRe foxH RPPAYHNE FRYEET t1R sthp pheadfsofafe used
during the washéderasgdicbeaaleetyoRic dfonphant) atdmbr 18Y8gEA! hplddres a
scrubbing effgct. - 14 - * Cgt{.wl S..* (dai %? _ aratus for
appl yi ng sol dg?rt}ﬁo}ﬂéngeﬁdgoﬂpo&?né:l ?"r’t%ldﬂp’erll%c‘?fo € L6AHGnent,
conprising a tivkdeoff intbokdldera amdonidntathory meanypcogpdédt ke Isedds
thereofllﬂ()§§%§g£,fggd % g&%&&ﬁ& m§%§%éég#ﬂﬁgkiépil ds ghder for

generating vi Ory not Fon Of $ard -Conponel sal ratory notion being
such that thecomppoesh; saidovddbratcenc et kpedeeing sechutchakntet ent t hat
sol der bri A9l dgnhShypen: 30kBcRal dreaiiol & ShSdANAd! Ly BaeHCaR docttlis ol N
said vibratory mnmeans_conprises a drive nmenber arranged to rotate about an

axi s thereof ERRLasalfeEnbridgdng: hetataqn adiagrnholeRES LHe driven menber

bei ng arrangegubhStahtihled pReveRtedbtHerdin Sxi¢ vibreeeeysfchars
intermttent contagt betmggn ortions of said drive and driyven. nenbers
during rot at i SPMBFLEEFJIPFIYR mgﬁ&ﬁ; arranged to rotate. about an
- axis thereof and a driven member connected to the
holder, the driven member being arranged for limited
movement about said axis in response to intermittent

contact between portions of said drive and driven
members during rotation of said driven member.

2. Apparatus as claimed in claim 1, wherein said
vibratdry means is arranged to generate vibratory motion
of the component substantially in the plane containing
the leads thereof. ' '

3. Apparatus as claimed in claim 2, wherein said

\ vibratory means is arranged to vibrate the component in
at least two different directions in said plane, said
two directions-containing'pérpendicular components to
each other. :

4. Apparatus as claimed in claim 3, wherein said two
directions are perpendicular to each other.

5. Apparatus as claimed -in any preceding claim,
wherein the drive member has a.plurality of -
circumferentially spaced contact portions and the driven
member has a plurality of circumferentially spaced

contact portions, the spacings between the. contact



2. - Apparatus as clained in clain11,'mherei ns is

arranged to generate .vibratory notion of the c lally in thea
pl ane containing the | eads thereof. 3. ApparMDWMﬂ % “ln claimz2, -
wherein said vibratory neans is.arranged to vi in atr s

| east two different directions in said plane, said two directiofs '__'ﬁgy
cont ai ni ng per pendi cul ar conponents to ach other. 4. Appar atus as -
claimed in claim3, wherein said two directions are perpendlcular to each
other. 5. pAmtdomsiofaths adnive -mambey peéngddmgfeh:enm fatom dilre t he dri ve:

menber has o] C ons and the
driven nenbgpgﬁgégé %*ﬁ%ﬁéﬂ éﬂ§ﬁ§§$€%%¢é$ ??gﬁgy gpgégaagﬁﬁéﬁn portions, .
t he spaci ngmembeXsen t he contact: * S-* - 15 - portions of
the drive nmenber being dlfferent fron1the spacrngs bet ween -t he cont act
portions of the driven nenber. ég aratus, as_clajmed.in claim5,. wherein
one of the &rivePPPAFRLUH AT h%l%H“F MAefhainngs ‘dﬁeE&&nmﬂﬂ%P%ft%nt act
portionfrbandr}&bé ficiderofaridieclte | dei venheemdag hiag dhi wgt mml rftsasG an
even nunber of . contact portions arat ys, as ai med | c a

wher ei n sai GORFRAGE Rﬁﬁ#§°9ﬁﬁ?q4V5h%d$E§%¥ Bg FﬁsnéréXE s nember
has four cothectrieen ewenber halspan adwen asuwberned- cnnaay.:tprecedl ng clai m
wherein theﬁgkgagh%ry means is.arranged to generate vibrations with a

frequency i e rarge 50 Hz to 500 Hz. 9. Apparatus as clained in any
precedi ng claim wherein the vibratory neans is arranged to generate

7. = Apparatus as claimed in claim 6, wherein said drive

member has five contact portlons and sa1d driven member ng

has four contact portiomns.

8. Apparatus as claimed in any preceding claim,
wherein the vibratory means is arranged to generate
vibrations with a frequency in the range 50 Hz to 500
Hz.

9. Apparatus as claimed in any preceding claim,
wherein the vibratory means iS'arraﬁged-to.generate
vibrations with an amplitude in the range 0.25 mm to
10.00 mm. '

10. ~Apparatus'as claimed in any preCeding_dlainn o
further comprising a chamber arranged to contain a body

of solder with an upper surface, the chamber having an

outlet opening arranged to be below said upper surface,
wherein, in use, a flow of solder is discharged from the

outlet opening to a cavity adjacent thereto where a

component is dipped into the solder flow.

11. A method.for applying solder to the leads of an
electrical or electronic component, such as an-
integrated circuit package, comprising the steps of
using a holder to hold the component, dipping the leads
of the component into solder, and vibrating the holder

Ml



V4 bratlons with an anplitude in the range 0.25 mnmto 10. 66—+—20—
Apparatus as clained in any preceding claim further c a chanber
arranged to contain a body of solder wth an upper surimm E\ ﬂ!’
havi ng an outl ét opening arranged to be bel ow said upp in,
||‘k/use a flow of solder is di schar ged frg the outl et opening to a caV|ty

adfacent thereto where a conponent is dippéd into the solder flow 11.-A
met hod for applyln solder to the | eads of an electrical or electronic

conponent, su@Rda$hen compegentediedid dillarshy kdweingoapits dipnimg sttgp of
using a hol degtt gubdl d b@%eaomn% ,s&rppangewénteeﬂatogoh%zcOrmonent

into sol der, and V|brat|ngthe -16- and the

conponent hel RTEAGABE, bekwess é‘%né?p lrﬁf@ﬁe:bsaﬁugﬁ'éﬁn’érléﬂ-éé’d and to such
an extent thapreokdeed)r Mnbehaemmfa@r&mtofeaﬂé bén@'é:b@rﬁ:ﬂt:.@' ly
prevent ed, V\:hEﬁ in tae Vi br, %g?:n of the conponent. cted %nh}“ bratory
means conpri st g egts OXr TP + W%{?% %bﬁu?‘r&N $ter eof
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12. Apparatus for applying solder to the leads of an
electrical or electronic component, substantially as
hereinbefore described with reference to Figures 7 and 8
of the accompanying drawings.



