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COMPACT REFLOW AND CLEANING APPARATUS

Field of the Invention
. This invention relates to the processing of electronic components and assemblies, and in

particular to the reflow of solder and cleaning of the components.

Background of the Invention

The manufacture of électronic assemblies and components commonly involves the
mounting of individual electronic devices, such as transistors, integrated circuits, resistors and
the like on pre-printed circuit boards. The assemblies and components are then reflowed and
often cleaned. |

The manufacture of Ball Grid Array (BGA) components and assemblies commonly
involves the mounting of solder balls or prepared spheres on pre-printed circuit boards or
substrates on the bottom surface of an integrated circuit, such as a so-called flip chip. In a typical
process, the circuit boards and substrates will be pmcched through a line of mgchines which : .

include a magazine unloader, a ball mounter, an inspection machine, a 1 to 3 converter, a reflow -

' apparatus, a cleaning apparatus, a 3 to 1 converter ;md a magazine loader. These machines take - - . -

considerable floor space and limit the production line that can be utilized in a given amount of
relatively expensive floorspace. ‘After motnitin’g, reflow and cleaning, the BGAs become the. . -
input/output paths for electron flow to the next level assembly. .

Since most assembly of BGA coxhponents and assemblies is performed in a clean room
environment with very expensive floor spéce costs, there is an ongoing need to conserve
floorspace. Thus, it would be of great benefit to provide greater efficiency to the manufacturing

process and to reduce the required floor space for the manufacturing process.

 Summary of .the Invention
In accordance with one aspect of the presént invention. an apparatus is providihg for
processing electronic components which travel along first and second conveyors in a pre-
determined direction. The apparatus includes a frame contained in unitary housing. A reflow
assembly is mounted on the frame within the unitary housing and has a reflow conveyor
conveying the electronic component from the first conveyor in a reflow direction non-parallel to

the pre-determined direction to reflow solder on the electronic component. The apparatus also
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has a cleaning assembly mounted-on the frame also within the umtary housing and has a cleaning

conveyor conveying the electromc component from the reflow conveyor in a cleaning direction

generally opposite to the reflow direction to clean the electronic component and deliver the

electronic component to the second conveyor. _
In accordance with an_ot_her aspect of the present invention, the reflow direction and
cleaning direction are perpendicular to the pre-determined direction.
In accordance with another aspect of the present invention, a unitary compact reflowing
and cleaning apparatus is provxded and is specially suited for the reﬂowmg and cleaning of BGA.
components o_f silicon chips which are manufactured in either strip form or individually held in

JEDEC type trays, boats or carriers, in contrast to the typically larger sized printed circuit boards

for which most of the present commercial reflow ovens and cleaning devices are designed.
~ Inyet another aspect of the present invention through the use of selective blower
manipulation and the utilization of negative pressure, a reflow.oven and cleaner may be housed
within a unitary housing wnhout the risk of con'mmmatlon of one process by the other process
taking place within that same unitary housing. _ ' . _
In accordance with yet another aspect of the present invention, the cleaning portion of" the

| apparatus operates w1th a cleaning fluid ata _temperature more elevated than is'typical with

present commercial cleaners. The heightened temperature of the fluid within the cleaning

~ apparatus minimizes the temperature difference_between strips or trays exiting the reflow portion

of the apparatus and allows a reflow and cleaning more rapidly than with the typical present day
installations. This is because, in the apparatus of the present invention, the BGA components or
chips.contained in the strips or in JEDEC trays, boats or carriers, do not cool down as much and
therefore can be cleaned sooner since they are cleaned prior to reaching room temperature and
before typical contaminants present after reflow fully solidify or cure. _

In accordance with yet another aspect of the present invention, the reflow portion of the

apparatus of the present invention utilizes IR heating to rapidly reflow the BGA components or

other chips in either strip form or held in JEDEC trays, boats or carriers. Convection or

conduction heating may alternatively be used.
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Brief Description of the Dr aw.irlnl':gg: .

A more complete understanding of the invention and its advantages will be apparent from
the following detailed description when taken in conjunction with the accompanied drawmgs, in
which: ' '

_FIG. 1 illustrates a conventional processing line;

FIG. 2 illustrates a processing line incorporating a first embodiment of the present
invention; '

FIG. 3 is a plan view of the first embodiment of the present invention illustrating the
conveyor paths for use with the strips; '

FIG. 4 is a partial side view of the reflow assembly;

FIG. 5 is a plan view of the first embodiment of the present invention illustrating

conveyors for trays;

FIG. 6 is a front view of the embodiment;

FIG. 7 is a back view of the embodiment;

FIG. 8 is a first side view of the embodiment;

FIG. 9 is an opposite side view of the embodiment;

. FIG. 10 is a front view illustrating the lid on the reflow assembly lifted;

FIG. 11 is a front view of the embodiment illustrating the lids of the reflow assembly and
éleaning assembly lifted. IR
FIG. 12 is a perspective view detailing the conveyor apparatus of the embodiments of ~
FIGS. 3 -5.

Detailed Description

Referring now to the drawings, wherein like reference characters designate like or
corresponding parts throughout the several views, an improved combined reflow and cleaning
apparatus 10 will be described. ' o

With reference to FIG. 1, a conventional, present-day, commercially-available electronic
manufacturing line 100 is illustrated. The line begins with a magazine unloader 200, a ball
mounter 202, an inspection apparatus 204 and a 1 to 3 converter 206. Typical manufacturers of
such equipment are Motorola, Vanguard, Shibuya, Panasonic-KME and Speedline Technologies,
Inc. Itis to be understood that the sequence of machines in the electronic manufacturing line
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may be reversed and thus instead of the. process moving left to right it may move ina right to left
direction. . . T

. The manufactunng line 100 illustrated is a lme which is particularly adopted for the
placement of the small solder spheres whrch have been referred to ‘above as BGAs onto the

. surface of integrated circuits, or onto the surface of an’ 1nterposer upon which the rntegrated '
* circuit is mounted. These BGA componeqrs are small and can be thought of as being small
_' ] circuit boards having a number of solderspheres or BGAS placed and affixed to their bottom
surfaces In operation, the ball mounter 2,62' is util_iz_ed-to' mount ainumber and perhaps a large

number of BGAs on the underside of the component. Eventually the component with attached
BGAs will be mounted upon a larger printed circuit board but the BGAs must be more or less

| pemxanently attached to the component. This is' eonventionally p‘erfonned by reflowing the
. solder contained within the BGAs and then cleamng the BGAs and. coxnponent to which they are

attached of flux and other contaminants whrch arise from the reflow process in a conventional
manner. _

. Followmg the 1.to 3 converter 206isa reflow apparatus 208 to reflow solder on the -
circuit boards Such apparatus can be obtamed ﬁ-om Research Int., Dover -Vitronix, Electrovert,

. Heller and BTU. Subsequent to. the reﬂow apparatus 208 is a cleaning apparatus 210 to clean

ﬂux residues and other contammants from the circuit boards. Cleamng apparatus can be supplied-
from GPD, Dover-Vitronix and Accel Followmg apparatus 210isa3.to 1 converter 212 and
another magazme loadet 214.. The linear drstance encompassed by the devices between the 1 to 3

converter 206 and the 3 to 1 converter 212 can be for example, typrcally 27 linear feet, with the

- apparatus, in combination, taking up 162 square feet of floor space. The cost of the units would

be_at present between $200,000 and $250,000 and must be supplied from three different vendors.
' The present invention provides a reflow and cleaning apparatus 10 which can be used in
place of the apparatus 206, 208, 210 and 212. The reflow and cleaning apparatus 10 may take -
orﬂy five linear feet of the assembly line, and 20 square feet of floor space, saving considerable-
space as compared to the prior apparatus. As is well know, the co_st of floor space in a semi-
conductor or printed circuit board or other,' electronic aslsembly line is extremely expensive due
to, among other things, environmental con_trols, the.need for temperature and cleanliness
standards, etc. By utilizing the reflow and'icleani-ng apparatus 10 of the present invention,
considerable cost savings can be realized. The cost could be competitive with the apparatus
replaced and can be supplied by a single vendor. As illustrated in FIG. 2, the same linear
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one manufactunng line, as 1llustrated inFIG. 1, can be, usmg the
reflow and cleaning apparatus 10, used for two completely separatc manufacturing lines.

distance formerly required: for

X,

. With reference now to. FIGS. 3-12, the reflow and cleaning apparatus 10, which formsa
first embodiment of the present invention, will be described. The apparatus 10 includes a frame
12 which mounts a reflow assembly 14 for reflowing solder on circuit boards 15, mounted on
strips (FIG. 3) or in trays, boats or carriers, 62 (FIG. 5) and a cleaning assembly 18 for cleamng
the circuit boards 15 after the reflow operation.

As can be seen in FIGS. 3 and 12, the apparatus has a series of conveyors, including an'
inlet conveyor 20, a reflow conveyor 22, and a cleaning conveyor 24. The inlet conveyor 20 will
take thé BGA components 15 in strip forms 16 (FIG. 3) or individually in trays, boats or carriers
17 (FIG. 5) to be processed from the inspection apparatus 204 and convey the 'componen'ts'albng o
the linear direction 26 of the manufacturing line. As a strip 16 approaches the inner end 28 of the
inlet conveyor 20, sensors of a well-known type in the art in the apparatus will cause sweepmg
members 30 to move from the position shown in FIG. 12 toward the reflow conveyor 22 ina -
direction 32 perpendicular to the linear direction 26 to move the strip 16'5:(l)mo the beginning of
the reflow conveyor 22. The reflow conveyor 22 conveys the strip 16 along a reflow direction
32, which is generally perpendicular to the linear direction 26. | |

. With reference to FIG. 4, as the strips 16 are conveyed along the reflow conveyor 22,
they are heated by heating members 34 to reflow the solder on the boards. The heating members
34 can, for example, be heat lamps, but may also be of convection or conduction type. Thé
reflow assembly 14 provides insulation 38 to confine the elevated temperature to the reflow *
assembly. If desired, nitrogen gas can be supplied to the reflow assembly through inlets 40. The o
temperature within the reflow assembly.14 is controlled by the use of thermocouples 42 which
are monitored by appropriate circuitry within the apparatus 10. Preferably the hehtihg"rxiénibers‘
34 may comprise IR-type heaters rather than the more conventional convection heaters which are
used in many reflow ovens. |

An advantage of an IR-type heater is that it can bring the solder to reflow temperatlire '
more quickly than a conventional convection-type heating system and thus reflow can be
accomplished more quickly and with the use of less energy. In conventional reflow ovens, large
size printed circuit boards which are reﬂowed typically have a number of different 6omponei1ts
to be affixed to the board. These components may, and often do, differ greatly in their color.

For example, while some integrated circuits may be black and thus tend to absorb heat, other
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elements such as capacitors or.other discreet devices may be light in color such as white or

. yellow, which have differing heat and absorption charactenstlcs thanblack devices.”

. Inaddition, the printed circuit board itself which may be typically of a dark gréen tone
may have a heat absorption whlch differs from the heat absorptlon charactenstlcs of the devices
which are to be mounted upon the pnnted circuit! board This causes or can cause differential
heating of the devices and thus differential reﬂow rates which is undesuable

With the device of the’ present invention, however, the apparatus is especially sulted for
the reflow of BGAs mounted upon the undermdes of mtegrated clrcmts In these arrangements,
each of the BGA components contained i in the stnps or the JEDEC trays, boats or carriers are’
generally of uniform color in that there is no 'ot little variation w1thm the BGA components of the

strip or the JEDEC trays, boats or carriers. Thus, IR-type heatin'g.’_can be utilized to heat either

. strips or trays, boats or carriers without the reflow differential =pr5t}1ems discussed above. It -

should be noted that at the end of the reflow c‘ycie, that s, after the strip 16 shown in Fig. 4
passes the last heating member 41, the stnp 16 will proceed along the belt 22 to a cooling zone
43 which may utilize chilled water or other refrigerant ora Peltler-type device to further cool

- . .down the strip after reflow, if desired.;

20

25

30

- With reference to FIG: 3-and FIG.--12_-_,- as the strips 31:6'appgqach the back 44 of the

~ apparatus 10 near the back end of the reflow.conveyor 22;.'apprdpiﬁé_te sensors in the apparatus

‘move sweeping members 46 from the position shown in FIG. 12 éld_ng the linear direction 26.

The sweeping members 46.m6_ve the strips 16 off of the freﬂow“cdhveyor 22, overaflat -

stationary surface 48 and onto the beginning of the cleaning conveyot 24. After the sweeping

. members 46 convey strip 16 from the reflow coriveyor 22 to'the cieaning conveyor 24, the

- sweeping members 46 are retracted to the position shown in FIG. 12 ready to push the next strip

16 moving toward the end of the reﬂow conveyor 22.

' The cleaning conveyor 24 will move the strips from the bﬁek'44' in a cleaning direction 50
which is also generally perpendicular to the linear direction 26 and in the opposite direction to
the reflow direction 32, toward the front 52 of the apparatus 10. As the strips 16 move through

- the cleaning assembly 18, the circuit boards 15 are cleaned. The cleaning of the circuit boards

maybe achieved by a fog of water vapor or water at about 95 ° C. However, more conventional
cleaning techniques may be used. :
In conventional reflow/cleaning processes, the printed circuit board will go through an

inline reflow oven operation which oven typically includes a cool‘down section which lowers the
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temperature of the board or other electronic assembly to aid i in reflow solidification. The boaxd

is then removed from the ré 6w oven and conveyed to the' next ﬁlme piece of equipment whxch
is the cleaner. It is well known in the art that once a board or other electronic assembly has been
cooled down, various contaminants such as flux and other materials may partially or fully |
solidify or cure on the board and/or devices mounted on the board Thus, in the cleamng process "
following the reflow process, the cleaning water must bring up the temperature of the board or
other electronic assembly to a temperature where the fluxes and other contaminants may Ec

washed off. By contrast, in the present invention in which the reflow overi and the cleaner are

‘within a common housing, the reflow oven includes a programmable cooling assembly and the

heating water in the cleaning section uses high temperature water or even water vapor at elevated |
temperatures. The control of the temperatures in the reflow section and the changing sections -
may be any of a number of well-known heating and temperature control methods. With the use
of the present invention, the board, chip or other electronic assembly will not have sufficient cool
down time to cause curing of flux or other contaminants on the board but rather such

contaminants will remain in an incured, semi-solid state. They will be cdnveye’& almost

~ immediately from the reflow path to the cleaning path and, because temperature differential -

between the exit from the cooling reflow path and the entrance of the cleaning path is short
fluxes and other contaminants may be easily washed off in the cleaning portion of the present
invention since the fluxes or other contaminants will not have cured. This provides substantial
savings in time within which to process an individual board, strip or tray, as well as saving on
energy that would require the repeated heating and cooling of the printed citciﬁt'bbard; strip or
tray, boat or carrier with mounted chips. '

Furthermore, an additional advantage of the temperature control of the present invention
is that the printed circuit board or strip or JEDEC tray, boat or carrier will emerge from the

. cleaning section hotter in temperature than from conventional cleanérs, thus allowing rapid

drying of the devices due to the evaporation of water vapor due to the higher t'empérathl"e of the
devices mounted in the strips 16 or the JEDEC trays, boats or carriers, 18. Typically, a reflow
temperature in the reflow portion of the oven will be in the vicinity of 360° Fahrenheit but may
vary from about ambient to about 600°F, but usually not less than about approximately 375°F
during reflow operation. Typically, cleaners comprise a wash section and a rinse section. The
typical temperature of the water in the cleaning section may range from 120°-160°F for the wash
section and 120°F-210°F for the rinse section. Suitable temperatures are about i45°F for the
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. wash water and about 210°F for the rinse water, but generally not less than about approxrmately
- 145°F. Incither case, it is desirable: that the temperature of an electromc component leaving the
reflow assembly not be below that of the temperature of the wash water in the washing section.

By well known means and temperature control devrces, these temperatutes may be maintained by
regulation of the heatmg in the reflow and cleanmg sections. _ :

Furthermore, with the contamment of both the reﬂow oven and the cleaning apparatus-
within a unitary housing and w1th control of closely controlled temperatures, as discussed above,
and further by control of the speed of the belts 22 and 24 the total average time of processing of
a single strip or JEDEC tray, boat or camer, can be reduced by a full three minutes or more in a
process which would normally take in the conventjonal line shown in Fig. 1 of between 7 and 10

~minutes. Thus, i in the present devrce, cleamng begins to take place after reflow within 15 -45

seco_nds after the strip or JEDEC tray, boat or carrier, containing _components leaves the reflow
portion of the presen_t apparatus.

. Additionally, the end portion of the conveyor 24 in the cleaning section may include a

heat blower 53 which blows heated air onto the upper or upper and lower surfaces of the strip 15

or tray 18 to further dry the devxces after the cleaning process, thus augmennng drymg by
evaporation of water vapor from the devices. . -+

- As the strips 16 approach the end of the cleanmg conveyor 24 near the front 52 of the

apparatus 10, sensors will sense their presence and activate sweepmg members 54 to sweep the

strips 16 off of the cleaning conveyor 24 along the linear dlrectlon 26 and push the strips onto

shoot 25 and out of the apparatus 10 into the next stage of the: productxon line.

As will be clear from FIG. 3, the ratio of the width 56 to length 58 of the reflow conveyor
22 and similar dimensions of cleaning conveyor 24 are unportant As illustrated, the strips 16
will enter the apparatus 10 with their elon_gate' length 60 parallel the linear direction 26. This = -
orientation is maintained throughout the apparatus 10 as the wrdth56 of the reflow conveyor and
width of the cleaning conveyor. are ad_etjua_te to accommodate the?.elongate length 60 of the strips.

- Generally, the linear speed of the inlet conveyor 20 _Will- exceed that of the reflow and cleaning

conveyors. For example, the inlet conveyor 20 may move in the. linear direction 26 between 12
to 84 .inches per minute. 60 inches per minute would equate to four trays 62 per minute, while 84
inches per minute would equate to ten_stri_ps 16 per minute. In co_n_trast, the reflow conveyor 22
and cleaning conveyor 24 may be operated ina range of 3 to 24 inches_ per minute. The process

speed may be 24 inches per minute for 10 strips per minute or 20 jnches per minutes for 3 trays
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per minute. The length 58 of the reflow conveyor and length of the cleaning conveyor should be
sufficient so that the outlet ofps 16 and trays 62 from the appfétus 10 occurs at the same rate
as the inlet of strips 16 and tfays 62 at the inlet conveyor 20. While the time interval between the
completion of the reflow operation and the beginning of the cleaning operation may vary, it may
be desirable with the present invention to fix that interval anywhere from 1 to 120 seconds, and
even preferably less than 120 seconds.

FIG. 5 illustrates the use of apparatus 10 with individual trays 62 full of BGA
components 15. These trays shown may be JEDEC - type trays of the type referred to above or
other type, boat or carrier. The movement of trays 62 through apparatus 10 is substannally
identical to the movement of strips 16 discussed above.

With reference to FIGS. 6-12, the frame 12 can be seen to be mounted on wheels 66 to
facilitate movement of the apparatus 10. Preferably, the reflow assembly 14 will be provided
with a lid 68 which can be moved between the closed position, shown in FIG. 6-9, to an open
position, shown in FIG. 10, to access the reflow conveyor 22 and related equipment. Further, the
reflow conveyor 22, itself, can be mounted on a pivoting apparatus for lifting to an inspection
and repair position, as seen in FIG. 11, assisted by gas lift tubes 70. Similarly, the cleaning - -
assembly 18 will include a lid 72 which can be moved to the open position and the cleaning
conveyor 24 is pivotally mounted so it can be pivoted to an inspection and repair position, as
seen in FIG. 11, supported by gas lift tubes 74.

A control panel 76 is mounted on the front 52 of the apparatus 10 for controlling the
processes within the apparatus 10. Various panels 78 can be mounted on the frame 12 to conceal
various components within the apparatus 10 necessary for its function. A negative pressure vent
80 is provided with an external exhaust duct 82 to draw gases from the machine if required.
Inasmuch as the present invention incorporates what was formally two process steps in one piece
of machinery in a unitary housing, the potential exists for gases, water vapor, flux, etc. to migrate.
from one conveyor to the other conveyor system, which is obviously undesi.rable. The negative
pressure vent and external exhaust duct 82 actsto separate the two conveyors so that such
contaminants do not flow from one area to the other thus further making the process of reflow
and cleaning more efficient and quick.

Although a single embodiment of the present invention has been illustrated in the
accompanying drawings and described in the foregoing detailed description, it will be understood

that the invention is not limited to the embodiment disclosed, but is capable of numerous
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rearrangements, modifications and substitutions of parts and elements without departing from the
scope and spirit of the invention, o -
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_ CLAIMS

1. | An apparatus for reflowing aﬁd éleaning electrotic components or assemblies
traveling in a predetermined in-line direction, c_orhprising a housing;

a reflow assembly mounted in the housing and having a reflow conveyor conveying an
electronic component or assembly in a reflow direction non-parallel to the predetermined
direction to reflow solder on the electronic compbnent or assembly; and

a cleaning assembly mounted in the houéing and having a cleaning conveyor conveying

the electronic component or assembly in a cleaning direction non-parallel to the predetermined

 direction and generally opposite to the reflow direction;

2. The apparatus of claim 1 wherein the reflow direction and cleaning direction are
perpendicular to the predetermined direction.

3. The apparatus of claim 1 wherein the electronic components are in strip form. '

4.  The apparatus of claim 1 wherein the electronic components are carried in trays,
boats or carriers. |

5 The apparatus of _cl_aim 1 wherein the cleaning assembly provides wash and rinse

water at elevated temperatures.

6. The apparatus of claim 5 wherein the elevated temperature of the wash water is

within the range of approximately about 120°F - 160°F and rinse water is about 120°F - .
210°F.

7. The apparatus of claim 1 further comprising a plurality of sweeping members, the
sweeping members moving the electronic components from an inlet conveyor to the beginning of
the reflow conveyor and from the end of the reflow conveyor to the beginning of the cleaning

com)eyor and from the end of the cleaning conveyor out of the apparatus in the predetermined
direction.

¥* C L M s *
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8.  The apparatus of claim 1 further compnsmg a negative pressure vent and air

. movement system to separate the conveyor reflow assembly friom the cleanmg assembly to

prevent a contaminant from travelmg from the reflow assembly’

from cleaning assembly to the reflow assembly

9. The apparatus of claim l'Wherein the electronic component is heated and reflowed
utilizing IR-type heaters. | I

10.  The apparatus of claim 1 wherein the temperature m 1 the reflow assembly ranges
from about ambient to about 600° Fatuenhett and the temperature of the rinse water in the

- cleaning assembly ranges in temperatures from about ambient to about 210° Fahrenheit.

11. - An apparatus for the assembly of electronic components onto electronic

_ assemblies comprising: ® -

a umtary housing;

at least two processing stations within the unitary housing, wherein the processing

.. stations perform the assembly of electronic materials in'processee which are sequential.

12.  The apparatus of claim 11 wherein the path- of the electron assembhes through the

_at least two electronic processes is folded.:

13.. - The apparatus of claim 12 wherein the paths of the first and second processes are

parallel to each othér and in the opposite direction.

14.  The apparatus of claim 12 wherein the housing provides a reduced footprint du_e

to the folding of the at least two electronic processes.

15.  Anapparatus for reflowing and cleaning electronic components or assemblies,
comprising: ' :
a housing;

AN
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13-

a reflow assembly mounting within the housing having a reflow convéyor, the reflow
conveyor reflowing and coﬁveymg an electronic component assembly in a direction towards a
cleaning assembly; '

the cleaning assembly mounted within the housing and having a cleaning conveyor for
washing and conveying the electronic component or assqmbly along a cleaning station;

the cleaning assembly washing by water at temperatures in the range of approximétely o
about ambient to approximately about 210° Fahrenheit and wherein the temperature differential
between the cleaning temperature and the reflow temperature is between approximately about
600° Fahrenheit and 145° Fahrenheit. |

16.  The apparatus of claim 15 wherein the operating temperature of the wash wateris . .
approximately about 145° Fahrenheit and the rinse water in the cleaning section is approximately
about 210° Fahrenheit. : : :

17.  The apparatus of claim 15 wherein the reflow conveyor and the cleaning conveyor
are both in opposite, parallel directions. | .

'18.  The apparatus of claim 15 wherein the direction of movement of the reflow

conveyor and the cleaning conveyor are perpendicular to a predetermined inline direction.

19.  The apparatus of claim 15 wherein the temperature range of the reflow conveYor
and the cleaning conveyor prevents the full solidification or curing of flux and other
contaminants contained within solder attached to the electronic components during reflow as'the

electronic component moves conveyed along the reflow conveyor.

20.  The apparatus of claim 15 wherein the temperature of an electronic component
assembly between reflow assembly and the washing stage of the cleaning assembly never falls
below the temperature of the water for washing.

21.  The apparatus of claim 15 wherein the time between the completion of reflowing
and the beginning of washing is between 1 and 120 seconds.

i
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'22.  The apparatus of claim 15 wherein the temperature within the reflow conveyor is

not less than about approximately 375°F and the temperature in the cleaning assembly is not less
- than about approximately 145°F°. '

23. ’l_'_he apparatus of claim 16 wherein the time from the solidification of the solder

after reflow until the commencement of cleaning isless than 120 seconds.

AR



