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(57) ABSTRACT 

A temperature-controlled reWork system comprises a mani 
fold assembly adapted to direct a cooling gas ?oW toWard an 
area of a printed circuit board adjacent a reWork Zone to 
reduce a temperature of the adjacent area to beloW a tem 
perature of the reWork Zone. The system also comprises a 
temperature control system adapted to monitor the tempera 
ture of the adjacent area. 
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TEMPERATURE-CONTROLLED REWORK 
SYSTEM 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of electronic equipment and, more particularly, to a tem 
perature-controlled rework system. 

BACKGROUND OF THE INVENTION 

[0002] As the functionality and sophistication of elec 
tronic equipment increases, the complexity of the electronic 
equipment also increases. For example, electronic equip 
ment often comprise a single- or multi-layer printed circuit 
board containing a variety of electronic components, such as 
application speci?c integrated circuits. Additionally, the 
density of the electronic components on the printed circuit 
board also increases. 

[0003] In the course of testing, assembly or use, electronic 
components on the printed circuit board may require 
removal or replacement. HoWever, the density of the com 
ponents on the printed circuit board generally makes com 
ponent replacement a difficult and delicate task. For 
eXample, one method for replacing an electronic component 
includes directing a stream of high temperature gas toWard 
the component to soften or re-liquefy the solder coupling the 
component to the circuit board. HoWever, adjacent compo 
nents become a concern because the high temperature gas 
may re-liquefy adjacent component solder-connections, 
thereby possibly causing a disconnection betWeen the adja 
cent component and the circuit board. Additionally, the high 
temperature gas How may detrimentally affect the adjacent 
component. 

SUMMARY OF THE INVENTION 

[0004] In accordance With one embodiment of the present 
invention, a temperature-controlled reWork system com 
prises a manifold assembly adapted to direct a cooling gas 
?oW toWard an area of a printed circuit board adjacent a 
reWork Zone to reduce a temperature of the adjacent area to 
beloW a temperature of the reWork Zone. The system also 
comprises a temperature control system adapted to monitor 
the temperature of the adjacent area. 

[0005] In accordance With another embodiment of the 
present invention, a reWork manifold assembly comprises a 
manifold having a plurality of apertures adapted to direct a 
gas How to an area of a printed circuit board adjacent a 
reWork Zone. The reWork manifold also comprises a plural 
ity of supports adapted to support the manifold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing descriptions taken in connection With the 
accompanying draWings in Which: 

[0007] FIG. 1 is a diagram illustrating an embodiment of 
a temperature-controlled reWork system in accordance With 
the present invention; and 

[0008] FIG. 2 is a diagram illustrating a side vieW of the 
temperature-controlled reWork system illustrated in FIG. 1. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0009] The preferred embodiments of the present inven 
tion and the advantages thereof are best understood by 
referring to FIGS. 1 and 2 of the draWings, like numerals 
being used for like and corresponding parts of the various 
draWings. 

[0010] FIG. 1 is a diagram illustrating an embodiment of 
a temperature-controlled reWork system 10 in accordance 
With the present invention. Brie?y, system 10 is used to 
enable or assist in the removal of an electronic component 
12 from a printed circuit board 14 or other type of electronic 
structure. For eXample, electronic component 12 may com 
prise an integrated circuit, resistor, capacitor, or any other 
type of device soldered to printed circuit board 14. In the 
embodiment illustrated in FIG. 1, system 10 comprises a 
manifold assembly 20, a gas ?oW system 22, a temperature 
control system 24, and a controller 26 to monitor and 
regulate temperature levels surrounding or adjacent to a 
reWork Zone 28. As used herein, “reWork Zone” comprises 
an area about a particular component 12 to receive a 
relatively high temperature gas How 30 for re-liquefying 
solder connecting the particular component 12 to printed 
circuit board 14 to enable or assist in the removal of the 
particular component 12. 

[0011] Brie?y, air ?oW system 22 delivers a relatively cool 
or loW temperature gas How to manifold assembly 20 for 
cooling or maintaining areas of printed circuit board 14 
adjacent to reWork Zone 28 at a reduced temperature to 
substantially prevent the re-liqui?cation of solder attach 
ments of adjacent components 12, thereby maintaining the 
adjacent components 12 at a reduced temperature and pro 
tecting the adjacent components 12 from elevated tempera 
tures Which may otherWise detrimentally affect the adjacent 
components 12. In the embodiment illustrated in FIG. 1, 
manifold assembly 20 comprises a centrally disposed open 
ing 40 for receiving a noZZle 42 Which may be used to direct 
a high temperature gas How 30 into reWork Zone 28 to 
re-liquefy solder attaching a particular component 12 to 
printed circuit board 14. HoWever, it should be understood 
that other devices or methods for directing the high tem 
perature gas How 30 into reWork Zone 28 may be used. 
Additionally, manifold assembly 20 may also be formed 
having different geometric characteristics to accommodate 
different types of devices Which may be used to deliver the 
high temperature gas How 30 to reWork Zone 28. Thus, in 
operation, manifold assembly 20 receives a reduced tem 
perature gas ?oW via air ?oW system 22 and directs the 
reduced temperature air How about a perimeter of reWork 
Zone 28 to maintain components 12 in areas adjacent to 
reWork Zone 28 at a reduced temperature. 

[0012] Temperature control system 24 is used to monitor 
the temperature of areas of printed circuit board 14 adjacent 
reWork Zone 28. Controller 26 is coupled to temperature 
control system 24 and air ?oW system 22 to regulate the 
reduced temperature air ?oW delivered to manifold assembly 
20 based on temperatures of areas of printed circuit board 14 
adjacent to reWork Zone 28. Controller 26 may comprise a 
computer, Workstation, or other type of processing device or 
system. Controller 26 may be used to regulate the tempera 
ture of the reduced temperature air ?oW delivered to mani 
fold assembly 20 and/or regulate the volume of the reduced 
temperature air ?oW delivered to manifold assembly 20. 
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Thus, in operation, temperature control system 24 monitors 
and determines temperature conditions of areas adjacent to 
reWork Zone 28 so that controller 26 may regulate the 
reduced temperature air ?oW delivered to manifold assembly 
20 via air ?oW system 22 to prevent adjacent areas and 
components 12 of printed circuit board 14 from being 
exposed to elevated temperatures Which may otherWise 
detrimentally affect the adjacent components 12. 

[0013] FIG. 2 is a section vieW taken along the line 2-2 of 
FIG. 1 illustrating system 10. As illustrated in FIG. 2, 
noZZle 42 may be inserted Within opening 40 of manifold 
assembly 20 in close proximity to a particular component 12 
Within reWork Zone 28 to direct the high temperature gas 
?oW 30 into reWork Zone 28 to re-liquefy solder attachments 
for component 12 Within reWork Zone 28. In the embodiment 
illustrated in FIG. 2, manifold assembly 20 comprises a 
manifold 50 having an internal cavity 52 for receiving the 
reduced temperature air ?oW from air ?oW system 22. 
Manifold 50 also comprises a plurality of apertures 54 
disposed in a doWnWardly facing Wall 56 to direct the 
reduced temperature gas ?oW, indicated generally at 58, 
from Within cavity 52 toWards areas of printed circuit board 
14 and components 12 disposed adjacent to reWork Zone 28. 
Apertures 54 may be disposed in any variety of arrays or 
geometric patterns to provide equal or unequal distributions 
of reduced temperature gas ?oW 58 to areas of printed circuit 
board 14 adjacent reWork Zone 28. For example, manifold 
50 may be con?gured having a greater concentration of 
apertures 54 disposed near rework Zone 28 and a lesser 
concentration of apertures 54 disposed near areas farthest 
from reWork Zone 28 to provide greater temperature reduc 
tion in the areas of printed circuit board 14 immediately 
adjacent to reWork Zone 28. The siZes of apertures 54 may 
also be varied to provide increased volumes of gas ?oW 58 
to areas immediately adjacent to reWork Zone 28. HoWever, 
it should be understood that other patterns, arrangements, 
siZes, and/or arrays of apertures 54 may be used on manifold 
50. 

[0014] As illustrated in FIG. 2, manifold assembly 20 also 
comprises a plurality of supports 60 for supporting manifold 
50 proximate to reWork Zone 28. Preferably, supports 60 
comprise ?exible members to accommodate height varia 
tions relative to printed circuit board 14 caused by various 
siZes of components 12 or other structure so that a doWn 
Ward force may be applied to an upper surface 62 of 
manifold 50 to maintain a desired position of manifold 50 
relative to printed circuit board 14 and/or reWork Zone 28. 
For example, in the embodiment illustrated in FIG. 2, 
supports 60 comprise springs 64 to accommodate height 
variations in printed circuit board 14; hoWever, it should be 
understood that other types of ?exible supports 60 may be 
used. Additionally, it should be understood that other types 
of supports 60, both ?exible and rigid, may be used to 
support manifold 50 a desired distance relative to printed 
circuit board 14 and/or reWork Zone 28. 

[0015] In the embodiment illustrated in FIG. 2, tempera 
ture control system 24 comprises temperature sensors 70 for 
monitoring a temperature of areas of printed circuit board 14 
adjacent to reWork Zone 28. Temperature sensors 70 may 
comprise thermocouples or other types of devices for moni 
toring temperature conditions. As illustrated in FIG. 2, 
temperature sensor 70 are disposed at varying distances 
from reWork Zone 28 to enable a temperature pro?le to be 
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obtained for areas of printed circuit board 14 adjacent to 
reWork Zone 28. In FIG. 2, temperature sensors 70 extend 
doWnWardly from manifold 50 through springs 64 to a 
location proximate to printed circuit board 14; hoWever, it 
should be understood that the locations and/or positions of 
temperature sensors 70 may be otherWise located relative to 
manifold 50 and printed circuit board 14. 

[0016] Thus, in operation, high temperature gas ?oW 30 is 
directed doWnWardly to reWork Zone 28 to re-liquefy solder 
attaching a particular component 12 disposed Within reWork 
Zone 28. MeanWhile, reduced temperature gas ?oW 58 is 
delivered from air ?oW system 22 to manifold assembly 20 
Where manifold 50 distributes reduced temperature gas ?oW 
58 to areas adjacent to reWork Zone 28 to maintain the 
adjacent areas at a reduced temperature. Based on a tem 
perature and/or temperature pro?le of areas adjacent reWork 
Zone 28 as determined via temperature control system 24, 
controller 26 regulates the temperature and/or ?oW rate of 
the reduced temperature gas ?oW 58 delivered to manifold 
assembly 20 via air ?oW system 22. Thus, system 10 reduces 
the temperature of the areas of printed circuit board 14 
adjacent to reWork Zone 28 and provides a method of 
maintaining adjacent areas and components 12 of printed 
circuit board 14 preferably at a reduced temperature relative 
to reWork Zone 28, thereby protecting adjacent components 
12 from elevated temperatures Which may otherWise detri 
mentally affect the adjacent components 12. 

1-21. (canceled) 
22. A reWork system, comprising: 

a manifold assembly adapted to deliver a loW temperature 
gas ?oW to an area of a printed circuit board adjacent 
a reWork Zone, the manifold assembly adapted to 
cooperate With a noZZle for directing a high tempera 
ture gas ?oW toWard the reWork Zone. 

23. The system of claim 22, Wherein the manifold assem 
bly comprises an opening for receiving the noZZle. 

24. The system of claim 22, Wherein the manifold assem 
bly comprises a manifold having plurality of apertures for 
delivering the loW temperature gas ?oW. 

25. The system of claim 22, Wherein the manifold assem 
bly is adapted to deliver the loW temperature gas ?oW about 
a perimeter of the reWork Zone. 

26. The system of claim 22, Wherein the manifold assem 
bly comprises a plurality of supports adapted to support a 
manifold of the manifold assembly a desired distance from 
the printed circuit board. 

27. The system of claim 22, Wherein the manifold assem 
bly comprises a plurality of ?exible supports. 

28. The system of claim 22, Wherein the manifold assem 
bly comprises a plurality of supports adapted to accommo 
date height variations of the printed circuit board. 

29. The system of claim 22, Wherein the manifold assem 
bly comprises a plurality of supports adapted to support a 
manifold of the manifold assembly a desired distance from 
the printed circuit board in response to a force applied to the 
manifold toWard the printed circuit board. 

30. A reWork assembly, comprising: 

means for delivering a loW temperature gas ?oW to an area 
of a printed circuit board adjacent a reWork Zone; and 

means formed in the delivering means for cooperating 
With a means for directing a high temperature gas ?oW 
toWard the reWork Zone. 
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31. The system of claim 30, wherein the delivering means 
comprises means for delivering the loW temperature gas 
How about a perimeter of the rework Zone. 

32. The system of claim 30, Wherein the delivering means 
comprises means for supporting a manifold of the delivering 
means a desired distance from the printed circuit board. 

33. The system of claim 30, Wherein the delivering means 
comprises means for accommodating height variations of 
the printed circuit board. 

34. The system of claim 30, Wherein the delivering means 
comprises means for supporting a manifold of the delivering 
means a desired distance from the printed circuit board in 
response to a force applied to the manifold toWard the 
printed circuit board. 

35. A reWork system, comprising: 

a noZZle adapted to direct a high temperature gas flow 
toWard a reWork Zone of a printed circuit board; and 
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a manifold assembly disposed about a perimeter of the 
noZZle for delivering a loW temperature gas How about 
the perimeter of the reWork Zone. 

36. The system of claim 35, Wherein the manifold assem 
bly comprises a centrally disposed opening for receiving the 
noZZle. 

37. The system of claim 35, Wherein the manifold assem 
bly comprises a plurality of ?exible supports. 

38. The system of claim 35, Wherein the manifold assem 
bly is adapted to accommodate height variations of the 
printed circuit board. 

39. The system of claim 35, Wherein the manifold assem 
bly comprises a plurality of supports for supporting a 
manifold a desired distance from the printed circuit board. 

40. The system of claim 35, Wherein the manifold assem 
bly comprises a plurality of supports for supporting a 
manifold a desired distance from the printed circuit board in 
response to a force applied to the manifold toWard the 
printed circuit board. 

* * * * * 


