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A solder re?oW oven comprises a re?oW Zone for heating a 
workpiece using heated air to a temperature effective to 
re?oW solder. The re?oW Zone comprises a noZZle having 
divergent vanes that direct shear layers into neighboring 
Zones to extend the distance over Which the workpiece is 
heated to effective solder re?oW temperatures. 
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SOLDER REFLOW OVEN 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates to a solder re?oW oven that 
uses heated air to heat a workpiece to a temperature effective 
to re?oW solder. More particularly, this invention relates to 
such solder re?oW oven Wherein the heated air is directed 
through a divergent noZZle to eXtend the distance or time that 
the Workpiece is heated to solder re?oW temperatures. 

BACKGROUND OF THE INVENTION 

[0002] A typical microelectronic assembly comprises 
electronic components attached to a printed circuit board by 
solder bonds. Solder bonds are commonly formed using a 
solder paste comprising solder particles dispersed in a 
vaporiZable vehicle. The solder paste is applied to bond pads 
on the printed circuit board, and the electronic component 
arranged in contact With the solder paste. The arrangement 
is then heated to vaporiZe the vehicle and to melt and 
coalesce the solder particles, Which is referred to as re?oW. 
Upon cooling, the solder solidi?es to bond the electronic 
component to the printed circuit board. 

[0003] Solder re?oW is carried out by conveying the 
Workpiece, Which comprises the arrangement of the elec 
tronic component and the printed circuit board With the 
solder paste, through an oven. An eXample of an oven is 
described in US. patent application Ser. No. 10/007,485, 
?led Dec. 3, 2001, and assigned to the assignee of the 
present invention. Within the oven, the Workpiece is initially 
preheated to a temperature just beloW the solder melting 
temperature. The Workpiece is then heated using hot air to a 
temperature effective to re?oW the solder. Reheated air is 
distributed through the re?oW Zone by an air distribution 
system that includes an elongated noZZle for directing the air 
into the Workpiece. In accordance With the aforementioned 
patent application, a noZZle includes vanes for directing the 
heated air laterally relative to the direction of travel of the 
Workpiece to provide more uniform heating. 

[0004] In a conventional noZZle, the air outlet is de?ned by 
plates that are perpendicular to the Workpiece. Referring to 
FIG. 1, an eXample is shoWn of a conventional noZZle 20 for 
directing heated air into a Workpiece 10 comprising an 
electronic component 12 and a printed circuit board 14. 
Workpiece 10 is transported through the re?oW Zone on a 
conveyer 16 in the direction of arroW 18. The opening from 
the noZZle is de?ned by vanes 21 that are perpendicular to 
direction 18. Air emerging from the noZZle adjacent vanes 
21 forms shear layers 22 that are characteriZed by turbulence 
that cause miXing of the heated air With surrounding, rela 
tively cooler air. This miXing reduces the temperature Within 
the shear layers beloW the effective re?oW temperature. As 
a result, the Workpiece is heated above the solder re?oW 
temperature only over a relatively short distance betWeen the 
shear layers. In order to heat Workpiece 10 for time suf?cient 
to accomplish the desired re?oW, it is necessary to reduce the 
speed of the conveyor. While it is possible to increase the 
temperature of the heated air to increase the temperature 
Within the shear Zones, this may result in overheating of the 
Workpiece Within the region betWeen the shear layers and is 
not desired. Moreover, the air delivery system is con?ned by 
spacial constraints Within the oven so that the Width of 
opening cannot be readily increased to lengthen the re?oW 
Zone. 
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[0005] Therefore, a need eXists for a solder re?oW oven 
having a re?oW Zone that uses heated air to heat a Workpiece 
to a temperature effective to re?oW solder, Which is capable 
of increasing the distance over Which the Workpiece is 
heated to solder re?oW temperature Without interfering With 
upstream and doWnstream regions of the oven. 

BRIEF SUMMARY OF THE INVENTION 

[0006] In accordance With this invention, a solder re?oW 
oven comprises a heating Zone for heating a Workpiece that 
includes a solder to a temperature effective to re?oW the 
solder. The oven includes a conveyor for transporting the 
Workpiece in a direction sequentially through a pre-re?oW 
Zone, the heating Zone and a post-re?oW Zone. A plenum 
supplies heated air to the heating Zone and includes sides 
that de?ne a plenum opening having a ?rst dimension in the 
direction of travel. A noZZle is interposed betWeen the 
plenum opening and the conveyor and receives heated air 
from the plenum and directs said heated air toWard the 
conveyor. The noZZle includes a front Wall and a rear Wall in 
divergent relationship and de?ning a noZZle opening adja 
cent the conveyor that has a dimension less than or equal to 
the dimension of the plenum opening. In this manner, the 
noZZle is con?ned Within the heating Zone and directs shear 
layers associated With heated air exiting the noZZle opening 
toWard the pre-?oW and post-re?oW Zones, respectively, 
thereby increasing the distance over Which the Workpiece is 
heated to solder re?oW temperatures. This is accomplished 
Without the necessity for increasing the temperature of the 
heated air and While con?ning the plenum and noZZle to the 
re?oW Zone so as not to interfere With equipment or opera 
tion in neighboring Zones. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] This invention Will be further described With ref 
erence to the folloWing draWings Wherein: 

[0008] FIG. 1 is a schematic vieW shoWing a solder re?oW 
Zone of a solder re?oW oven in accordance With the prior art; 

[0009] FIG. 2 is a schematic vieW of a solder re?oW oven 
in accordance With the present invention; 

[0010] FIG. 3 is a cross-sectional vieW of the oven in FIG. 
2, taken along lines 3-3 in the direction of the arroWs; and 

[0011] FIG. 4 is a schematic vieW shoWing details of the 
heating Zone Within the solder re?oW oven in FIG. 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] In accordance With the preferred embodiment of 
this invention, referring to FIGS. 2 through 4, a solder 
re?oW oven 30 is provided for heating a Workpiece 32 to 
form a microelectronic assembly. Workpiece 32 includes a 
printed circuit board 34 and one or more electronic compo 
nents 38. Printed circuit board 34 includes a plurality of 
bond pads 36 to Which a solder paste 40 is applied. Solder 
paste 40 comprises particles of a solder alloy dispersed 
Within a vaporiZable vehicle. The paste may include a 
suitable ?uX to enhance Wetting of the bond pads and 
component by the liquid solder. In preparation for assembly, 
paste 40 is applied to the bond pads, and electronic com 
ponents 38 are positioned onto the printed circuit board in 
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contact With the solder paste. Workpiece 32 is then loaded 
onto a pallet 42 to facilitate handling and transporting of the 
Workpiece through the oven. 

[0013] Oven 30 comprises a conveyor 44 for transporting 
Workpiece 32 through the oven in the direction of arroW 46. 
Oven 30 comprises a re?oW Zone 50 that includes a heated 
air delivery system 52 for heating Workpiece 32 to a tem 
perature effective to re?oW solder. Oven 30 also comprises 
pre-re?oW Zone 54 Which includes heaters 55 for preheating 
Workpiece 32 to a temperature less than solder re?oW 
temperatures. Zone 54 may include multiple heating regions 
equipped With partitions and fans for heating the Workpiece 
in accordance With a desired time and temperature regimen. 
Oven 30 also includes a post-re?oW Zone 56 to Which the 
Workpiece is transported folloWing re?oW Zone 50. In region 
56, Workpiece 32 undergoes a controlled cool doWn to 
solidify the solder and form the desired bonds. 

[0014] Referring more particularly to FIG. 3, there is 
depicted a cross-sectional vieW of air delivery system 52. 
System 52 includes an air distribution pipe 60 supported 
Within a plenum 62 by brackets 64. Plenum 64 includes front 
and rear sides 63. Pipe 60 includes an inlet 66 for receiving 
air from a heater (not shoWn) and outlets 61 oriented to face 
aWay from conveyor 44. Heated air ?oWs from outlets 61 
through plenum 62 about pipe 60 as indicated by vanes 65, 
and exits through an opening adjacent Workpiece 32 and 
conveyor 44. A perforated plate 76 at the opening betWeen 
sides 63 provides diffuse air ?oW from the plenum. 

[0015] In accordance With this invention, a noZZle 80 is 
provided for directing heated air from plenum 62 toWard 
Workpiece 32 in an optimum ?oW pattern. NoZZle 80 
includes a plurality of vanes 72, as shoWn in FIG. 3, for 
directing air ?oW transverse to direction 18, the direction of 
travel of Workpiece 32, as indicated by arroWs 74 in FIG. 3. 
FloW is assisted by a pair of de?ectors 77 located at the ends 
of noZZle 80. It is found that the transverse air ?oW laterally 
across Workpiece 32 provides more uniform heating of the 
Workpiece Within the re?oW Zone. In addition, noZZle 80 
includes a constricted section 82 that is constricted in the 
direction 46, and divergent vanes 84 that de?ne an exit 
opening 86 proximate to the Workpiece. Auxiliary vanes 85 
assist in providing the desired divergent air How and inter 
sect vanes 74 in a criss-cross pattern. Referring to FIG. 4, 
dimension d1 indicates the dimension of the opening in 
plenum 62 betWeen side Walls 63 parallel to direction 46, the 
direction of travel of Workpiece 32. Constriction 82 has a 
Width, d2, in direction 46 less than opening dimension d1. 
The opening 86 in divergent plates 84 has a dimension d3 in 
direction 46 that is greater than the Width d2 of constriction 
82. Moreover, in a preferred embodiment, dimension d3 of 
opening 86 is not greater than dimension d1 of plenum 62, 
so that the noZZle is contained in re?oW Zone 50 and does not 
extend into adjacent Zones 54 and 56. 

[0016] During operation, a Workpiece 30 is loaded onto 
conveyor 44 and transported sequentially through pre-re?oW 
Zone 54, re?oW Zone 50, and post-re?oW Zone 56. By Way 
of an example, Workpiece 32 may suitably comprise solder 
paste 40 containing a tin-lead solder alloy having a melting 
temperature of about. Within pre-re?oW Zone 54, Workpiece 
32 is heated to a temperature effective to vaporiZe the 
vehicle in the paste and actuate the ?ux. The Workpiece then 
passes through re?oW Zone 50, Whereupon Workpiece 32 is 
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heated by air delivered by air delivery system 52. Air is 
heated by an external heating device (not shoWn) and 
directed into pipe 60 through inlet 66, Whereupon the air 
?oWs through openings 61 into plenum 62. The heated air 
?oWs from plenum 62 through perforated plate 76 and into 
noZZle 80. The heated air then ?oWs through constricted 
section 82 and divergent vanes 84 and is expelled though 
opening 86 in the direction of Workpiece 32. The How of air 
past divergent vanes 84 creates shear Zones 90 Wherein 
turbulence cause the heated air to mix With surrounding, 
relatively cooler air in neighboring Zones 54 and 56. As a 
result, the temperature Within shear layers 90 is reduced to 
less than the effective solder re?oW temperature. HoWever, 
divergent vanes 84 direct shear Zones 90 toWard the 
upstream region 54 and doWnstream region 56 and thereby 
extends the distance d4 therebetWeen Whereat the tempera 
ture is effective to re?oW the solder. Preferably, the effective 
solder re?oW distance d4 at conveyor 44 is greater than the 
plenum Width d1 or the noZZle opening d3. 

[0017] Therefore, this invention provides a solder re?oW 
oven that includes a re?oW Zone having an extended dis 
tance over Which the Workpiece is heated to solder re?oW 
temperatures. This is attributed to the use of a noZZle having 
divergent vanes. The divergent vanes direct the shear layers 
into neighboring Zones of the re?oW oven, thereby maxi 
miZing the distance Within the re?oW Zone at Which the 
Workpiece is at effective re?oW temperatures. Preferably, 
this is accomplished Without extending the noZZle or the 
divergent vanes into the neighboring Zones, so as not to 
interfere With equipment or processes carried therein. 

[0018] While this invention has been described in terms of 
certain embodiments thereof, it is not intended to be so 
limited, but rather only to the extent set forth in the claims 
that folloW. 

1. A solder re?oW oven comprising a re?oW Zone for 
heating a Workpiece that includes a solder to a temperature 
effective to re?oW said solder, and a pre-re?oW Zone and a 
post-re?oW Zone about said re?oW Zone, said solder re?oW 
oven further comprising: 

a conveyor for transporting the Workpiece in a travel 
direction sequentially through the pre-re?oW Zone, the 
re?oW Zone and the post-re?oW Zone; 

a plenum for supplying heated air to the re?oW Zone, said 
plenum comprising a front side and a rear side in 
spaced relationship transverse to the travel direction 
and de?ning a plenum opening therebetWeen, said 
plenum opening having a ?rst dimension in said travel 
direction; and 

a noZZle for receiving heated air from said plenum and 
directing said heated air toWard said conveyor, said 
noZZle comprising front and rear vanes in divergent 
relationship and de?ning a noZZle opening adjacent the 
conveyor having a second dimension in said travel 
direction less than or equal to the ?rst dimension. 

2. A solder re?oW oven in accordance With claim 1 
Wherein the noZZle comprises a constriction intermediate the 
plenum opening and the noZZle opening and having a third 
dimension in said travel direction less than said ?rst dimen 
sion. 
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3. A solder re?oW oven in accordance With claim 1, 
Wherein said front vane of said noZZle is effective to create 
a shear layer in a direction toWard said pre-re?oW Zone. 

4. A solder re?oW oven in accordance with claim 1, 
Wherein said rear vane of said noZZle is effective to create a 
shear layer in a direction to direct air toWard said post-re?oW 
Zone. 

5. A solder re?oW oven in accordance with claim 1, 
Wherein said Workpiece comprises a printed circuit board 
having bond pads, a solder paste applied to said bond pads, 
and an electronic component arranged in said printed circuit 
board in contact With said solder paste. 

6. A solder re?oW oven in accordance with claim 1, 
Wherein said solder includes a ?ux, and the second tempera 
ture is effective to activate the ?ux. 

7. A solder re?oW oven in accordance with claim 1, 
Wherein the noZZle further comprises vanes extending in 
said travel direction and shaped for directing air ?oW 
transverse to said travel direction. 

8. A solder re?oW oven in accordance with claim 1, 
further comprising auxiliary vanes interposed betWeen the 
front and rear vanes. 

9. A solder re?oW oven comprising a re?oW Zone for 
heating a Workpiece that includes a solder to a temperature 
effective to re?oW said solder, and an a pre-re?oW Zone and 
a post-re?oW Zone about said re?oW Zone, said solder re?oW 
oven further comprising: 

a conveyor for transporting the Workpiece in a travel 
direction sequentially through the pre-re?oW Zone, the 
re?oW Zone and the post-re?oW Zone; 

a plenum for supplying heated air to the re?oW Zone, said 
plenurn comprising a front side and a rear side in 
spaced relationship transverse to the travel direction 
and de?ning a plenum opening therebetWeen, said 
plenurn opening having a ?rst dimension in said travel 
direction; 

a noZZle for receiving heated air from said plenurn and 
directing said heated air toWard said conveyor, said 
noZZle cornprising front and rear vanes in divergent 
relationship and de?ning a noZZle opening adjacent the 
conveyor having a second dimension in said travel 
direction less than or equal to the ?rst dimension; and 

Oct. 14, 2004 

at least one heater con?gured to supply heated air to the 
pre-re?oW Zone, said heater not connected to the ple 
nurn for supplying heated air to the re?oW Zone. 

10. A solder re?oW oven in accordance with claim 9, 
Wherein the solder includes a vaporiZable vehicle, and the 
pre-re?oW Zone includes a second ternperature effective to 
vaporiZe the vehicle of the solder. 

11. A solder re?oW oven in accordance with claim 10, 
Wherein the solder includes a ?ux, and the second tempera 
ture is effective to activate the ?ux. 

12. A solder re?oW oven comprising a re?oW Zone for 
heating a Workpiece that includes a solder to a temperature 
effective to re?oW said solder, and an a pre-re?oW Zone and 
a post-re?oW Zone about said re?oW Zone, said solder re?oW 
oven further comprising: 

a conveyor for transporting the Workpiece in a travel 
direction sequentially through the pre-re?oW Zone, the 
re?oW Zone and the post-re?oW Zone; 

a plenum for supplying heated air to the re?oW Zone, said 
plenurn comprising a front side and a rear side in 
spaced relationship transverse to the travel direction 
and de?ning a plenum opening therebetWeen, said 
plenurn opening having a ?rst dimension in said travel 
direction; and 

a noZZle for receiving heated air from said plenurn and 
directing said heated air toWard said conveyor, said 
noZZle including front and rear vanes in divergent 
relationship and de?ning a noZZle opening adjacent the 
conveyor having a second dimension in said travel 
direction less than or equal to the ?rst dimension, and 
said noZZle including at least one vane extending in 
said travel direction and shaped for directing air ?oW 
transverse to said travel direction. 

13. A solder re?oW oven in accordance with claim 12, 
further comprising auxiliary vanes interposed betWeen the 
front and rear vanes. 

14. A solder re?oW oven in accordance with claim 13, 
Wherein the auxiliary vanes extend perpendicular to the 
travel direction. 


