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HIGH-ACCURACY PLACEMENT METHOD 
UTILIZING DOUBLE PICK AND PLACE 

TECHNICAL FIELD 

The present invention relates generally to a method for 
high accuracy placement of a ?rst workpiece onto a second 
Workpiece for attachment of the tWo workpieces, and more 
particularly to a high accuracy placement method Which 
utiliZes double pick and place of the ?rst Workpiece to 
enhance the ?nal placement accuracy of the ?rst Workpiece 
onto the second Workpiece. 

BACKGROUND OF THE INVENTION 

Many applications in the electronics industry require 
attachment of electronic components to one another. Die 
attach is an attachment method Which has particular utility 
to the microelectronics industry. The basic principles of 
soldering apply to die attach, but die attach is speci?c to 
attachment of a die to a circuit body. The die is typically a 
tiny semiconductor device such as a diode or transistor and 
the circuit body is typically a larger structure such as a 
substrate or a package on Which the die is mounted. Attach 
ment of the die to the circuit body is preceded by a pick and 
place operation, Wherein the die is picked from a remote 
location by a tool and placed on the circuit body at the 
location Where attachment is desired. Thereafter, the die and 
circuit body are heated to the melting point of an interposed 
solder, more speci?cally termed the die attach material, to 
form an electrically and thermally conductive die attach 
connection betWeen the die and the circuit body. 

It is generally desirable to automate die attach, including 
the pick and place operation, to achieve the high output rates 
required for most industrial applications. For eXample, the 
optical communications industry requires large volumes of 
laser diodes attached to packages or substrates by die attach. 
Nevertheless, such applications also have very narroW 
placement tolerances With respect to placement of the die on 
the package or substrate for satisfactory performance of the 
resulting product, e.g., on the order of 1 to 5 microns. 
Conventional machines are not able to perform pick and 
place operations in a suf?ciently accurate manner to achieve 
the required placement tolerances of most optical commu 
nications applications. As such, the present invention both 
recogniZes and solves the need for an automated placement 
method, Which is suf?ciently accurate for the most demand 
ing microelectronic applications. 

Accordingly, it is an object of the present invention to 
provide an automated placement method Which is both time 
ef?cient and highly accurate. More particularly, it is an 
object of the present invention to provide an automated 
placement method Which processes a Workpiece pair by 
placing the ?rst Workpiece onto the second Workpiece With 
a high degree of accuracy and precision and thereafter 
attaching the ?rst Workpiece to the second Workpiece. These 
objects and others are accomplished in accordance With the 
invention described hereafter. 

SUMMARY OF THE INVENTION 

The present invention is a method for placement of a ?rst 
Workpiece onto a second Workpiece. The ?rst Workpiece is 
initially positioned at an origination location and the second 
Workpiece has an attach location different from the origina 
tion location. A ?rst place step is performed to displace the 
?rst Workpiece from the origination location to an interme 
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2 
diate location different from the origination and attach 
locations. A second place step is performed to displace the 
?rst Workpiece from the intermediate location to the attach 
location and the ?rst Workpiece is attached to the second 
Workpiece at the attach location. 

In accordance With a more speci?c embodiment, the 
present invention is a method for placement of a ?rst 
Workpiece, Which is preferably a die, onto a second 
Workpiece, Which is preferably a circuit body. The ?rst 
Workpiece is initially positioned at an origination location 
Which is different from a target intermediate location. The 
second Workpiece is positioned at a Work location and has a 
target attach location Which is different from the target 
intermediate location and the origination location. A ?rst 
place step is performed to displace the ?rst Workpiece from 
the origination location to an actual intermediate location. 
Displacement of the ?rst Workpiece from the origination 
location to the actual intermediate location is preferably 
performed With reference to a ?rst place path determined by 
referencing the target intermediate location. A ?rst pick step 
is preferably performed in advance of the ?rst place step by 
engaging the ?rst Workpiece With a pickup tool at the 
origination location. Displacement of the ?rst Workpiece in 
the ?rst place step is effected by displacing the pickup tool 
While engaging the ?rst Workpiece. The pickup tool is then 
preferably disengaged from the ?rst Workpiece at the actual 
intermediate location. The actual intermediate location is 
different from the origination location and is identical to the 
target intermediate location or differs from the target inter 
mediate location by an intermediate error deviation. The 
intermediate error deviation is preferably betWeen about 0 
and 5 degrees With respect to a rotational reference axis or 
betWeen about 0 and 15 microns With respect to linear 
reference aXes. 

A second place step is performed to displace the ?rst 
Workpiece from the actual intermediate location to an actual 
attach location on the second Workpiece. Displacement of 
the ?rst Workpiece from the actual intermediate location to 
the actual attach location is preferably performed With 
reference to a second place path determined by referencing 
the target attach location. A second pick step is preferably 
performed in advance of the second place step by reengag 
ing the ?rst Workpiece With the pickup tool at the actual 
intermediate location and displacing the ?rst Workpiece in 
the second place step by displacement of the pickup tool 
While engaging the ?rst Workpiece. The actual attach loca 
tion is different from the origination location and the target 
intermediate location and is identical to the target attach 
location or differs from the target attach location by an attach 
error deviation. The attach error deviation is preferably 
betWeen about 0 and 2 degrees With respect to a rotational 
reference aXis or betWeen about 0 and 10 microns With 
respect to linear reference aXes and the attach error deviation 
is more preferably less than the intermediate error deviation. 
The ?rst Workpiece is then attached to the actual attach 

location. In accordance With one alternative, the ?rst Work 
piece is thermally attached to the actual attach location by 
heating the ?rst or second Workpiece or both ?rst and second 
Workpieces to a thermal attachment temperature sufficient to 
effect thermal attachment of the ?rst Workpiece to the actual 
attach location. The ?rst Workpiece may be preheated before 
the second place step to a background temperature less than 
the thermal attachment temperature. Soldering is a preferred 
thermal attachment means. 

The method of the present invention is preferably per 
formed repetitively in successive cycles on succeeding ?rst 
and second Workpiece pairs. As such, the ?rst cycle has been 
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described above, Wherein the ?rst workpiece is a ?rst pair 
?rst workpiece of the ?rst Workpiece pair and the second 
Workpiece is a ?rst pair second Workpiece of the ?rst 
Workpiece pair. The origination location is a ?rst pair 
origination location and the target attach location is a ?rst 
pair target attach location. A second cycle is initiated by 
displacing the ?rst pair second Workpiece from the Work 
location. The second Workpiece pair consists of a second 
pair ?rst Workpiece and a second pair second Workpiece. 
The second pair ?rst Workpiece is positioned at a second pair 
origination location different from the target intermediate 
location and the ?rst pair origination location. The ?rst and 
second pair origination locations are preferably on a carrier. 
The second pair second Workpiece has a second pair target 
attach location and is positioned at the Work location such 
that the second pair target attach location corresponds iden 
tically to the ?rst pair target attach location When the ?rst 
pair second Workpiece Was positioned at the Work location. 
Asecond pair ?rst place step is performed to displace the 

second pair ?rst Workpiece from the second pair origination 
location to a second pair actual intermediate location. The 
second pair actual intermediate location is different from the 
second pair origination location and is identical to the target 
intermediate location or differs from the target intermediate 
location by a second pair intermediate error deviation. A 
second pair second place step is performed to displace the 
second pair ?rst Workpiece from the second pair actual 
intermediate location to a second pair actual attach location 
on the second pair second Workpiece. The second pair actual 
attach location is different from the second pair origination 
location and the target intermediate location and is identical 
to the second pair target attach location or differs from the 
second pair target attach location by a second pair attach 
error deviation. The second pair ?rst Workpiece is attached 
to the second pair actual attach location folloWing the 
second pair second place step. 

Another method of performing the present invention 
repetitively in successive cycles on succeeding ?rst and 
second Workpiece pairs is provided in the alternative. The 
?rst cycle remains as described above. HoWever, the second 
cycle differs from the second cycle described above insofar 
as the second Workpiece of the ?rst Workpiece pair is also 
the second Workpiece of the second Workpiece pair. The 
second Workpiece pair further consists of a second pair ?rst 
Workpiece, Which is distinct from the ?rst pair ?rst Work 
piece. The second pair ?rst Workpiece is positioned at a 
second pair origination location different from the target 
intermediate location and the ?rst pair origination location. 
The second Workpiece has a second pair target attach 
location different from the ?rst pair target attach location. A 
second pair ?rst place step is performed to displace the 
second pair ?rst Workpiece from the second pair origination 
location to a second pair actual intermediate location. The 
second pair actual intermediate location is different from the 
second pair origination location and is identical to the target 
intermediate location or differs from the target intermediate 
location by a second pair intermediate error deviation. 
A second pair second place step is performed to displace 

the second pair ?rst Workpiece from the second pair actual 
intermediate location to a second pair actual attach location 
on the second Workpiece. The second pair actual attach 
location is different from the second pair origination 
location, the target intermediate location, and the ?rst pair 
target and actual attach locations and is identical to the 
second pair target attach location or differs from the second 
pair target attach location by a second pair attach error 
deviation. The second pair ?rst Workpiece is attached to the 
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4 
second pair actual attach location folloWing the second pair 
second place step. 

Another method of performing a single cycle of the 
present invention is further provided in the alternative. The 
present embodiment of the ?rst cycle differs from the 
embodiment of the ?rst cycle described above only insofar 
as the target intermediate location is identical to the target 
attach location of the second Workpiece. Yet another alter 
native for performing the present invention repetitively in 
successive cycles on succeeding ?rst and second Workpiece 
pairs is provided Wherein the second pair second Workpiece 
is distinct from the second pair second Workpiece. This 
alternative differs from those recited above only insofar as 
the target intermediate location is identical to both the ?rst 
pair and second pair target attach locations of the ?rst pair 
and second pair second Workpieces, respectively. Still 
another alternative for performing the present invention 
repetitively in successive cycles on succeeding ?rst and 
second Workpiece pairs is provided Wherein the second 
Workpiece of the ?rst and second Workpiece pairs are the 
same Workpiece. This alternative differs from those recited 
above insofar as the target intermediate location is a ?rst pair 
target intermediate location, Which is identical to the ?rst 
pair target attach location of the second Workpiece. The 
second Workpiece also has a second pair target attach 
location Which is identical to a second pair target interme 
diate location. 
The present invention Will be further understood from the 

draWings and the folloWing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptualiZed vieW of a ?rst cycle of the 
placement method of the present invention, Wherein a ?rst 
Workpiece pair undergoes double pick and place. 

FIG. 2 is a conceptualiZed vieW of a second cycle of the 
placement method, Wherein a second Workpiece pair under 
goes double pick and place. 

FIG. 3 is a conceptualiZed vieW of a ?rst cycle of an 
alternate embodiment of the placement method of the 
present invention, Wherein a Workpiece ?rst pair undergoes 
double pick and place. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to the FIG. 1, a carrier 10 is shoWn at a support 
location 11. The carrier 10 has a plurality of parts termed 
Workpieces 12, 14, 16, Which are positioned on the carrier 
10. Each Workpiece 12, 14, 16 originates from a distinct and 
different location on the carrier 10, Which is termed an 
origination location 18, 20, 22, respectively. The support 
location 11 and each origination location 18, 20, 22 are 
speci?ed by a unique set of reference coordinates, Which 
reference linear aXes X and y and a rotational aXis 6. The X 
and y aXes are oriented perpendicular to one another and the 
rotational aXis 6 is rotationally oriented about the origin of 
the X and y aXes. The X, y and 6 aXes are all coplanar, 
residing Within a horiZontal plane. It is understood that the 
particular origination locations 18, 20, 22 shoWn in FIG. 1 
have been arbitrarily selected for purposes of illustration. 
Any number of origination locations are possible Within the 
scope of the present invention. In practice, the actual origi 
nation location of the Workpiece is usually the result of the 
speci?c carrier con?guration and/or the Workpiece 12, 14, 
16 con?gurations. 
Another part, termed a Workpiece 24, is positioned at a 

Work location 26, Which is apart from the origination loca 
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tions 18, 20, 22 of the workpieces 12, 14, 16. The Work 
location 26 may likewise be speci?ed by a unique set of 
reference coordinates on the X, y, and 6 axes. The Work 
pieces 12, 14, 16 are more speci?cally termed displaceable 
Workpieces insofar as the location of the Workpiece 12 
changes from its origination location 18 during practice of a 
?rst cycle of the present placement method described here 
after. The location of the Workpiece 14 similarly changes 
from its origination location 20 during practice of a second 
cycle of the present placement method and the location of 
the Workpiece 16 changes from its origination location 22 
during practice of a third cycle. In contrast, the Workpiece 24 
is more speci?cally termed a stationary Workpiece insofar as 
the location of the Workpiece 24 preferably, although not 
necessarily, remains essentially ?xed at the Work location 26 
for at least the duration of the ?rst cycle. The stationary 
Workpiece 24 and the carrier 10, Which initially includes the 
displaceable Workpieces 12, 14, 16, are commonly sup 
ported by a Work surface (not shoWn), such as a table top, 
Which is preferably planar and horiZontally oriented. 

The displaceable Workpieces 12, 14, 16 are each prefer 
ably more particularly characteriZed as a die. A die is 
typically a tiny semiconductor device, for example, a diode 
(such as a laser diode), a capacitor, or a transistor. The 
stationary Workpiece 24 is more particularly preferably 
characteriZed as a circuit body. A circuit body is broadly 
de?ned herein as any structure to Which a die is conven 
tionally attached for purposes of assembling a circuit. As 
such, the circuit body is typically larger than the die and 
often has a planar structure. For example, the circuit body 
may be a substrate Which supports a printed circuit or 
integrated circuit package or the circuit body may be the 
printed circuit or integrated circuit package itself. As broadly 
de?ned herein, the carrier 10 is any conventional support 
structure for a displaceable Workpiece prior to assembly of 
the displaceable Workpiece into a ?nished product. Thus, for 
example, the carrier may be a structure for supporting a die 
prior to attachment of the die to a circuit body. The carrier 
may be a separate structure, on Which the die is mounted, or 
the carrier and the die supported thereby may be an inte 
grated unitary structure. In any case, the carrier 10 functions 
as a holder for a displaceable Workpiece, and more typically 
for a plurality of displaceable Workpieces, during transport, 
storage and/or handling of the displaceable Workpiece up to 
the time of displacing the displaceable Workpiece from the 
carrier. Exemplary carriers include Wafers, Waffle packs, gel 
packs, and the like. 
As recited above, it is an object of the placement method 

of the present invention to process a Workpiece pair by 
placing the ?rst Workpiece of the pair onto the second 
Workpiece of the pair With a high degree of accuracy and 
precision and thereafter to attach the ?rst Workpiece to the 
second Workpiece. Practice of the placement method may be 
summariZed as comprising a series of ?rst pick and place 
steps, a series of second pick and place steps. The placement 
method may further comprise an attachment method. In the 
?rst series of pick and place steps, the ?rst Workpiece is 
picked in a ?rst pick step from its origination location and 
placed in a ?rst place step at an intermediate location. In the 
second series of pick and place steps, the ?rst Workpiece is 
picked from the intermediate location in a second pick step 
and placed at an attach location on the second Workpiece in 
a second place step. The second Workpiece may then be 
attached to the ?rst Workpiece at the attach location in 
accordance With the attachment method. The placement 
method summariZed above encompasses alternate speci?c 
embodiments. In one embodiment, a target intermediate 
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6 
location is predetermined and ?xed at a location Which is 
different from the attach location. In an alternate 
embodiment, a target intermediate location is predetermined 
and ?xed at a location Which is essentially identical to the 
attach location. 
The ?rst embodiment of the placement method is 

described hereafter in greater detail With continuing refer 
ence to FIG. 1. A ?rst Workpiece of a ?rst Workpiece pair is 
selected Which is preferably the displaceable Workpiece 12 
and is more preferably a die. As noted above, the displace 
able Workpiece 12 is positioned at the origination location 
18 on the carrier 10. A second Workpiece of the ?rst 
Workpiece pair is selected Which is preferably the stationary 
Workpiece 24 and is more preferably a circuit body. As noted 
above, the stationary Workpiece 24 is positioned at the Work 
location 26, preferably apart from the carrier 10. A target 
attach location 28 is predetermined by the practitioner on the 
surface of the stationary Workpiece 24 and is speci?ed by a 
set of reference coordinates on the X, y, and 6 axes. The 
target attach location 28 is the precise areal site on the 
stationary Workpiece 24 Where it is desired to accurately 
place and subsequently attach the displaceable Workpiece 12 
to the stationary Workpiece 24. The target attach location 28 
may have an attachment medium such as an adhesive (e.g., 
an epoxy), a solder preform or a solder predeposit, Which is 
predisposed thereon for subsequent attachment of the dis 
placeable Workpiece 12 to the target attach location 28 in a 
manner described beloW. Atarget intermediate location 30 is 
also predetermined by the practitioner. The target interme 
diate location 30 is speci?ed by a set of reference coordi 
nates on the x, y, and 6 axes Which differ from the set of 
reference coordinates specifying the target attach location 28 
as Well as the sets of reference coordinates specifying the 
origination locations 18, 20, 22. 
Whereas the unique set of reference coordinates for each 

origination location 18, 20, 22 can vary considerably from 
the set of reference coordinates for the target attach location 
28 With respect to all three axes x, y, and 6, there is greater 
correspondence betWeen the set of reference coordinates for 
the target attach location 28 and the set of reference coor 
dinates for the target intermediate location 30. In particular, 
the 6 coordinates for the target intermediate location 30 and 
the target attach location 28 are preferably identical. The 
target intermediate location 30 and the target attach location 
28 preferably differ from one another only With respect to 
the x coordinates and the y coordinates, and more preferably 
only With respect to the x coordinates or the y coordinates. 
As such, the target intermediate location 30 and the target 
attach location 28 are preferably separated by a distance 
corresponding to the difference betWeen the x coordinates or 
the y coordinates or the differences betWeen both the x 
coordinates and the y coordinates. In any case, the target 
intermediate location 30 is often nearer the target attach 
location 28 than the origination locations 18, 20, 22 are to 
the target attach location 28. Thus, the distance betWeen the 
target intermediate location 30 and the target attach location 
28, termed the second place distance, is typically small 
relative to the distances betWeen each of the origination 
locations 18, 20, 22 and the target attach location 28, termed 
the ?rst place distances. In some cases, the target interme 
diate location 30 is desirably positioned directly on the 
stationary Workpiece 24 immediately adjacent to the target 
attach location 28 as shoWn in FIG. 1. HoWever, it is Within 
the scope of the present invention to alternatively position 
the target intermediate location apart from the stationary 
Workpiece. 

The set of reference coordinates specifying each origina 
tion location 18, 20, 22, Work location 26, target attach 
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location 28 and target intermediate location 30 may also 
reference a Z axis (not shown) in addition to the X, y and 6 
aXes. The Z aXis is a linear aXis Which is oriented perpen 
dicular to both the X and y aXes and resides Within a vertical 
plane. HoWever, speci?cation of the Z coordinate With 
respect to the origination, Work, attach, and intermediate 
locations 18, 20, 22, 26, 28, 30 is omitted from the present 
description in the interest of simplicity. Nevertheless, it is 
noted that the Z coordinate (i.e., the height) is often constant 
for all or many of the locations 18, 20, 22, 26, 28, 30. 

The present embodiment of the placement method pro 
ceeds by visually referencing the displaceable Workpiece 12 
at the origination location 18 using a conventional machine 
vision apparatus (not shoWn) to establish its precise refer 
ence coordinates at the origination location 18 With respect 
to the X, y and 6 aXes. The target intermediate location 30 
may also be visually referenced in substantially the same 
manner to con?rm the precise reference coordinates of the 
target intermediate location 30. HoWever, visual referencing 
of the target intermediate location 30 is optional insofar as 
the reference coordinates of the target intermediate location 
30 are already knoWn, having been predetermined by the 
practitioner. The reference coordinates of the origination 
location 18 and the target intermediate location 30 are used 
to determine a ?rst place path 32 for precision travel of the 
pickup tool, and correspondingly the displaceable Workpiece 
12, from the origination location 18 to the target interme 
diate location 30. 
A ?rst pick step is performed by engaging the displace 

able Workpiece 12 With a conventional pickup tool (not 
shoWn), such as a die collet, Which is directed to the 
displaceable Workpiece 12 using the reference coordinates 
of the origination location 18. The pickup tool is capable of 
motion in the X, y, Z and 6 aXes. The pickup tool is further 
capable of maintaining engagement With the displaceable 
Workpiece 12 during motion of the pickup tool such that the 
displaceable Workpiece 12 moves in correspondence With 
the pickup tool. Engagement of the pickup tool With the 
displaceable Workpiece 12 during motion of the pickup tool 
is maintained by conventional means such as vacuum suc 
tion or the like. 

A ?rst place step is performed by displacing the pickup 
tool and displaceable Workpiece 12 With reference to the ?rst 
place path 32. In particular, the Workpiece 12 is displaced 
from the origination location 18 to an actual intermediate 
location 34 and placed on the actual intermediate location 
34. The actual intermediate location 34 is desirably identical 
to the target intermediate location 30. HoWever, in practice, 
there is often a small degree of difference betWeen the target 
intermediate location 30 and the actual intermediate location 
34 due to an intermediate error deviation from the ?rst place 
path 32. The intermediate error deviation from the ?rst place 
path 32 may be eXpressed as the linear distance betWeen the 
center of the target intermediate location 30 and the center 
of the actual intermediate location 34 in the X-y plane With 
reference to the X and y aXes and is preferably betWeen about 
0 and 15 microns. The intermediate error deviation from the 
?rst place path 32 may also or alternatively be eXpressed as 
the difference betWeen the angular orientation of the target 
intermediate location 30 and the angular orientation of the 
actual intermediate location 34 in the X-y plane With refer 
ence to the 6 aXis and is preferably betWeen about 0 and 5 
degrees. The actual intermediate location 34 is represented 
in FIG. 1 by dashed lines, Which are offset from the target 
intermediate location 30 to depict the intermediate error 
deviation. It is understood that this is merely an eXemplary 
conceptual representation of the intermediate error deviation 
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8 
and that the intermediate error deviation may alternatively 
be negligible or noneXistent. Once the Workpiece 12 is 
placed at the actual intermediate location 34, the pickup tool 
disengages from the Workpiece 12 permitting the Workpiece 
12 to rest in a static condition at the actual intermediate 
location 34. Disengagement may be effected, for eXample, 
by releasing the vacuum suction from the Workpiece 12. It 
is noted that the target and actual intermediate locations 30, 
34 are preferably substantially free of any attachment media, 
such as adhesives or solder, Which could adversely impact 
the ?rst and second series of pick and place steps. 
The target attach location 28 is visually referenced to 

con?rm the precise reference coordinates of the target attach 
location 28 With respect to the X, y and 6 aXes. The 
displaceable Workpiece 12 is also visually referenced after 
the ?rst place step to determine its precise reference coor 
dinates at the actual intermediate location 34. Any difference 
betWeen the reference coordinates of the actual intermediate 
location 34 and the target intermediate location 30 is in 
direct correspondence With the magnitude of the intermedi 
ate error deviation. The reference coordinates of the target 
attach location 28 and of the displaceable Workpiece 12 at 
the actual intermediate location 34 are used to determine a 
second place path 36 for precision travel of the pickup tool, 
and correspondingly the displaceable Workpiece 12, from 
the actual intermediate location 34 to the target attach 
location 28. The second place path 36 corrects for the 
intermediate error deviation, if any, to negate the effect of 
the intermediate error deviation in a second place step 
described beloW. 
A second pick step is performed by reengaging the pickup 

tool With the Workpiece 12 at the actual intermediate loca 
tion 34 using the reference coordinates of the Workpiece 12 
at the actual intermediate location 34. The second place step 
is performed by displacing the pickup tool and Workpiece 12 
With reference to the second place path 36. In particular, the 
Workpiece 12 is displaced from the actual intermediate 
location 34 to an actual attach location and placed on the 
actual attach location. In practice, any attach error deviation 
from the second place path 36 is either noneXistent or Within 
the eXtremely narroW placement tolerances of attach 
methods, to Which the present placement method is appli 
cable. Thus, the actual attach location Where the Workpiece 
12 is placed at the conclusion of the second place step is 
designated by the same reference character 28 in FIG. 1 as 
the target attach location. The attach error deviation from the 
second place path 36 is eXpressed, similar to the interme 
diate error deviation, as the linear distance betWeen the 
center of an actual attach location and the target attach 
location 28 in the X-y plane With reference to the X and y 
aXes and is preferably about 0 to 10 microns, more prefer 
ably about 0 to 5 microns, and most preferably about 0 to 1 
micron. The attach error deviation from the second place 
path 36 is also or alternatively eXpressed as the difference 
betWeen the angular orientation of the actual attach location 
and the angular orientation of the target attach location 28 in 
the X-y plane With reference to the 6 aXis and is preferably 
about 0 to 2 degrees, more preferably about 0 to 1 degree, 
and most preferably about 0 to 0.5 degrees. In practice, the 
actual error deviation is typically substantially less than the 
intermediate error deviation. 

After the pickup tool places the Workpiece 12 at the actual 
attach location, the pickup tool preferably remains in 
engagement With the Workpiece 12 at least until substan 
tially permanent attachment of the Workpiece 12 to the 
Workpiece 24 at the actual attach location is initiated and 
may remain in engagement With the Workpiece 12 until 
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attachment is completed. Attachment of the workpiece 12 to 
the workpiece 24 at the actual attach location is effected by 
any attachment method within the purview of the skilled 
artisan. Attachment methods having speci?c utility to the 
present placement method may comprise one or more 
attachment steps and may be selected from non-thermal and 
thermal methods, including soldering (particularly die 
attach) or adhesion using a thermal or non-thermal adhesive. 
Thermal attachment is effected employing one or more 
heating techniques, such as laser pulse heating, resistance 
heating (using, for eXample, a hotbar), or induction heating 
(particularly RF or microwave heating). 

In accordance with a preferred thermal attachment 
method, a primary attachment step is provided, wherein 
primary heat is directly or indirectly applied to the interface 
of the workpieces 12, 24 at the actual attach location while 
the pickup tool retains the workpiece 12 in place at the actual 
attach location. The primary heat heats the interface to a 
thermal attachment temperature, which is sufficient to create 
a thermal bond between the workpiece 12 and the workpiece 
24 at the actual attach location. When a thermal attachment 
medium such as a solder or a thermal adhesive is employed, 
the thermal attachment temperature is greater than or equal 
to the activation temperature of the thermal attachment 
medium, e.g., at or above a solder melting point. Exemplary 
thermal attachment temperatures are typically in a range 
from about 150 to 450° C. 

The thermal attachment method may also include a pre 
liminary attachment step to preheat the workpiece 12 in 
advance of the primary attachment step, preferably after 
completion of the ?rst place step and before completion of 
the second place step (e.g., while the workpiece 12 is being 
displaced to the actual attach location), and more preferably 
after completion of the ?rst place step and before initiation 
of the second pick step (e.g., while the workpiece 12 is 
residing at the actual intermediate location 34 which is 
substantially free of a thermal attachment medium). The 
preliminary attachment step may be inherently (i.e., 
passively) performed by placement of the workpiece 12 at 
the actual intermediate location 34 which is at a background 
temperature greater than the temperature of the workpiece 
12. Heat transfer from the higher temperature actual inter 
mediate location 34 preheats the workpiece 12 to the back 
ground temperature while the workpiece 12 resides at the 
actual intermediate location 24. The background tempera 
ture is preferably insuf?cient to effect thermal attachment of 
the workpiece 12 to the workpiece 24. Thus, when a thermal 
attachment medium such as a solder or a thermal adhesive 

is employed, the background temperature is preferably less 
than the activation temperature of the attachment medium, 
e.g., below the solder melting point. The background tem 
perature is typically in a range from about 100 to 300° C. 
The second series of pick and place steps are preferably 
performed before the workpiece 12 undergoes any substan 
tial cooling from the background temperature. 

In sum, the thermal attachment method optionally begins 
with a preliminary attachment step, wherein the workpiece 
12 is preheated to the background temperature at a location 
apart from the actual attach location. The preheated work 
piece 12 is then placed on the actual attach location in the 
second place step and the interface of the two workpieces 
12, 24 is ramp heated in the primary attachment step to the 
thermal attachment temperature. The interface is maintained 
at the thermal attachment temperature for a sufficient attach 
time to effect attachment (i.e., thermal bonding) of the 
workpieces 12, 24. Finally the interface is cooled down from 
the thermal attachment temperature upon completion of the 
attach time. 
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It is further within the scope of the present invention to 

include a secondary attachment step in the present thermal 
attachment method when a thermal adhesive is employed. 
The secondary attachment step is performed sequentially 
after the primary attachment step and is designed to ther 
mally cure the thermal adhesive which forms the thermal 
bond between the two workpieces 12, 24 by applying 
secondary heat directly or indirectly to the thermal bond. 
The secondary attachment step is preferably performed 
off-line, i.e., after the thermal bond is cooled and/or the two 
workpieces 12, 24 have been removed from the work 
location 26. The secondary attachment step may have the 
same thermal pro?le as the primary attachment step and both 
the primary and secondary attachment steps are preferably 
performed relatively rapidly, i.e., in a matter of seconds. 
An alternate to the above-recited thermal attachment 

method is a UV adhesive attachment method which employs 
a conventional UV adhesive. A primary attachment step is 
performed by eXposing the UV adhesive to UV energy rather 
than to the above-recited thermal pro?le. The UV energy 
causes the adhesive to form a relatively weak bond between 
the two workpieces 12, 24 which is subsequently strength 
ened by thermal curing during a secondary attachment step. 
The secondary attachment step is preferably performed 
off-line in substantially the same manner as described above 
with respect to the thermal attachment method. 

Placement and attachment of the ?rst workpiece pair 12, 
24 constitutes the ?rst cycle of the present placement 
method. Upon completion of the ?rst cycle, the stationary 
workpiece 24, having the displaceable workpiece 12 
attached thereto, is removed from the work location 26. The 
second cycle of the present placement method may then be 
performed on a second workpiece pair 14, 38. With refer 
ence to FIG. 2, the carrier 10 is retained at the support 
location 11 and supports the displaceable workpiece 14 at 
the origination location 20. The displaceable workpiece 14 
may, although not necessarily, have an identical structure to 
the displaceable workpiece 12. For eXample, both displace 
able workpieces 12, 14 may be laser diodes supported on the 
common carrier 10. The workpiece 38 is a stationary work 
piece preferably having an identical structure to the station 
ary workpiece 24 and preferably having a target attach 
location 40 on its surface which has identical reference 
coordinates to the target attach location 28 of the stationary 
workpiece 24 shown in FIG. 1 when the workpiece 38 is 
positioned at the work location 26. 

The second cycle is performed in substantially the same 
manner as described above with respect to the ?rst cycle. A 
?rst place path 42 is determined with reference to the 
origination location 20 and a target intermediate location 44 
which has identical reference coordinates to the target inter 
mediate location 30 shown in FIG. 1. The ?rst pick step is 
performed by engaging the displaceable workpiece 14 with 
the pickup tool at the origination location 20. The ?rst place 
step is then performed by displacing the pickup tool and 
displaceable workpiece 14 with reference to the ?rst place 
path 42 from the origination location 20 to an actual inter 
mediate location 46 and placing the workpiece 14 on the 
actual intermediate location 46. The actual intermediate 
location 46 differs from the target intermediate location 44, 
if at all, within the same range of intermediate error devia 
tion recited above. The pickup tool disengages from the 
workpiece 14. 
Asecond place path 48 is determined with reference to the 

actual intermediate location 46 and the target attach location 
40, correcting for the intermediate error deviation, if any. 
The second pick step is performed by reengaging the pickup 
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tool With the workpiece 14 at the actual intermediate loca 
tion 46. The second place step is then performed by dis 
placing the pickup tool and workpiece 14, With reference to 
the second place path 36, from the actual intermediate 
location 46 to an actual attach location and placing the 
Workpiece 14 on the actual attach location, Which is shoWn 
in FIG. 2 as being identical to the target attach location and 
is designated by the same reference character 40. The range 
of attach error deviation is the same as recited above. The 
Workpiece 14 is then substantially permanently attached to 
the Workpiece 38 at the actual attach location in a manner 
described above With respect to the ?rst Workpiece pair 12, 
24. Any number of additional cycles may be performed 
repetitively and sequentially thereafter to process any num 
ber of additional pairs of displaceable and stationary Work 
pieces. 

Successive cycles of the placement method have been 
described above, Wherein both the displaceable and station 
ary Workpieces of a succeeding pair are each different from 
the displaceable and stationary Workpieces of a preceding 
pair. As such, each displaceable Workpiece is placed on and 
attached to a stationary Workpiece of a succeeding pair, 
Which is different than the stationary Workpiece of the 
preceding pair. HoWever, it is apparent to the skilled artisan 
that successive cycles of the placement method can be 
performed repetitively and sequentially, Wherein the dis 
placeable Workpiece changes With each successive cycle, 
but the stationary Workpiece does not necessarily change 
With each successive cycle. As such, tWo or more different 
displaceable Workpieces can be sequentially placed on and 
attached to the same stationary Workpiece, but With refer 
ence to different target attach locations on the stationary 
Workpiece, to complete tWo or more successive cycles of the 
placement method. This embodiment is contemplated by 
and falls Within the scope of the present invention. 
An alternate embodiment of the present placement 

method is described hereafter With reference to FIG. 3, 
Wherein elements common to FIG. 1 are designated by the 
same reference characters. The method of the present 
embodiment is essentially the same as the method of the ?rst 
embodiment described above eXcept that the target interme 
diate location and the target attach location of the present 
embodiment are identical. In accordance With the present 
embodiment, the carrier 10 is positioned at the support 
location 11 and supports the displaceable Workpiece 12 at 
the origination location 18. The stationary Workpiece 24 
having the target attach location 28 is positioned at the Work 
location 26. A ?rst place path 50 is determined With refer 
ence to the origination location 18 and the target interme 
diate location Which, as noted above, is identical to the target 
attach location 28. The ?rst pick step is performed by 
engaging the displaceable Workpiece 12 With the pickup tool 
at the origination location 18. The ?rst place step is then 
performed by displacing the pickup tool and displaceable 
Workpiece 12 With reference to the ?rst place path 50 from 
the origination location 18 to an actual intermediate location 
52 and placed on the actual intermediate location 52. The 
actual intermediate location 52 differs from the target attach 
location 28, if at all, Within the same range of intermediate 
error deviation recited above. The pickup tool then disen 
gages from the Workpiece 12. 
Asecond place path 54 is determined With reference to the 

actual intermediate location 52 and target attach location 28, 
correcting for the intermediate error deviation, if any. The 
second pick step is performed by reengaging the pickup tool 
With the Workpiece 12 at the actual intermediate location 52. 
The second place step is then performed by displacing the 
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pickup tool and Workpiece 12, With reference to the second 
place path 54, from the actual intermediate location 52 to an 
actual attach location and placing the Workpiece 12 on the 
actual attach location, Which is shoWn in FIG. 3 as being 
identical to the target attach location 24. The range of attach 
error deviation is the same as recited above. The Workpiece 
12 is then substantially permanently attached to the Work 
piece 24 at the actual attach location in a manner described 
above to complete a ?rst cycle of the present placement 
method. Any number of additional cycles may be performed 
repetitively and sequentially thereafter to process any num 
ber of additional pairs of displaceable and stationary Work 
pieces in accordance With the present embodiment. 
As above, successive cycles of the above-recited embodi 

ment can alternatively be performed repetitively and 
sequentially, Wherein the displaceable Workpiece changes 
With each successive cycle, but the stationary Workpiece 
does not necessarily change With each successive cycle. As 
such, tWo or more different displaceable Workpieces can be 
sequentially placed on and attached to the same stationary 
Workpiece, but With reference to different target attach 
locations on the stationary Workpiece, to complete tWo or 
more successive cycles of the placement method. This 
embodiment is contemplated by and falls Within the scope of 
the present invention. 
The present placement method, in each of its 

embodiments, is desirably performed rapidly to achieve 
manufacturing economies. Although the completion time for 
the placement method is in part dependent on the required 
travel distances of the pickup tool, the completion time is 
typically less than 1 minute and oftentimes substantially less 
than 1 minute doWn to a feW seconds. A single pick and 
place placement method may be faster than the present 
double pick and place placement method due to feWer 
processing steps, but the enhanced accuracy of the present 
placement method compensates for the increased comple 
tion time. In any case, some of the time increase due to the 
added steps for double pick and place is recovered during the 
attachment method because preheating the displaceable 
Workpiece before thermal bonding creates time savings. 
Importantly, hoWever, preheating also minimiZes undesir 
able thermal eXpansion or contraction of the displaceable 
Workpiece Which can diminish placement accuracy. Preheat 
ing also reduces the thermal shock on the displaceable 
Workpiece and stationary Workpiece during the attachment 
method Which can damage the Workpieces and impair their 
ultimate function. 

The present method achieves superior accuracy and pre 
cision in placing a displaceable Workpiece on a stationary 
Workpiece Which is attributable to performance of the ?rst 
and second series of pick and place steps in sequence. 
Speci?cally, displacement of the displaceable Workpiece 
from an arbitrary origination location to a substantially ?Xed 
and knoWn intermediate location in the ?rst series of pick 
and place steps produces a high degree of predictability and 
repeatability in the second series of pick and place steps 
Which comprises displacement of the displaceable Work 
piece from the ?Xed intermediate location to a substantially 
?Xed and knoWn attach location on the stationary Workpiece. 
It is the predictability and repeatability in the second series 
of pick and place steps Which enhances the ?nal placement 
accuracy of the displaceable Workpiece, particularly When 
many cycles of the present placement method are performed 
in succession. Placement accuracy may also be enhanced if 
the second place distance of the second place step is small 
relative to the ?rst place distance of the ?rst place step 
because the probability of error deviation often increases 
With distance. 
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Process control for practicing the above-recited embodi 
ments of the present invention is preferably performed by 
one or more computers to achieve the required degree of 
accuracy and precision. A computer having process control 
softWare effectively controls pick and place operation of the 
pickup tool and corresponding motion of the Workpieces in 
response to instructions entered by the practitioner and data 
entered by the machine vision apparatus. 

While the forgoing preferred embodiments of the inven 
tion have been described and shoWn, it is understood that 
alternatives and modi?cations, such as those suggested and 
others, may be made thereto and fall Within the scope of the 
invention. 
We claim: 
1. A method for placement of a ?rst Workpiece onto a 

second Workpiece comprising the steps of: 
a) providing a ?rst Workpiece positioned at an origination 

location different from a target intermediate location; 
b) providing a second Workpiece positioned at a Work 

location and having a target attach location different 
from said target intermediate location and said origi 
nation location; 

c) performing a ?rst place step to displace said ?rst 
Workpiece from said origination location to an actual 
intermediate location, Wherein said actual intermediate 
location is different from said origination location and 
is identical to said target intermediate location or differs 
from said target intermediate location by an interme 
diate error deviation; and 

d) performing a second place step to displace said ?rst 
Workpiece from said actual intermediate location to an 
actual attach location on said second workpiece, 
Wherein said actual attach location is different from 
said origination location and said target intermediate 
location and is identical to said target attach location or 
differs from said target attach location by an attach 
error deviation. 

2. The method of claim 1 further comprising attaching 
said ?rst Workpiece to said actual attach location. 

3. The method of claim 1 Wherein said ?rst Workpiece is 
displaced from said actual intermediate location to said 
actual attach location With reference to a second place path 
determined by referencing said target attach location. 

4. The method of claim 1 Wherein said ?rst Workpiece is 
displaced from said origination location to said actual inter 
mediate location With reference to a ?rst place path deter 
mined by referencing said target intermediate location. 

5. The method of claim 1 further comprising performing 
a ?rst pick step, in advance of said ?rst place step Wherein 
a pickup tool engages said ?rst Workpiece at said origination 
location. 

6. The method of claim 5 Wherein said ?rst Workpiece is 
displaced in said ?rst place step by displacement of said 
pickup tool engaging said ?rst Workpiece. 

7. The method of claim 5 further comprising disengaging 
said pickup tool from said ?rst Workpiece at said actual 
intermediate location. 

8. The method of claim 1 further comprising performing 
a second pick step, in advance of said second place step 
Wherein a pickup tool engages said ?rst Workpiece at said 
actual intermediate location. 

9. The method of claim 8 Wherein said ?rst Workpiece is 
displaced in said second place step by displacement of said 
pickup tool engaging said ?rst Workpiece. 

10. The method of claim 5 Wherein said ?rst Workpiece is 
displaced in said second place step by displacement of said 
pickup tool engaging said ?rst Workpiece. 
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11. The method of claim 1 Wherein said attach error 

deviation is betWeen about 0 and 2 degrees With respect to 
a rotational reference aXis or betWeen about 0 and 10 
microns With respect to linear reference aXes. 

12. The method of claim 1 Wherein said intermediate error 
deviation is betWeen about 0 and 5 degrees With respect to 
a rotational reference aXis or betWeen about 0 and 15 
microns With respect to linear reference aXes. 

13. The method of claim 1 Wherein said intermediate error 
deviation is greater than said attach error deviation. 

14. The placement method of claim 2 Wherein said ?rst 
Workpiece is thermally attached to said actual attach location 
by heating said ?rst or second Workpiece or both ?rst and 
second Workpieces to a thermal attachment temperature 
suf?cient to effect thermal attachment of said ?rst Workpiece 
to said actual attach location. 

15. The placement method of claim 14 Wherein said ?rst 
Workpiece is preheated before said second place step to a 
background temperature less than said thermal attachment 
temperature. 

16. The placement method of claim 2 Wherein said ?rst 
Workpiece is attached to said actual attach site location by 
soldering. 

17. The placement method of claim 1 Wherein said ?rst 
Workpiece is a die. 

18. The placement method of claim 1 Wherein said second 
Workpiece is a circuit body. 

19. The method of claim 1 Wherein said ?rst Workpiece is 
a ?rst pair ?rst Workpiece of a ?rst Workpiece pair, said 
origination location is a ?rst pair origination location, said 
second Workpiece is a ?rst pair second Workpiece of said 
?rst workpiece pair, and said target attach location is a ?rst 
pair target attach location, said placement method further 
comprising: 

displacing said ?rst pair second Workpiece from said Work 
location; 

providing a second Workpiece pair consisting of a second 
pair ?rst Workpiece and a second pair second 
Workpiece, Wherein said second pair ?rst Workpiece is 
positioned at a second pair origination location differ 
ent from said target intermediate location and said ?rst 
pair origination location and said second pair second 
Workpiece has a second pair target attach location; 

positioning said second pair second Workpiece at said 
Work location such that said second pair target attach 
location corresponds identically to said ?rst pair target 
attach location When said ?rst pair second Workpiece 
Was positioned at said Work location; 

performing a second pair ?rst place step to displace said 
second pair ?rst Workpiece from said second pair 
origination location to a second pair actual intermediate 
location, Wherein said second pair actual intermediate 
location is different from said second pair origination 
location and is identical to said target intermediate 
location or differs from said target intermediate loca 
tion by a second pair intermediate error deviation; and 

performing a second pair second place step to displace 
said second pair ?rst Workpiece from said second pair 
actual intermediate location to a second pair actual 
attach location on said second pair second Workpiece, 
Wherein said second pair actual attach location is 
different from said second pair origination location and 
said target intermediate location and is identical to said 
second pair target attach location or differs from said 
second pair target attach location by a second pair 
attach error deviation. 
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20. The method of claim 19 further comprising attaching 
said second pair ?rst workpiece to said second pair actual 
attach location. 

21. The method of claim 19 Wherein said ?rst and second 
pair origination locations are on a carrier. 

22. The method of claim 1 Wherein said ?rst Workpiece is 
a ?rst pair ?rst Workpiece of a ?rst Workpiece pair, said 
origination location is a ?rst pair origination location, said 
second Workpiece is said second Workpiece of said ?rst 
Workpiece pair, and said target attach location is a ?rst pair 
target attach location, said placement method further com 
prising: 

providing a second Workpiece pair consisting of a second 
pair ?rst Workpiece and said second Workpiece, 
Wherein said second pair ?rst Workpiece is positioned 
at a second pair origination location different from said 
target intermediate location and said ?rst pair origina 
tion location and said second Workpiece has a second 
pair target attach location different from said ?rst pair 
target attach location; 

performing a second pair ?rst place step to displace said 
second pair ?rst Workpiece from said second pair 
origination location to a second pair actual intermediate 
location, Wherein said second pair actual intermediate 
location is different from said second pair origination 
location and is identical to said target intermediate 
location or differs from said target intermediate loca 
tion by a second pair intermediate error deviation; and 

performing a second pair second place step to displace 
said second pair ?rst Workpiece from said second pair 
actual intermediate location to a second pair actual 
attach location on said second Workpiece, Wherein said 
second pair actual attach location is different from said 
second pair origination location, said target intermedi 
ate location, and said ?rst pair target and actual attach 
locations and is identical to said second pair target 
attach location or differs from said second pair target 
attach location by a second pair attach error deviation. 

23. The method of claim 22 further comprising attaching 
said second pair ?rst Workpiece to said second pair actual 
attach location. 

24. A method for placement of a ?rst Workpiece onto a 
second Workpiece comprising the steps of: 

a) providing a ?rst Workpiece positioned at an origination 
location different from a target intermediate location; 

b) providing a second Workpiece having a target attach 
location different from said origination location; 

c) performing a ?rst place step to displace said ?rst 
Workpiece from said origination location to an actual 
intermediate location, Wherein said actual intermediate 
location is identical to said target intermediate location 
or differs from said target intermediate location by an 
intermediate error deviation; and 

d) performing a second place step to displace said ?rst 
Workpiece from said actual intermediate location to an 
actual attach location, Wherein said actual attach loca 
tion is identical to said target attach location or differs 
from said target attach location by an attach error 
deviation. 

25. The method of claim 24 Wherein said target attach 
location is identical to said target intermediate location. 

26. The method of claim 25 further comprising attaching 
said ?rst Workpiece to said actual attach location. 

27. The method of claim 25 Wherein said ?rst Workpiece 
is displaced from said actual intermediate location to said 
actual attach location With reference to a second place path 
determined by referencing said target attach location. 
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28. The method of claim 25 Wherein said ?rst Workpiece 

is displaced from said origination location to said actual 
intermediate location With reference to a ?rst place path 
determined by referencing said target intermediate location. 

29. The method of claim 25 further comprising perform 
ing a ?rst pick step, in advance of said ?rst place step 
Wherein a pickup tool engages said ?rst Workpiece at said 
origination location. 

30. The method of claim 29 Wherein said ?rst Workpiece 
is displaced in said ?rst place step by displacement of said 
pickup tool engaging said ?rst Workpiece. 

31. The method of claim 29 further comprising disengag 
ing said pickup tool from said ?rst Workpiece at said actual 
intermediate location. 

32. The method of claim 25 further comprising perform 
ing a second pick step, in advance of said second place step 
Wherein a pickup tool engages said ?rst Workpiece at said 
actual intermediate location. 

33. The method of claim 32 Wherein said ?rst Workpiece 
is displaced in said second place step by displacement of 
said pickup tool engaging said ?rst Workpiece. 

34. The method of claim 29 Wherein said ?rst Workpiece 
is displaced in said second place step by displacement of 
said pickup tool engaging said ?rst Workpiece. 

35. The method of claim 25 Wherein said attach error 
deviation is betWeen about 0 and 2 degrees With respect to 
a rotational reference aXis or betWeen about 0 and 10 
microns With respect to linear reference aXes. 

36. The method of claim 25 Wherein said intermediate 
error deviation is betWeen about 0 and 5 degrees With respect 
to a rotational reference aXis or betWeen about 0 and 15 
microns With respect to linear reference axes. 

37. The method of claim 25 Wherein said intermediate 
error deviation is greater than said attach error deviation. 

38. The placement method of claim 27 Wherein said ?rst 
Workpiece is thermally attached to said actual attach location 
by heating said ?rst or second Workpiece or both ?rst and 
second Workpieces to a thermal attachment temperature 
suf?cient to effect thermal attachment of said ?rst Workpiece 
to said actual attach location. 

39. The placement method of claim 38 Wherein said ?rst 
Workpiece is preheated before said second place step to a 
background temperature less than said thermal attachment 
temperature. 

40. The placement method of claim 27 Wherein said ?rst 
Workpiece is attached to said actual attach site location by 
soldering. 

41. The placement method of claim 25 Wherein said ?rst 
Workpiece is a die. 

42. The placement method of claim 25 Wherein said 
second Workpiece is a circuit body. 

43. The method of claim 25 Wherein said ?rst Workpiece 
is a ?rst pair ?rst Workpiece of a ?rst Workpiece pair, said 
origination location is a ?rst pair origination location, said 
second Workpiece is a ?rst pair second Workpiece of said 
?rst Workpiece pair, and said target attach location is a ?rst 
pair target attach location, said placement method further 
comprising: 

displacing said ?rst pair second Workpiece from said Work 
location; 

providing a second Workpiece pair consisting of a second 
pair ?rst Workpiece and a second pair second 
Workpiece, Wherein said second pair ?rst Workpiece is 
positioned at a second pair origination location differ 
ent from said target intermediate location and said ?rst 
pair origination location and said second pair second 
Workpiece has a second pair target attach location; 
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positioning said second pair second workpiece at said 
Work location such that said second pair target attach 
location corresponds identically to said ?rst pair target 
attach location and said target interrnediate location 
When said ?rst pair second Workpiece Was positioned at 
said Work location; 

performing a second pair ?rst place step to displace said 
second pair ?rst Workpiece from said second pair 
origination location to a second pair actual interrnediate 
location, Wherein said second pair actual interrnediate 
location is different from said second pair origination 
location and is identical to said target interrnediate 
location or differs from said target interrnediate loca 
tion by a second pair interrnediate error deviation; and 

performing a second pair second place step to displace 
said second pair ?rst Workpiece from said second pair 
actual interrnediate location to a second pair actual 
attach location on said second pair second Workpiece, 
Wherein said second pair actual attach location is 
different from said second pair origination location and 
said target interrnediate location and is identical to said 
second pair target attach location or differs from said 
second pair target attach location by a second pair 
attach error deviation. 

44. The method of claim 43 further comprising attaching 
said second pair ?rst Workpiece to said second pair actual 
attach location. 

45. The method of claim 43 Wherein said ?rst and second 
pair origination locations are on a carrier. 

46. The method of claim 25 Wherein said ?rst Workpiece 
is a ?rst pair ?rst Workpiece of a ?rst Workpiece pair, said 
origination location is a ?rst pair origination location, said 
second Workpiece is said second Workpiece of said ?rst 
Workpiece pair, said target interrnediate location is a ?rst 
pair target interrnediate location, and said target attach 
location is a ?rst pair target attach location, said placernent 
method further comprising: 

providing a second Workpiece pair consisting of a second 
pair ?rst Workpiece and said second Workpiece, 
Wherein said second pair ?rst Workpiece is positioned 
at a second pair origination location different from a 
second pair target interrnediate location and said ?rst 

10 

15 

3O 

35 

40 

18 
pair origination location and said second Workpiece has 
a second pair target attach location different from said 
?rst pair target attach location and identical to said 
second pair target interrnediate location; 

performing a second pair ?rst place step to displace said 
second pair ?rst Workpiece from said second pair 
origination location to a second pair actual interrnediate 
location, Wherein said second pair actual interrnediate 
location is different from said second pair origination 
location and is identical to said second pair target 
interrnediate location or differs from said second pair 
target interrnediate location by a second pair interme 
diate error deviation; and 

performing a second pair second place step to displace 
said second pair ?rst Workpiece from said second pair 
actual interrnediate location to a second pair actual 
attach location on said second Workpiece, Wherein said 
second pair actual attach location is different from said 
second pair origination location and said ?rst pair target 
and actual attach locations and is identical to said 
second pair target attach location or differs from said 
second pair target attach location by a second pair 
attach error deviation. 

47. The method of claim 46 further comprising attaching 
said second pair ?rst Workpiece to said second pair actual 
attach location. 

48. A method for placement of a ?rst Workpiece onto a 
second Workpiece comprising the steps of: 

a) providing a ?rst Workpiece positioned at an origination 
location; 

b) providing a second Workpiece having an attach location 
different from said origination location; 

c) performing a ?rst place step to displace said ?rst 
Workpiece from said origination location to an inter 
mediate location different from said origination loca 
tion and said attach location; 

d) performing a second place step to displace said ?rst 
Workpiece from said interrnediate location to said 
attach location; and 

e) attaching said ?rst Workpiece to said second Workpiece. 

* * * * * 


