DESCRI PTI ON
Title of Invention
SEM CONDUCTOR MANUFACTURI NG APPARATUS AND METHOD OF

MANUFACTURI NG SEM CONDUCTOR DEVI CE

Technical Field
[ 0001]

The present invention relates to a structure of a
sem conduct or manufacturing apparatus, and a net hod of
manuf acturi ng sem conductor devices. |In particular, the
present invention relates to a structure of an apparatus for
pi cking up a sem conductor die, and a nethod of picking up a

sen conduct or di e.

Background Art
[ 0002]

Sem conduct or di es are manufactured by cutting a 6-inch
or 8-inchwafer intodiesof apredeterm nedsize. Wencutting
inorder to prevent the diced sem conductor dies fromfalling
apart, an adhesive wafer tape is applied to a back surface of
thewafer, whichisthencut fromitsfront surfaceusingadicing
sawor the like. At this tinme, the wafer tape applied to the
back surface is slightly but not conpletely cut, and hol ds t he

senm conductor dies. Then, the diced sem conductor dies are



pi cked up one by one fromthe waf er tape and transferred to the
next step such as di e bonding.
[ 0003]

One Exanpl e of a nethod used to pick up a sem conduct or
diefromawafer tapeisanethodincludingthesteps of capturing
an i mage of an individual sem conductor die using a canera,;
out putting an i magi ng signal of the captured i nage to an i mage
processor unit; determ ning whether or not a quality of a
sem conductor dieinafieldof viewof the canerais good based
on i mage processi ng using the i mage processor unit; detecting
a position of the sem conductor die if the quality is good;
aligning a position of a pick-up jig such as a collet and a
pl unge-up needle with the detected position of the
sem conduct or di e; pl ungi ngupthe sem conduct or di e froma si de
of the waf er tape by t he pl unge- up needl e; and vacuumsuct i oni ng
the sem conductor die at atip of the collet, thereby picking
up the sem conductor die fromthe wafer tape. Another exanple
of such a nethod is a nmethod in which position data of
sem conductor dies on the wafer is created by an inspection
appar atus prior to pl acenent of t he waf er on a pi ck-up appar at us,
and a wafer tabl e is noved based on t he position data, thereby
pi cking up the sem conductor dies (e.g., PTL 1).

[ 0004]
According to these nethods, there are problens that it

takes tinme to perform ng recognition and position detection,
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and that it is not possible to correctly pick up a die as the
position of the chip changes due to defornation of the wafer
tape. Therefore, thereis proposed a nethod in which an i nage
around a sem conduct or di eto be pi ckedupi stakenusingacanera
with awde field of viewto determ ne whether or not thereis
anot her sem conduct or di e around and to record a seni conduct or
di e wi t hout a bad mar k as a pi ck- up candi dat e sem conduct or di e,
and awaf er tablei s novedto pi ck upthe sem conductor di e after
det ecting a position of the pick-up candi date sem conduct or di e
usi ng a caner a of hi gh power and det er m ni ng whet her or not there
is a problemin appearance (e.g., PTL 1).

[ 0005]

Al ternatively, there is proposed a nmethod for reducing
tinme required for die recognition and perform ng a pick-up
operationefficiently, i nwhi chwhen positions of sem conduct or
di es on a waf er tape are detected rowby rowin a predetermnm ned
order, nethod a position in a next adjacent row at which no
sem conductor die existsis detected and recorded i nrecordi ng
nmeans, and a pick-up unit i s noved based on a cl osest position
at which no sem conductor die exists in the next row obt ai ned
fromthe recordi ng neans after conpleting position detection
for sem conductor dies in onerowon the wafer tape (e.g., PTL
2).
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[ 0006]

PTL 1. Japanese Unexam ned Patent Application
Publ i cati on No. 2004-140084

PTL 2: Japanese Unexam ned Patent Application

Publicati on No. 2002-231789

Summary of I nvention
Techni cal Probl em
[ 0007]

In the neantine, as illustrated in Fig. 25, when
sem conduct or di es arranged onthe wafer tapeinagridpattern
are picked up, a nethod in which a cutting gap 14 between
sem conductor dies 15 is wi dened by expandi ng a circunference
of awafer tape 12radi ally outward as i ndi cated by arrows 51-53,
and t hen t he sem conduct or di es 15 are pi cked up rowby row (!l i ne
by I'i ne) as i ndi cat ed by arrows 54-55usingacollet isenployed.
At first, the sem conductor dies 15 are tightly arranged in
order inagrid pattern as indicated by a dashed Iine in Fig.
25. However, after the sem conductor dies 15 in a few upper
rows (lines) are picked up, the wafer tape 12 of a region in
whi ch t he sem conduct or di es 15 have been pi cked up i s expanded,
and therefore the sem conductor dies 15in|ower rows are noved
toalower side (inanegative Ydirection) fromtheir original
positions. Anount of | ower-side novenent becones | arger near

the center of the wafer tape 12 in an Xdirection, and snal |l er
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near its circunference. Accordingly, as indicated by a solid
linein Fig. 25, once the sem conductor dies 15 in a fewupper
rows (lines) are picked up, the sem conductor dies 15 on the
waf er tape 12 t hat have beentightly arrangedinorder inagrid
pattern are noved to positions along a |l ower-si de convex curve
55 centering the center of the wafer tape 12inthe Xdirection.
[ 0008]

Wth a pick-up apparatus for sem conductor dies, by
detecting and recordi ng an absol ute position of the center of
each of the sem conductor dies 15 with respect to a reference
poi nt of the pick-up apparatus based on i mage recognition of
t he sem conductor dies 15, afield of viewof a canerais noved
inadowward right direction as indicated by the arrow55 in
Fig. 25, for exanple, to recognize a next one of the
sem conductor dies 15, the field of view of the canera is
adjusted with the center of this sem conductor die 15 to detect
the absolute position of the sem conductor die 15, and this
sem conductor die 15 is picked up using a collet.

[ 0009]

However, there is often a position on the wafer tape 12
at whi chthe sem conductor di e 15is not di sposed. For exanpl e,
there is a case in which a TEGdie 60 or the |like that is used
as a target for position confirmation in positioning of the
waf er tape 12 as a whole is disposed, or a case in which only

t he sem conductor dies 15 in good state are re-arranged on t he
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waf er tape 12, andthereis apositionat whichthesen conductor
die 15 is not disposed. The TEG die 60 has a shape that is
different fromthe sem conductor dies 15, and the pick-up
appar at us does not recogni ze t he TEGdi e 60 as t he sem conduct or
di e 15, and handl es i n t he sane manner as the case i n which the
sem conductor die 15 is not disposed.

[0010]

As illustrated in Fig. 25, in a case in which a position
at which the TEGdie 60 is disposed or a position at which the
sem conduct or die 15is not di sposedis |ocatednear the center
of the wafer tape 12 in the Xdirection, and a position of the
sem conductor die 15is to be recogni zed and det ect ed by novi ng
a field of view of a canera in a dowward |l eft direction as
i ndicated by an arrow 57 in Fig. 25, the position is treated
as nothing is disposed evenif thereis a TEGdi e 60b captured
inthe field of viewof the camera, and the pi ck-up apparat us
noves the field of viewof the camera downward accordingtothe
current noving direction (dowward |eft) as indicated by an
arrow 58 in Fig. 25. Then, the sem conductor die 15 in a row
(line) next to arow (line) to which pick up is currently
performed is captured inthe field of viewof the canera, the
field of view of canera is adjusted to the center of this
sem conductor die 15, and the sem conductor die 15 in one row
(l'ine) under the TEGdi e 60b shall be pick up. Thereafter, as

i ndicated by an arrow 59 in Fig. 25, the pick-up apparatus
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sequenti al |l y pi cks up t he sem conduct or di es 15 di sposed i n one
row (line) under the TEG die 60b. Therefore, the pick-up
appar atus conpl etes the pi ck-up operation w thout picking up
t he sem conductor dies 15that areintherow(line) of the TEG
die 60 and on a left side (to a pick-up direction) of the TEG
di e 60.

[0011]

As descri bed above, there is a problemthat the pick-up
appar at us | eaves a sem conduct or di e unpi cked whenthereisthe
TEG die 60 or there is a space where the sem conductor die 15
is not disposed on the wafer tape 12.

[0012]

An obj ect of the present invention is to provide a
sem conduct or manuf act uri ng appar atus capabl e of effectively
preventing a sem conductor die frombeing | eft unpi cked when
pi ck-up of sem conductor dies is perforned.

Sol ution to Problem
[ 0013]

A sem conduct or manuf act uri ng appar atus accordingtothe
present invention is a sem conduct or manufacturing appar at us
capabl e of picking up aplurality of sem conductor dies row by
row, the sem conduct or di es being arranged on a wafer tape in
agrid pattern, the apparatus including: a canmera configured
to take an i nage of each of the sem conductor dies; a pick-up

mechani smconfigured to pi ck up each of the sem conductor di es
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fromthe waf er tape; and a controller unit configuredto detect
a position of each of the sem conduct or di es based on t he i mage
of the each of the sem conductor dies taken by the canera,
wherein the controller unit includes: anenory for storingthe
posi ti on of each of the sem conduct or di es; and execut abl e neans
i ncl udi ng: detection nmeans configured to nove a field of view
of the camera, sothat aplurality of first sem conductor dies
di sposed in a first row sequentially come in a center of the
field of view of the canera, and detect an absol ute position
of each of the first sem conductor dies inthe first rowwth
respect to a reference point of the pick-up apparatus; pick-up
nmeans confi guredto causet he pi ck-up nechani smt o sequential ly
pi ck up each of the first sem conductor dies whose absolute
positi on has been detected by the detection neans; esti mted
position cal cul ati on and st orage neans confi guredto cal cul ate
an esti mat ed absol ut e positi on of each of second sem conduct or
di es based on the absolute position of each of the first
sem conduct or di es t hat has been det ect ed by t he det ecti on neans
and store the estimated absolute position in the nenory, the
second sem conduct or dies being in a second row and di sposed
near positions corresponding to the first sem conductor dies;
and view field novenent neans configured to nove the field of
vi ew of the canmera, so that the estimated absol ute position of

each of the second sem conductor dies stored in the nenory



sequentially conme in the center of the field of view of the
caner a.
[ 0014]

In the sem conduct or manuf act uri ng apparat us accordi ng
tothe present invention, it ispreferablethat the caneratakes
an i mge of a plurality of rows of the sem conductor dies, the
controller unit further i ncl udes: recogni ti on nmeans confi gured
to, whenthe field of viewof the canerais sequentially noved,
recogni ze whet her or not a second sem conductor dieis present
in the second row and di sposed near a position correspondi ng
to each of the first sem conductor dies, and the estinmated
position cal cul ati on and storage neans: cal cul ates, when the
recognition nmeans fails to recogni ze t he second sem conduct or
di e, an esti mat ed absol ut e positi on of the second sem conduct or
di e based on the absolute position of the each first
sem conduct or di et hat has been det ect ed by t he det ecti on neans,
and stores the cal cul ated estimated absol ute position in the
menory; and detects, when the recognition nmeans recogni zes t he
second sem conduct or di e, an absol ute position of the second
sem conductor die with respect to the reference point of the
pi ck-up apparatus, and stores the detected absol ute position
as the esti mat ed absol ute position of the second sem conduct or
di e.

[ 0015]



In the sem conduct or manuf act uri ng apparat us accordi ng
tothe present invention, it ispreferablethat asthe estinmated
absol ut e posi ti on of each of t he second sem conduct or di es, the
esti mated position calculation and storage neans takes a
position displaced fromthe absol ute position of each of the
first sem conductor di esthat has been detected by the detection
means by a columm-direction pitch between the first
sem conductor dies and the second sem conductor dies.

[ 0016]

A net hod of manufacturing a sem conductor device
accordingtothe present i nventionis anethod of manuf acturi ng
a sem conductor device capable of picking up a plurality of
sem conductor dies row by row, the sem conductor dies being
arranged onawafer tapeinagridpattern, the nethodi ncl udi ng:
a step of preparing a sem conductor nmanufacturing apparatus
i ncludi ng: a canera configured to take an i mage of each of the
sem conduct or dies; a pick-up mechani smconfigured to pick up
each of the sem conductor dies fromthe wafer tape; and a
controller unit configured to detect a position of each of the
sem conductor di es based on the i mage of the each of the
sem conduct or dies taken by the canera, the controller unit
including a nenory for storing the position of each of the
sem conductor dies; a detecting step of noving a field of view
of the camera, sothat aplurality of first sem conductor dies

di sposed in a first row sequentially come in a center of the
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field of viewof the canera, and detect an absol ute position
of each of the first sem conductor dies inthe first rowwth
respect toareference poi nt of the pi ck-up appar atus; a pi ck-up
step of causing the pick-up mechani smto sequentially pick up
each of the first sem conductor di es whose absol ute position
has been det ect ed by t he det ecti on neans; an esti mat ed position
cal culating and storing step of calculating an estinmated
absol ute position of each of second sem conductor di es based
on t he absol ut e posi ti on of each of the first sem conductor dies
t hat has been detected by the detecti on neans, and storing the
esti mated absol ute position in the nmenory, the second

sem conductor dies being in a second row and di sposed near
positions corresponding to the first sem conductor dies; and
aviewfieldnovingstepof novingthefieldof viewof the canera
so that the estimated absol ute position of each of the second
sem conductor dies stored in the nenory sequentially come in
the center of the field of view of the canera.

[0017]

The nmet hod of nmanufacturing sem conductor devices
according to the present invention, it is preferable that the
caneratakes aninmage of aplurality of rows of the sem conduct or
di es, the nethod further i ncludes: arecogni zing step of, when
the field of view of the canmera is sequentially noved,
recogni zi ng whet her or not a second sem conductor dieis present

in the second row and di sposed near a position correspondi ng
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to each of the first sem conductor dies, and in the estimated
position cal culating and storing step: when the second

sem conductor diefail stoberecognizedintherecogni zi ngstep,
an esti mat ed absol ut e positi on of the second sen conductor di e
I s cal cul ated based on t he absol ute position of the each first
sem conduct or di et hat has been det ect ed by t he det ecti on neans,
and t he cal cul at ed esti mat ed absol ute positionis storedinthe
menory; and when t he second sem conductor dieis recognizedin
the recogni zi ng step, an absolute position of the second
sem conductor die with respect to the reference point of the
pi ck-up apparatus is detected, and the detected absol ute
position is stored as the estimated absol ute position of the
second sem conductor die.

[0018]

The net hod of manufacturing sem conduct or devices
according to the present invention, it is preferable that in
the esti mat ed positioncal cul atingandstoringstep, aposition
di spl aced fromthe absolute position of each of the first
sem conduct or di es that has been detectedinthe detectingstep
by a columm-direction pitch between the first sem conductor
di es and t he second sem conductor diesis takenasthe estinmated
absol ute position of each of the second sem conductor dies.
Advant ageous Effect of Invention

[ 0019]
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The present invention has an advant ageous effect of
provi di ng a sem conductor manufacturi ng apparatus capabl e of
effectively preventing a seni conductor die frombeing |eft

unpi cked when pi ck-up of sem conductor dies is perforned.

Brief Description of Draw ngs
[ 0020]

Fig. 1 is a systemdiagramillustrating a system
configuration of a sem conductor manufacturing apparatus
according to enbodi nents of the present invention.

Fig. 2 is a sectional elevational viewillustrating a
waf er applied to a wafer tape.

Fig. 3 is a sectional elevational viewillustrating a
stateinwhichthewafer appliedtothewafer tapehas beendi ced.

Fig. 4isaviewillustratingattachnent of thedi cedwafer
to a wafer hol der.

Fig. 5is a plan viewillustrating arrangenent of
sem conductor dies and the wafer tape attached to the wafer
hol der of the sem conduct or manuf acturi ng appar atus accordi ng
to the enbodi nent of the present invention.

Fig. 6 is a plan view illustrating an order of
sem conductor dies to be picked up on the wafer tape on the
sem conduct or manuf acturing apparatus according to the

enbodi nent of the present invention, and a change i n positions
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of the wafer tape and the sem conductor dies after the

sem conductor dies are picked up.
Fig. 7 is a flowhart showi ng a pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar at us accordi ngtothe enbodi nent of the present i nventi on.
Fig. 8 is a flowhart showi ng the pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar at us accordi ngtothe enbodi ment of t he present i nventi on.
Fig. 9is aviewillustrating the pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar at us accordi ngtothe enbodi ment of t he present i nventi on.
Fig. 10is aviewillustrating the pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar at us accordi ngtothe enbodi nent of the present i nventi on.
Fig. 11 is aviewillustrating the pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar at us accordi ngtothe enbodi nent of the present i nventi on.
Fig. 12 is a flowhart show ng a pick-up operation of

sem conduct or di es by a sem conduct or manuf act uri ng appar at us

according to a different enbodi nent of the present invention.
Fig. 13 is a flowhart showi ng the pick-up operation of

sem conductor dies by the sem conductor manufacturing

appar atus according to the different enbodi nent of the present

i nventi on.
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Fig. 14is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar atus according to the different enbodi nent of the present
i nvention.

Fig. 15is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar at us according to the different enbodi nent of the present
i nvention.

Fig. 16 is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
apparatus according to the different enbodi nent of the present
I nventi on.

Fig. 17is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar atus according to the different enbodi nent of the present
i nvention.

Fig. 18 is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
apparat us according to the different enbodi nent of the present
i nvention.

Fig. 19is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar atus according to the different enbodi nent of the present

i nventi on.
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Fig. 20is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar atus according to the different enbodi nent of the present
i nvention.

Fig. 21 is aviewillustrating the pick-up operation of
sem conductor dies by the sem conductor manufacturing
appar at us according to the different enbodi nent of the present
i nvention.

Fig. 22 is a different view illustrating the pick-up
operation of sem conductor dies by the sem conduct or
manuf act uri ng apparatus according to the different enbodi nent
of the present invention.

Fig. 23 is a different viewillustrating the pick-up
operation of sem conductor dies by the sem conduct or
manuf act uri ng apparatus according to the different enbodi nent
of the present invention.

Fig. 24 is a different viewillustrating the pick-up
operation of sem conductor dies by the sem conductor
manuf act uri ng apparatus according to the different enbodi nent
of the present invention.

Fig. 25 is a plan view illustrating an order of
sem conductor dies to be picked up on the wafer tape in a
conventional techni que, and a change i n positions of the wafer
tape and the sem conductor dies after the sem conductor dies

are picked up.
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Descri ption of Enbodi nents
[ 0021]

Her ei nafter, enbodi mnents of the present invention wll
be describedwithreferencetothedrawings. ReferringtoFig
1, a sem conduct or manuf act uri ng appar atus 100 accordingtothe
enbodi nents is provided with: a wafer holder 10 for fixing a
waf er tape 12 having a surface on which a plurality of
sem conduct or di es 15 are applied; a wafer hol der driving unit
18 for noving the wafer holder 10 horizontally (in XY
direction); acanera 22 for taking i nages of the sem conduct or
dies 15 on the wafer tape 12; a collet 19 for picking the
sem conductor dies 15 fromthe wafer tape 12; a collet driving
unit 20 for noving the collet 19 vertically (Z direction); a
pl unge-up nmechani sm21 for plungi ng up the wafer tape 12 from
its | ower surface (a surface on a negative Zside) to an upward
direction (a positive Z side); and a controller unit 30 for
control I ing operations of the wafer hol der drivingunit 18, the
collet driving unit 20, and the plunge-up nmechani sm 21, for
processi ng i mages of the sem conductor dies 15 taken by the
canera 22, and for perform ng recognition and position
detection of the sem conductor dies 15. The collet 19, the
collet driving unit 20, and the plunge-up nechani sm 21
constitute apick-up nmechani smfor pickingupthe sem conduct or

dies 15. In Fig. 1, a descriptionis given taking a traverse
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direction in the figure as an X direction, a direction
orthogonal to a plane of figure (a direction orthogonal to the
Xdirection) as a Ydirection, and a | ongi tudi nal direction as
the Z direction. Details of the wafer holder 10 will be
descri bed | ater.
[ 0022]

The controller unit 30 is a conmputer including: a CPU 31
that perforns signal processing and cal cul ation; a nmenory 32
storing a control program 33, control data 34, position data
35 of the sem conductor dies 15, a detection program 36, an
esti mat ed position cal cul ati on and storage program37, a pick
up program 38, a view field novenent program 39, and a
recognition program40; a collet driving unit interface 41, a
canera interface 42, a plunge-up nmechanisminterface 43, and
a waf er hol der driving unit interface 44 t hrough whi ch signal s
and dataaretransmttedtoandreceivedfromthecoll et driving
unit 20, the canmera 22, t he pl unge-up nmechani sm21, andt he waf er
hol der driving unit 18, respectively. The CPU 31, the nenory
32, and the interfaces 41-44 are connected via a data bus 45.
The collet driving unit 20, the canera 22, the plunge-up
mechani sm21, and t he waf er hol der drivingunit 18 performdrive
control and data transm ssi on and recepti on based on a command
fromthe CPU 31.

[ 0023]
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Next, a pi ck-up operation for picking the sem conduct or
dies 15 fromthe wafer tape 12 by the sem conduct or
manuf act uri ng apparat us 100 according to this enbodi nent wi ||
be described withreferenceto Fig. 2 through Fig. 11. Before
descri bing an entire operation, astepof fixingthe wafer tape
12 to which the sem conduct or dies 15 are applied to the wafer
hol der 10 will be described with reference to Fig. 2 through
Fig. 5.

[ 0024]

As illustrated in Fig. 2, an adhesive wafer tape 12 is
applied to a back surface of a wafer 11, and the wafer tape 12
Is attached toanetallic ring 13. The wafer 11 is handled in
astate in which the wafer is attached to the nmetallic ring 13
viathe wafer tape 12 inthis manner. Then, in acutting step,
the wafer 11 is cut fromits surface using a dicing sawor the
like into the sem conductor dies 15 as illustrated in Fig. 3.
Bet ween t he sem conduct or di es 15, acutting gap 14 i s produced
by dicing. Adepthof thecuttinggap 14is suchthat it reaches
a part of the wafer tape 12 through the sem conduct or die 15.
However, the wafer tape 12 is not conpletely cut, and the
sem conductor dies 15 are held by the wafer tape 12.

[ 0025]

The sem conductor dies 15 attached to the wafer tape 12

andtheringl3areattachedtothewafer holder 10asillustrated

in Fig. 4(a) and Fig. 4(b). The wafer hol der 10 includes an
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annul ar expanded ring 16 having a fl anged section, and a ring
retainer 17for fixingthering1l3ontotheflange of the expanded
ring 16. The ring retainer 17 is driven in a direction
approaching and retreating the fl ange of the expanded ring 16
by a ring retainer driving unit that is not shown. An inner
di anet er of the expanded ring 16 is | arger than a di aneter of
t he waf er on whi ch t he sem conduct or di es 15 are arranged. The
expanded ri ng 16 has a predet erm ned t hi ckness, and i s provi ded
with the flange extendi ng outwardly fromone end surface on a
side distant formthe wafer tape 12. Further, an outer
ci rcunference of the other end surface of the expanded ring 16
on a side of the wafer tape 12 is curved, so that the wafer tape
12 may be snoot hl y expanded when t he wafer tape 12 i s attached
to the expanded ring 16. Moreover, as illustrated in Fig. 1,
the wafer holder 10 is configured to be novabl e by the wafer
hol der driving unit 18 al ong a surface of the wafer tape 12 (XY
di rection).
[ 0026]

As illustrated in Fig. 4(b), the wafer tape 12 to which
t he sem conductor dies 15 are applied is substantially planar
beforethetapeis set tothe expandedring 16. Thereis a step
bet ween t he upper end surface and a surface of the flange of
the expanded ring 16 with both of which the wafer tape 12 is
brought i ntocontact. Accordingly, by novingtheringretainer

17 down onto the ring 13 to hold the ring 13 between the ring
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retai ner 17 and t he fl ange of t he expandedringl1l6asillustrated
in Fig. 1, thering 13 is pressed against the surface of the
flange to expand the wafer tape 12 by an anount of the step
bet ween t he upper end surface and t he surface of the fl ange of
the expanded ring 16 al ong the upper curved portion of the
expanded ring 16. Then, atensile forceinaradial direction
outwardly fromthe center of the wafer tape 12 as i ndi cated by
an arrow50 in Fig. 5is exerted onthe wafer tape 12 fi xed on
t he expanded ring 16. Further, as the wafer tape 12 i s expanded
by the tensile force, the cutting gap 14 between the
sem conductor dies 15 applied to the wafer tape 12 is al so
expanded, and the sem conductor dies 15 are arranged on the
wafer tape 12 in a grid pattern at an X-direction pitch Px
(rowdirection pitch) and a Y-direction pitch
(colum-direction pitch) Py. Mreover, at the substanti al
center of the wafer tape 12, two TEGdi es 60a, 60b are di sposed.
[0027]

After fixing the wafer tape 12 inthe state shown in Fig.
5, the sem conduct or manuf act uri ng appar at us 100 st art s pi cki ng
up the sem conductor dies15. Inthefollow ngdirection, |ines
inthe Xdirection are referred to as rows and lines in the Y
directionarereferredtoas colums, andasillustratedinFig.
6 and Fig. 9, an exanpl e i n whi ch sem conduct or di es are pi cked
up leftward (to a negative X side) as indicated by an arrow 54

inFig. 6and Fig. 9 froma sem conductor die 77 at a position
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of N=1, M7 (1st row, 7th colum) is described. In Fig. 9,
circled nunbers 1 to 7 are nunbers for seven col ums of
sem conductor dies at a central portion on the wafer tape 12,
and nunbers 1 to 3 in squares are nunbers for rows of

sem conduct or dies.

[ 0028]

As in Step S101 of Fig. 7, the CPU31 initializes a row
nunber Nand a col utmm nunber M4t t 0 val ues at a pi ck-up starting
position. Here, the CPU 31 sets N=1, M=7. Next, as in Step
S102 of Fig. 7, the CPU 31 reads data for position of the
sem conductor die 77 illustrated in Fig. 9 as a reference
positionfromthe control data34illustratedinFig. 1. Then,
as illustratedin Fig. 9 and shown in Step S103 of Fig. 7, the
CPU 31 outputs a command for driving the wafer hol der driving
unit 18 such that a center of a field of view71 of the canera
22 cones at the reference position of the sem conductor die 77
di sposed at N=1, M=7 (1st row, 7th columm) that has been
previously read, that is, a sem conductor die at the starting
position illustrated in Fig. 6. The conmand is input as a
control signal tothe wafer hol der drivingunit 18 viathe wafer
hol der driving unit interface 44, and t he waf er hol der driving
unit 18 noves the wafer holder 10 in the XY direction.

[ 0029]
As in Steps S104 and S105 of Fig. 7, the CPU 31 executes

the detection program 36, and obtains an i mage taken by the
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canera 22 via the canera interface 42 to detect a centra
positionof the sem conductor die 77 fromthetakenimge. Then,
a positionof thewafer holder 10inthe XYdirectionis adjusted
by t he waf er hol der drivingunit 18, sothat thecentral position
of the detected sem conductor die 77 matches the center of the
field of view 71 of the canera 22. Wen the central position
of the sem conductor die 77 at (1st row, 7th columm) and the
center of the field of view 71 of the canmera 22 match, this
position is detected as an absol ute position of the

sem conductor die 77 (first sem conductor die) at (1st row, 7th
colum) with respect to a reference point (not shown) of the
sem conduct or manufacturing apparatus 100 (detecting step).
[ 0030]

Next, as in Step S106 of Fig. 7, the CPU 31 executes the
pi ck up program38, and adj usts t he position of the wafer hol der
10 in the XY direction using the wafer hol der driving unit 18,
so t hat t he pl unge-up mechani sm21 andthecollet 19illustrated
in Fig. 1 cone at the absol ute position of the sem conductor
die 77 at (1st row, 7th columm). Wen the adjustnent of the
positionis conpl eted, the CPU31 out puts a command f or pi cki ng
up the sem conductor die 77. Inresponseto this conmand, the
pl unge-up nechani sm 21 noves upward to plunge up the
sem conductor die 77 at (1st row, 7th columm), and at the sane

time, the collet driving unit 20 noves the collet 19 downward
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to vacuum suction the sem conductor die 77 to pick up the
sem conductor die 77 fromthe wafer tape 12 (pick-up step).
[ 0031]

Subsequently, as in Steps S107 and S108 of Fig. 7, the
CPU 31 executes the esti mat ed position cal cul ati on and st or age
program37, and stores a position obtained by subtracting the
Y-directionpitch (colum-directionpitch) Pyfromthe absol ute
position of the sem conductor die 77 at (1st row, 7th col um)
detectedin Step S105 of Fig. 7 as anesti mat ed absol ut e position
of a sem conductor die 87 positionedat (2nd row ((N+1)th row),
7t h col um (M4t col um) (a seni conductor diethat isinanext
rowand inthe columfor the sem conductor die 77 (7t h col um);
a second sem conductor die) inthepositiondata35inthe nenory
32 (estimated position cal culating and storing step).

[ 0032]

Next, as in Step S109 of Fig. 7, the CPU 31 determ nes
whet her or not t he pi cked sem conductor die77isinalast col um
Mng in the NNth row. [If the picked sem conductor die is not
inthelast colum, the CPU 31 noves the wafer holder 10 to the
negati ve side by the X-directionpitch Px(rowdirection pitch)
as in Step S110 of Fig. 7, decrenents Mby 1 as in Step S111
of Fig. 7, noves the central position of the field of view of
the camera 22 to a reference position of a sem conductor die
76 (first sem conductor die) in the sane row (1st row) and in

a next colum (1st row, 6th colum), repeats Steps S103 to S108
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(the detecting step, the pick-up step, and the estinmated

position cal culating and storing step) in Fig. 7, picks up M
sem conductor dies (first sem conductor di es) di sposed inthe
1st row sequentially in the negative X direction as indicated
bythearrow54inFig. 6andFig. 9, estimates absol ute positions
of sem conduct or di es (second sem conductor dies) i nanext row
(N=2), and stores the absol ute positions as esti mated absol ute
positions in the position data in the nenory 32 sequentially
as indicated by a dashed arrow EO. Then, as in Step S109 of
Fig. 7, inthelast colunmn Mipginthe 1st row(N=1), the operation
noves to a connecting termnal 2 (represented by circled 2 in
the figure; the sane appliesinthe following) illustrated in
Fig. 7 and then junps to Step S112 of Fig. 8, the wafer hol der
10i s noved by the Y-directionpitchPy(colum-directionpitch).
Then, as in Step S113 of Fig. 8 Nis increnented by 1, Mis

re-set to Miat in a 2nd row (N=2), and sem conductor dies in

the 2nd row are picked up to a positive X side as illustrated
in Fig. 6.
[ 0033]

As pi ck-up of sem conductor dies in the 2nd row and
thereafter is perforned in the sanme routine, in the foll ow ng
description, an exanpl e of a pi ck-up routi ne for sem conduct or
dies 111-117 in a 4th row, and for sem conductor dies 211-217
inab5bthrowin which the TEG di es 60a, 60b are di sposed w ||

be described with reference to Fig. 10 and Fig. 11. Pick-up
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of sem conductor diesinthe 2ndrowandthereafter i s different
fromthe pi ck-up of sem conductor dies inthe 1st rowdescri bed
above in that while the pick-up of sem conductor dies in the
1st rowi s perforned by readi ng positiondata for sem conduct or
di es as reference positions fromthe control data 34, noving
the field of view of the canmera 22 based on the data by the
X-direction pitch Px (rowdirection pitch), capturing a

sem conductor die in the field of view of the canera 22,

adj usting the center of thefield of viewof the canera 22 with
a central positionof this sem conductor die, and sequentially
det ect i ng absol ut e posi ti ons of sem conduct or di es t o be pi cked
up, pick-up of sem conductor dies in the 2nd rowis perforned
by perform ng cal cul ati on based on the absol ute positions of
t he sem conduct or di es whose positions have been detected,
readi ng an esti nat ed absol ute position stored in the position
data 35 in the nenory 32, and noving the field of view of the
canera 22 toward the estimted absolute position.

[ 0034]

InFig. 10 and Fig. 11, circled nunbers 1to 7 are nunbers
for seven col unms of sem conductor dies at a central portion
on t he waf er tape 12, and nunbers 4 to 75 i n squares are nunbers
for rows of sem conductor dies. Pick-up of the sem conductor
dies 111 to 117 inthe 4th rowis perfornmed sequentially from
left toright in the figure (to the positive X side) along a

| ower - si de convex curve 55 in Fig. 6.
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[ 0035]

Herei nafter, a step for perform ng a pick-up operation
sequentially fromthe sem conductor die 111 at 4th row, 1st
colum to the sem conductor die 117 at 4th row, 7th col um
illustrated in Fig. 10 will be described. As in Step S113 of
Fig. 8, the CPU31 sets N=4, M=1. Then, as in Step S114 of Fi g.
8, the CPU 31 executes the viewfiel d novenment program39 shown
in Fig. 1. First, the CPU 31 reads an esti mated absol ute
position for the sem conductor die 111 at (4th row, 1st col um)
stored in the position data 35 in the nenory 32 when pi cki ng
up sem conductor diesinarowof N=3. Next, the CPU31 out puts
a command for drivingthe wafer hol der drivingunit 18 such t hat
a center of a field of view 151 of the canera 22 cones at the
previously read estimated absol ute position of the
sem conductor di e 111 di sposed at N=4, M=1 (4throw, 1st col um).
The command is i nput to the wafer holder driving unit 18 as a
control signal viathe wafer holder driving unit interface 44,
and t he waf er hol der driving unit 18 noves t he waf er hol der 10
in the XY direction (view field noving step).

[ 0036]

As in Steps S115 and S116 of Fig. 8, the CPU 31 executes
t he detecti on program36 shown in Fig. 1, and obtai ns an i nage
taken by the camera 22 via the canera interface 42 to detect
a central position of the sem conductor die 111 at (4th row,

1st colum) fromt he takeninage. Then, apositionof the wafer
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hol der 10 in the XY direction is adjusted by the wafer hol der
driving unit 18, so that the central position of the detected
sem conductor die 111 matches the center of the field of view
151 of the canera 22. Further, when the central position of
t he sem conductor di e 111 at (4throw, 1st col umm) andthe center
of the field of view151 of the canera 22 nmatch, this position
is detected as an absol ute position of the sem conductor die
111 (first sem conductor die) at (4th row, 1st columm) wth
respect tothereference point (not shown) of the sem conduct or
manuf acturi ng apparatus 100 (detecting step).

[ 0037]

Next, as in Step S117 of Fig. 8, the CPU 31 executes the
pi ck up program38, and adj usts t he position of the wafer hol der
10 in the XY direction using the wafer hol der driving unit 18,
so that the plunge-up nmechanism21 and the collet 19 cone at
t he absol ute position of the sem conductor die 111 at (4th row,
1st colum) to which positiondetectionis performed. Wenthe
adj ust ment of the positionis conpleted, the CPU 31 outputs a
command for picking up the sem conductor die 111. In response
to this command, the plunge-up nechani sm 21 noves upward to
pl unge up the sem conductor die 111 at (4th row, 1lst columm),
and at the sametinmethe collet drivingunit 20 noves t he col | et
19 downward t o vacuumsucti on t he sem conductor die 111 to pick
up the sem conductor die 111 fromthe wafer tape 12 (pick-up

step).
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[ 0038]

Subsequently, as in Steps S118 and S119 of Fig. 8, the
CPU 31 execut es the esti mat ed position cal cul ati on and st orage
program 37 shown in Fig. 1, and a position obtained by
subtracting the Y-direction pitch (colum-direction pitch) Py
fromt he absol ute position of the sem conductor die 111 at (4th
row, 1st columm) detected in Step S117 of Fig. 8 is stored in
the position data 35 in the nenory 32 as an esti mat ed absol ute
position of the sem conductor die 211 (a second sem conduct or
die) positioned at 5th row ((N+1)th row), 1st colum (Mth
colum) (estimated position calculating and storing step).

[ 0039]

Next, as in Step S120 of Fig. 8, the CPU 31 determ nes
whet her or not the picked sem conductor die 111 is in the | ast
colum Mpginthe d4throw |If the picked sem conductor die 111
isnot inthelast col um, the CPU31increnentsthecol umm nunber
Mby 1 as in Step S121 of Fig. 8, and sets the col unmm nunber
Mto 2.

[ 0040]

Then, the operationreturns to Step S114 of Fig. 8. The
CPU 31 executes the viewfiel d novenent program39 shownin Fig.
1, and reads an estimted absolute position for the
sem conductor die 112 at (4th row, 2nd columm) stored in the
position data 35 in the nmenory 32 when picking up the

sem conductor diesinarowof N=3. Thereafter, asillustrated
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in Fig. 10, a center of a field of view 152 of the canmera 22
i's moved by the X-direction pitch Px (rowdirection pitch) and
by APy; in the Y direction as shown in Fig. 10 fromthe field
of view 151 to, as indicated by an arrow 55a in Fig. 10, an
esti mat ed absol ut e posi ti on of the sem conductor die 112 (first
sem conductor die) inthesanmerow(4throw) andinanext col um
(4th row, 2nd colum) (view field noving step).

[ 0041]

As in Step S115 through Step S119 of Fig. 8, the CPU 31
executes the detection program36, the pick up program38, and
t he esti mat ed posi tion cal cul ati on and st or age pr ogram37 shown
inFig. 1, cal cul ates an absol ute position of the sem conduct or
die 212 in a next row (5th row), and stores the cal cul at ed
absol ute position as an estimted absolute position in the
position data 35 in the nenory 32 (estinmated position
cal cul ating and storing step).

[ 0042]

As in Step S121 of Fig. 8, the CPU31lincrenents the colum
Mby 1, noves the operationto Step S114in Fig. 8, and continues
pi cki ng up t he sem conductor die 113 in a next colum (4th row,
3rd colum). The CPU 31 executes Step S114 t hrough Step S119
of Fig. 8, and noves the field of viewof the canmera 22 by the
X-direction pitch Px (rowdirection pitch) as indicated by an
arrow 55a in Fig. 10 and by APy inthe Ydirectionasillustrated

inFig. 10, so that a central position of a field of view 153
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of the camera 22 noves to an esti mat ed absol ut e position of the
sem conductor die 113 in the same row(4th row) and i nthe next
colum (4th row, 3rd colum) (viewfield noving step). Then,
as shown in Step S115 through Step S119 of Fig. 8, position
det ecti on and pi ck-up of the sem conductor di e 113 are perforned
(detecting step, pick-up step), an absolute position of the
sem conductor die 213 inanext row(5throw) is calcul ated and
stored as an esti mated absol ute position in the position data
35inthe nenory 32 (estimated positioncal cul ati ng and stori ng
step). In the next row (5th row), the sem conductor die 213
i s not di sposed, but the TEGdie 60a is di sposed. However, it
I's assunmed that the sem conductor die 213 is disposed in the
next row, andits esti mated absol ute positionis cal cul ated and
stored in the position data 35 in the nenory 32.

[ 0043]

Then, as in Step S121 of Fig. 8, the CPU 31 increnents
the colum Mby 1. As in the same manner descri bed above, the
CPU 31 executes Step S114 t hrough Step S119in Fig. 8, and noves
the field of viewof the canera 22 by the X-direction pitch Py
(rowdirection pitch) as indicated by an arrow55b in Fig. 10,
so that a central positionof afieldof view154 of the canera
22 noves to an esti mat ed absol ut e position of the sem conduct or
die 114 inthe same row (4th row) and i n a next col um (4th row,
4t h colum) (viewfield noving step). Thereafter, as shownin

Step S115 through Step S119 in Fig. 8, position detection and
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pi ck-up of the sem conductor die 114 are performed (detecting
step, pick-up step), an absol ute position of the sem conduct or
die 214 in the next row (5th row) is calculated and stored as
an estimated absol ute position in the position data 35 in the
menory 32 (estimated position cal culating and storing step).
Simlarly to the 3rd colum, in the next row (5th row), the
sem conduct or die 214 is not disposed, but the TEGdie 60bis
di sposed. However, it is assuned that the sem conductor die
214 is disposed in the next row, and its estimted absolute
position is calculated and stored in the position data 35 in
the nenory 32.
[ 0044]

Then, Steps S114 through S121 in Fig. 8 are repeated in
t he same manner, so that the sem conductor dies 115 to 117 are
pi cked up as i ndi cated by an arrow55c in Fig. 10, and esti mat ed
absol ut e posi ti ons of the sem conductor di es 215t0 217 di sposed
in the next row (5th row) are calculated and stored in the
position data 35 in the nenory 32.
[ 0045]

By t he above pick-up operation, the sem conductor dies
111 to 117 disposed in the 4th row are pi cked up as indi cated
by the arrows 55a to 55c, and as indicated by a dashed arrow
El that is substantially parallel tothe arrows 55a-55c in Fig.
10 and di spl aced by the Y-direction pitch Py (colum-direction

pitch) inthe Ydirection, the estimated absol ute positions of
32



t he sem conductor dies 211 to 217 assunmed t o be di sposed inthe
next 5th roware stored in the position data 35 in the nenory
32.

[ 0046]

When all of the sem conductor dies in the 4th row are
pi cked up, as shownin Step S122 of Fig. 8, the CPU31 det erni nes
whet her or not t he pi ck-up has been conpletedto athe | ast row
Neng. I'n the above description, pick-up of the sem conductor
diesinthe 4th rowhas just been conpl eted, and pick-upto the
| ast row has not yet been conpleted. Therefore, as shown in
Step S113 of Fig. 8, the CPU 31 increnents N by 1, and sets M
to an initial value M;at: fOor the next row
[ 0047]

Herei nafter, a step for perform ng a pick-up operation
fromt he sem conduct or di e 217 di sposed at (5throw, 7t h col um)
to the sem conduct or di e 211 di sposed at (5th row, 1st col um)
illustrated in Fig. 11 will be described. As previously
described with reference to Fig. 10, the sem conductor dies
111-117 di sposed inthe 4th roware i ndi cated by dashed | i nes,
as all of these sem conductor di es have been pi cked up. Here,
for steps simlar to those described previously relating to
pi ck-up of the sem conductor dies 111-117 in the 4th row, only
the steps nanmes are shown and detail ed description shall be
omtted. Simlarly to pick-up of the sem conductor dies

111-117 in the 4th row, the CPU 31 executes Step S114 t hrough
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Step S119 of Fig. 8, and noves, as indicated by an arrow 56 in
Fig. 11, acentral positionof afieldof view157 of the canmera
22 to the esti mat ed absol ute position of the sem conductor di e
217storedinthepositiondata35inthenenory 32duringpi ck-up
of the sem conductor die 117 at (4throw, 7thcolum) (viewfield
novi ng step). Then, as shown in Step S115 through Step S119
of Fig. 8, position detection and pi ck-up of the sem conduct or
die 217 are perforned (detecting step, pick-up step), an
absol ute position of a sem conductor die 317 in anext row(6th
row) i s cal cul ated and stored as an esti mat ed absol ute position
in the position data 35 in the menory 32 (estimated position
calculating and storing step). As the pick-up operation here
is directed to the negative X direction, the CPU decrenents M
by 1 as in Step S121 of Fig. 8, and noves the operation back
to Step S114 in Fig. 8, and Steps S114 through S119 in Fig. 8
are repeated as descri bed previously; the sem conductor dies
216, 215 in the 5th row are sequentially picked up, and as
i ndicated as i ndicated by E2 in Fig. 11, absol ute positions of
sem conductor dies 316, 315 in the next row (6th row) are
cal cul ated and stored as estinated absolute positions in the
position data 35 in the nenory 32.
[ 0048]

The CPU 31 executes Step S114 of Fig. 8, and noves, as
i ndicated by an arrow 56 in Fig. 11, the central position of

the fieldof view154 of the canera 22 to t he esti nat ed absol ut e
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position of the sem conductor die 214 stored in the position
data 35 in the nenory 32 during pick-up of the sem conduct or
die 114 at (4th row, 4th columm) (view field noving step).
[ 0049]

As in Steps S115, S116 of Fig. 8, the CPU 31 obtains an
i mage taken by the canmera 22 via the canera interface 42, to
detect a central position of the sem conductor di e 214 assuned
to be positioned at (5th row, 4th col unm) fromthe taken i mage.
However, at this position, asem conductor dieis not di sposed,
but the TEGdie 60b is disposed. Therefore, the CPU 31 is not
abl e to detect a sem conductor die fromthe i nage taken by t he
canera 22. In this case, the CPU 31 does not performthe
detecting step and the pick-up step, and stores a position
obt ai ned by subtracting a value twice as |large as the
Y-directionpitch (colum-directionpitch) Pyfromthe absol ute
position of the sem conductor die 114 at (4th row, 4th col um)
to which position detection has been previously perforned as
an esti mated absol ute position of a sem conductor die 314 at
(6throw, 4thcol umm) (second sem conductor die) intheposition
data 35 in the nenory 32 (estimted position calculating and
storing step). Then, the CPU 31 decrenents Mby 1 as in S121
of Fig. 8, noves the operationto Step S114in Fig. 8, and noves
the central position of the field of viewof the canera 22 to
the estimated absol ute position of the sem conductor die 213

stored in the position data 35 in the menory 32 during pi ck-up
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of the sem conductor die 113 at (4throw, 3rdcolum) (viewfield
novi ng step).
[ 0050]

However, simlarly to the case of the sem conductor die
214, a sem conductor die is not disposed, but the TEG di e 60a
i s di sposed at this position. Therefore, the CPU31is not able
to detect a sem conductor di e fromtheinmagetaken by the canera
22. Accordingly, in the same manner as descri bed above, the
CPU 31 does not performthe detecting step and t he pi ck-up step,
and stores a position obtained by subtracting a val ue tw ce as
| arge as the Y-directionpitch (colum-directionpitch) Pyfrom
t he absol ute position of the sem conductor die 113 at (4th row,
3rd colum) to which position detection has been previously
perforned as an esti nat ed absol ute position of a sem conduct or
die 313 at (6th row, 3rd colum) (second sem conductor die) in
the position data 35 in the nenory 32 (estinmated position
cal culating and storing step). Then, the CPU 31 decrenents M
by 1 as in S121 of Fig. 8, noves the operationto Step S114 in
Fig. 8, and noves the central position of the field of view of
the canera 22 to the estinmated absol ute position of the
sem conductor die 212 stored in the position data 35 in the
menory 32 during pick-up of the sem conductor die 112 at (4th
row, 2nd columm) (view field noving step).

[ 0051]
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As t he sem conduct or di e 212 i s di sposed at t his position,
as in Step S115 t hrough Step S119 of Fig. 8, the CPU31 perforns
position detection and pick-up of the sem conductor die 212
(detecting step, pick-up step), and cal cul ates an absol ute
position of a sem conductor die 312 in the next row (6th row),
and stores the cal cul ated absol ute position as an estimated
absol ute position in the position data 35 in the nenory 32
(estimated position cal culating and storing step). Then, the
sem conductor die 211 is picked up in the same nmanner
[ 0052]

As descri bed above, when picking up a sem conductor die
(first sem conductor die) disposed in one row, the
sem conduct or manufacturing apparatus 100 according to this
enbodi nent cal cul at es an absol ute position of a sem conduct or
di e (second seni conductor die) inarownext tothe current row,
and stores the cal cul ated absol ute position as an esti mated
absol ute position in a nenory, and then the sem conduct or
manuf act uri ng apparatus 100 noves the field of view of the
canera 22 along the next row based on the stored esti mted
absol ute position to pick up a sem conductor die. In other
wor ds, based on a sem conduct or di e that has been the actual ly
pi cked up, a position of a sem conductor die in the next row
is estimated, and the central position of the field of view of
the canera 22 is noved toward the estinmated position.

Accordingly, it is possible to effectively prevent the field
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of viewfromskipping to arownext to arowto which picking
Is currently perfornmed even if there is no sem conductor die
in anext colum, and to effectively prevent a sem conductor
dieintherowtowhichpickingiscurrently performedfrombeing
| eft unpi cked.

[ 0053]

Next, a pick-up operation by the sem conduct or
manuf act uri ng appar at us 100 accordi ngto adi fferent enbodi nent
of the present invention will be described with reference to
Fig. 11to Fig. 23. The sem conduct or manuf act uri ng appar at us
100 according to this enbodinment is different fromthe
previ ousl y descri bed enbodi nent inthat asillustratedin Figs.
14 through 23, the field of views 71, 171-276 of the camera 22
are of a size containing sem conductor dies (a plurality of
sem conductor dies) inthreerows andthreecolums. Simlarly
to the above description, in Figs. 14 to 23, circled nunbers
1to 7 are nunbers for seven col ums of sem conduct or di es, and
nunbers 1 to 3 and 4 to 7 in squares are nunbers for rows of
sem conduct or dies.

[ 0054]

As in Step S201 of Fig. 12, the CPU31 initializes a row
nunmber N and a col um nunber M:a¢ as data at a pi ck-up starting
position. As illustrated in Fig. 14, in the follow ng
description, pick-up is perfornmed |eftward fromthe

sem conductor die 77 disposed at (1lst row, 7th columm) as
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i ndicated by the arrow54 in Fig. 14, the CPU 31 sets N=1, and
M=7. Next, as in Step S202 of Fig. 12, the CPU 31 reads data
for positionof thesem conductor die 77 at (1st row, 7t h col um)
as areferencepositionfromthecontrol data34. Then, as shown
I nStep S203 of Fig. 11, the CPU31 out puts a command for driving
the wafer holder driving unit 18 such that the center of the
fieldof view7l of the canera 22 cones at the reference position
of the sem conductor die 77 di sposed at N=1, M=7 (1st row, 7th
col um) that has been previously read, that i s, a sem conduct or
dieat thestartingpositionillustratedinFig. 6. The conmand
is input as a control signal to the wafer hol der driving unit
18 viathe waf er holder drivingunit interface 44, and t he waf er
hol der driving unit 18 noves the wafer holder 10 in the XY
di rection.

[ 0055]

As illustrated in Fig. 14, the field of view 71 of the
canmera 22 contai ns t he sem conductor die 77 towhichthecentral
positionis adjusted, the sem conductor die 76 in the 1st row,
and sem conductor dies 88, 87, 86 in the 2nd row. First, as
in Step S204 of Fig. 12, the CPU 31 takes and obt ai ns an i mage
i ncl udi ng the sem conductor die 77 to which the center of the
fieldof view71 is adjusted, and the sem conductor die 76, the
sem conductor die 87 (2nd row, 7th colum) that is in the row
next to the row for the sem conductor die 77 and that is on a

side in a pick-up direction indicated by the arrow 54 in Fig.
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14. Here, the sem conductor dies 86, 88 containedinthefield
of view 71 may or may not be included in the i mrage at the sane
time.

[ 0056]

Next, as in Step S205 of Fig. 12, the CPU 31 executes the
detecti on program36 shown in Fig. 1, and detects the centra
position of the sem conductor die 77 fromthe i mage taken by
thecanmera22viathecanerainterface42. Then, asillustrated
in Fig. 14, the position of the wafer holder 10 in the XY
direction is adjusted by the wafer hol der driving unit 18, so
that the central position of the detected sem conductor die 77
mat ches the center of the field of view 71 of the canera 22.
When the central position of the sem conductor die 77 at (1st
row, 7th colum) and the center of the field of view71 of the
canmera 22 match, this position is detected as an absolute
position of the sem conductor die 77 (first sem conductor die)
at (1st row, 7th colum) with respect to the reference point
(not shown) of the sem conductor manufacturing apparatus 100
(detecting step).

[ 0057]

Next, as in Step S206 of Fig. 12, the CPU 31 executes the
pi ck up program 38 shown in Fig. 1, and adjusts the position
of the waf er hol der 10inthe XYdirectionusingthewafer hol der
driving unit 18, so that the plunge-up nmechanism 21 and the

collet 19 illustrated in Fig. 1 cone at the absol ute position
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of the sem conductor die 77 at (1st row, 7th colum). Wenthe
adj ustment of the positionis conpleted, the CPU 31 outputs a
command for picking up the sem conductor die 77. In response
to this command, the plunge-up nechani sm 21 noves upward to
pl unge up the sem conductor die 77 at (1st row, 7th columm),
and at thesanetine, thecollet drivingunit 20 noves t he col |l et
19 downward t o vacuumsuction t he sem conductor die 77 to pi ck
up the sem conductor die 77 fromthe wafer tape 12 (pick-up
step).

[ 0058]

Next, as in Steps S207 and S208 of Fig. 12, the CPU 31
executes the recognition program40 shown in Fig. 1. The CPU
31 determ nes whether there is a sem conductor die under the
sem conductor die 77 (inthe 2ndrow) i nthe center of theinmge
taken by t he camera 22, or therei s not hingthat canberecogni zed
as a sem conductor die, like a case in which there is the TEG
die 60 or only the wafer tape 12. Then, if a sem conductor die
i's recogni zed under the sem conductor die 77 (in the 2nd row)
inthe imge, the CPU 31 detects as in Step S209 of Fig. 12 an
absol ute position of the sem conductor die 87 (second
sem conductor die) with respect to the reference point (not
shown) of the sem conductor manufacturing apparatus 100 from
the i mage. Then, as in Step S211 of Fig. 12, the CPU 31 stores

the detected absolute positionin the position data 35in the
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menory 32 as an esti mat ed absol ut e posi ti on of t he sem conduct or
die 87 disposed in the next row (2nd row, 7th colum).
[ 0059]

Further, if there is no sem conductor die recognized
under the sem conductor die 77 (in the 2nd row), |like a case
inwhichthereis nothinglike a sem conductor die but the TEG
di e 60 havi ng no characteri stic shape or mark of a sem conduct or
die or only the surface of the wafer tape 12, as in Step S210
of Fig. 12, a position obtained by subtracting the Y-direction
pitch (colum-direction pitch) Py fromthe absol ute position
of the sem conductor die 77 at (1st row, 7th columm) (first
sem conduct or die) detected in Step S205 of Fig. 12 is stored
inthepositiondata35inthe menory 32 as an esti nat ed absol ute
posi ti on of the sem conductor di e 87 (second sem conduct or di e)
that i s assunmedtobepositionedat (2ndrow(N+1row), 7t h col umm
(Mytarr colum)) as in Step S211 of Fig. 12.

[ 0060]

As illustrated in Fig. 14, as the sem conductor die 87
is disposed at (2nd row, 7th columm (in the next row of the
sem conductor die 77 in the sane colum)) under the
sem conductor die 77 at (1st row, 7th colum), the CPU 31
recogni zes the sem conductor die 87 in the inage as a
sem conductor di e, detects asin Step S209 of Fi g. 12 an absol ute
posi ti on of the sem conductor di e 87 (second sem conduct or di e)

with respect to the reference point (not shown) of the
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sem conduct or manuf act uri ng apparatus 100 fromt he i nage, and
asinStepS211of Fig. 12, storesthe detectedabsol ute position
inthepositiondata35inthe menory 32 as an esti nat ed absol ute
position of the sem conductor die 87 at (2nd row, 7th col um)
in the next row (estimated position cal culating and storing
step).

[ 0061]

Next, as in Step S212 of Fig. 12, the CPU 31 determ nes
whet her or not the picking has been conpleted to the | ast the
colum Mpginthisrow |[If, not, the CPU31 noves t he operati on
to Step S213 of Fig. 13, froma connectingtermnal 1 (indicated
by a circled nunber 1 in the figure; the sane applies in the
following) in Fig. 12 to a connecting termnal 1 in Fig. 13,
and executes the recognition program40 shown in Fig. 1. The
CPU 31 det erm nes whet her thereis asem conductor di e on a side
in the pick-up direction of the sem conductor die 77 in the
center of theimgetakenbythe canera22 (i mage onthe negative
X side), or there is nothing that can be recogni zed as a
sem conductor die, like a case in which there is the TEG die
60 or only the wafer tape 12. If a sem conductor die is
recogni zed on the side in the pick-up direction of the
sem conductor die 77 (inmage on the negative X side), the CPU
31 detects an absol ute position of the sem conductor die with
respect tothereference point (not shown) of the sem conduct or

manuf act uri ng apparatus 100 fromthe i mage as in Step S214 of
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Fig. 13. Then, as in Step S215 of Fig. 13, the CPU 31 noves
the central position of the field of view 71 of the canera 22
to the detected absol ute position, decrenents the col unm M by
1 as in Step S216 of Fig. 13, noves the operation to S204 of
Fig. 12 froma connecting termnal 3 (indicated by the circled
nunber 3 in the figure; the sanme applies in the following) in
Fig. 13 to a connecting termnal 3 in Fig. 12, takes an i nage
of a sem conductor die at (1st row, 6th colum), detects an
absol ute position of this sem conductor die, and picks upthis
sem conduct or di e.
[ 0062]

Further, if there is no sem conductor die recogni zed on
the side in the pick-up direction of the sem conductor die 77
(image on the negative X side), like a case in which thereis
not hing I'i ke a sem conduct or di e but the TEG di e 60 havi ng no
characteristic shape or mark of a sem conductor die or only the
surface of the wafer tape 12, the operation noves to Step S217
of Fig. 13, and it is determ ned whether or not a sem conduct or
dieinthefirst rowis to be picked up. Wen a sem conduct or
dieinthe first rowis to be picked up, there is no data of
pi cking for a previous row. Therefore, the CPU 31 noves the
waf er holder 10 by the X-direction pitch (colum-direction
pitch) Pxto nove the field of viewof the canmera 22 as in Step
S219 of Fig. 13, decrenents the columm Mby 1 as in Step S220

of Fig. 13, noves the operation back to Step S204 of Fig. 12
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fromthe connecting termnal 3 in Fig. 13 to the connecting
termnal 3 in Fig. 12, takes an i mage around a sem conduct or
die that is assunmed to be di sposed at (1st row, 6th colum),
and noves the operation to Step S207 of Fig. 12 skipping the
position detection step and the pick-up step.
[ 0063]

As illustrated in Fig. 14, in this enbodi nent, thereis
t he sem conductor die 76 di sposed at (1st row, 6th columm) on
the side in the pick-up direction (negative X side) of the
sem conductor die 77 at (1st row, 7th colum). Therefore, the
CPU 31 recogni zes in the image that the sem conductor die 76
isonthesideinthe pick-updirection (onthe negative Xside)
of the sem conductor die 77, and detects an absol ute position
of the sem conductor die 76 with respect to the reference point
(not shown) of the sem conductor manufacturing apparatus 100
fromthis inage as in Step S214 of Fig. 13. Then, as in Step
S215 of Fig. 13, the CPU 31 noves the central position of the
field of view 71 of the canera 22 to the detected absol ute
position, decrenents the columm Mby 1 as in Step S216 of Fig.
13, noves the operation to S204 of Fig. 12 fromthe connecting
termnal 3inFig. 13to the connectingtermnal 3inFig. 12,
takes an image of the sem conductor die 76 at (1st row, 6th
col um), detects an absol ute position of the sem conductor die
76, and picks up this sem conductor die.

[ 0064]
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Thereafter, in the sane manner, the sem conductor dies
di sposed in the 1st row are sequentially picked up to the
negative X side as indicated by the arrow 54 in Fig. 14. 1In
addi tion, as indicated by a dashedarrowEO in Fig. 14, absol ute
posi ti ons of sem conductor dies in the 2nd row are detected or
cal cul ated, and stored as estinmated absolute positions inthe
position data 35 in the nenory 32. Then, if it is determ ned
that the picking has been conpleted to a sem conductor die in
the last the colum Mn (M-Mng) in Step S212 of Fig. 12, the
CPU 31 noves the operation to Step S221 of Fig. 13 froma
connecting termnal 2 in Fig. 12 and a connecting termnal 2
in Fig. 13, and determ nes whet her or not a sem conductor die
at a last row Nepng has been picked up. Now, as it is N=1, and
not the last row Neng, the CPU 31 noves the operation to Step
S222 of Fig. 13, increnents Nby 1 to set Nto be 2, and sets
Mto be Miart @as a first colum in the 2nd row. Then, in Step
S211 of Fig. 12, the CPU 31 noves the central position of the
fieldof viewof thecanera22totheestimtedabsol ute position
of a sem conductor die at (2nd ((N+t1)th) row, Mqat¢-th col umm)
stored in the position data 35 in the nmenory 32, and noves t he
operation to Step S204 of Fig. 12 froma connecting term nal
4 (indicated by the circled nunber 4 in the figure; the sane
appliesinthefollowng) inFig. 13, and a connecting term nal
4 in Fig. 12.

[ 0065]
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As illustrated in Fig. 6, there are a | arger nunber of
col um nunbers in the 2nd row than in the 1st row. If an
esti mat ed absol ute position of a pick-up starting positionin
the 2ndrowat (2nd ((N+1)th) row, Miat-th colum) i s not stored
I n pi ck-up of sem conductor dies inthe 1st row, the operation
returns to Step S203 of Fig. 12, and the CPU 31 nay read a
reference position of a sem conductor die at the pick-up
startingposition(2nd ((N+1)th) row, Miar¢-th col um) fromdat a
for sem conductor die arrangenent, and may nove the central
positionof thefieldof viewof the canera 22to this position.
[ 0066]

As pick-up of sem conductor dies in the 2nd row and
thereafter is perforned in the sanme routine, in the foll ow ng
description, an exanple of a pick-up routine for the
sem conductor dies 111-115 in the 4th row, and for the
sem conduct or di es 212-216 inthe 5th rowin which the TEGdi es
60a, 60b are di sposed w || be described wthreferenceto Fig.
15 to Fig. 24. Pick-up of sem conductor dies in the 2nd row
and thereafter is different fromthe pi ck-up of sem conduct or
dies in the 1st row descri bed above in that while the pick-up
of sem conductor dies in the 1st row when a sem conductor die
iI's not recogni zed on the side of the pick-up direction is
performed by noving the field of viewof the canera 22 of the
sem conduct or di e, capturing a sem conductor dieinthe field

of viewof the canera 22, adjusting the center of the field of
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view of the camera 22 with a central position of this

sem conduct or die, and sequentially detecting absol ute
positions of sem conductor dies to be picked up, pick-up of
sem conductor dies in the 2nd row when a sem conductor dieis
not recogni zed ont he si de of the pick-updirectionis perforned
by perform ng cal cul ati on based on the absol ute positions of
t he sem conduct or di es whose positions have been detected,
readi ng an esti nat ed absol ute position stored in the position
data 35 in the nenory 32, and noving the field of view of the
canera 22 toward the estimted absolute position.

[ 0067]

Herei nafter, a step for perform ng a pick-up operation
sequentially fromthe sem conductor die 111 at (4th row, 1st
colum) to the sem conductor die 115 at (4th row, 5th col um)
illustratedinFigs. 15t019w || be described. As N=4, Miat=1
inthis exanple, the CPU 31 sets N=4, M=l in Step S222 of Fig.
13, and executes the view field novenent program 39 shown in
Fig. 1 asin Step S223 of Fig. 13. First, the CPU 31 reads an
esti mat ed absol ute position for the sem conductor die 111 at
(4throw, 1st colum) storedinthepositiondata35inthenenory
32 when pi cki ng up sem conductor dies in arowof N=3. Next,
t he CPU 31 out put s a command f or drivi ngthe waf er hol der dri vi ng
unit 18 such that a center of afield of view151 of the canera
22 cones at the previously read esti mat ed absol ut e position of

the sem conductor die 111 di sposed at N=4, M1 (4th row, 1st
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colum). The command i s i nput as a control signal tothe wafer
hol der driving unit 18 via the wafer holder driving unit
interface 44, and the wafer holder driving unit 18 noves the
waf er holder 10 in the XY direction (viewfield noving step).
Then, the operation returns to S204 of Fig. 12.
[ 0068]

As in Steps S204 and S205 of Fig. 12, the CPU 31 executes
t he detecti on program36 shown in Fig. 1, takes an i mage of the
sem conductor dies 111, 112, 211 contained in a range of the
field of viewl71 by the canera 22 via the canera interface 42,
and detects a central position of the sem conductor die 111 at
(4th row, 1st colum) fromthe taken i mage. Then, a position
of the wafer holder 10 in the XY direction is adjusted by the
waf er hol der driving unit 18, so that the central position of
t he detected sem conductor die 111 nmatches the center of the
field of viewl171 of the canera 22. Further, when the centra
position of the sem conductor die 111 at (4th row, 1st col um)
and the center of the field of view171 of the canera 22 mat ch,
this position is detected as an absol ute position of the
sem conductor die 111 (first sem conductor die) at (4th row,
1st colum) with respect to the reference point (not shown) of
t he sem conduct or manufacturing apparatus 100 (detecting
step).
[ 0069]
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Next, as in Step S206 of Fig. 12, the CPU 31 executes the
pi ck up program 38 shown in Fig. 1, and adjusts the position
of the waf er hol der 10inthe XYdirectionusingthewafer hol der
driving unit 18, so that the plunge-up nmechani sm 21 and the
collet 19 cone at the absolute position of the sem conductor
die 111 at (4th row, 1st colum) to which position detection
i sperformed. Wenthe adjustnent of thepositionis conpleted,
the CPU 31 out puts a command for picking up the senm conduct or
die 111. Inresponseto this command, the plunge-up nechani sm
21 noves upward to plunge up the sem conductor die 111 at (4th
row, 1lst columm), and at the sane tinme the collet driving unit
20 noves the collet 19 downward to vacuum suction the
sem conductor die 111 to pick up the sem conductor die 111 from
the wafer tape 12 (pick-up step).

[ 0070]

Next, as in Steps S207 and S208 of Fig. 12, the CPU 31
executes the recognition program40 shown in Fig. 1. The CPU
31 determ nes whether there is a sem conductor die under the
sem conductor die 111 in the center of the i mage taken by the
camera 22 (in the 5th row), or there is nothing that can be
recogni zed as a sem conductor die, |ike a case in which there
iIs the TEGdie 60 or only the wafer tape 12. As illustrated
inFig. 15, as the sem conductor die 211 is di sposed under the
sem conductor die 111 (in the 5th row), the CPU 31 recogni zes

the sem conductor die in the i nage, executes the estimated
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position cal cul ati on and storage program37 as in Step S209 of
Fig. 12, detects an absol ute position of the sem conductor die
211 (second sem conductor die) with respect to the reference
poi nt (not shown) of the sem conduct or manuf acturi ng appar at us
100 fromthe i mage, and as in Step S211 of Fig. 12, stores the
det ect ed absol ute positioninthe positiondata35inthe nenory
32 as an esti mat ed absol ute position of the sem conductor die
211 at (5throw, 1st colum) inthe next row(estinated absol ute
position cal culating and storing step).

[0071]

Next, as in Step S212 of Fig. 12, the CPU 31 determ nes
whet her or not the picking has been conpleted to the | ast the
colum Mpginthisrow |[If, not, the CPU31 noves t he operati on
to Step S213 of Fig. 13, froma connectingtermnal 1 (indicated
by a circled nunber 1 in the figure; the sane applies in the
following) in Fig. 12 to a connecting termnal 1 in Fig. 13,
and execut es t he recogni tion program40. The CPU31 determ nes
whet her there is a sem conductor die on a side in the pick-up
di rection (positive Xside) of the sem conductor die 111inthe
center of the i nage taken by t he canmera 22, or there i s nothing
that can be recogni zed as a sem conductor die, like a case in
which there is the TEGdie 60 or only the wafer tape 12. As
illustrated in Fig. 15, there is the sem conductor die 112
di sposed onthe sideinthe pick-updirection (positive Xside)

of the semi conductor die 111. Therefore, the CPU 31 detects
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an absol ut e position of the sem conductor die 112 with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 fromthis i mage as in Step S214 of
Fig. 13. Then, as in Step S215 of Fig. 13, the CPU 31 noves
the central position of the field of view172 of the canera 22
illustratedinFig. 16 tothe detected absol ute position of the
sem conductor die 112, increnents the colum Mby 1 as in Step
S216 of Fig. 13, and noves t he operationto S204 of Fig. 12 from
the connectingtermnal 3inFig. 13tothe connectingterm nal
3in Fig 12
[ 0072]

As in Steps S204 and S205 of Fig. 12, the CPU 31 executes
t he detecti on program36 shownin Fig. 1, takes an i mage of the
sem conductor dies 112, 212, 113 contained in a range of the
field of viewl1l72 illustrated in Fig. 16 by the canmera 22 via
the canera interface 42, and detects a central position of the
sem conductor die 112 at (4th row, 2nd colum) fromthe taken
i mage. Then, a position of the wafer holder 10 in the XY
direction is adjusted by the wafer hol der driving unit 18, so
that the central positionof the detected sem conductor die 112
mat ches the center of the field of view 172 of the canera 22.
Furt her, whenthe central position of the sem conductor die 112
at (4th row, 2nd colum) and the center of the field of view
172 of the canera 22 match, this position is detected as an

absol ute position of the sem conductor die 112 (first
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sem conductor die) at (4throw, 2nd colum) with respect tothe
ref erence poi nt (not shown) of the sem conduct or manuf acturi ng
apparatus 100 (detecting step).

[ 0073]

Next, simlarly tothe above description, asin Step S206
of Fig. 12, the CPU31 executes the pi ck up program38, and pi cks
up the sem conductor die 112 at (4th row, 2nd col um) to which
position detection has been perfornmed (pick-up step).

[ 0074]

Next, simlarlytothe above description, asin Steps S207
and S208 of Fig. 12, the CPU31 executes t he recognition program
40. The CPU 31 executes t he estimated positioncal cul ati on and
storage program 37, detects an absol ute position of the
sem conductor die 212 (second sem conductor die) with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 as in Step S209 of Fig. 12, and as
in Step S211 of Fig. 12, stores the detected absol ute position
inthepositiondata35inthe menory 32 as an esti nat ed absol ute
position of the sem conductor die 212 at (5th row, 2nd col um)
in the next row (estimated absol ute position cal cul ati ng and
storing step).

[ 0075]

Next, simlarlytothe above description, the CPU31 noves

the operation fromStep S212 of Fig. 12 to Step S213 of Fig.

13, and executes t herecogni tionprogram40. The CPU31 detects
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an absol ut e position of the sem conductor die 113 with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 as in Step S214 of Fig. 13. Then,
as in Step S215 of Fig. 13, the CPU 31 noves a central position
of afieldof viewl73 illustrated in Fig. 17 to the detected
absol ute position of the sem conductor die 113, increnents the
colum Mby 1, and noves the operation to S204 of Fig. 12 from
the connectingtermnal 3inFig. 13tothe connectingterm nal
3in Fig 12
[ 0076]

Simlarly tothe above description, as in Steps S204 and
S205 of Fig. 12, the CPU 31 executes the detection program 36
shown in Fig. 1, takes an i mage of the sem conductor dies 113,
114, and the TEG di e 60a contained in a range of the field of
viewl73 illustratedinFig. 17 by the canera 22 vi a t he canera
interface 42, and detects a central position of the
sem conductor die 113 at (4th row, 3rd colum) fromthe taken
i mage. Then, the CPU 31 has the central position of the
sem conductor die 113 at (4th row, 3rd col umm) match t he center
of the field of view 173 of the canera 22, and detects this
position as an absol ute position of the sem conductor die 113
(first sem conductor die) at (4throw, 3rd columm) withrespect
to the reference point (not shown) of the sem conductor
manuf acturing apparatus 100 (detecting step).

[ 0077]
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Next, simlarlytothe above description, asin Step S206
of Fig. 12, the CPU 31 executes the pick up program 38 shown
inFig. 1, and picks up the sem conductor die 113 at (4th row,
3rd colum) to which position detection has been perforned
(pick-up step).

[ 0078]

Then, as in Step S207 to Step S211 of Fig. 12, the CPU
31 executes the recognition program 40 and the estinated
position cal cul ati on and storage program 37 shown in Fig. 1.
As illustrated in Fig. 17, as there is the TEG di e 60a havi ng
no characteristic shape or mark of a sem conductor di e under
the sem conductor die 113 (in the 5th row) in the i nage, the
CPU 31 determ nes that this position in the i mage may not be
recogni zed as a sem conductor die. Then, as in Step S210 of
Fig. 12, the CPU 31 stores a position obtained by subtracting
the Y-direction pitch (colum-direction pitch) Py fromthe
absol ute position of the sem conductor die 113 (first
sem conductor die) at (4th row, 3rd colum) detected in Step
S205 of Fig. 12 in the position data 35 in the nenory 32 as an
esti mat ed absol ute position of the sem conductor die 213
(second sem conductor die) that i s assuned to be positioned at
(5th row (N+1 row), 3rd colum) as in Step S211 of Fig. 12
(estimted position calculating and storing step).

[ 0079]
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Next, simlarlytothe above description, the CPU31 noves
the operation fromStep S212 of Fig. 12 to Step S213 of Fig.
13, and executes t herecognitionprogram40. The CPU31 detects
an absol ut e position of the sem conductor die 114 with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 as in Step S214 of Fig. 13. Then,
as in Step S215 of Fig. 13, the CPU 31 noves a central position
of afield of viewl1l74 illustrated in Fig. 18 to the detected
absol ute position of the sem conductor die 114, increnents the
columm Mby 1 asin Step S216 of Fig. 13, and noves t he operati on
to S204 of Fig. 12 fromthe connecting termnal 3 in Fig. 13
to the connecting termnal 3 in Fig. 12.

[ 0080]

Thereafter, in the sane manner, as illustrated in Fig.
18 and Fig. 19, the recognition program 40, the estinmated
position cal culati on and storage program 37, the detection
program36, the pick up program38, and the viewfi el d novenent
program39 are executed to pick up the sem conduct or dies 114,
115 sequentially, and an estimated absol ute position of the
sem conductor die 214 (second seniconductor die) that is
assuned to be positioned at (5th row, 4th columm) and the
absol ute position of the sem conductor die 215 positioned at
(5th row, 5th colum) are stored inthe positiondata 35inthe
nmenory 32 as respective esti mat ed absol ut e positions (esti mated

absol ute position cal culating and storing step).
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[ 0081]

As descri bed above, the sem conductor dies disposed in
the 4th row are sequentially picked up to the positive X side
as indicated by an arrow 55 in Fig. 15 through Fig. 19. 1In
addi tion, as indicated by a dashed arrowE5 in Fig. 15 t hrough
Fig. 19, absol ute positions of sem conductor dies in the 5th
roware detected or cal cul ated and stored as esti mat ed absol ute
positions in the position data 35 in the nmenory 32.

[ 0082]

When all of the sem conductor dies in the 4th row are
pi cked up, as shownin Step S221 of Fig. 13, the CPU31 det er m nes
whet her or not t he pi cki ng has been conpletedto athe | ast row
Neng.  I'n the above description, picking up to the | ast row has
not yet been conpleted. Therefore, as shown in Step S223 of
Fig. 8 the CPU31 increnents Nby 1, and sets Mto an initial
val ue Myiat for the next row
[ 0083]

Herei nafter, a step for perform ng a pick-up operation
fromt he sem conductor di e 216 di sposed at (5th row, 6th col um)
to the sem conduct or di e 212 di sposed at (5th row, 2nd col um)
illTustrated in Fig. 20 through Fig. 24 will be described. As
previously describedwi threferenceto Figs. 15through 19, the
sem conductor dies disposed in the 4th row are indicated by
dashed lines, as all of these sem conductor dies have been

pi cked up. Here, for steps simlar to those described
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previously relating to pick-up of the sem conductor dies
111-115 in the 4th row, only the steps nanmes are shown and
detai |l ed description shall be omtted.
[ 0084]

As in Steps S204 and S205 of Fig. 12, the CPU 31 executes
t he detecti on program36 shownin Fig. 1, takes an i mage of the
sem conduct or di es 216, 316, 215 containedinarangeof afield
of view276, and detects acentral positionof the sem conduct or
die 216 at (5th row, 6th colum) fromthe taken i mage. Then,
the CPU 31 nmekes the central position of the detected
sem conductor di e 216 match the center of the field of view276
of the canmera 22, and detects this position as an absol ute
position of the sem conductor die 216 (first sem conductor die)
at (5th row, 6th colum) with respect to the reference point
(not shown) of the sem conductor manufacturing apparatus 100
(detecting step). Further, asin Step S206 of Fig. 12, the CPU
31 executes the pick up program38 shown in Fig. 1, and picks
up the sem conductor die 216 at (5th row, 6th colum) to which
position detection has been perforned fromthe wafer tape 12
(pi ck-up step).
[ 0085]

Next, as in Steps S207 and S208 of Fig. 12, the CPU 31
executes the recognition program40 showmn in Fig. 1. As the
sem conduct or di e 316 i s di sposed under the sem conductor die

216 in the center of the i mage taken by the camera 22, the CPU
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31 recogni zes the sem conductor die intheinmage, executes the
esti mat ed posi ti oncal cul ati on and st orage program37 asin Step
S209 of Fig. 12, detects an absolute position of the
sem conduct or di e 316 (second sem conductor die) with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng appar atus 100 fromthe i nage, and as i n Step S211
of Fig. 12, stores the detected absolute position in the
position data 35 in the nenory 32 as an estinated absol ute
position of the sem conductor die 316 at (6th row, 6th col um)
in the next row (estinmated absol ute position cal cul ati ng and
storing step).
[ 0086]

Then, the CPU 31 noves the operationto Step S213 of Fig.
13 and executes the recogniti on program40 shownin Fig. 1. As
t he sem conduct or di e 215i s di sposed onthe sideinthe pick-up
di rection (negative Xside) of the sem conductor die 216 inthe
center of the i mage taken by the canmera 22, the CPU 31 detects
an absol ut e position of the sem conductor die 215 wi th respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 fromthis i mage as in Step S214 of
Fig. 13. Then, as in Step S215 of Fig. 13, the CPU 31 noves
a central position of afield of view275 illustrated in Fig.
21 to the detected absol ute position of the sem conductor die

215, decrenents the colum Mby 1 as in Step S216 of Fig. 13,
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and noves the operation to S204 of Fig. 12 fromthe connecti ng
termnal 3inFig. 13to the connectingtermnal 3inFig. 12.
[ 0087]

As in Steps S204 and S205 of Fig. 12, the CPU 31 takes
an i mage of the sem conductor di es 215, 315 and t he TEG di e 60b
contained in arange of the field of view275 shown in Fig. 21,
and detects a central position of the sem conductor die 215 at
(5th row, 5th colum) fromthe taken i mage. Then, the CPU 31
makes the central position of the detected sem conductor die
215 match the center of the field of view275 of the canera 22,
and detects this position as an absolute position of the
sem conductor die 215 (first sem conductor die) at (5th row,
5th colum) with respect to the reference point (not shown) of
t he sem conduct or manuf act uri ng appar at us 100 (det ecti ng step).
Further, simlarly to the above description, as in Step S206
of Fig. 12, the CPU31 executes the pi ck up program38, and pi cks
up the sem conductor die 215 at (5th row, 5th colum) to which
position detection has been perfornmed (pick-up step).

[ 0088]

Next, as in Steps S207 and S208 of Fig. 12, the CPU 31
executes the recognition program40 shown in Fig. 1. As the
sem conduct or di e 315 i s di sposed under the sem conductor die
215 in the center of the i mage taken by the camera 22, the CPU
31 recogni zes t he sem conductor die intheinmage, executes the

esti mat ed posi tioncal cul ati on and st orage program37 asin St ep
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S209 of Fig. 12, detects an absolute position of the
sem conductor di e 315 (second sem conductor die) with respect
to the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 fromthe i nage, and as in Step S211
of Fig. 12, stores the detected absolute position in the
position data 35 in the nenory 32 as an estinated absol ute
position of the sem conductor die 315 at (6th row, 5th col um)
in the next row (esti mated absol ute position cal cul ati ng and
storing step).
[ 0089]

Then, the CPU 31 noves the operationto Step S213 of Fig.
13 and executes the recogni ti on program40. As the TEGdi e 60Db,
i nstead of the sem conductor die 214, is disposed on the side
I nthe pick-updirection (negative Xside) of the sem conduct or
die 215 in the center of the i mage taken by the canera 22, a
sem conductor die is not recognized in the imge, and the
operation noves fromStep S217 to Step S218 in Fig. 13. As in
Step S218 of Fig. 13, the CPU 31 reads the estinmated absol ute
position of the sem conductor die 214 stored in the position
data 35 in the nmenory 32 when pi cki ng up t he sem conductor die
114 in the previous row (4th row), noves the central position
of the field of view 274 of the camera 22 illustrated in Fig.
22 to this estimted absol ute position, decrenments the col um

M by 1, and noves the operation to S204 of Fig. 12 fromthe
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connecting termnal 3inFig. 13 to the connecting term nal 3
in Fig. 12.
[ 0090]

As in Steps S204 and S205 of Fig. 12, the CPU 31 takes
an i mage of the TEG di es 60a, 60b, and the sem conductor die
314 containedin arange of the field of view274 shown in Fig.
22. However, as the TEGdi e 60b i s di sposed at a position where
t he sem conductor die 214 is assuned to be positioned, the CPU
31 skips the detecting step and the pick-up step.

[ 0091]

Then, as in Steps S207 and S208 of Fig. 12, the CPU 31
executes the recognition program40. As the sem conductor die
314 i s di sposed under the TEGdi e 60b inthe center of theinmage
t aken by t he canera 22, the CPU 31 recogni zes t he sem conduct or
die in the i mage, executes the estimated position cal culation
and storage program37 as in Step S209 of Fig. 12, detects an
absol ute position of the sem conductor die 314 (second
sem conductor die) with respect to the reference point (not
shown) of the sem conductor manufacturing apparatus 100 from
the image, and as in Step S211 of Fig. 12, stores the detected
absol ute positionin the position data 35 in the nenory 32 as
an esti mat ed absol ute position of the sem conductor di e 314 at
(6th row, 4th colum) in the next row (estimated absol ute
position cal culating and storing step).

[ 0092]
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Next, the CPU 31 noves the operationto Step S213 of Fig.
13 and executes the recogni ti on program40. Asthe TEGdi e 60a,
i nstead of the sem conductor die 213, is disposed on the side
inthe pick-up direction (negative X side) of the TEG di e 60b
inthecenter of theinmagetakenbythecanera?22, asem conductor
dieis not recognizedintheimge. Therefore, the CPU31 noves
the operation fromStep S217 to Step S218 in Fig. 13, and as
in Step S218 of Fig. 13, reads the esti mated absol ute position
of the sem conductor die 213 stored in the position data 35in
t he menory 32 when pi cki ng up t he sem conductor die 113 inthe
previous row (4th row), noves a central position of afield of
view 273 illustrated in Fig. 23 to this estimted absolute
position, decrenents the col unm Mby 1, and noves t he operati on
to S204 of Fig. 12 fromthe connecting termnal 3 in Fig. 13
to the connecting termnal 3 in Fig. 12.
[ 0093]

As in Steps S204 and S205 of Fig. 12, the CPU 31 takes
an i mage of the TEG di e 60a, and the sem conductor dies 212,
313 contained in arange of the field of view273 shown in Fig.
23. However, as the TEGdi e 60a i s di sposed at a position where
t he sem conductor die 213 is assuned to be positioned, the CPU
31 skips the detecting step and the pick-up step.
[ 0094]

Then, as in Steps S207 and S208 of Fig. 12, the CPU 31

executes the recognition program40. As the sen conductor die
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313 i s di sposed under the TEGdi e 60ainthe center of theinmage
t aken by t he canera 22, the CPU 31 recogni zes t he sem conduct or
die in the i mage, executes the estimated position cal culation
and storage program37 as in Step S209 of Fig. 12, detects an
absol ute position of the sem conductor die 313 (second
sem conductor die) with respect to the reference point (not
shown) of the sem conductor manufacturing apparatus 100 from
the image, and as in Step S211 of Fig. 12, stores the detected
absol ute positionin the position data 35 in the nenory 32 as
an esti mat ed absol ute position of the sem conductor di e 313 at
(6th row, 3rd colum) in the next row (estimated absol ute
position cal culating and storing step).
[ 0095]

Next, the CPU 31 noves the operationto Step S213 of Fig.
13 and executes the recognition program40. As the
sem conductor die 212 is disposed on the side in the pick-up
direction (negative X side) of the TEG die 60a in the center
of the i mage taken by the canera 22, the CPU 31 recogni zes t he
sem conductor die in the image. Then, the CPU 31 detects an
absol ute position of the sem conductor die 212 with respect to
the reference point (not shown) of the sem conductor
manuf act uri ng apparatus 100 fromthis image as in Step S214 of
Fig. 13, and as in Step S215 of Fig. 13, the CPU 31 noves the
central position of the field of view272 illustrated in Fig.

24 to the detected absol ute position, decrenents the col um M
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by 1 as in Step S216 of Fig. 13, and noves t he operati onto S204
of Fig. 12 fromthe connecting termnal 3 in Fig. 13 to the
connecting termnal 3 in Fig. 12.

[ 0096]

Thereafter, as in Steps S204 and S205 of Fig. 12, the CPU
31 takes an image of the sem conductor dies 212, 211, 312
containedin arange of the field of view272 shown in Fig. 24,
and detects a central position of the sem conductor die 212 at
(5th row, 2nd colum) fromthe taken i mage. Then, the CPU 31
makes the central position of the detected sem conductor die
212 match the center of the field of view272 of the canera 22,
and detects this position as an absolute position of the
sem conductor die 212 (first sem conductor die) at (5th row,
2nd colum) with respect to the reference poi nt (not shown) of
t he sem conduct or manuf act uri ng appar at us 100 (det ecti ng st ep)
Further, simlarly to the above description, as in Step S206
of Fig. 12, the CPU31 executes the pi ck up program38, and pi cks
up the sem conductor die 212 at (5th row, 2nd col umm) (pi ck-up
step).

[ 0097]

As descri bed above, the sem conductor dies disposed in
the 5th row are sequentially picked up to the negative X side
as indicated by an arrow 56 in Fig. 20 through Fig. 24. 1In
addi tion, as indicated by a dashed arrowE6 in Fig. 20 t hrough

Fi g. 24, absol ute positions of sem conductor dies in the 6th
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rowar e detected or cal cul at ed and stored as esti mat ed absol ute
positions in the position data 35 in the nenory 32.
[ 0098]

Inthisenbodinent, simlarlytotheenbodi nent descri bed
previously with reference to Fig. 1 through Fig. 11, when
pi cking up a sem conductor die (first sem conductor die)
di sposed in one row, an absol ute position of a sem conduct or
di e (second seni conductor die) inarownext tothe current row
is calculated, the cal cul ated absolute position is stored as
an esti mat ed absol ute positioninanenory, and thenthe field
of view of the canera 22 is noved al ong t he next row based on
the stored estimted absolute position to pick up a
sem conductor die. In other words, based on a sem conduct or
di e that has been the actually picked up, a position of a
sem conductor dieinthe next rowis estimated, and t he central
position of the field of viewof the camera 22 i s noved t oward
the estimated position. Accordingly, it is possible to
effectively prevent the field of view fromskipping to a row
next toarowto which pickingis currently perforned even if
there is no sem conductor die in a next colum, and to
effectively prevent a sem conductor die in the row to which
picking is currently perfornmed frombeing | eft unpicked.
[ 0099]

In the above enbodi nents, the exanple in which the

sem conductor di e 15i s pi cked fromt he waf er tape 12 by pl ungi ng
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the sem conductor die 15 by the plunge-up nmechani sm 21 and

vacuum suctioni ng t he sem conductor die 15 by the collet 191is
descri bed. However, the pick-up nechani smfor picking the

sem conductor die 15is not limtedto such an exanpl e, and may
be such that a stage to which a cover for an upper surface is
openably attached is pressed against a |l ower surface of the
waf er tape 12, and t he cover i s opened to suctionthe wafer tape
12 and at the sane tinme the sem conductor die 15 i s vacuum
suctioned by the collet 19.

[ 0100]

In the above enbodi nents, the exanple in which, the
sem conduct or dies 15 are picked up rowby rowin a direction
horizontal to the figure is described. However, the
sem conduct or dies 15 may be picked up col um by col um.

[ 0101]

The present inventionis not [imted to the enbodi nents
descri bed above, and may include any alterations and
nodi fications without departing fromthe technical scope and
the spirit of the present invention as definedin the appended

cl ai ns.

Ref erence Signs Li st
[0102]
10: wafer hol der

11: wafer
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12: wafer tape

13: ring

14: cutting gap

15, 76, 77, 86-88, 111-117, 211-217, 312-317:
sem conduct or die

16: expanded ring

18: wafer holder driving unit

19: coll et

20: collet driving unit

21: plunge-up nechani sm

22: canera

30: controller unit

32: nmenory

33: control program

34: control data

35: position data

36: detection program

37: estimated position cal cul ati on and storage program

38: pick up program

39: view field novenent program

40: recognition program

41: collet driving unit interface

42: camera interface

43: plunge-up nechani sminterface

44. wafer holder driving unit interface
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45: data bus
60, 60a, 60b: TEG die
71, 151-154, 171-174, 272-276: field of view

100: sem conduct or manufacturing appar at us
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CLAI M5

1. A sem conductor manufacturing apparatus capabl e of
picking up a plurality of sem conductor dies row by row, the
sem conductor dies being arranged on a wafer tape in a grid
pattern, the apparatus conprising:

a camera configured to take an i mage of each of the
sem conduct or di es;

a pi ck-up nechani smconfigured to pick up each of the
sem conductor dies fromthe wafer tape; and

acontroller unit configuredto detect a position of each
of the sem conduct or di es based on the i mage of the each of the
sem conductor dies taken by the canera, wherein

the controller unit includes:

a menory for storing the position of each of the
sem conduct or di es; and
execut abl e nmeans i ncl udi ng:
det ecti on means configured to nove a field
of viewof thecanera, sothat apluralityof first sem conduct or
di es disposed in afirst rowsequentially cone in a center of
the fieldof viewof the canera, and det ect an absol ut e position
of each of the first sem conductor dies inthe first rowwth
respect to a reference point of the pick-up apparatus;
pi ck- up means confi guredtocausethe pick-up

mechani smto sequentially pick up each of the first
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sem conduct or di es whose absol ute position has been detected
by the detection neans;

estimated position cal cul ati on and storage
nmeans configured to cal cul ate an esti mated absol ute position
of each of second sem conductor dies based on the absolute
position of each of the first sem conductor dies that has been
detected by the detection neans, and store the estimated
absol ute positioninthe nmenory, the second sem conductor dies
bei ng i n a second rowand di sposed near positions correspondi ng
to the first sem conductor dies; and

viewfiel d novenent neans confi gured to nove
thefieldof viewof the canera, so that the estinmated absol ute
position of each of the second sem conductor dies storedinthe
menory sequentially cone inthe center of the field of viewof

t he canera

2. The sem conduct or manuf acturi ng appar at us accor di ng
to claim1, wherein
the canera takes an image of a plurality of rows of the
sem conduct or dies,
the controller unit further includes:
recogni ti on means configured to, when the fiel d of
viewof the canera is sequentially noved, recogni ze whet her or

not a second sem conductor dieis present inthe second rowand
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di sposed near a position corresponding to each of the first
sem conductor dies, and

the estinmated position cal cul ati on and storage neans:
cal cul ates, when the recognition neans fails to recogni ze t he
second sem conduct or di e, an esti mat ed absol ut e position of the
second sem conduct or di e based on t he absol ute position of the
each first sem conductor die that has been detected by the
detecti on neans, and stores the cal cul ated esti mat ed absol ute
positioninthe nenory; and detects, whenthe recognition neans
recogni zes t he second sem conduct or di e, an absol ute position
of the second sem conductor die with respect to the reference
poi nt of t he pi ck-up appar atus, and storest he det ect ed absol ute
position as the estinated absolute position of the second

sen conduct or di e.

3. The sem conduct or manuf act uri ng appar atus accordi ng
to claiml1l or 2, wherein

as the estinat ed absol ute position of each of the second
sem conduct or dies, the estimated position cal cul ation and
storage neans takes a position displaced fromthe absol ute
position of each of the first sem conductor di es that has been
detected by the detection neans by a colum-direction pitch
between the first sem conductor dies and the second

seni conduct or di es.
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4. A nethod of nmanufacturing a sem conductor device
capabl e of picking up a plurality of sem conductor dies row by
row, the sem conductor di es being arranged on a wafer tape in
a grid pattern, the nethod conprising:

a step of preparing a sem conductor manufacturing
apparatus including: a canera configured to take an i mage of
each of the sem conductor di es; a pi ck-up nechani smconfi gured
to pick up each of the sem conductor dies fromthe wafer tape;
and a controller unit configured to detect a position of each
of the sem conduct or di es based on the i mage of the each of the
sem conductor dies taken by the canera, the controller unit
including a nenory for storing the position of each of the
sem conduct or di es;

a detecting step of noving afield of viewof the canera,
so that a plurality of first sem conductor dies disposedin a
first row sequentially come in a center of the field of view
of the canera, and detect an absol ute position of each of the
first sem conductor dies in the first roww th respect to a
reference point of the pick-up apparatus;

a pick-up step of causing the pick-up nechanismto
sequentially pi ck up each of the first sem conductor di es whose
absol ute position has been detected by the detection neans;

an estinmated position calculating and storing step of
cal cul ating an esti mat ed absol ute position of each of second

sem conduct or di es based on the absol ute position of each of
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the first sem conductor dies that has been detected by the
det ecti on neans, and storing the estimated absol ute position
i nthe nenory, the second sem conductor di es being ina second
row and di sposed near positions corresponding to the first
sem conductor dies; and

aviewfield noving step of noving the field of view of
the canera, so that the estimated absol ute position of each of
t he second sem conductor dies storedinthe nenory sequentially

cones in the center of the field of view of the canera.

5. The nethod of manufacturing a sem conductor device
according to claim4, wherein

the canera takes an image of a plurality of rows of the
sem conduct or dies,

t he net hod further conprises: arecogni zi ng step of, when
the field of view of the canmera is sequentially noved,
recogni zi ng whet her or not a second sem conductor dieis present
in the second row and di sposed near a position correspondi ng
to each of the first sem conductor dies, and

inthe estimted position calculating and storing step:
when t he second sem conductor diefails toberecognizedinthe
recogni zi ng step, an esti mat ed absol ute position of the second
sem conductor dieis cal cul ated based on t he absol ute position
of the each first sem conductor di e that has been detected by

the detecti on neans, and the cal cul ated estinmated absol ute
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position is stored in the nmenory; and when the second

sem conductor die is recognized in the recognizing step, an
absol ute position of the second sem conductor die wi threspect
to the reference point of the pick-up apparatus is detected,
and t he det ected absol ute positionis stored as the esti mated

absol ute position of the second sem conductor die.

6. The nethod of manufacturing a sem conductor device
according to claim4 or 5, wherein

inthe estinmated position cal cul ati ng and storing step,
a position displaced fromthe absol ute position of each of the
first sem conductor di esthat has beendetectedinthedetecting
step by a columm-direction pitch between the first
sem conduct or di es and t he second sem conductor dies is taken
as the estinmated absolute position of each of the second

sen conduct or di es.
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