
PATENT SPECIFICATION                                  (11) 1239882
DRAWINGS ATTACHED  (21) Application No. 26129/69  (22) Filed 22 May 1969
(31) Convention Application No. 733 094  (32) Filed 29 May 1968 in (33)
United States of America (US) (45) Complete Specification published 21 July
1971 (51) International Classification H 01 1 7/00      (52) Index at
acceptance            H1K 217 357 37Y 392 411 424 459 489 54Y 601 60Y 61Y
B5E  8      (54) PROCESS FOR  HANDLING AND  MOUNTING  SEMICONDUCTOR  DICE
(71)   We, RCA  CORPORATION, a cor-   In the accompanying drawings:
poration organised under the laws of the    Figure 1 shows a scribed and
cracked  50     State of Delaware, United States of America,  semiconductor
wafer disposed on a plastics     of 30 Rockefeller Plaza, City and State of
film;  5  New York, United States of America, do    Figure 2 shows the
wafer of Figure 1     hereby declare the invention, for which we  after
stretching of the plastics film;     pray that a patent may be granted to
us,    Figures 3, 4 and 5 depict process steps 55     and the method by
which it is to be per-  according to a preferred embodiment of the
formed, to be particularly described in  invention; 10 and by the following
statement:-             Figure 6 shows a cross-sectional view of       This
invention relates to the manufacture  the apparatus employed in practising
the     of semiconductor components, and more  process step depicted in
Figure 5;           60     particularly to the assembly of semi-conduc-
Figure 7 depicts the step of mounting a     tor dice to suitable packages
therefor.   semiconductor die to a header according 15   In  the
manufacture of semiconductor  to the preferred embodiment of the inven-
components, a large number of semiconduc-  tion;     tor devices are
manufactured in a unitary   Figure 8 shows the die and header of 65
semiconductor wafer. The wafer is then di-  Figure 7 after assembly
thereof; and     each die must be picked up by an operator   Figure 9 shows
the step of mounting a 20  ing a single device, such as a diode, transis-
semiconductor die to a terminal lead struc-     tor or integrated circuit.
These dice are ran-  ture according to an alternative embodiment     chuck
5 is heated should be selected so that  of the invention.
70     each die must be picked up by the operator    By conventional
semiconductor manufac-     and properly oriented in order to permit  turing
techniques, a large number of tran- 25  assembly to a suitable package.
sistor or integrated circuit dice 1 are formed       The sorting and
orienting operations re-  in a wafer 2, as shown in Figure 1. The
quired to properly position the disarranged  wafer 2 may comprise
monolithic semicon- 75     dice after separation from  the wafer are
ductor material, or insulating material in     costly. The handling of the
dice during these  which isolated semiconductor regions are 30 operations
often results in scratching the  embedded.     thin metallic connections to
the various    The wafer is adhesively bonded to a     semiconductor
regions on the die surface,  flexible film 3 which may comprise, e.g., a 80
so that the scratched dice must be discarded.  thermoplastics material such
as plasticized       According to the invention we provide a  vinyl. 35
semiconductor  component manufacturing    The wafer 2 has been cracked
along the     process, including the steps of: providing  lines separating
the individual dice 1, so     a unitary wafer comprising a plurality of
that the dice 1 are physically separated, and  85     semiconductor
devices, forming grooves in  retained in relative position only by their
said wafer defining weakened fracture planes  adherence to the film 3. 40
between adjacent devices, detachably bond-   The film 3 may be softened by
heating,      ing one major surface of the wafer to a  and stretched in a
suitable manner to pro-      flexible film, fracturing said wafer along
vide a spaced-apart array 4 of the indivi- 90      said weakened planes to
separate said adja-  dual semiconductor dice 1, as shown in      cent
devices, said devices remaining secured  Figure 2. The process of
converting the 45  to said film, stretching said film to produce  structure
as shown in Figure 1 to that of     a spaced-apart array of said devices
thereon:  Figure 2 is referred to herein as "expand-     and securing said
stretched film to an open  ing" the wafer 2. In its "expanded" form  95
frame.                                    the array 4 may be handled and
processed          [Price 25p]   
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2      by  relatively  economical methods, since  roller 8 is rolled across
the paper to flex     each of the dice 1 occupies an accurately  the wafer
2 so that cracking occurs along     defined position in a rectangular
coordinate  the lines between adjacent dice. The longi-     array.
tudinal axis of the roller 8 should be sub-  5    In order to facilitate
handling of the array  stantially parallel to the scribed or etched  70
4 in the manner contemplated herein, it is  grooves. The longitudinal axis
of the roller     useful to secure the periphery of the film 3  8 is then
rotated 90 to be parallel to the     to an open frame or hoop, as will
herein-  corresponding  grooves, and  once  again     after be described.
rolled across the paper to complete the 10   In order to produce the array
4, a unitary  cracking process. After cracking, each die  75
semiconductor wafer is prepared by con-  1 remains attached to the plastics
film 3.     ventional techniques. The wafer is then    Either face of the
wafer 2 may be secured     scribed or etched along lines between the  to
the plastics film 3, depending upon the     individual semiconductor
devices, to form  subsequent handling operations which are 15 grooves along
these lines which define weak-  contemplated. According to the preferred
80     ened fracture planes in the wafer material.  embodiment of the
invention, the face of       The grooved wafer is then detachably  the
wafer 2 upon which deposited metallic     secured to a flexible film in the
manner which  connections are disposed is in contact with     is
pictorially illustrated in Figure 3.   the film 3, thus insuring against
scratching 20    As shown in Figure 3, the grooved wafer  of these
connections during handling.      85     2 is held in position by a heated
vacuum     After cracking, the wafer 2 is expanded     chuck 5, which is
maintained at a tempera-  in the manner illustrated in Figure 5. The
ture on the order of 200[err] to 250[err]F. A thin  plastics film 3 is
peripherally secured to a     flexible film 3 is placed on the exposed
wafer  vacuum  housing 9 by means of a clamp 25  surface, and pressed into
contact with the  plate 10, so that the wafer 2 extends up- 90     wafer
surface by means of a hard rubber  wardly. The plastic film 3 is then
radiantly     roller 6. The film 3 may preferably have a  heated by an
infrared lamp 11 to soften     thickness of the order of 2 to 5 mils, and
the film. Heat is applied to the film 3 for     may comprise a plasticized
vinyl. Prefer-  approximately 30 seconds, at which time 30  ably, the film
3 should be transparent.    vacuum is applied to the housing 9 to pro- 95
The temperature to which the vacuum   vide differential air pressure which
forces     chuck 5 is heated should be selected so that  the central
portion of the film 3 downward     the film 3 is softened to the point
where  into the housing 9. As the film  3 moves     limited adherence to
the wafer 2 is provided,  downward, its periphery being fixedly re- 35  so
that at a later stage in the manufacturing  strained by the clamp plate 10,
the film stret- 100     process the individual dice of the wafer 2  ches so
that the individual dice 1 are moved     may be detached from the film 3.
apart.       Where the individual dice 1 of the wafer    As the film 3
moves downward further     2 are relatively large, it may be difficult to
into the housing 9, the film engages an open 40  limit the adherence
between the dice and the  frame in the form of a hoop 12, as illustra- 105
film to an acceptably low value. In such  ted in Figure 6. The sides of the
hoop 12     cases, we have found that controllable ad-  are coated with an
adhesive layer 13 which     herence can be achieved by providing a  may be
provided by, e.g., applying a double     textured surface on the face of
the film 3  sided adhesive tape to the hoop sides. The 45  which contacts
the wafer 2.                 differential gas pressure due to the vacuum
110       This textured surface may be provided,  source acting through the
holes 14 in the     e.g., by placing the film 3 on a foraminated  hoop
support 15 presses the portion of the     heated  vacuum  chuck, and
applying  a  film 3 which is peripheral to the now ex-     vacuum to draw
small portions of the film  panded array 4 against the adhesive layer 50
material into the chuck foraminations. For  13. to secure the film 3 to the
hoop 12.   115     the aforementioned vinyl, the chuck may be    The vacuum
source is then shut off, and     heated to 250[err] to 300[err]F. and then
cooled,  the portion of the film  3 extending out-     the vinyl film being
positioned on the heated  wardly from  the hoop 12 is trimmed off.
chuck for approximately 30 seconds.         The resultant structure, as
shown in Figure 55    After securing the wafer 2 to the film 3, 7,
comprises an intermediate article of manu- 120     the wafer is then
cracked as illustrated in  facture 16 in which the stretched film 3 is
Figure 4, to mechanically separate the in-  peripherally secured to the
hoop 12 by     dividual dice 1 by fracturing the wafer  means of the
adhesive layer 13.     along the weakened planes defined by the    The open
geometry of the hoop 12 main- 60  scribed or etched grooves.
tains tension in the film 3, and permits access 125       To crack the
wafer, the film 3 is placed  to both sides of the film. The individual
on a thin foam rubber support 7, and the  spaced-apart dice 1 of the
expanded array     exposed surface of the wafer 2 is covered  4 remain
detachably secured to the film 3, 



with a sheet of paper (not shown) to pre-  each die occupying a precise
position in the 65  vent scratching of the wafer surface. A steel
rectangular coordinate array 4.       130                       3
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In order to mount each die 1 to a package    An article, similar to article
16, is pre-                     20 comprising a header 21 having terminal
pared by the aforementioned techniques, in                     leads 22
extending therefrom, the article 16  which a transparent flexible vinyl
film 42                     is positioned such that the particular die
supported by a hoop (not shown) has a                  5 23 to be packaged
is adjacent the header 21. plurality of spaced-apart integrated circuit 70
A rod 24 having a small diameter and  dice 40 detachably secured thereto,
the dice                     portion 25 is employed to downwardly de-  40
being arranged in the form of a rectan-                     press the
portion 26 of the film 3 adjacent  gular coordinate array, produced by
expand-                     the selected die 23, to move the die 23 into
ing cracked wafers containing the integrated                  10  contact
with the header 21.                circuits.
75                        The surface of the header 21 which re-    Each of
the integrated circuit dice 40 is                      ceives the die 23
has been previously coated  secured to the film 42 so that raised terminal
with a thin laver or a drop of a suitable ad-  pads 43 on each die are
exposed, i.e. not in                      hesive such as an uncured or
partially cured  contact with the film. Each of the raised
15 epoxy resin. When the die 23 contacts the  terminal pads 43 is
electrically connected to  80                      header 21, this adhesive
grasps the die and  an operating semiconductor region of the
bonds it to the header.                    die 40 means of a suitable
metallized pat-                        The rod 24 is then retracted, and
the  tern on the die surface. Preferably, each of
resilience of the film 3 causes it to return  the pads 43 is coated with a
thin layer com-                  20  to a substantially planar
configuration, thus  prising a suitable solder such as tin.  85
moving the film portion 26 away from the    The metallic film segments 41
of the ter-                      header 21, and detaching the die 23 from
minal lead assembly have contact areas 44                      the film.
on the inner ends thereof. The contact areas                        The
article 16 may then be placed in  44 are substantially coplanar, are
preferably                  25 proximity to another header so that another
coated with a suitable solder such as tin, 90  selected die can be mounted,
etc. The posi-  and are in registration with the corresponding      tioning
of the article 16 with respect to the  die terminal pads 43.
header 21 and the movement of the rod    The film  segments 41 supported by
a                      24 may be manually, semi-automatically, or  metallic
platen 45, which is heated to the                  30  automatically
controlled. The transparency  proper temperature for forming solder con- 95
of the film 3 facilitates alignment of each  nections between the contact
areas 44 and                      selected die with the corresponding
header.  the terminal pads 43.                        Instead  of
employing  an  adhesive    A rod 46 is employed to depress the por-
layer or drop on the header 21 to secure  tion 47 of the film 42 which is
adjacent the                  35 the selected die 23, the surface of the
die 23  die 40 to be mounted. When the terminal 100
adjacent the header 21 may be coated with  pads 43 of the die 40 contact
the heated                      a cured epoxy layer, preferably before the
contact areas 44 of the film segments 41,                      wafer 2 is
grooved. A drop of epoxy sol-  the resultant solder bond, i.e. the surface
vent is then deposited on the header 21 before  tension of the molten
solder, causes initial                  40  the die 23 is depressed into
engagement  adherence of the contact areas 44 to the 105
therewith. When the epoxy coating on the  terminal pads 43.
die 23 is subsequently brought into contact   The rod 46 is then rapidly
retracted, be-                      with the header 21, the solvent
dissolves a  fore undesirable heating of the film 42 takes
surface region of the epoxy layer. Upon  place, and the resilience of the
stretched                  45 evaporation of the solvent, the epoxy layer
film 42 causes movement of the film portion 110
rehardens and adheres to the header 21  47 away from the film segments 41,
with re-                         When this technique is employed, the re-
sultant detachment of the die 40 from the                      sultant
structure of the packaged transistor  film 42.                      27 is
as shown in Figure 8. The epoxy layer   The terminal lead assembly may then
be 50 28 secures the selected die 23 to the header  removed from the heated
platen 45 and the 115                      21. Terminal leads 22 extend
through and  solder bonds between the terminal pads 43
are mechanically supported by and electric-  and the corresponding contact
areas 44                      ally insulated from the header 21 by glass
allowed to cool.                      seals 29. Small gold wires 30
electrically   WHAT WE CLAIM IS:-                  55  interconnect the
terminal leads 22 with cor-  1. A  semiconductor component manu- 120
responding contact areas 31 on the exposed  facturing process, including
the steps of:                      surface of the selected semiconductor
die  providing a unitary wafer comprising a                      23.
plurality of semiconductor devices, forming                         The
aforementioned techniques may also  grooves in said wafer defining weakened
60 be employed to mount an integrated circuit  fracture planes between
adjacent devices, 125 



die 40 to a terminal lead assembly having  detachably bonding one major
surface of the                       a number of inwardly extending
metallic  wafer to a flexible film, fracturing said
film segments 41, as illustrated in Figure 9. wafer along said weakened
planes to sepa-                       The metallic film segments 41 may
represent  rate said adjacent devices, said devices re-                  65
portions of a unitary metallic film.      maining secured to said film,
stretching said 130       3
1,239,882                                        3        In order to mount
each die 1 to a package   An article, similar to article 16, is pre-     20
comprising a header 21 having terminal  pared by the aforementioned
techniques, in     leads 22 extending therefrom, the article 16  which a
transparent flexible vinyl film  42     is positioned such that the
particular die  supported by a hoop (not shown) has a  5  23 to be packaged
is adjacent the header 21.  plurality of spaced-apart integrated circuit 70
A  rod 24 having a small diameter and  dice 40 detachably secured thereto,
the dice     portion 25 is employed to downwardly de-  40 being arranged in
the form of a rectan-     press the portion 26 of the film 3 adjacent
gular coordinate array, produced by expand-     the selected die 23, to
move the die 23 into  ing cracked wafers containing the integrated 10
contact with the header 21.                 circuits.
75       The surface of the header 21 which re-    Each of the integrated
circuit dice 40 is     ceives the die 23 has been previously coated
secured to the film 42 so that raised terminal     with a thin layer or a
drop of a suitable ad-  pads 43 on each die are exposed, i.e. not in
hesive such as an uncured or partially cured  contact with the film. Each
of the raised 15  epoxy resin. When the die 23 contacts the  terminal pads
43 is electrically connected to  80     header 21, this adhesive grasps the
die and  an operating semiconductor region of the     bonds it to the
header.                     die 40 means of a suitable metallized pat-
The rod 24 is then retracted, and the  tern on the die surface. Preferably,
each of     resilience of the film 3 causes it to return  the pads 43 is
coated with a thin layer com- 20  to a substantially planar configuration,
thus  prising a suitable solder such as tin.  85     moving the film
portion 26 away from the    The metallic film segments 41 of the ter-
header 21, and detaching the die 23 from   minal lead assembly have contact
areas 44     the film.                                   on the inner ends
thereof. The contact areas        The article 16 may then be placed in  44
are substantially coplanar, are preferably 25  proximity to another header
so that another  coated with a suitable solder such as tin, 90
selected die can be mounted, etc. The posi-  and are in registration with
the corresponding      tioning of the article 16 with respect to the  die
terminal pads 43.      header 21 and the movement of the rod    The film
segments 41 supported by a      24 may be manually, semi-automatically, or
metallic platen 45, which is heated to the 30  automatically controlled.
The transparency  proper temperature for forming solder con- 95      of the
film 3 facilitates alignment of each  nections between the contact areas 44
and      selected die with the corresponding header.  the terminal pads 43.
Instead  of  employing  an  adhesive    A rod 46 is employed to depress the
por-      layer or drop on the header 21 to secure  tion 47 of the film 42
which is adjacent the 35  the selected die 23, the surface of the die 23
die 40 to be mounted. When the terminal 100      adjacent the header 21 may
be coated with  pads 43 of the die 40 contact the heated      a cured epoxy
layer, preferably before the  contact areas 44 of the film segments 41,
wafer 2 is grooved. A drop of epoxy sol-  the resultant solder bond, i.e.
the surface      vent is then deposited on the header 21 before  tension of
the molten solder, causes initial 40  the die 23 is depressed into
engagement  adherence of the contact areas 44 to the 105      therewith.
When the epoxy coating on the  terminal pads 43.      die 23 is
subsequently brought into contact   The rod 46 is then rapidly retracted,
be-      with the header 21, the solvent dissolves a  fore undesirable
heating of the film 42 takes      surface region of the epoxy layer. Upon
place, and the resilience of the stretched 45  evaporation of the solvent,
the epoxy layer  film 42 causes movement of the film portion 110
rehardens and adheres to the header 21.    47 away from the film segments
41, with re-        When this technique is employed, the re-  sultant
detachment of the die 40 from the      sultant structure of the packaged
transistor  film 42.      27 is as shown in Figure 8. The epoxy layer   The
terminal lead assembly may then be 50  28 secures the selected die 23 to
the header  removed from the heated platen 45 and the 115      21. Terminal
leads 22 extend through and  solder bonds between the terminal pads 43
are mechanically supported by and electric-  and the corresponding contact
areas 44      ally insulated from the header 21 by glass  allowed to cool.
seals 29. Small gold wires 30 electrically    WHAT WE CLAIM  IS: - 55
interconnect the terminal leads 22 with cor-    1. A  semiconductor
component manu- 120      responding contact areas 31 on the exposed
facturing process, including the steps of:      surface of the selected
semiconductor die  providing a unitary wafer comprising a 



23.                                         plurality of semiconductor
devices, forming        The aforementioned techniques may also  grooves in
said wafer defining weakened 60  be employed to mount an integrated circuit
fracture planes between adjacent devices, 125      die 40 to a terminal
lead assembly having  detachably bonding one major surface of the      a
number of inwardly extending metallic  wafer to a flexible film, fracturing
said      film segments 41, as illustrated in Figure 9. wafer along said
weakened planes to sepa-      The metallic film segments 41 may represent
rate said adjacent devices, said devices re- 65  portions of a unitary
metallic film.        maining secured to said film, stretching said 130
4                                            1,239,882      film  to
produce a spaced-apart array of  inwardly extending metallic film
segments,     said  devices thereon; and  securing  said  the inner ends of
said segments forming     stretched film to an open frame.
substantially coplanar contact areas regis-       2.  A  process as claimed
in claim  1,  trable with corresponding terminal pads on  50  5  wherein
each of said devices comprises a  a selected die; disposing said film in
juxta-     die having a number of operating semi-  position with said
assembly, so that the     conductor regions and a corresponding num-  other
major surface of said wafer faces said     ber of terminal pads on a
selected surface  header, and the terminal pads of said selec-     of the
die, each  pad  being electrically  ted die are in registration with said
contact 55 10  coupled to a corresponding operating region.  areas,
depressing a limited surface portion       3. A  process as claimed in
claim  1,  of said flexible film  opposite said selected     wherein said
film comprises a thermoplastics  die, to move each of said terminal pads
into     material, and said stretching step comprises:  contact with a
corresponding one of said     radiantly heating said film  to soften the
contact areas, bonding said terminal pads  60 15  thermoplastics material,
and subjecting the  to said corresponding contact areas, and     surfaces
of said film to differential gas pres-  detaching said selected die from
said flexible     sure, while fixedly restraining the periphery  film.
of the film.                                   8. An article of
manufacture, compris-       4. A  process as claimed  in claim  1,  ing: an
open frame, a flexible film on the  65 20  wherein the surface of said film
secured to  frame extending over the frame opening, and     said wafer is
textured.                      a plurality of spaced semiconductor dice de-
5. A  process as claimed  in claim  2,  tachably secured to the film.
wherein said terminal pads are disposed on     9. An article as claimed in
claim  8,     said one wafer surface, comprising the addi-  wherein said
dice are disposed on said film  70 25  tional steps of: providing a header
having  in a rectangular coordinate array.     a number of terminal leads
extending there-    10. An article as claimed in claim  9,     from, after
said  securing step, disposing  wherein said film is transparent.     said
film in juxtaposition with said header,   11. An article as claimed in
claim  9,     so that the other major surface of said  wherein the surface
of said film  in contact 75 30  wafer faces said header, and a selected die
with said dice is textured.     is disposed adjacent said header,
depressing   12. An article as claimed in claim  8,     a limited surface
portion of said flexible  wherein said film comprises a thermoplastics
film opposite said selected die, to move said  material.     die into
contact with said header, bonding     13. An article substantially as
described  80 35  said die to said header, and detaching said  with
reference to the accompanying draw-     selected die from  said flexible
film.       ings.       6. A  process as claimed  in claim  5,    14. A
semiconductor manufacturing pro-     comprising the additional step of,
after said  cess substantially as hereinbefore described.     detaching
step, electrically connecting each 40  terminal pad of the selected die to
a corres-           For the Applicants:     ponding header terminal lead.
MATTHEWS, HADDAN  &  CO.,       7. A  process as claimed in claim  2,
Chartered Patent Agents,     wherein said terminal pads are disposed on
Haddan House,     the other surface of said wafer, comprising
33 Elmfield Road, 45  the additional steps of: providing a ter-
Bromley BR1 1SU.     minal lead assembly having a number of
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1971.                Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY,                                  from which
copies may be obtained.    


