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plications, so that there is insufficient adhesion and unification between
the sealing epoxy resin (6) and The present invention relates methods of
man-   the silicone rubber layer (5). As a result, during ufacturing a
resin-sealed semiconductor device.    thermal cycle testing and thermal
shock testing, or Specifically, it relates to methods of manufacturing   5
when undergoing thermal shock during installation a resin-sealed
semiconductor device whereby a      on the printed circuit board, the
sealing epoxy resin semiconductor chip is electrically connected to    (6)
and the silicone layer (5) undergo rapid expan- leads for external
connections by means of elec-   sion and shrinking, and movement occurs at
the trically conductive materials.                     interface between
the two materials due to differ- In resin-sealed semiconductor devices
where  10  ences in their coefficients of thermal expansion. semiconductor
chips are connected electrically to  Moisture enters into the microscopic
spaces thus leads for external connections by electrically con-  formed
between the sealing epoxy resin (6) and the ductive materials, the
semiconductor chip surface  silicone rubber layer (5). PN connectors, MOS
gates, bonding pads, and fine       European Patent Publication No.
124,624, pub- aluminum wires, as well as such electrically con-  15  lished
Nov. 14, 1984, Mine et al which is equivalent ductive material as bonding
wires, solder bumps,   to Japanese Patent Application Laid Open (Kokai) and
beam leads have been coated with a hardened    No. 59-87,840, published May
21, 1984, and Eu- silicone layer such as high-purity silicone resin,
ropean Patent Publication No. 210,442, published silicone rubber, or
silicone gel, in order to prevent  Feb. 4, 1987, Ryuzo which is equivalent
to Japa- degeneration and corrosion and to moderate me-  20  nese Patent
Application Laid Open (Kokai) No. 61- chanical stress and stress due to
expansion and    230,344, published Oct. 14, 1986 were proposed to
contraction accompanying temperature changes in    resolve these problems,
but the solutions they pro- the sealing resin. A coating of sealing resin
is then  vided were inadequate. applied over the coating formed by the
hardened        The present invention was developed to com- silicone layer.
Fig. 4 shows a cross-sectional dia-  25  pletely resolve the problems
encountered with con- gram  of this type of conventional resin-sealed
ventional technology. Specifically, this invention re- semiconductor
device. A portion of the bonding     lates to methods of manufacturing a a
resin-sealed pad (3) and the gold bonding wires (4) are coated
semiconductor device which shows excellent prop- with a liquid hardenable
silicone rubber composi-  erties of moisture resistance, corrosion
resistance, tion. This is thermally hardened to form a silicone   30  and
stress relaxation, in which bonding wires are rubber layer (5). A sealing
resin such as the epoxy  not readily broken or damaged by repeated heat
resin (6) is then used to form a seal over this    cycles and thermal
shock, repeated interruptions in silicone rubber layer, the remainder of
the bonding  current flow, or long-term applications of heat or wires (4),
and the inner portion of the lead wires for  pressure. external connections
(7).                     35       The objectives are achieved by a method
of With this type of resin-sealed semiconductor    manufacturing a resin
sealed semiconductor de- device, the hardened silicone layer is generally
vices characterized by the fact that at least one comparatively thick, 100
to 500 micrometers. In    semiconductor chip of a semiconductor device is
other words, a portion of gold bonding wire (4) is  electrically connected
to lead wires for external also buried within the silicone rubber layer
(5).  40  connections by means of electrically conductive Thus, these
bonding wires (4) may break when the    materials, the surface of said chip
and at least the coating is being formed on the silicone-coated mo-
portions of said electrically conductive material in nolithic IC chip (1),
the bonding wires (4), and the  proximity to said semiconductor chip are
covered inner portion of the lead wires for external connec-  with a
hardenable self-bonding silicone composition tions (7), or when the
seal-formed products un-  45   which is hardened forming a hardened
silicone dergo thermal cycle testing and thermal shock test-  layer adhered
to said semiconductor chip surface ing. This is a problem.
and at least the portions of said electrically conduc- When seal-formed
products are installed on the  tive materials in proximity to said
semiconductor surface of a printed circuit board, they undergo the  chip,
and ultraviolet irradiation processing said har- thermal shock of being
immersed in a solder bath  50  dened silicone layer, then forming a
characteristic at [err] and then lifted out and cooled, which    seal by
covering the hardened silicone layer with may also cause such problems as
breakage of the    sealing resin such that the resin-sealed semicon- gold
bonding wires (4) as well as cracking of the  ductor device adheres to and
covers the hardened sealing epoxy resin (6), leading to deterioration of
silicone layer of said semiconductor chip surface the moisture-resistant
properties of the semicon-  55  and at least the portions of the electrical
conduct- ductor device. These problems occur because the    ing materials
in proximity to said semiconductor silicone which forms the hardened
silicone layer   chip, and the surface of said hardened silicone has not
been modified sufficiently for these ap-   layer after undergoing
ultraviolet irradiation pro- 2  



3                  EP 0 357 802 B1                         4 cessing
adheres to and is unified with the sealing      14   Aluminum bonding wire
resin by which it is covered.                           15   Silicone resin
layer The objectives are further achieved by a meth-      16   Sealing
phenol resin od of manufacturing a resin-sealed semiconductor         In
explanation, the term  "semiconductor de- device characterized by the fact
that at least one    5   vice" in the present invention is broadly defined,
semiconductor chip of the semiconductor device is    including not only
independent semiconductor de- electrically connected to external lead wires
by     vices such as diodes, transistors, and thyristors, means of
electrically conductive materials, the sur-  but also such IC units as
monolithic ICs and hybrid face of said chip and at least the portions of
said  ICs as well as LSI. "Semiconductor chip" refers to electrically
conductive materials in proximity to said   10   a chip making up a major
part of the above men- semiconductor chip are covered with a thermally
tioned semiconductor device, and includes diode hardenable self-bonding
silicone composition, said    chips, transistor chips, thyristor chips,
monolithic IC thermally hardenable self-bonding silicone compo-    chips,
and hybrid IC chips. The "electrically con- sition is hardened by means of
ultraviolet irradiation  ductive material" electrically connects the
semicon- forming a hardened silicone layer adhered to said   15  ductor
chip to the external connecting lead wires. semiconductor chip surface and
at least the por-     Typical examples include bonding wires made from
tions of said electrically conductive materials in   aluminum, gold, and
copper, with solder bumps in proximity to said semiconductor chip, and then
flip-type semiconductor devices and beam leads in forming a characteristic
seal by covering said ul-   beam-lead-type semiconductor devices. The elec-
traviolet-irradiation-processed  hardened  silicone   20  trically
conductive material is normally connected layer with a sealing-resin such
that it covers the   to the inner portion of the external connecting lead
hardened silicone layer and adheres to its surface   wire, but in hybrid
ICs may also be connected to and the surface of said hardened silicone
layer      the inner portion through thick-film  circuits and after
undergoing ultraviolet irradiation processing  thin-film circuits on the
board. adheres to and is unified with the sealing resin by   25  The
"sealing resin" can be any organic resin which it is covered.
which will not have a negative influence on semi- Fig. 1 is a cross-section
of a resin-sealed IC,  conductor performance or reliability. This category
illustrating a practical example of a device made in  includes
heat-moldable  resins of which poly- accordance with the present invention.
phenylene sulfide is representative, and thermally Fig. 2 is a
cross-section of an SIP hybrid IC   30   hardenable resins of which epoxy
resin, silicone sealed with powdered epoxy resin, another prac-      resin,
and phenolic resins are representative. Be- tical example of a device made
in accordance with    fore sealing, the resin can be in liquid form, paste
the present invention.                               form, solid form,
powder form, etc. at room tem- Fig. 3 shows a cross-section of a DIP hybrid
IC  perature. In addition to the resin, the composition sealed with liquid
phenolic resin, yet another prac-   35  frequently contains fillers and/or
additives, and tical example of a device made in accordance with
thermally hardenable resins contain  hardening the present invention.
agent, in addition to fillers. Fig. 4 is a cross-sectional diagram of an
exam-      The hardened silicone layer is made up of a ple of a
conventional resin-sealed IC..              hardenable silicone composition
which can be har- Fig. 5 is a cross-sectional diagram of a conven-   40
dened by one or a combination of procedures such tional SIP hybrid IC
sealed with powdered epoxy      as standing at room temperature, heating,
infrared resin.                                               irradiation,
and electron beam  irradiation. Before Fig. 6 is a cross-sectional diagram
of an exam-  hardening, the composition at room temperature ple of a DIP
hybrid IC sealed with liquid phenol     may be in the form of a liquid,
paste, sticky solid, resin.                                          45
powder, or solid. The hardened silicone layer at room temperature can be in
the solid resin state, LIST OF REFERENCE NUMBERS WITH DEFINI-
the rubber state, the gel state, or some intermedi- TIONS
ate state. The hardened silicone layer adheres to the 1    Monolithic IC
chip                      50  semiconductor chip surface and to at least
the 2    Tab                                           portions of the
electrically conductive material in 3     Bonding pad
proximity to the semiconductor chip, coating the 4     Gold bonding wire
semiconductor chip surface and at least the por- 5     Silicone rubber
layer                       tions of the electrically conductive material
in prox- 6     Sealing epoxy resin                    55  imity to the
semiconductor chip, while simulta- 7     Lead wire for external connections
neously the ultraviolet-irradiation-processed har- 8    Ceramic substrate
dened silicone layer adheres to and is unified with 9
Ultraviolet-irradiation-processed surface    the sealing resin which covers
it. Here, "adhesion 
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unification with" means that even under       positions are preferable.
However, organic peroxide thermal stress and mechanical stress loads there
is  radical-reaction-hardenable types and reduction-re- no separation
between the surfaces of the har-      action-hardenable types are also
acceptable. dened silicone layer and the sealing resin layer.
Hardenable silicone compositions may contain This adhesion is so strong
that one of the layers   5   addition-reaction extenders, reinforcing
fillers, vol- will be destroyed if forcible separation of the har-
ume-increasing fillers, heat-resistant agents, pig- dened silicone layer
from the sealing resin is at-  ments, etc. However, content of substances
which tempted, which is termed "cohesive adhesion."        have a negative
influence on semiconductor perfor- Typical examples of the hardenable
silicone      mance, especially alkali metals and halogen ions,
compositions which can be used to form the har-  10  should be held to 1
ppm or less, while to prevent dened silicone layer include: (1) silicone
hardena-  alpha-ray-induced soft errors which come from ra- ble
compositions containing silicon-atom-bonded     dioactive elements, the
total content of such radio- hydrogen atoms and organopolysiloxanes
contain-    active elements such as uranium  and thorium ing vinyl group
and containing silicon-bonded hy-   should be held to 0.1 ppb or less.
drogen atoms in the hardened state; (2) silicone   15   The hardened
silicone layer covers functional hardenable compositions containing
silicon-atom-    portions of the surface of the semiconductor chips, bonded
hydrolyzable groups and containing silicon-  including PN connectors, MOS
gates, aluminum bonded hydrolyzable groups in the hardened state;   wires,
and bonding pads, as well as at least such and (3) silicone hardenable
compositions contain-    portions of the electrically conductive materials,
ing silicon-atom-bonded hydrogen atoms and sili-  20  such as bonding
wires, solder bumps, beam leads, con-atom-bonded hydrolyzable groups and
contain-     etc. in proximity with the semiconductor chips. In ing
silicon-bonded hydrogen atoms and silicon-       addition, sides of the
semiconductor chips, remain- bonded hydrolyzable groups in the hardened
state.    ing portions of the electrically conductive materials, Class (1)
silicone hardenable compositions       and portions other than the
semiconductor chips comprise hardenable self-bonding silicone compo-   25
and the electrically conductive materials in the hy- sitions  of
organopolysiloxane  containing  vinyl    brid IC, for example, film
circuits, resisters, and groups, organohydrogen polysiloxane, and platinum
condensers, can be coated as necessary. It is compound catalyst as main
reagents, in a composi-    desirable to have non-functional portions of the
tion ratio such that the silicon-atom-bonded hy-     semiconductor chip
sides also covered with a har- drogen atoms are present in considerable
excess   30  dened silicone layer. The thickness of the har- over the
silicon-atom-bonded vinyl groups. These     dened silicone layer should be
sufficient to ade- compositions can be hardened by mixing the ingre-
quately cover the semiconductor chip surface and dients at ambient
conditions or if certain platinum  the portions of the electrically
conductive material catalyst inhibitors are present, by heating.        in
proximity to said semiconductor chip, with a Class (2) silicone hardened
compositions com-   35  thickness of several micrometers or preferably
prise hardenable self-bonding silicone composi-       above. Thicknesses of
approximately 10 to 500 tions of organopolysiloxane containing vinyl
groups,  micrometers are usual, with a thickness of several organohydrogen
polysiloxane, a reactive adhesion     millimeters acceptable in extreme
cases. promoting agent for example, vinyl trialkoxysilane,     The
ultraviolet irradiation processing of the sur- aryl trialkoxysilane, or
gamma-methacryloxypropyl   40  face of the hardened silicone layer is a
very impor- trialkoxysilane, and a platinum catalyst as the main  tant
constitutional element in the present invention, ingredients.
and is extremely important in ensuring the adhe- Class (3) silicone
hardenable compositions       sion and unification of the sealing resin
with said comprise, hardenable self-bonding silicone com-     hardened
silicone layer. The ultraviolet used in the positions of organopolysiloxane
containing vinyl  45   present invention is ordinary high-intensity ultra-
group, organohydrogen polysiloxane, a reactive ad-   violet. Sources
include, for example, ultra-high-volt- hesion promoting agent for example,
vinyl trialkoxy  age mercury lamps, high-voltage mercury lamps, silane,
aryl trialkoxy silane, or gamma-methacrylox-  low-voltage mercury lamps,
and xenon mercury ypropyl trialkoxy silane and a platinum catalyst as
lamps. The amount of ultraviolet radiation required the main ingredients,
in a composition ratio such   50  varies depending on the properties of the
harden that the silicon-atom-bonded hydrogen atoms are     silicone layer,
but generally when using an ul- present in considerable excess over the
silicon-    traviolet lamp with 100 to 3000 W of power, ap- atom-bonded
vinyl groups. These compositions         proximately 1 to 300 seconds of
irradiation is suffi- can be hardened by mixing the ingredients at am-
cient, with 10 to 120 seconds of irradiation being bient conditions.
Preferred hardenable self-bonding   55  preferable. The longer times are
usually used with silicone  compositions are addition-reaction-har-   the
lower power ultraviolet sources. 



denable compositions such as mentioned above,           When the hardened
silicone layer of the and among these the thermally hardenable com-
present invention is formed from a thermally har- 4    7                 EP
0 357 802 B1                     8 denable self-bonding silicone
composition, the sur-  of the present invention. Onto the surface of the
face of the semiconductor chip and at least the      monolithic IC chip (1)
placed on the tab (2) and on portions of the electrically conductive
component   the portions of the gold bonding wires (4) in prox- materials
which are in proximity to the semiconduc-  imity to said chip (1) was
dripped an addition- tor chips are coated with said thermally hardenable
5   reaction-hardenable silicone rubber composition self-bonding silicone
composition, so that heat may  having a 2:1 molar ratio between
silicon-atom-bon- be applied and said coated surfaces can be ex-      ded
hydrogen atoms and vinyl groups of the (a) posed to ultraviolet radiation.
The heating may      component described below. This silicone rubber come
from a usual heat source, or may come from      composition was comprised
of: the lamp which is used as the source of ultraviolet  10    (a) 100
parts of a copolymer of dimethylsiloxane radiation.
units and methylphenylsiloxane units having ter- To manufacture the
resin-sealed semiconduc-        minal dimethylvinylsiloxy units at both
ends of tor device of the present invention, for example, the  the
molecular chain (viscosity 2.0 Pa.s) surface of the semiconductor chip and
at least the     (b) 3.0 parts of a methylhydrogen polysiloxane portions of
the electrically conductive materials in  is  having terminal
trimethylsiloxy units at both proximity to the semiconductor chips can be
coat-      ends of the molecular chain (viscosity 0.02 ed with the
hardenable self-bonding silicone com-      Pa.s) position, and after this
has hardened the surface of   (c) 2.0 parts of aryl trimethoxysilane, and
the hardened silicone layer is exposed to ultraviolet  (d) sufficient
complex of chloroplatinic acid and radiation, or ultraviolet radiation can
be carried out  20  divinyl tetramethyl disiloxane to produce a plati-
while hardening is under way. In this case, it is      num atom content in
the entire composition of preferable if the hardenable self-bonding
silicone     5.0 ppm. After this composition was dripped, it composition is
thermally hardenable, and it is even    was hardened by heating at [err]
for 10 min- more preferable if the composition is also addition-   utes,
after which the hardened silicone rubber reaction-hardenable. It is also
preferable if the har-  25    layer was placed 6 cm from a 3000 W ultra-
dening is thermal hardening, and then the above        high-voltage mercury
lamp. Ultraviolet irradiation semiconductor device is seal-molded with a
sealing     was carried out for 60 seconds. Next, a seal was resin, such as
a sealing epoxy resin by wrapping       formed on the remaining portions of
the gold around the inner portions of the wires for external    bonding
wires (4) and the inner portions of the connections, the electrically
conducting materials,  30  external lead wires (7), as well as on this
sili- and the semiconductor chips. The coating of har-
cone-rubber-coated portion, using a commer- denable self-bonding silicone
composition may be       cially available sealing epoxy resin (6). applied
by methods such as dripping, painting,          The silicone rubber layer
(5), which resulted spraying, and immersion, while the sealing resin
from the hardening of the above mentioned silicone seal can be formed by
such means as transfer   35  rubber composition, coated the surface of the
mo- molding, injection molding, powder application, and  nolithic IC chip
(1) and the portions of the gold in situ potting. The resin-sealed
semiconductor de-  bonding wires (4) in proximity to said IC chip (1),
vices of the present invention can be used in such   forming an adhesive
state, and also adhered applications as computers, televisions, video cas-
strongly to and was unified with the sealing epoxy sette records, and
automatically controlled ma-  40  resin (6) covering the surface (9) which
had under- chines.                                              gone
ultraviolet irradiation processing. This resin- Next, we will present
practical examples of the  sealed IC showed no breakage of the gold bonding
present invention and comparative examples in-      wires (4) even after
2500 cycles of heat cycle volving conventional technology. In the
following,  testing, and no breakage of the gold bonding wires "parts"
refers to "parts by weight." Viscosity val-  45  (4) even after 800 cycles
of thermal shock testing. ues are at [err]. Heat-cycle testing was carried
out  Electrical characteristics were measured for semi- continuously
between a minimum temperature of       conductor devices of the present
invention after -65 * C and a maximum temperature of [err], with    700
hours of PCT ([err], 2 atmospheres pres- 1 cycle requiring 3 hours. For
thermal shock test-  sure), with no irregularities observed in the alu-
ing, samples were held first at -50 C for 30 min-  50   minum wire
circuits, etc., on the semiconductor utes and then at [err] for 30 minutes,
repeatedly.  chip surface. Thermal fatigue testing was carried out by
repeat- edly interrupting the flow of current.               COMPARATIVE
EXAMPLE 1 PRACTICAL EXAMPLE 1                            55       Fig. 4 is
a cross-sectional diagram of an exam- 



pie of a conventional wire bonding type resin- Fig. 1 is a cross-sectional
diagram of a wire    sealed IC. On the surface of the monolithic IC chip
bonding type resin-sealed IC, a practical example   (1) positioned on the
tab (2) and the portions of the    9                 EP 0 357 802 B1
10 gold bonding wires (4) in proximity to the chip was   the molecular
chain (viscosity 0.02 Pa.s) dripped a conventional
addition-reaction-hardenable   (c) Sufficient complex of chloroplatinic
acid and silicone rubber composition constituted of 100        divinyl
tetramethyl disiloxane to produce a plati- parts of the (a) component from
Practical Example     num atom concentration in the total composition 1,
3.0 parts of the (b) component, and just enough    5  of 5.0 ppm, and was
then lifted out and har- of the (d) component to provide a platinum atom
dened for 5 minutes at [err]. Next, the unit concentration of 5.0 ppm
throughout the entire        was placed so that the hardened silicone layer
composition. The resulting coated composition un-     was separated by 3 cm
from a 500 W high- derwent thermal hardening at 100 C for 10 min-
voltage mercury lamp, and and ultraviolet irra- utes, after which it was
coated along with the   10   diation was carried out for 120 seconds.
Follow- remainder of the gold bonding wires (4) and the       ing this, a
seal was formed using a commer- inner portions of the external lead wires
(7), using a  cially available powdered epoxy resin. commercially available
sealing epoxy resin (6).        The silicone resin layer (15) resulting
from the The silicone rubber layer (5) resulting from the  hardening of the
above mentioned silicone resin hardening of the above mentioned silicone
rubber   15  composition adhered to and covered the top and composition
coated the monolithic IC chip (1) sur-  side surfaces of the monolithic IC
chips (1) moun- face and the portions of the gold bonding wires (4)  ted on
the ceramic substrate (8), the gold bonding in proximity to said IC chip
(1), forming a state of  wires (4), the remainder of the ceramic substrate
marginal adhesion. The coating appeared to be in   (8), and the inner
portion of the external lead wire close contact with the sealing epoxy
resin (6) cov-  20  (7). It adhered tightly to and was unified with the
ering it, but microscopic examination revealed the  sealing epoxy resin (6)
which coated the ultraviolet- presence of micro-interstices between these
sur-   irradiation-processed surface (9). After 100 hours of faces, with no
true adhesion.                       PCT (121 C, 2 atmospheres pressure),
the elec- When this resin-sealed IC was subjected to      trical
characteristics of this resin-sealed hybrid IC heat cycle testing, breakage
of the gold bonding   25   were measured, with no change observed from the
wires (4) was observed after 200 cycles. During    initial current leakage
value of 1 microamp. Iden- thermal shock testing, breakage of these gold
tical results were obtained following 250 hours of bonding wires (4)
occurred after 20 cycles.         PCT ([err, 2 atmospheres pressure). There
was When electrical characteristics of this device  no corrosion or
breakage in the aluminum wire were measured after 100 hours of PCT (121 C,
2   30  circuits on the surface of the monolithic IC chip (1), atmospheres
pressure), inadequacies in conductiv-   either following 100 hours of PCT
or 350 hours of ity were noted. Failures were analyzed by remov-    PCT.
ing and analyzing the sealing epoxy resin (6) and the silicone layer (5),
whereupon researchers noted  COMPARATIVE EXAMPLE 2 corrosion on portions of
the aluminum wire circuits  35 and the aluminum bonding pads (3).
Fig. 5 shows a cross-section of one example of a conventional SIP-type
hybrid IC sealed with pow- PRACTICAL EXAMPLE 2
dered epoxy resin. Monolithic IC chips (1) were mounted on the Fig. 2 is a
cross-section of an SIP-type hybrid  40  ceramic substrate (8), and said IC
chips (1) were IC sealed with powdered epoxy resin. This is an-
electrically connected to the external lead wire (7) other practical
example of the present invention.   by means of the gold bonding wires (4)
and the Monolithic IC chips (1) were mounted on the ce-    aluminum film
circuit (not shown) printed on said ramic substrate (8), and were
electrically connected  substrate. The hybrid IC electrically connected to
to the external lead wire (7) by means of the gold  45  the external lead
wire (7) was immersed in an bonding wires (4) and the aluminum film circuit
(not  addition-reaction-hardenable silicone resin compo- shown) printed on
the circuit board. This hybrid IC  sition having a molar ratio of 1:1
between the was immersed in an addition-reaction-hardenable
silicone-bonded-hydrogen  atoms and the vinyl silicone resin composition
having a molar ration of  groups of the (a) constituent described below
made 5:1 between silicone-atom-bonded hydrogen atoms   so  up of 100 parts
of the (a) constituent as used in and the vinyl groups of the (a)
constituent de-    Practical Example 2, 1.2 parts of that (b) constitu-
scribed below consisting of:                       ent, and sufficient (c)
constituent to provide a plati- (a) 100 parts silicone resin made up of 8.0
num atom concentration in the total composition of mol%  dimethylvinyl
siloxane units, 12 mol%      5.0 ppm. The resulting hybrid IC was then
lifted out 



dimethylsiloxane units, and 80 mol%  SiO 4/2  55  and hardened for 5
minutes at [err], after which units
a seal was formed of commercially available epoxy (b) 6.0 parts
methylhydrogen polysiloxane hav-   resin. ing terminal trimethylsiloxy
units at both ends of 6    11                 EP 0 357 802 B1
12 The silicone resin layer (15) resulting from the    external lead wires
(7). hardening of the above mentioned silicone resin         The silicone
rubber layer (5) resulting from the composition covered the top and sides
of the mo-     hardening of the aforementioned silicone rubber nolithic IC
chips (1) on the ceramic substrate (8),  composition adhered to and formed
a coating over the gold bonding wires (4), the remainder of the    5   the
monolithic IC chips (1) on the ceramic sub- ceramic substrate, and the
inner portion of the      strate (8), the aluminum bonding wires (14), and
a external lead wire (7), forming a state of marginal  portion of the
external lead wires (7) and both adhesion. It appeared to adhere closely to
the       surfaces of the ceramic substrate in proximity to sealing epoxy
resin (6) which covered it, but exami-  said IC chips (1), and adhered
strongly to and was nation by microscope revealed the presence of  10
unified with the sealing phenolic resin (16) which micro-interstices
between these surfaces, with no    coated the
ultraviolet-irradiation-processed surface adhesion.
(9). When electrical characteristics of this resin-       Measurement of
the electrical characteristics of sealed hybrid IC were measured after 100
hours of   this resin-sealed hybrid IC following 300 hours of PCT ([err], 2
atmospheres pressure), a great   15   PCT ([err], 2 atmospheres) showed
current leak- increase in current leakage, 100 microamps and       age at
only the initial level of 1 microamp. No above, was observed. Corrosion and
breakage also     corrosion or breakage was observed in the alu- occurred
in portions of the aluminum wire circuits   minum bonding wires (14) or the
aluminum wire on the surface of the monolithic IC chips.           circuits
on the surface of the monolithic IC chips. 20 PRACTICAL EXAMPLE 3
COMPARATIVE EXAMPLE 3 Fig. 3 is a cross-sectional diagram of a DIP-
Fig. 6 is a cross-sectional diagram of a conven- type hybrid IC sealed with
liquid phenolic resin.   tional DIP-type hybrid IC sealed with liquid
pheno- This is another practical example of the present   25  lic resin. In
this hybrid IC, monolithic IC chips (1) invention.
were mounted on both surfaces of a ceramic sub- Monolithic IC chips (1)
were mounted on both     strate (8), and said IC chips (1) were
electrically sides of a ceramic substrate (8), and said IC chips  connected
to external lead wires (7) through alu- were electrically connected to the
external lead     minum bonding wires (14) and the aluminum film wires by
means of the aluminum bonding wires   30  circuits (not shown) printed on
said substrate. An (14) and the aluminum  film circuit (not shown)
addition-reaction-hardenable silicone rubber com- printed on said
substrate. Onto said IC chips (1)    position having a molar ratio of 1:1
between the and aluminum bonding wires (14) was dripped an
silicon-atom-bonded hydrogen atoms and the vinyl
addition-reaction-hardenable silicone rubber com-    groups of the (a)
constituent described below, con- position having a molar ratio of 4:1
between the   35  sisting of 100 parts of the (a) constituent from
silicon-atom-bonded hydrogen atoms and the vinyl     Practical Example 3,
0.125 parts of that (b) con- groups of the (a) constituent described below
con-   stituent, and enough of that (c) constituent to pro- sisting of
vide a platinum atom concentration in the entire (a) 100 parts of
polydimethylsiloxane having ter-  composition of 5.0 ppm, was dripped onto
said IC minal dimethyl vinylsiloxy units on both ends of   40   chips (1)
and aluminum bonding wires (14), and the the molecular chain (viscosity 4.0
Pa.s),         coated product was hardened at [err] for 1 (b) 0.5 part of
methylhydrogen polysiloxane hav-  minute. Next, a seal was formed over this
silicone- ing terminal trimethylsiloxy units on both ends of  rubber-coated
portion and a portion of the external the molecular chain (viscosity 0.02
Pa.s),        lead wires (7), using a commercially available liquid (c)
Sufficient complex divinyltetramethyldisilox-   45   phenolic resin for
sealing applications. ane of chloroplatinic acid to provide a platinum
The silicone rubber layer (5) formed by har- atom concentration in the
total composition of    dening the above mentioned silicone rubber com- 5.0
ppm, and                                      position covered the surface
of the monolithic IC (d) 2.0 parts of gamma-methacryloxypropyl-
chips (1) on the ceramic substrate (8), the alu- trimethoxysilane. The
coated product was then   so   minum bonding wires (14), and the areas in
prox- hardened at 150 C for 1 minute, after which the   imity to said IC
chips (1) on both sides of the hardenable silicone rubber layer was
positioned   ceramic substrate (8) forming a state of marginal a distance
of 10 cm from a 1500 W ultra-high-     adhesion state. It appeared to
adhere closely to the 



voltage mercury lamp, and ultraviolet irradiation  sealing phenolic resin
(16) which covered it, but was carried out for 120 seconds. Next, a seal of
55  examination by microscope revealed the presence commercially available
liquid phenolic resin for  of micro-interstices between these surfaces,
with sealing applications was formed over the sili-    no adhesion.
cone-rubber-coated portions and a portion of the 7    13                 EP
0 357 802 B1                     14 When electrical characteristics of this
resin-   ers it. sealed hybrid IC were measured after 150 hours of PCT
([err], 2 atmospheres pressure), a great        Claims increase in current
leakage was observed, to 100 microamps and above. Corrosion and breakage
5   1. A method of manufacturing a resin sealed also occurred in portions
of the aluminum bonding        semiconductor device wherein at least one
wires (14) and the aluminum wire circuits on the         semiconductor chip
of a semiconductor device surface of the monolithic IC chips (1).
is electrically connected to lead wires for exter- In the resin-sealed
semiconductor devices           nal connections by means of electrically
con- manufactured according to the present invention,  10     ductive
materials, the hardened silicone layer adheres to and covers
covering the surface of said chip and at the surface of the semiconductor
chip and at least      least the portions of said electrically conduc- the
portions of the electrically conductive compo-       tive material in
proximity to said semiconductor nent materials in proximity to said chip.
At the         chip with a hardenable self-bonding silicone same time, it
adheres to and is unified with the   15    composition, sealing resin which
covers the ultraviolet-irradiation-     hardening said hardenable
self-bonding processed surface of said hardened silicone layer.
silicone composition forming a hardened sili- Electrically conductive
materials such as bonding        cone layer being adhered to said
semiconduc- wires do not break or undergo damage readily,            tor
chip surface and at least. the portions of even when exposed to repeated
heat cycles and   20       said electrically conductive materials in prox-
thermal stress, repeated interruptions of current        imity to said
semiconductor chip, flow, or long periods of high temperature and high
irradiating said hardened silicone layer pressure. The sealing resin does
not break easily,       with ultraviolet radiation to form a ultraviolet
and the product characteristically shows excellent       irradiation
processed hardened silicone layer, properties of moisture resistance,
corrosion resis-  25     covering said ultraviolet irradiation pro- tance,
and stress relief.                                cessed hardened silicone
layer with a sealing A method of manufacturing resin-sealed semi-
resin which adheres to and covers the har- conductor devices of the present
invention effi-         dened silicone layer of said semiconductor ciently
produces resin-sealed semiconductor de-          chip surface and at least
the portions of the vices characterized by the fact that the surface of  30
electrically conducting materials in proximity to the semiconductor chip
and at least the portions of      said semiconductor chip, and the surface
of the electrically conductive material in proximity to    said ultraviolet
irradiation processed hardened the semiconductor chips are coated with a
har-           silicone layer adheres to and is unified with the denable
self-bonding silicone composition, this lay-     sealing resin by which it
is covered. er is hardened and then exposed to ultraviolet  35 radiation,
and a covering seal is then formed using  2. A method of manufacturing a
resin-sealed a sealing resin. This hardened silicone layer ad-
semiconductor device wherein at least one heres to and covers the surface
of the semiconduc-      semiconductor chip of the semiconductor de- tor
chip and at least the portions of the electrically   vice is electrically
connected to external lead conductive materials in proximity to said chip,
while  40  wires by means of electrically conductive ma- at the same time
adhering to and becoming unified         terials, with the sealing resin
with which it is covered.            covering the surface of said chip and
at A method of manufacturing resin-sealed semi-         least the portions
of said electrically conduc- conductor devices of the present invention
effi-        tive materials in proximity to said semiconduc- ciently
produces resin-sealed semiconductor de-   45     tor chip with a thermally
hardenable self-bond- vices characterized by the fact that the surface of
ing silicone composition, the semiconductor chip and at least the portions
of         exposing said thermally hardenable self- the electrically
conductive material in proximity to     bonding silicone composition to
ultraviolet radi- the semiconductor chip are coated with a thermally
ation forming a hardened silicone layer which hardenable self-bonding
silicone composition, this  50   adheres to said semiconductor chip surface
layer is thermally hardened and exposed to ul-          and at least the
portions of said electrically 



traviolet radiation, and a covering seal is then         conductive
materials in proximity to said semi- formed using a sealing resin. This
hardened sili-        conductor chip, and with the same process the cone
layer adheres to and covers the surface of          hardened silicone layer
is ultraviolet irradiation the semiconductor chip and at least the portions
of  55  processed forming an ultraviolet irradiation pro- the electrically
conductive materials in proximity to    cessed hardened silicone layer,
said chip, while at the same time adhering to and           covering said
ultraviolet irradiation pro- becoming unified with the sealing resin which
cov-       cessed hardened silicone layer with a sealing 8    13
EP 0 357 802 B1        *     C    L     M    S    * When electrical
characteristics of this resin-    ers it. sealed hybrid IC were measured
after 150 hours of PCT [err], 2 atmospheres pressure), a great
Claims increase in current leakage was observed, to 100 microamps and
above. Corrosion and breakage    5   1. A method of manufacturing a resin
sealed also occurred in portions of the aluminum bonding
semiconductor device wherein at least one wires (14) and the aluminum wire
circuits on the         semiconductor chip of a semiconductor device
surface of the monolithic IC chips (1).                  is electrically
connected to lead wires for exter- In the  resin-sealed  semiconductor
devices          nal connections by means of electrically con- manufactured
according to the present invention,   10    ductive materials, the hardened
silicone layer adheres to and covers            covering the surface of
said chip and at the surface of the semiconductor chip and at least
least the portions of said electrically conduc- the portions of the
electrically conductive compo-       tive material in proximity to said
semiconductor nent materials in proximity to said chip. At the         chip
with a hardenable self-bonding silicone same time, it adheres to and is
unified with the   15    composition, sealing resin which covers the
ultraviolet-irradiation-      hardening  said  hardenable self-bonding
processed surface of said hardened silicone layer.       silicone
composition forming a hardened sili- Electrically conductive materials such
as bonding        cone layer being adhered to said semiconduc- wires do not
break or undergo damage readily,            tor chip surface and at least
the portions of even when exposed to repeated heat cycles and   20
said electrically conductive materials in prox- thermal stress, repeated
interruptions of current        imity to said semiconductor chip, flow, or
long periods of high temperature and high           irradiating said
hardened silicone layer pressure. The sealing resin does not break easily,
with ultraviolet radiation to form a ultraviolet and the product
characteristically shows excellent       irradiation processed hardened
silicone layer, properties of moisture resistance, corrosion resis-  25
covering said ultraviolet irradiation pro- tance, and stress relief.
cessed hardened silicone layer with a sealing A method of manufacturing
resin-sealed semi-         resin which adheres to and covers the har-
conductor devices of the present invention effi-         dened silicone
layer of said semiconductor ciently produces resin-sealed semiconductor de-
chip surface and at least the portions of the vices characterized by the
fact that the surface of  30  electrically conducting materials in
proximity to the semiconductor chip and at least the portions of      said
semiconductor chip, and the surface of the electrically conductive material
in proximity to     said ultraviolet irradiation processed hardened the
semiconductor chips are coated with a har-           silicone layer adheres
to and is unified with the denable self-bonding silicone composition, this
lay-     sealing resin by which it is covered. er is hardened and then
exposed to ultraviolet  35 radiation, and a covering seal is then formed
using   2. A method of manufacturing a resin-sealed a sealing resin. This
hardened silicone layer ad-        semiconductor device wherein at least
one heres to and covers the surface of the semiconduc-       semiconductor
chip of the semiconductor de- tor chip and at least the portions of the
electrically   vice is electrically connected to external lead Conductive
materials in proximity to said chip, while  40  wires by means of
electrically conductive ma- at the same time adhering to and becoming
unified        terials, with the sealing resin with which it is covered.
covering the surface of said chip and at A method of manufacturing
resin-sealed semi-         least the portions of said electrically conduc-
conductor devices of the present invention effi-         tive materials in
proximity to said semiconduc- ciently produces resin-sealed semiconductor
de-   45     tor chip with a thermally hardenable self-bond- vices
characterized by the fact that the surface of      ing silicone
composition, the semiconductor chip and at least the portions of
exposing said thermally hardenable self- the electrically conductive
material in proximity to     bonding silicone composition to ultraviolet
radi- the semiconductor chip are coated with a thermally       ation
forming a hardened silicone layer which 



hardenable self-bonding silicone composition, this  50   adheres to said
semiconductor chip surface layer is thermally hardened and exposed to ul-
and at least the portions of said electrically traviolet radiation, and a
covering seal is then         conductive materials in proximity to said
semi- formed using a sealing resin. This hardened sili-        conductor
chip, and with the same process the cone layer adheres to and covers the
surface of          hardened silicone layer is ultraviolet irradiation the
semiconductor chip and at least the portions of   55  processed forming an
ultraviolet irradiation pro- the electrically conductive materials in
proximity to    cessed hardened silicone layer, said chip, while at the
same time adhering to and            covering said ultraviolet irradiation
pro- becoming unified with the sealing resin which cov-       cessed
hardened silicone layer with a sealing 8    15                 EP 0.357 802
B1                    *   C   L  M  S   * resin which adheres to and covers
the har-           Halbleiterchips haftet und wobei mit dem glei- dened
silicone layer of said semiconductor           chen Verfahren die gehartete
Siliconschicht chip surface and at least the portions of the        durch
Ultraviolettbestrahlung behandelt wird electrically conducting materials in
proximity to    unter Bildung einer mit Ultraviolettbestrahlung said
semiconductor chip, and the surface of   5      behandelten  geharteten
Siliconschicht, die said ultraviolet irradiation processed hardened
durch Ultraviolettbestrahlung gehartete Silicon- silicone layer adheres to
and is unified with the    schicht mit einem Dichtungsharz bedeckt wird,
sealing resin by which it is covered.                das an der geharteten
Siliconschicht der Ober- flache des Halbleiterchips und mindestens den
Patentanspruche                                 10      Teilen der
elektrisch leitenden Materialien in der Nahe des Halbleiterchips haftet und
diese 1. Verfahren zur Herstellung einer mit Harz ver-        bedeckt und
die Oberflache der durch Ultravio- siegelten Halbleitervorrichtung, wobei
minde-        lettbestrahlung behandelten geh~rteten Silicon- stens ein
Halbleiterchip elner Halbleitervorrich-    schicht an dem  Dichtungsharz,
mit dem  sie tung elektrisch mit Zuleitungen far aulere Ver-  is  bedeckt
ist, haftet und damit vereinigt ist. bindungen durch elektrisch leitende
Materialien verbunden ist, wobei die Oberflache des Chips    Revendications
und mindestens die Teile des elektrisch leiten- den Materials in der Nihe
des Halbleiterchips    1. Un proc~d4 de fabrication d'un dispositif semi-
mit einer hartbaren selbstbindenden Siliconzu-   20  conducteur enrobe de
resine, dans lequel au sammensetzung bedeckt werden, die hdrtbare
moins une puce semiconductrice d'un disposi- selbstbindende
Siliconzusammensetzung ge-            tif semiconducteur est connect6e
electrique- hartet wird unter Bildung einer geh~rteten Sill-     ment a
des fils conducteurs  pour des conschicht, die an der Oberflache des
Halblei-       connexions externes par des materiaux electri- terchips und
mindestens den Teilen des elek-  25     quement conducteurs, trisch
leitenden Materials in der Nahe des              on recouvre la surface de
ladite puce et au Halbleiterchips haftet, die gehartete Silicon-
moins les parties desdits materiaux electrique- schicht mit
Ultraviolettstrahlung bestrahlt wird     ment conducteurs situees a
proximit6 de ladite unter Bildung einer durch Ultraviolettbestrah-
puce semiconductrice avec une composition lung bearbeiteten  geh~rteten
Siliconschicht,  30    de silicone auto-liante durcissable, die durch
Ultraviolettbestrahlung behandelte            on durcit ladite composition
de silicone gehartete Siliconschicht mit einem Dichtungs-
auto-liante durcissable pour former une couche harz bedeckt wird, das an
der geharteten Sili-       de silicone durcie adh6rant a ladite surface de
conschicht der Oberflache des Halbleiterchips        puce semiconductrice
et au moins aux parties und mindestens den Teilen des elektrisch lei-  35
desdits materiaux electriquement conducteurs tenden Materials in der Nahe
des Halbleiter-         qui se trouvent a proximite de ladite puce chips
haftet und diese bedeckt und die Ober-         semiconductrice, flache der
mit Ultraviolettbestrahlung behandel-        on soumet ladite couche de
silicone durcie ten geharteten Siliconschicht an dem  Dich-          a un
rayonnement ultraviolet pour former une tungsharz, mit dem sie bedeckt ist,
haftet und   40  couche de silicone durcie traitee par rayonne- damit
vereinigt wird.                                ment ultraviolet, on
recouvre ladite couche de silicone dur- 2. Verfahren zur Herstellung einer
mit Harz ver-        cie trait6e par rayonnement ultraviolet avec siegelten
Halbleitervorrichtung, wobei minde-        une r6sine d'enrobage qui adhere
sur celle-ci stens ein Halbleiterchip der Halbleitervorrich-   45  et qui
couvre la couche de silicone durcie de tung elektrisch mit auBeren
ZufUhrungen mit         ladite surface de puce semiconductrice et au Hilfe
von elektrisch leitenden Materialien ver-      moins les parties des
mat6riaux electriquement 



bunden ist, wobei die Oberfl~che des Chips           conducteurs qui se
trouvent A proximite de und mindestens die Teile des elektrisch leiten-
ladite puce semiconductrice, la surface de ladi- den Materials in der Nihe
des Halbleiterchips   5o   te couche de silicone durcie traitee par rayon-
mit einer thermisch hartbaren selbstbindenden        nement adherant et
etant soudde a la resine Siliconzusammensetzung bedeckt werden, die
d'enrobage qui la recouvre. thermisch hirtbare selbstbindende Siliconzu-
sammensetzung einer Ultraviolettstrahlung aus-   2. Un procedd de
fabrication d'un dispositif semi- gesetzt wird unter Bildung einer
geharteten   5s     conducteur enrob6 de r6sine dans lequel au
Siliconschicht, die an der Oberflache des Halb-      moins une puce
semiconductrice du dispositif leiterchips und mindestens den Teilen des
semiconducteur est connectee electriquement elektrisch leitenden Materials
in der Nahe des       a des fils conducteurs externes par des mate- 9    17
EP0357802B1 riaux electriquement conducteurs,                             *
C   L  M   S    * on recouvre la surface de ladite puce et d'au moins les
parties desdits materiaux dlec- triquement conducteurs qui se trouvent a
proximite de ladite puce semiconductrice avec   5 une composition de
silicone auto-liante ther- modurcissable, on expose ladite composition de
silicone auto-liante thermodurcissable a un rayonne- ment ultraviolet pour
former une couche de   10 silicone durcie qui adhere a ladite surface de
puce semiconductrice et au moins aux parties desdits materiaux
electriquement conducteurs qui se trouvent a proximite de ladite puce
semiconductrice, et par le m~me procede la  15 couche de silicone durcie se
trouve traitee par rayonnement ultraviolet pour former une cou- che de
silicium durcie traitee par un rayonne- ment ultraviolet, on recouvre
ladite couche de silicone dur-  20 cie traitee par rayonnement ultraviolet
avec une resine d'enrobage qui adhere a celle-ci et qui couvre la couche de
silicone durcie de ladite surface de puce semiconductrice et au moins les
parties des materiaux electriquement  25 conducteurs qui se trouvent a
proximite de ladite puce semiconductrice, la surface de ladi- to couche de
silicone durcie traitee par rayon- nement ultraviolet adherant et etant
unie a la resine d'enrobage qui la recouvre.         30 35 40 45 50 55 10


