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(71)   We, MULLARD  LIMITED, of  is expensive in manufacture and therefore
Abacus House, 33, Gutter Lane, London, methods have been evolved to secure
the semi-  50      E.C.2, a British Company, do hereby declare  conductor
body directly to the mounting sur-  the invention, for which we pray that a
patent  face on the header using as intermediately  5  may be granted to
us, and the method by  situated solder preform. In such a method a
which it is to be performed, to be particu-  solder preform, for example of
an alloy of      larly described in and by the following state-  lead,
silver and tin is placed between a gold  55      ment:
on nickel plated surface of a copper part of        THIS INVENTION relates
to methods of  a header and a silver on titanium plated sur-  10 securing a
semiconductor body to a support  face of a silicon semiconductor body prior
to     by soldering.                               heating the assembly at
approximately 380 C     In  the  manufacture  of semiconductor  to effect
the soldering of the silicon body to  60     devices for example
transistors and semicon-  the gold plated  copper header part. This ductor
integrated circuits, it is common prac-  method although having the
potential of pro- 15 tice to secure on a support a wafer-shaped  viding a
cost reduction has not been found to     semiconductor body in which the
regions of  be entirely satisfactory because under high     the circuit
element or elements have been  thermal stress a deterioration of the
contact 65     formed. One such support, generally referred  between the
silicon body and the header to as a header, comprises a metal base hav-
occurs. Examination by metallurgical section 20  ing a mounting surface for
the semiconductor  of devices manufactured when using such a     body and a
plurality of mutually insulated  method has revealed some cracking of the
lead-in conductors to which connection wires  soldered region, accompanied
by evidence of  70     can be secured at one end, the other ends of  poor
wetting of the silver surface on the sili-     the connection wires being
secured to connec-  con body, in some instances associated with 25 tion
areas on the semiconductor body, for  void formation. When the  silicon
body is in     example by thermocompression bonding or  the form of a
discrete transistor element the     ultrasonic-bonding.
poor wetting characteristic is particularly  75       For devices having a
relatively high dissipa-  undesirable as the area of poor wetting is
tion various techniques have been evolved for  critically situated directly
below the area of 30 securing the semiconductor body on a mount-  the
emitter region and it is in this area of the     ing surface on the header.
Some of these tech-  solder contact where the presence of irregu-
niques are based on the inclusion of a disc of  larities is most
deleterious. Further analysis of 80     molybdenum between the
semiconductor body  the solder region has revealed the presence of     and
the  mounting surface on the header which  a vertical column of dissimilar
material 35 may consist in part, for example, of copper. extending
throughout the central part of the     The latter method is particularly
relevant for  solder region. It is concluded that during the     mounting
silicon semiconductor bodies as the  heating process used to effect the
soldering  85     thermal expansion coefficient of molybdenum   various
interdiffusion  mechanisms  occur     more closely matches that of silicon
and pro-  between the various elements present in the 40 vides a certain
degree of protection for the  solder material and at the adjoining surfaces
silicon 'body against thermal shock. This  of the silicon body and header
with the pos-     method normally involves tbe eutectic bonding  sibie
formation of undesirable intermetallics at 90     of the silicon body to
the molybdenum disc  localised areas of the solder region.     at elevated
temperatures, for example using   According to the invention in a method of
45  an intermediary situated gold layer, and the  securing a semiconductor
body on a support     subsequent soft soldering of the molybdenum   by
soldering, the semiconductor body and at     disc to the copper header
part. This technique, least one body of solder material are located  95
although yielding devices of suitable properties in non-overlapping
relationship at a surface     [Price 25p]    
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2       of the support, the facing surfaces of the semi-  form discs which
initially are situated on the      conductor body and the support being in
total support surface at opposite sides of the body.      contact and the
solder body or bodies being  The size of such solder preforms and their
situated beside the semiconductor  body, the  lateral situation  with
respect to the facing  5  support and bodies thereon being heated to a
surfaces is chosen inter alia, in accordance  70      temperature in excess
of the melting point with the area between the facing surfaces, the      of
the solder material for a time sufficient to  surface activity of the
support surface, the      cause flow of solder material on the surface
heating  temperature  employed,  the  gas      of the support and by
capillary action between  ambient and cleanliness and the  composition  10
the facing surfaces of the semiconductor body  of the solder material.
75      and support to form an intermediate solder    At least two solder
bodies in the form of      layer between said facing surfaces which  wires
may be used. Provided the wires can be      solder layer on cooling secures
the semicon-  obtained having a sufficiently large enough      ductor body
to the support. Reference herein  diameter, this may represent a cheap way
in  15 to the facing surface  of the semiconductor  which to apply the
solder bodies.         80      body is to be understood to include the case
A single solder body may be used which at      wherein at least one metal
layer applied  as a  the surface of the support partially but not
coating to the semiconductor body surface is  wholly encloses, the
periphery of the semicon-      present at the facing surface.
ductor body.  In this manner occluded gases 20    In this method which may
be termed  'capil-  between the facing surface can be swept out 85
lary flow soldering' various advantages arise  whilst using only a single
solder body.      compared  with  the  previously  described    The method
may  be employed when the      method in which the solder body is posi-
semiconductor body is of silicon and at least      tioned wholly between
the facing surfaces prior  the part of the support  to which the semicon-
25  to heating. Firstly during the heating, for  ductor body is to be
secured is of copper. The  90      example effected in a hydrogen
atmosphere, surface of the copper support part may com-      the coplete
upper surface of the solder body  prise a layer of. gold on a layer of
nickel or      or bodies is exposed and volatile impurities  cobalt and the
material of the solder body or      released from the solder material are
free to  bodies in this case may consist essentially of 30  escape and
render the liquid solder material  an alloy of lead, silver and tin.
95      substantially clean and mobile. Flow of the    Prior to placing the
silicon body of the      solder material may be induced in a preferred
surface of the support, at the facing surface      direction during melting
of the solder body or  of the silicon body there may be applied, for
bodies, the molten solder material spreading  example by evaporation
deposition, a layer 35  under the semiconductor body by capillary  of
titanium on the silicon and a layer of silver 100     action between the
facing surfaces of the semi-  on the titanium.     conductor body and the
support. This flow    Embodiments of the invention will now be     may be
effective to sweep  out any occluded  described, by way of example, with
reference     gases between the facing surfaces. A better  to the
accompanying diagrammatic drawings, 40  distribution of intermetallics is
obtained due  in which:                                  105     to the
movement of the liquid solder material,    Figure 1 is a plan view of a
header part     the less mobile constituents  remaining at the  of an
envelope for a transistor and. showing     original location of the solder
material and  on  a supporting surface thereof a silicon tran-     thereby
being kept from  occlusion between  sistor body and two solder prefoms; 45
the facing surfaces.                            Figure 2 is an  enlarged
plan view showing  110        The semiconductor body may be situated  the
part of the supporting surface of the  header     immediately adjacent to
the solder body or  of Figure 1 having the silicon transistor body
bodies but in a preferred form  of the method  and solder preforms thereon;
the semiconductor body initially is  spaced    Figure 3 is a plan view of
the header of 50  laterally from the solder body or  bodies in  Figures  1
and 2 subsequent to carrying out 115     order to avoid  any  undesired
wetting of the  the method in accordance with the invention     sides of
the semiconductor body by the solder  for securing the silicon transistor
body to the     material.                                    supporting
surface and subsequent to making       Although a single  solder body may
be  wire bond  connections to. emitter and  base 55 employed, in a
preferred' form  of the method  electrodes  on the silicon transistor body;
.120     in accordance with the invention a plurality    Figure 4 is a
cross section through part of     of solder bodies are situated on the
support          the header taken on the line IV-IV of Figure     surface
and are substantially symmetrically  3, and     disposed with respect to
the semiconductor    Figures 5 to 11 inclusive show in plan 60  body. Thus
in one form two solder bodies in  view various  other configurations of
solder 125     the form  of symmetrical preforms  are dis-  bodies and
semiconductor bodies applied  to     posed on the support surface at
opposite sides  a supporting surface.     of the semiconductor body. The
semiconductor    The header  shown in Figure  1 is of a     body may be of
substantially square outline  standard outline, known generally as T0-3 65
and the two solder bodies may consist of pre-  and comprises a base plate 1
of-steel having  130 
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3      two mounting apertures 2. On the upper sur-  top  surfaces of the
preforms are exposed to     face of the steel base plate 1 there is secured
the hydrogen atmosphere before and during     a copper disc 3  of
approximately 1.65 mm.  melting. Volatile impurities are released from
thickness  and approximately 17.5 mm. dia-  the solder material and the
liquid solder  5  meter. The copper  disc 3 has two recessed  formed is
clean and mobile. The liquid solid  70     portions 4 within which raised
tubular por-  spreads out  on the surface 6, the molten     tions of the
steel base plate  extend. Within  material of the two preforms approaching
the     each raised tubular portion  there is a lead-in  silicon body 7
from opposite sides. On reach-     conductor wire 5  of nickel/iron which
is  ing the silicon body 7 the solder penetrates 10 sealed  in the tubular
portion by a' glass to  between the facing surfaces of the header and  75
metal seal. The copper disc 3 comprises an  silicon body by capillary
action. In doing so,     upper supporting surface 6 which together
occluded gases under the  silicon body are     with the remaining metal
parts  of the header  swept outwards. The  quantity  of solder     has been
provided with a plating of nickel of  material is chosen to be sufficient
to provide 15 approximately 3 microns thickness followed by  for a complete
penetration of the liquid solder  80      a plating of gold of
approximately 0.1 micron   material by capillary action under the silicon
thickness. Prior to soldering a silicon transistor  body 7. Figure 3 shows
in broken line the      body to the supporting surface 6 the header
outward extent of the spreading of the liquid      is stoved in a furnace
in a hydrogen atmo-  solder 9. On cooling, the solder layer formed 20
sphere stabilise the surface activity of the  by capillary action between
the facing surfaces  85     header,  the peak temperature being  approxi-
of the silicon body and header adheres well to     mately 375[err]C and the
total heating and cool-  both facing surfaces and is found to be sub-
ing cycle lasting 30 minutes.                 stantially free of voids and
has no undesirable        On the supporting surface 6 there are posi-
distribution of intermetallics. 25  tion a silicon transistor body 7 and
two solder    Figure 4 shows in section the initial posi-  90
preforms. The silicon transistor body is, for  tion of the preforms 8 in
broken line, the final      example, an epitaxial planar n-p-n transistor
final extent of the flowed solder layer 9 and      'in which the collector
contact is established via  the layer part 10 formed by capillary action
the lower surface of the body and the emitter  between the facing surfaces
of the body 7 and 30  and base electrodes are' on the upper surface  the
plated copper disc 3.              95      of the body. Prior to applying
the silicon body   As a subsequent stage in the manufacture      7 to the
surface 6, the lower surface of the  wires 11 and 12 are ultrasonically
bonded at      silicon body is subjected to an evaporation  one end to the
emitter and base electrodes on      step to apply a layer of titanium of
approxi-  the upper surface of the silicon body 9 and 35  mately 0.1 micron
thickness followed by a  at the opposite ends to the lead-in terminal 100
layer of silver of approximately 1.0 micron  posts 5. The device
encapsulation is com-      thickness, the   evaporation step being per-
pleted by the securing of a metal can over the      formed on a plurality
of such bodies whilst  copper disc 3, the lip of the metal can being
still  present in an undivided  silicon slice. The  welded to the steel
plate 1. 40  body 7 is of 1.6 mm x 1.6 mm. and of approxi-    Further
configurations of solder bodies and  105      mately 250 microns thickness.
The solder pre-  the semiconductor body on a supporting sur-      forms 8
consist of disc of 1.0 mm. diameter  face for use in a method in accordance
with      and 50 microns thickness of a solder alloy  the invention will
now be described briefly, by      material containing by weight 95.5%
lead,  way of example, with reference to Figures 5 45  3.0% silver and 1.5%
tin, this material hav-  to 12 inclusive. These Figures correspond to  110
ing  a Solidus of 294[err]C  and Liquidus of  the plan view of Figure 2,
the semiconductor      315[err]C.                                    body 7
being of similar dimensions but the        Figure 2 is an enlarged plan
view of the  solder bodies differing in shape and/or posi-      part of the
supporting surface 6 having the  tion. Otherwise the steps of the method
are  50 silicon body 7 and the solder preforms 8  substantially as
described in the previous 115      thereon, the preforms 8 being
symmetrically  embodiment.      disposed with respect to the body 7. The
Figure 5 shows a single solder preform 21      centres of the  preforms at
opposite sides of  having  a recessed portion the sides of which      the
body 7 are spaced by distance of approxi-  are parallel to the two
adjoining sides of the  55  mately 3.0 mm.
semiconductor body.                           120        A plurality of the
headers as shown in      Figures 1 and 2 are then loaded onto a mov-
Figure 6 shows two triangular solder pre-      ing belt which passes into a
bump-back fur-  forms 22 facing adjacent sides of the semi-      nace.
Heating is effected in a hydrogen atmo-  conductor body 7 and Figure 7
shows two  60 sphere, the  maximum  temperature  being  similar triangular
solder preforms 23 facing      380[err]C  and the total cycle time being 30
opposite sides of the semiconductor body 7.  125      minutes. The time the
header and bodies    Figure 8 shows two semicircular disc pre- 



thereon are at a temperature above the solidus  forms 24 situated at
opposite sides of the      of the solder material is approximately 5
semiconductor body 7.  65  minutes. During the heating step the whole
Figure 9 shows two square solder preforms         4
1,331,980                                            4      25 situated at
opposite sides of the semicon-  Claim  2, wherein a plurality of bodies  of
ductor body 7.  solder material are situated on the support        Figure
10 shows two  solder preform discs  surface and are substantially
symmetrically  55     26 having their lines of centres coincident with
disposed with respect to the semiconductor  5  a diagonal of the
semiconductor  body 7.    body.        Figure 11 shows two solder bodies in
the    4. A method as claimed in Claim  3, wherein     form of wires 29
situated at opposite sides of  two  solder bodies in the form  of
symmetrical     the semiconductor body 7.                     preforms are
disposed on the support surface  60        Many further variations are
possible within  at opposite sides of the semiconductor body. 10  the scope
of the invention as defined in the    5. A method as claimed in Claim 4;
wherein      appended claims. For example,  the  securing  the
semiconductor body is of  substantially      of  the semiconductor body may
be onto   a  square outline and the two solder bodies con-      TO-3
outline header  of different structure   sit  of solder preform discs which
initially a re  65      or even onto a  surface of an envelope part of
situated on the support surface at opposite 15  a completely different
outline. Semiconductor  sides of the semiconductor body.      bodies of
devices other than transistors may    6. A method as claimed in any of
Claims      be soldered to the supporting surface, for  1 to 3, wherein
at-least two solder bodies in      example silicon integrated circuit
bodies. Dif-  the form of wires are used.          70      ferent solid
materials may be used, the choice    7. A method as claimed in Claim 1,
wherein 20  of the solder-material being determined, inter  a single solder
body is used which at the      alia by  the melting point and the material
-of  surface partially but not wholly encloses the      the facing
surfaces.of the semiconductor body  periphery of the semiconductor body.
and support. For silicon bodies a silver layer    8. A method as claimed in
any of Claims  75      may be applied on a titanium layer on the   1 to 7,
wherein the semiconductor body is of .25  lower surface of the silicon. The
silver layer  silicon and at  least the  part of the support to      may be
provided with a very thin flash of  which the semiconductor body is to be
secured      gold.                                         is of copper.
9. A method as claimed in Claim 8, wherein  80
the surface  of the  copper  support part com-        WHAT  WE CLAIM  IS:-
prises a layer of  gold on a layer of nickel or        1. A method of
securing a semiconductor  cobalt and  the  material of the  solder body or
30 body on a support by soldering, wherein the  bodies consists essentially
of an alloy of lead,      semiconductor body and at least one body of
silver and tin.                               85      solder material are.
located in non-overlapping    10. A  method as claimed in Claim  9,
relationship at a surface of the support, the  wherein, prior to locating
the silicon body at      facing surfaces of the semiconductor body and  the
surface of the support, at the  facing sur-  35  support being in total
contact and the solder  face of the silicon body there is applied a
body or bodies being situated beside  the semi-  layer of titanium  on the
silicon and a layer of  90      conductor body, the support and  bodies
silver- on the titanium.      thereon being heated to a temperature  in
11. A  method of  manufacturing a semicon-      excess of the melting point
of the solder  ductor  device substantially as herein described  40
material for a time sufficient to cause flow of -with reference to Figures
1 to 4, or any of      solder material on the surface of the support
Figures 5 to 11 of the  accompanying draw-  95      and by capillary action
between   the facing  ings.      surfaces of  the semiconductor body and
sup-    12. A semiconductor device when manufac-      port to form  an
intermediate  solder layer  tured by a method claimed in any of the pre-
45 between said facing surfaces which solder layer  ceding claims.      on
cooling secures the semiconductor body to      the support.
G. V. CARCASSON,         2. A method as claimed in Claim 1, wherein
Chartered Patent Agent,      at the surface of the support the
semiconductor         Mullard House,  50  body initially  is spaced
laterally from  the           Torrington Place,      solder body or bodies.
London, WC1A  7HD,         3 A method as claimed in Claim  1 or
Agent for the Applicants            Printed for Her Majesty's Stationery
Office, by the Courier Pewaa, Leamington Spa, 1973.            Published by
The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.   
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4      25 situated at opposite sides of the semicon-  Claim  2, wherein a
plurality of bodies of     ductor body 7.
solder material are situated on the support        Figure 10 shows two
solder preform discs  surface and are substantially symmetrically     26
having their lines of centres coincident with  disposed with respect to the
semiconductor 5  a diagonal of the semiconductor body 7.    body.
Figure 11 shows two solder bodies in the    4. A method as claimed in Claim
3, wherein     form of wires 29 situated at opposite sides of  two solder
bodies in the form of symmetrical     the semiconductor body 7.
preforms are disposed on the support surface  60        Many further
variations are possible within  at opposite sides of the semiconductor
body. 10 the scope of the invention as defined in the    5. A method as
claimed in Claim 4, wherein     appended claims. For example, the securing
the semiconductor body is of substantially     of the semiconductor body
may be onto a  square outline and the two solder bodies con-     TO-3
outline header of different structure  sist of solder preform discs which
initially are  65     or even onto a surface of an envelope part of
situated on the support surface at opposite 15  a completely different
outline. Semiconductor  sides of the semiconductor body.     bodies of
devices other than transistors may    6. A method as claimed in any of
Claims     be soldered to the supporting surface, for  1 to 3, wherein at
least two solder bodies in     example silicon integrated circuit bodies.
Dif-  the form of wires are used.          70     ferent solid materials
may be used, the choice    7. A method as claimed in Claim 1, wherein 20
of the solder material being determined, inter  a single solder body is
used which at the     alia by the melting point and the material of
surface partially but not wholly encloses the     the facing surfaces of
the semiconductor body  periphery of the semiconductor body.     and
support. For silicon bodies a silver layer    8. A method as claimed in any
of Claims  75     may be applied on a titanium layer on the  1 to 7,
wherein the semiconductor body is of 25  lower surface of the silicon. The
silver layer  silicon and at least the part of the support to     may be
provided with a very thin flash of  which the semiconductor body is to be
secured     gold.                                         is of copper.
9. A method as claimed in Claim 8, wherein  80
the surface of the copper support part com-        WHAT WE CLAIM IS: -
prises a layer of gold on a layer of nickel or        1. A method of
securing a semiconductor  cobalt and the material of the solder body or 30
body on a support by soldering, wherein the  bodies consists essentially of
an alloy of lead,     semiconductor body and at least one body of  silver
and tin.                                85     solder material are located
in non-overlapping    10. A  method as claimed in Claim  9,
relationship at a surface of the support, the  wherein, prior to locating
the silicon body at     facing surfaces of the semiconductor body and  the
surface of the support, at the facing sur- 35  support being in total
contact and the solder  face of the silicon body there is applied a
body or bodies being situated beside the semi-  layer of titanium on the
silicon and a layer of  90     conductor body, the support and  bodies
silver on the titanium.     thereon being heated to a temperature in    11.
A method of manufacturing a semicon-     excess of the melting point of the
solder  ductor device substantially as herein described 40  material for a
time sufficient to cause flow of  with reference to Figures 1 to 4, or any
of     solder material on the surface of the support  Figures 5 to 11 of
the accompanying draw-  95     and by capillary action between the facing
ings.     surfaces of the semiconductor body and sup-    12. A
semiconductor device when manufac-     port to form  an intermediate solder
layer  tured by a method claimed in any of the pre- 45  between said facing
surfaces which solder layer  ceding claims.     on cooling secures the
semiconductor body to     the support.
G. V. CARCASSON,        2. A method as claimed in Claim 1, wherein
Chartered Patent Agent,     at the surface of the support the semiconductor
Mullard House, 50  body initially is spaced laterally from  the
Torrington Place,     solder body or bodies.
London, WC1A 7HD,        3. A method as claimed in Claim  1 or
Agent for the Applicants.           Printed for Her Majesty's Stationery
Office, by the Courier Press, Leamington Spa, 1973.           Published by
The Patent Office, 25 Southampton Buildings, London, WC2A lAY, from
which copies maybe obtained.    


