
COMPLETE SPECIFICATION            Improvements in or relating to
Semi-conductor Assemblies       We, TEXAS INSTRUMENTS INCORPORATED,  Other
proposed constructions for relieving     of 6000 Lemmon Avenue, Dallas,
Texas,  the thermal problem generally include cum-     United States of
America, a corporation  bersome insulating members for the transistor
organized and existing under the laws of  and its leads or special means to
be secured  5 the State of Delaware, United States of  to the can or casing
of the completed trans- 50    America, do hereby declare the invention,
istor unit. In most instances, these other    for which we pray that a
patent may be  proposals are impractical.    granted to us, and the method
by which    The present invention for the first time    it is to be
performed, to be particularly  provides  an  improved  arrangement for 10
described in and by the following state-  dissipating heat in semiconductor
devices 55    ment:-                                      such as junction
transistors used in non-      This invention relates to an improved
grounded applications wherein the amount    arrangement for mounting a
semiconductor  of heat dissipated is comparable to that    device such as a
junction transistor and more  obtained, in a grounded application. 15
particularly to a unique technique for effici-   Essentially this is
accomplished by the 60    ently dissipating heat from a semiconductor
present invention by electrically insulating    member to a heat absorbing
member and  the semiconductor device from  its header    thus increasing
power dissipation of the  without thermally insulating the semicon-
semiconductor unit.                        ductor device from the header. A
copper 20   It is known that the thermal operating  plate is preferably
used as the header and 65    characteristics of a junction transistor limit
may be arranged with a plurality of leads    the range of use thereof and
that if the  which are retained in the header and insu-    operating
temperature of a transistor unit  lated from it by glass beads sealed into
the    becomes excessive, there is a definite possi-  header. The
insulation of the semiconductor 25 bility of failure. Many efforts have
been  device can be accomplished in several ways, 70    made to increase
the permissible operating  for instance, using a thin mica washer or
temperatures for transistor devices, particu-  by means of an insulating
coating such as    larly in the case of power units. The most  a " Teflon "
coating. " Teflon " is a regis-    widely used techniques involves using a
heat  tered trademark by the du Pont Company 30 sink in the form  of a
copper plate with  of Wilmington, Delaware, and is used to 75    one region
of the transistor mounted directly  designate a plastic consisting of a
tetra-    onto the plate. Whereas this enables efficient  fluoroethylene
polymer.    heat transfer to the plate and ultimate dissi-    Accordingly,
it is an object of this in-    pation to the chassis on which the plate is
vention to provide a novel technique for 35 mounted, it is only
satisfactory in a circuit  efficiently and expeditiously dissipating heat
80    arrangement that allows for the grounding  from  a semiconductor
device in a non-    of one terminal or region of the transistor.  grounded
application.    In cases requiring a non-grounded mounting    Other and
further objects of the present    of the transistor, it is customary to
mount  invention will become more fully apparent 40 the transistor bar some
distance from the  from the following detailed description when 85 



plate on wires insulated from the plate and  taken in conjunction with the
accompanying    to encapsulate the transistor in a potting  drawings, in
which:-    compound which has a favorable thermal    Figure 1 is a top plan
view of a transistor    coefficient. The heat dissipation  in  this  device
with parts broken away to show the 45 instance, however, has not been
great.  inventive features; and                       90       2
876,468       Figure 2 is a vertical sectional view taken  can be soldered
directly to the pins 22 and    along lines 2-2 in Figure 1.
24. Whatever means  is employed, the       Referring now to the drawings,
the novel  important consideration is that the bar 10    transistor
assembly  embodied  herein  is  is located on the plate 26 such that the  5
illustrated and includes a semi-conductor  longitudinal axis of the bar is
parallel to 70     device such as a junction transistor generally  the
upper surface or plane of the plate 26,     indicated at 10. The transistor
body 10  or in other words, one of the side faces of     is shown as a
grown junction type and is in  the bar is parallel with the upper surface
the form  of a bar. The transistor body  of the plate 26. 10 includes two
end regions 12 and 14 of N-    The plate 26 constitutes a header for the 75
type conductivity separated, within the body  device and at the same time
functions in    of the bar, by a region 16 of P-type conduc-  the nature of
a heat sink since it constitutes    tivity. The regions 12, 14 are the
emitter  a substantial mass characterized by high    and collector
respectively of the device and  thermal conductivity. Accordingly, plate 15
region 16 is the base.                       26 is adapted to receive and
dissipate a 80       Although a grown junction NPN transis-  fairly large
amount of heat. This concept    tor is specifically described it will be
appreci-  in and of itself is well known in transistor    ated that the
invention applies to all kinds  technology. Whereas copper has been speci-
of semi-conductor devices and materials  fied for the material of header 26
it will be 20 including silicon germanium, and others  appreciated that the
other materials may 85    and to both NPN and PNP devices, as well  be
employed provided they have a high    as, all variations thereof such as
PNIP,  thermal conductivity. Thus, for example,    NPIN, PNPN and others.
aluminum, brass and other like materials       The transistor body 10 is
mounted on a  may be utilized for plate 26 without deviating 25 3 pin
header, generally designated by the  from  the invention.
90    numeral 25. The header consists of a copper   Positioned between the
transistor bar 10    plate 26 through which pass 3 pins, 18, 22,  and the
upper surface of the copper header    and 24. The pins are insulated from
the  or heat sink 26 is a thin sheet or washer 28    copper plate 26 by
means of glass or ceramic  of insulating material such as mica. The 30
beads or inserts 30, 32, and 34.   The trans-  transistor bar 10 is firmly
mechanically 95    istor body 10 is customarily provided with  secured next
to the mica washer 10 by its    contacts to the ends of the emitter and
attachment to pins 22 and 24. The transistor    collector regions.
Essentially, the contacts  leads or terminals 18, 22 and 24 extend
consist of a coating or plating located on  through the mica washer 28 but
since it 35 the end portions of the transistor body bar  possesses
electrically insulating properties 100    in order to facilitate the
attachment of leads  there is no danger of shorting.    or wires. With
regard to the base region,    The insulating mica washer 28 is approxi-
a contact may or may not be used. It is  mately .003 inches in thickness
and defines    usually desirable, however, that the contacts  a  sufficient
electrical insulation  of the 40 which are applied to transistor bar be
essenti-  transistor bar 10 from the copper heat sink 105    ally of an
ohmic nature. In the case of the  26 against the maximum voltage which will
base region, it is desirable, in view of the  be applied during the
operation of the device.    thinness of this region and the difficulty
Even though affording complete and effective    of avoiding overlap into
the adjacent emitter  electrical insulation, the mica washer 28 45 and
collector areas, that the contact be  is at the same time sufficiently thin
that it 110     essentially ohmic with the base region and  does not
greatly inhibit heat transfer from     rectifying with the adjacent emitter
and  transistor bar 10 to the copper heat sink 26.     collector regions.
As evidenced by the previous discussion       The bar 10 is mounted with
its longitudinal  the insulating washer 28 effectively electri- 50 axis
parallel with the upper surface of the  cally insulates the transistor bar
10 from the 115 



plate 26. A  lead 20 is attached to the  copper heat sink 26, yet readily
permits the     base region 16, in the manner previously  transfer and
dissipation of large amounts     described, and also is attached, by
soldering  of heat from the transistor to the copper     or any other
conventional means, to pin  heat sink 26. The pins or terminals may 55 18.
Tabs 21 and 23 are attached to the  be electrically connected to any
suitable 120     contacts formed on the ends of the bar and  external
circuit and thus, the construction     also to the pins 22 and 24,
respectively.  as described, is fully capable of operating     These
attachments may be made by soldering.  at high current loads without the
danger of       Although tabs are illustrated, it will be  becoming
overheated. The transistor as- 60 appreciated that other means may be em-
sembly which includes the heat sink 26, 125     ployed, such as wires.
Alternatively, the  mica washer 28 and transistor bar 10 may     bar 10 can
be dimensioned such that it will  be employed with or without a casing
there-     lie between and in line with the pins 22 and  for. If a casing
is employed, it can be     24 with its ends close enough to them so that
adapted to aid the heat sink 26 in dissipating 65 the contacts formed on
the ends of the bar  heat. Although the heat generated by the 130
876,468                                       3     transistor bar 10
during  the  operation  conductor body directly contacting  said 40
thereof is dissipated primarily through the  electrically insulating sheet.
heat sink 26, other metal elements associated    2. A  semiconductor
assembly according     with the assembly such as a casing or housing  to
claim 1 wherein said semiconductor body  5 may provide ancillary means for
dissipating  has a third area defining a zone of P-type     heat.
conductivity lying along said element.    45       Although a mica washer
has been described   3. A  semiconductor assembly according     in
conjunction with the present invention,  to claim 1 wherein said
semiconductor body     it will be appreciated that other means may  has a
third area defining a zone of N-type 10 be employed provided the net result
is that  conductivity  positioned  thereon  so  that     the transistor bar
is electrically insulated  said N-type zone lies along said element. 50
from the header while, at the same time, a    4. A  semiconductor assembly
according     good heat transfer relationship exists be-  to claim 1, 2 or
3 wherein said heat dissipat-     tween the transistor bar and the header.
ing element is of copper and wherein said 15 For example, the surface of
the header can  thin electrically insulating sheet is a mica     be coated
with a suitable plastic, such as  washer.
55     " Teflon " which is a trademark designating   5. A  semiconductor
assembly according     a plastic consisting of a tetrafluorethylene  to
claim 1, 2, 3 or 4 wherein said heat dissi-     polymer. Another
modification applicable  pating element has a plurality of glass plugs 20
to the present invention is the use of "Mylar"  secured therein and wherein
electrical leads     of about .003 inches thick in place of the  are
provided which extend from said semi- 60     insulating mica washer 28. "
Mylar" is a  conductor body  through  said  insulating     highly durable
polyethylene terephthalate  sheet and said glass plugs.     resin and is a
registered trademark of E. 1.  6. A  semiconductor assembly according 25 du
Pont de Nemours & Company of Wil-  to any of the preceding claims, wherein
said     mington, Delaware.                          insulating sheet is
approximately .003 inches 65       WHAT WE CLAIM  IS:-
thick.       1. A semiconductor assembly comprising    7. A  semiconductor
assembly according     a metallic heat dissipating element, a semi-  to
claim 1, 2, or 3, or claim 1, 2, or 3 and 30 conductor body having a first
area defining  claim 5 or 6, wherein said insulating sheet is     a zone of
P-type conductivity and a second  a plastic coating.
70     area defining a zone of N-type conductivity   8. A semiconductor
assembly substantially     mounted on said element so that said P-type  as
herein described with reference to the     and N-type zones lie along said
element,  accompanying drawing. 35 and  a  thin  electrically  insulating
sheet    H. D. FITZPATRICK  &  CO.,    interposed  between  said  body and
said            Chartered Patent Agents,    heat dissipating element which
does not  3, Gray's Inn Square, London, W.C. 1.,    materially interfere
with the transfer of heat                 and    from said body to said
element, said semi-          94, Hope Street, Glasgow.  
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