
WO 20041051733 PCTIUS2003/030861  -1 THIN GaAs DIE
WITH COPPER BACK-METAL STRUCTURE  FIELD OF THE
DISCLOSURE 5 This invention relates generally to
semi-conductor devices, and more particularly  to
Gallium Arsenide (GaAs) semiconductor devices.
BACKGROUND  Two of the most common types of
semiconductor the packages currently used are  10
plastic packages and ceramic packages. Ceramic
packages are preferred over plastic  ' Packages in
some instances (e.g. when hemeticity and/or high
frequency is required), but  i  plastic packages are
generally preferred over ceramic packages because
plastic packages  are less expensive. Plastic packages
are routinely used to package silicon die, however,
attempts to  15 package GaAs semiconductor die in
plastic packages have proven somewhat problematic.
For example, although relatively thick GaAs die (i.e.
those die having a thickness greater  than about 3
mils) can be packaged in plastic, power dissipation
characteristics of thick  GaAs die limit the maximum
power capabilities that can be implemented. In order
to overcome the power dissipation problems and allow
more complex  20 circuits, attempts have been made to
reduce the thickness of the GaAs die to less than 3
mils. However, the die handling processes associated
with packaging are incompatible  with thin, i.e. less
than 3 mils, GaAs die. The use of a thick, about 18
pm, gold back  metal layer has been proposed in an
attempt to strengthen GaAs die thinned for power
dissipation purposes. Unfortunately, the thick gold
back-metal layer is incompatible with 25 plastic
packaging processes for at least two reasons: 1) the
thick gold causes  embrittlement of the soft-solder
used in plastic packaging processes to attach the  



semiconductor die to the lead-frame; and 2) gold tends
to de-laminate from a plastic  package. WO 2004/051733
PCT/US2003/030561  -2 What is needed, therefore, is a
way to allow high-powered GaAs semiconductor  die to
be used in plastic packages. By allowing a
high-powered semiconductor the to be  used in a
plastic package, substantial cost savings couldbe
achieved withoutperformance  loss. 5 BRIEF DESCRIPTION
OF TEE DRAWINGS Various advantages, features and
characteristics of the present disclosure, as well  as
methods, operation and functions of related elements
of structure, and the combination  of parts and
economies of manufacture, will become apparent upon
consideration of the  following description and claims
with reference to the accompanying drawings, all of  L
10 which form a part of this specification. FIG. 1 is
a diagram of a thin GaAs semiconductor die having a
copper back-metal  structure according to an
embodiment of the present disclosure; and FIG. 2 is a
thin GaAs die having a copper back-metal structure
encapsulated in a  plastic package according to an
embodiment of the present disclosure. 15 DETAILED
DESCRIPTION OF THE FIGURES FIGS. 1-2 illustrate a thin
GaAs die with a copper back-metal structure suitable
for use in a plastic package, in accordance with the
present disclosure. In certain  embodiments, various
anti-stress and oxidation resistant layers are shown
in addition to  the copper back-metal layer. FIG. 2
illustrates a completed semiconductor die 20
encapsulated in a plastic package. By providing a
copper back-metal structure, a thin,  high power, GaAs
semiconductor die can be used in a plastic package. In
general, the  GaAs substrate is less than 2 mils
(about 50 microns) thick, and particular embodiments  



of the GaAs substrate of the semiconductor die have
thicknesses of approximately 1-2  mils (about 25-50
microns), less than approximately 1.5 mils (about 38
microns), or less 25 than or equal to approximately 1
mil (about 25 microns). Approximately (and about), as
used herein, generally refers to process limitations.
For example, if a particular process  for polishing a
semiconductor substrate is conventionally performed to
within 10 percent  of the desired process parameter,
then a substrate having a nominal thickness of WO
2004/051733 PCT/US2003/030861  -3 approximately 1 mil
(about 25 microns) will have an actual thickness of .9
mils (about 22  microns) to 1.1 mils (about 28
microns). The copper back-metal layer provides both
mechanical strength and improved  heat dissipation
properties to the GaAs die, and makes the GaAs die
compatible with  5 soft-solder die attach
technologies. Soft solder die attach refers to die
attach methods using soft solders that generally
comprise about 5% tin and 95% lead. Since soft-solder
die attached methods are used when preparing a
semiconductor die for encapsulation in a  plastic
package, the thin GaAs substrate with copper
back-metal layer can be packaged in  a plastic
package. 10 In discussing the structure of the
semiconductor die illustrated in FIGS. 1-2, it will
be appreciated that various processes known to those
skilled in the art may be used in  constructing the
thin GaAs semiconductor die, the copper back-metal
layer and other  layers used for mechanical stress
reduction, oxidation resistance, etc. The various
layers  described may be deposited using conventional
sputtering, coating, crystalline growth, 15
implantation, and/or other appropriate methods known
to those skilled in the art.  Referring now to FIG. 1,
a thin GaAs semiconductor die with a copper back-metal
layer will be discussed, wherein the semiconductor die
is designated generally as Die 300.  Die 300 includes
a GaAs Substrate 310 in which a semiconductor circuit
is formed using  methods known to those skilled in the
art. While not shown in FIG. 1, GaAs Substrate 



20 310 may also include various interconnection
terminals on top of GaAs Substrate 310 for  connecting
Die 300 to leads during the packaging process. A
Diffusion Barrier 320 is  formed over the bottom of
GaAs Substrate 310, such that any subsequent layers
formed  over Diffusion Barrier 320 will not adversely
impact the semiconductor circuits within  GaAs
Substrate 310. In at least one embodiment, Diffusion
Barrier 320 includes an 25 adhesion metal such as
tantalum deposited in the form of tantalum nitride, or
another  suitable diffusion barrier known to those
skilled in the art. It will be appreciated that the
term "over" or "overlying" is used to describe a
layer formed completely or partially over another
layer or surface. For purposes of WO 2004/051733
PCTIUS2003/030861  -4 discussion herein the term
"overlying" is used irrespective of the surface of the
substrate  on which overlying layer is formed. For
example, a layer formed on the backside surface  of a
substrate and a layer formed on an active surface of a
substrate are both considered to  be overlying the
substrate. 5 A Stress Relief Layer 330 is formed over
Diffusion Barrier 320 in at least one  embodiment.
Stress Relief Layer 330 provides protection for GaAs
Substrate 310 and or  diffusion layer 320 from uneven
expansion, contraction or other physical movements of
a  back-metal or other layer overlying Stress Relief
Layer 330. In at least one embodiment  gold is used as
a stress relief layer. While FIG. 1 illustrates a
single stress relief layer, 10 using more than one
stress relief layer does not depart from the spirit
and scope of the  present invention. On top of Stress
Relief Layer 330, a Copper Back-metal Layer 340 is
formed.  Copper Back-metal Layer 340 has a thickness
chosen to be sufficient to provide the  necessary
support for GaAs Substrate 310 during the packaging
process, including the 15 process of soft-solder the
attach. For example, a 3-mil-thick (about 76 microns)
GaAs  die needs very little, if any, additional
mechanical support. Consequently, a 3-mil-thick  



(about 76 microns) GaAs die may not include Copper
Back-metal Layer 340. However, a  1 mil thick (about
25 microns) GaAs die may include a Copper Back-metal
layer 340  having a thickness of between about 11-15
microns to provide the additional mechanical  20
support. An appropriate thickness for Copper
Back-metal Layer 340 can be selected  empirically. For
example, if it is known that 18-19 microns of gold are
needed to provide  adequate mechanical strength for a
25 micron thick GaAs die, then using the known
physical properties of gold and copper, for example
tensile strength, malleability, etc., the 25 thickness
of copper needed to provide an equivalent mechanical
stability can be  calculated. In addition to
mechanical support, Copper Metal Back layer 340
provides  improved heat dissipation as compared to a
thick GaAs substrate. As a result, GaAs WO 20041051733
PCT/1JS2003/030861  -5 Substrate 310 can be made
thinner and still dissipate enough heat through the
use of the  Copper Metal Back layer 340 to support
high power circuits formed overlying the thin  GaAs
Substrate 310. Those skilled in the art can readily
calculate the amount of heat  dissipation required by
the circuits, and incorporate that information in
their decision  5 - regarding the thickness of Copper
Back-metal Layer 340. Finally, an Oxidation Resistant
Layer 350 is formed over Copper Back-metal  Layer 340
to prevent oxidation of Copper Back-metal Layer 340.
Oxidation of Copper  Back-metal Layer 340 is
undesirable, since oxidation can adversely affect both
the  electrical and heat transfer properties of Copper
Back-metal Layer 340.. In addition, the 10 oxidation
can adversely affect the bonding of Copper Back-metal
layer 340 to the  packaging (e.g. to the solder). In
at least one embodiment, Oxidation Resistant Layer 340
is a thin layer of gold about 1500 Angstroms thick,
which is referred to as a flash of gold.  It will be
appreciated that the thickness of Oxidation Resistant
Layer 350 should be  



limited, particularly when gold is used, because
solder embrittlement may occur due to 15 soft-solder
attachment of Die 300 to a lead frame if the Oxidation
Resistant Layer 350 is  formed too thick. The
semiconductor die shown in FIG. 1 is compatible with
soft-solder the attach  processes that are commonly
used during packaging operations. In at least one
embodiment, the GaAs Substrate 310 is less than 2 mils
thick, thereby allowing a 20 relatively high power
circuit to be formed in GaAs Substrate 310. In other
embodiments,  GaAs Substrate 310 is less than 1 mil
thick, and in at least one embodiment, GaAs  Substrate
410 is nominally I mil (about 25 microns). The use of
Copper Back-metal  Layer 340 also permits Die 300 to
be packaged in a plastic package, because
Semiconductor Die 300 is compatible with soft-solder
die attach methods. i  25 Referring next to FIG. 2 a
semiconductor die having a thin GaAs substrate and a
copper back-metal layer are illustrated inside of a
plastic package according to an  embodiment of the
present invention. The packaged die will be referred
to as Packaged  Die 500. The semiconductor die
illustrated in FIG. 2 includes a thin GaAs Substrate
510 WO 2004/051733 PCT/US2003/030861  -6 (in one
embodiment having a thickness in the range of 15-35
microns), a Diffusion  Barrier 520, a Copper
Back-metal Layer 530 and an Oxidation Resistant Layer
540. The  semiconductor die is attached to Flag 560
using a soft-solder die attach method. Flag 560  is
coated with Soft-solder Layer 590. Soft-solder Layer
590 is a layer of soft-solder, 5 which in at least one
embodiment comprises 5% tin and 95% lead. In alternate
embodiments, eutectic solder or conductive epoxies can
be used. In order to attach the semiconductor die to
Flag 560, Soft-solder Layer 590 is  heated, and
brought into contact with the oxidation resistant
layer 540 of the  



semiconductor die. The Oxidation Resistant Layer 540,
a portion of the Copper Back- 10 metal Layer 530 and
Soft-solder Layer 590 melt such that the components of
each of the layers intermingle with the others to form
a solder joint when the heat is removed and the
materials are allowed to cool. In at least one
embodiment, when the solder process is  complete,
Soft-solder Layer 590 is adjacent to Copper Back-metal
Layer 530, and the  material in Oxidation Resistant
Layer 540 (e.g. gold) is present within Soft-solder
Layer 15 590, and at the interface between Soft-solder
Layer 590 and Copper Back-metal Layer  530. Once the
semiconductor die is attached to Flag 560, Flag 560
can provide an  excellent thermal sink for the
semiconductor the. After the semiconductor die is
attached to Flag 560, Bonding Wires 582 are  bonded to
the die and Bonding Fingers 580, and then the assembly
is in a mold die.  20 Usually a plurality of such
assemblies, e.g. as exist in a lead frame, is placed
in a mold the. A thermoset plastic compound is
transferred into a cavity of the mold die to
encapsulate the semiconductor die, thus forming a
completed semiconductor package  such as Plastic
Package 500. The thermoset plastic may be cured, and
further processing  (e.g. lead trim and form, package
marking, and test) occur in a conventional manner. 25
In summary, then, a thin GaAs Substrate can be
provided with a copper back- metal layer to allow the
GaAs Substrate to be packaged using conventional
plastic  packaging technologies. By providing the GaAs
Substrate with a copper metal back  layer, the GaAs
substrate can be made thinner than 2 mils (about 50
microns), thereby WO 2004/051733 PCTIUS2003/030861  -7
reducing heat dissipation problems as well as allowing
the semiconductor die to be  compatible with
soft-solder techniques. By enabling the semiconductor
die to be  packaged in a plastic package substantial
cost savings can be achieved. In the preceding
detailed description of the figures, reference has
been made to the  5 accompanying drawings, which form
a part thereof, and in which is shown by way of  



illustration specific embodiments in which the
invention may be practiced. These  embodiments are
described in sufficient detail to enable those skilled
in the art to practice  the disclosure, and it is to
be understood that other embodiments may be utilized
and that  ~"tt logical, mechanical, chemical, and
electrical changes may be made without departing  10
from the spirit or scope of the disclosure.
Furthermore, many other varied embodiments  that
incorporate the teachings of the disclosure may be
easily constructed by those skilled  in the art. For
example, additional diffusion layers and/or stress
relief layers can be used  in addition to those
described. Accordingly, the present disclosure is not
intended to be  limited to the specific form set forth
herein, but on the contrary, it is intended to cover
15 such alternatives, modifications, and equivalents,
as can be reasonably included within  the spirit and
scope of the invention. The preceding detailed
description is, therefore, not  to be taken in a
limiting sense, and the scope of the present
disclosure is defined only by  the appended claims.
_..i  J -$- WHAT IS CLAIMED IS: 1. A semiconductor
device comprising: a GaAs substrate having a thickness
of less than 50 microns, said GaAs substrate  having
an active surface and a backside surface; a diffusion
barrier layer overlying the backside surface; a
back-metal layer comprising copper and overlying the
diffusion barrier; and  a plastic die package
encapsulating the GaAs substrate. 2. The semiconductor
device as in Claim 1, wherein said GaAs substrate has
a  thickness of less than approximately 25 microns. 



3. The semiconductor device as in Claim 1, wherein
said diffusion barrier comprises  tantalum. 4. The
semiconductor device as in Claim 1, wherein said
semiconductor device  further comprises an
anti-oxidation layer overlying the copper back-metal
layer. 5. The semiconductor device as in Claim 4,
further comprising a solder attaching the  GaAs
substrate to a lead frame, wherein the solder is
adjacent to the back metal layer. 6. A method
comprising: placing a GaAs die having a thickness of
less than approximately 50 microns on a  lead frame
having a die attach surface comprising a soft solder;
and heating the soft solder to attach the die to the
lead frame. 7. The method as in Claim 6, further
including encapsulating the GaAs die in a  plastic die
package. -9- 8. The method as in Claim 6, wherein the
GaAs die comprises: said GaAs substrate having an
active surface and a backside surface;  a diffusion
barrier layer overlying the backside surface; and a
copper back-metal layer overlying the diffusion
barrier. 9. The method as in Claim 8, wherein the GaAs
substrate has a thickness of  between approximately 15
microns and 50 microns. 10. The method as in Claim 8,
wherein the GaAs substrate has a thickness of less
than approximately 25 microns. 


