PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 95/24737
HO1L 27/02, 21/76, 21/764 Al ) .
(43) International Publication Date: 14 September 1995 (14.09.95)
(21) International Application Number: PCT/US95/01902 | (81) Designated States: KR, European patent (AT, BE, CH, DE,
DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE).
(22) International Filing Date: 28 February 1995 (28.02.95)
Published
(30) Priority Data: With international search report.
08/208,030 7 March 1994 (07.03.94) us Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(71) Applicant: NATIONAL SEMICONDUCTOR CORPORA-
TION [US/US]; 1090 Kifer Road, M/S 16-135, Sunnyvale,
CA 95086-3737 (US).

(72) Inventors: BALL, Jeames, V.; 754 Chemowa Court, Sunny-
vale, CA 94087 (US). PEASE, Robert, A.; 682 Miramar
Avenue, San Francisco, CA 94112-1232 (US).

(74) Agent: PITRUZZELLA, Vincenzo, D.; National Semiconduc-
tor Corporation, 1090 Kifer Road, M/S 16-135, Sunnyvale,
CA 94086-3737 (US).

(54) Title: APPARATUS AND METHOD FOR ACHIEVING MECHANICAL AND THERMAL ISOLATION OF PORTIONS OF
INTEGRATED MONOLITHIC CIRCUITS

22
4 36
/ /

2

A}

/J |/77'7/‘_/77‘/7'77]\
32

\\\\\\\\\/\\\\\\\\\\\\\\\\‘

(57) Abstract

A preferred embodiment of an integrated semiconductor device inlcudes a semiconductor die having a hole therethrough. A paddle

member includes a handle member connected between the paddle member and the semiconductor die to suspend to paddle member in the
‘| hole. A cap layer is bonded to the semiconductor die to completely cover the hole, the paddle member, and the handle member. The
second surface of the semiconductor die is bonded to the lead frame. A preferred embodiment of a method of manufacturing an integrated
semiconductor device includes the steps of: forming a semiconductor die having a paddle area for isolating sensitive circuitry and an
unoccupied area which substantially surrounds the paddle area except for a handle area, forming a trench in the unoccupied area, covering
the paddle area, the trench, and the handle area with a sacrificial spacer material, covering the sacrificial spacer material with a cap layer,
etching the semiconductor die beneath the paddle area and the trench until the handle area suspends the paddle area within a hole formed
in the semiconductor die, and bonding the second surface of the semiconductor die to a lead frame.
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APPARATUS AND METHOD FOR ACHIEVING
MECHANICAL AND THERMAL ISOLATION OF PORTIONS
OF INTEGRATED MONOLITHIC CIRCUITS

BACKGROUND OF THE INVENTION

1.  Field of the Invention

The present invention relates to integrated circuit semiconductor device technology and, more
particularly, to an apparatus and method for achieving mechanical and thermal isolation of portions of
integrated monolithic circuits.

2.  Description of the Related Art

Semiconductor package stress and thermal gradients tend to degrade the precision and accuracy of
analog integrated circuits. For example, an operational amplifier’s input and output tolerances tend to
shift during package assembly due to the stress imposed on the semiconductor die. This phenomenon is
known as "assembly shift". Usually, however, only a small portion of the semiconductor die has
stress/thermal sensitive components. Such sensitive components include matched pairs in input stages,
band-gap references, and R-2R ladders. The sensitive components can usually be collected together in one
area of the die.

A few sources of package stress include the scribing and separation of the die, bonding of the die to
a lead frame, stress caused by the molding compound, and lead frame twist. The stress caused by the
molding compound results from the curing of the compound, internal particles in the compound pressing
on the die, and aging of the compound. Lead frame twist is caused by tab cutoff and the mounting and
soldering of the PC board. .

A few sources of thermal gradients in the sensitive component areas of the semiconductor die
include heat conduction from the rest of the die, power sources and heat sinks on the die, and external
heat sources. Heat generated by external heat sources is transferred to the die through the molding
compound and through leads.

Previous methods of reducing package-induced stress effects have focused on reducing the stress
that is transferred to the entire semiconductor die by the package leadframe, die bonding material, and
molding compound. These methods, however, have not been fully effective, partly because they attempt
to protect the entire die when only a small portion of the die actually requires stress/thermal protection.

The semiconductor device microstructure disclosed in U.S. Patent No. 4,696,188 to Higashi
attempts to provide an environment of substantial physical and thermal isolation between an electric
element and a semiconductor body. However, the Higashi device suffers from the disadvantage that the
electric element is not contained in a totally sealed environment.

Thus, there is a need for an apparatus and method for reducing the stress and thermal gradients
transferred to the sensitive components of a semiconductor die that overcomes the disadvantages of the
methods described above.

SUMMARY OF THE INVENTION
The present invention provides an integrated semiconductor device. A semiconductor die having a
first surface, a second surface, and a thickness, has an opening formed in the first surface. A paddle
member for isolating portions of circuitry from mechanical stress and thermal gradients has a first surface
a second surface, and a thickness that is less than the thickness of the semiconductor die. A handle
member is connected between the paddle member and the semiconductor die to suspend the paddle
member in the opening. A cap layer is bonded to the first surface of the semiconductor die to completely
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cover the opening, the paddle member, and the handle member. The cap layer is spaced apart from the
paddle member.

The present invention also provides a method of manufacturing an integrated semiconductor device,
The method includes the following steps. A semiconductor die having a first surface, a second surface,
and a thickness is formed. The first surface includes a paddle area for receiving and isolating sensitive
circuitry and an unoccupied area which substantially surrounds the paddle area, except for a handle area.
The handle area provides a path for making electrical connection between the paddie area and the rest of
the first surface of the semiconductor die. A trench is formed in the unoccupied area. The trench has a
depth that is less than the thickness of the semiconductor die. A cap layer is formed over the paddie area,
the trench, and the handle area. The cap layer is spaced apart from the paddle area. The second surface
of the semiconductor die beneath the paddle area and the trench is etched until the handle area suspends
the paddle area within a hole formed in the semiconductor die.

A better understanding of the features and advantages of the present invention will be obtained by
reference to the following detailed description of the invention and accompanying drawings which set
forth an illustrative embodiment in which the principles of the invention are utilized.

BRIEF DESCRIPTION OF THE DRAWINGS

Figuré 1 is a top plan view illustrating a semiconductor die having an isolation area formed therein
in accordance with the present invention.

Figures 2 through 7 are modified and enlarged cross-sectional views taken along line 2--2 of Figure
1 which illustrate a method of forming the isolation area shown in Figure 1 in accordance with the present
invention,

Figure 8 is a top plan view illustrating an altemnative embodiment of a semiconductor die having an
isolation area formed therein in accordance with the present invention.

Figure 9 is a top plan view illustrating another alternative embodiment of a semiconductor die
having an isolation area formed therein in accordance with the present invention.

Figure 10 is an isometric view illustrating another alternative embodiment of a semiconductor die
having an isolation area formed therein in accordance with the present invention.

Figure 11 is an enlarged cross-sectional view taken along line 11~11 of Figure 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In general, only a small portion of a precision analog semiconductor die will need or benefit from a
stress-free environment. For example, the ratioed transistors and current source that generate the constant
voltage in a band-gap reference are quite stress sensitive, but the buffer amplifiers are much less sensitive,
Precision of a system die can be enhanced by isolating only the sensitive components in the die from
mechanical stress and thermal gradients. The present invention provides an apparatus and method for
isolating just those elements that need isolation within the framework of the larger die.

Figure 1 illustrates an integrated semiconductor die 20 in accordance with the present invention.
An isolation area 22 is isolated from the main die 20 and, in effect, is packaged within the die 20 in a
relatively stress-free and thermal-free environment. Sensitive circuitry, such as a band-gap reference, may
be mounted in the isolation area 22. By using the teachings of the present invention, low cost packaging
techniques, such as molded plastic encapsulation, can be used even for very high precision integrated
circuits.

The isolation area includes a hole 24 (or "opening" 24) that preferably extends completely through
the semiconductor die 20. Although the hole 24 shown in the figures extends completely through the
semiconductor die 20, it is envisioned that the hole 24 may extend only partially through the
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semiconductor die 20. The term "opening" 24 as used herein is intended to cover both a hole 24 which
extends completely or only partially through the semiconductor die 20.

A paddle member 26 is positioned in the hole 24. The paddle member 26 includes a handle
member 28 which connects the paddle member 26 to the die 20. The handle member 28 suspends the
paddle member 26 in the hole 24. The paddle member 26 does not make contact with the die 20, except
at the handle member 28; preferably, the paddle member 26 is substantially centered in the hole 24.

The hole 24 and paddle member 26 are preferably rectangular in shape with the paddle member 26
having a smaller surface area than the area of the hole 24; however, it should be well understood that the
hole 24 and the paddie member 26 may be a variety of different shapes such as square, circular,
triangular, octagonal, etc. The main criteria is that the sides of the paddle member 26 do not make
contact with the sides of the hole 24, except at the handle member 28.

The stress/temperature sensitive circuitry is mounted on the paddle member 26 in the isolation area
22. The handle member 28 provides a path for making electrical connection between the circuitry on the
paddle member 26 in the isolation area 22 and the rest of the semiconductor die 20. Specifically,
electrical connection to the circuit elements on the paddle member 26 is made via the metal lines 30
running across the handle member 28 to the main part of the die 20.

Referring to Figure 2, the paddle member 26 and the handle member 28 are positioned so that their

‘upper surfaces are substantially parallel with the upper surface of the die 20 so that circuitry mounted on

the paddle member 26 and the die 20 faces directly upward and is not mounted on planes that are at
angles with one another. As will be evident from the discussion of the method below, the upper surfaces
of the paddle member 26 and the handle member 28 will also normally be substantially flush with the
upper surface of the die 20; however, the surfaces are not required to be flush with one another. The
lower surface of the die 20 is preferably bonded to a lead frame 32.

The thicknesses of the paddle member 26 is preferably less than the thickness of the die 20.
Although Figure 2 shows the thicknesses of the handle member 28 and the paddle member 26 being
equal, it should be understood that the thickness of the handle member 28 may be increased in order to
provide a more rigid support for the paddle member 26. Increasing the thickness of the handle member
28 will be discussed below in connection with Figures 10 and 11.

The greater the mass of the paddle member 26, the more that it will flex when forces are applied to
it. Although the paddle member 26 should preferably be able to flex a small amount in order to reduce
the effects of stress, it should not be so flexible that it is constantly moving or even vibrating. The
purpose of the paddle member 26 is to isolate sensitive portions of circuitry from mechanical stress and
thermal gradients. If the paddle member 26 is constantly moving or vibrating because it is too heavy and
flexible, the paddle member 26 may not fulfill its purpose of reducing mechanical stresses in the sensitive
circuitry. In order to minimize the flexibility of the paddle member 26, it should preferably have a small
mass. As will be discussed below, the paddle member 26 is preferably formed from the same material as
the die 20. Forming the paddle member 26 from the same material as the die 20 will give the paddie
member 26 an ideal mass that will minimize its flexibility.

Figure 2 illustrates a feature of the isolation area 22 that is omitted in Figure 1. Specifically, the
isolation area 22 includes a cap 34 that is bonded to the die 20. The cap 34 completely covers the hole
24, the paddle member 26, and the handle member 28. The cap 34 is spaced apart from the paddle
member 26 so that the cap 34 does not make contact with the sensitive circuitry mounted on the paddle
member 26.

Although the cap 34 is preferably formed from a layer of polysilicon, it should be understood that a
variety of materials may be used to form the cap 34. For example, the cap 34 could be a mechanical cap
such as a metal cap, a plastic cap, a cap formed from foil tape, or the like. The cap 34 could be a second
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semiconductor wafer that covers the paddie member 26, or the cap 34 could be formed from small etched
metal cap arrays that are bonded to the die 20, :

Because the thickness of the paddle member 26 is less than the thickness of the die 20, a cavity 35
is formed beneath the paddie member 26. The cavity 35 is enclosed because the die 20 is bonded to the
lead frame 32. The presence of the cap 34 causes the paddle member 26 to be sealed in the enclosed
space between the lead frame 32 and the cap 34. Because the paddie member 26 is enclosed completely
within its own sealed cavity, it is isolated from thermal and mechanical stress. Normal vibration and
g-forces are not sufficient to break the handle member 28 because of the small mass of the paddle
member 26. Furthermore, stress caused by vibration or flexing of the handle member 28 should be
confined to the handle member 28 where no stress sensitive elements are located.

Referring back to Figure 1, a method of manufacturing an integrated semiconductor device having
the isolation area 22 begins with obtaining a solid semiconductor die 20 having upper and lower flat
surfaces. The stress and temperature sensitive circuit elements 36 that are to be isolated are collected
together and mounted closely together on a preferably rectangular paddle area 26 of the die 20. The
paddle area 26 will eventually become the paddle member 26. In positioning the sensitive circuit
elements 36 and the paddle area 26, an unoccupied area 24, i.e., an area having no circuitry thereon,
should be preserved between the paddle area 26 and the rest of the circuitry on the upper surface of the
die 20. The unoccupied area 24 will eventually become the part of the hole 24 that is between the paddie
member 26 and the die 20. Provision is made in the mask sef to isolate the paddle area 26 by the
unoccupied area 24.

The unoccupied area 24 should substantially surround the paddle area 26 except for a small section
which defines a handle area 28. The handle area 28 will eventually become the handle member 28,

Referring to Figure 3, a trench 38 (or channel) is formed in the unoccupied area 24. The trench 38
has a depth that is less than the thickness of the die 20. The trench 38 is interrupted at the handle area
28, i.e., the middle of one edge of the paddle area 26, to form the handle member 28 which will provide
mechanical connection to the die 20.

Up to this point the die 20 has been processed normally up to and including passivation. At this
point, however, a thick sacrificial spacer material 40 is deposited on top of the passivation over the paddle
area 26, the trench 38, and the handle area 28, as shown in Figure 4. The sacrificial spacer material 40 is
preferably a thick layer of oxide. After it is deposited, the sacrificial spacer material 40 is etched away
except over the trench 38, the paddle area 26, and the handle area 28.

Referring to Figure 5, a polysilicon layer is applied over the structure so that the cap 34 is formed
over the sacrificial spacer material 40. The excess of the cap layer 34 is etched away except over the
sacrificial spacer material 40.

Referring to Figure 6, the next step is to isolate the paddie member 26 by performing an anisotropic
etch to the lower or back side of the die 20. The anisotropic etch is performed until the handle area 28
provides the only connection between the paddle area 26 and the rest of the die 20. The anisotropic etch
causes the trench 38 to extend completely through the die 20 so that the hole 24 (Figure 1) and the cavity
35 (Figure 2) are formed. The resultant paddle member 26 is allowed to become very thin during the
anisotropic etch for minimum inertia and sensitivity to vibration.

In order to render the paddle member 26 free of any mechanical contact, the sacrificial spacer
material 40 between the paddie member 26 and the cap layer 34 may be etched out through the trench 38
(now the hole 24) as shown in Figure 7. Although the performance of this step is preferred, it is optional
and may not be necessary. Specifically, because the paddle member 26 is free to flex downward, the
sacrificial spacer material 40 may not transfer stress to the paddle member 26. In other words, because
the paddle member 26 can easily move down away from any pressure, there is nothing for such pressure
to push against.
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If the sacrificial spacer material 40 is etched away, it may be desirable at this point to insure that
the etched cavity 35 is clean. The die 20 is then bonded to the lead frame 32, as shown in Figure 2, so
that the paddle member 26 is totally sealed between the polysilicon cap layer 34 and the lead frame 32.
Die bonding techniques for back-etched die have long been available.

The paddle member 26 is mechanically and thermally isolated from the rest of the semiconductor
die 20 except for the small handle member 28. The handle member 28 cannot transfer significant
quantities of stress or thermal gradient to the paddle member 26 because of its small size. The sensitive
circuitry 36 rests on the thin paddle member 26 isolated from the rest of the die 20 and from the
packaging molding compound by the cap layer 34.

The expense of the extra fabrication steps involved in forming the isolation area 22 should be offset
by the improved performance achieved without the need of expensive packaging techniques. The
economies of batch processing should also help reduce costs.

Figure 8 illustrates an alternative embodiment of an integrated semiconductor die 50 in accordance
with the present invention. An isolation area 52 includes a paddie member 54 that is positioned in a hole
56. The hole 56 extends completely through the die 50. Stress and temperature sensitive circuitry may be
mounted on the paddle member 54.

The difference between the isolation area 52 and the isolation area 22 discussed above is that the
isolation area 52 includes four handle members 58, 60, 62, and 64 instead of just one handle member 28.
The four handle members 58, 60, 62, and 64 connect the paddle member 54 to the main part of the die
50. Rather than being straight in shape, the handle members 58, 60, 62, and 64 are preferably bent. The
several angles in the handle members 58, 60, 62, and 64 created by their bent shape prevents stresses from
pushing on each other which prevents stresses from building up in the handle members 58, 60, 62, and 64.
Therefore, the bent shape of the handle members 58, 60, 62, and 64 helps to reduce the amount of stress
that is transferred from the main part of the die 50 to the paddle member 54.

The use of four handle members 58, 60, 62, and 64 rather than just one increases the strength of the
paddle member 54. Furthermore, the handle members 58, 60, 62, and 64 may be connected to the paddle
member 54 in a variety of locations, such as, for example, along the sides of the paddle member 54 as
shown in Figure 8, or at the comners of the paddie member 54 as shown in Figure 9. Although connecting
the paddle member 54 to the die 50 at four points, i.¢., the four handle members 58, 60, 62, and 64, rather
than just one increases the strength of the paddle member 54, the thermal isolation of the paddie member
54 is slightly decreased due to the multiple connections. Specifically, the multiple connections provide
more points for the transfer of thermal gradients to the paddie member 54. For example, if the handle
member 64 is hot, then thermal gradients would be created between the handie members 64 and 60, the
handle members 64 and 62, and the handle members 64 and 58, Therefore, increased strength in the
paddle member 54 results in decreased thermal isolation.

The method used to form the isolation area 52 is substantially the same as described above. The
only difference is that the trench 56, which eventually becomes the hole 56, is etched in a shape that
accommodates for the bent handle members 58, 60, 62, and 64. Once the trench 56 is formed, a thick

‘sacrificial spacer material and a polysilicon layer are applied over the trench 56, the paddle member 54,

and the handle members 58, 60, 62, and 64, in the same manner as described above. The paddle member
54 is isolated by performing an anisotropic etch to the back side of the die 50, as described above. Metal
lines may be mounted on one or more of the handle members 58, 60, 62, and 64 to provide electrical
connection between the main part of the die 50 and the sensitive circuit elements on the paddle member
54,

Referring back to Figure 1, another aspect of the present invention is that a heated substrate may be
deposited on the paddie member 26 (or the paddle member 54 shown in Figure 8). Heated substrates are
sometimes used to heat circuitry that operates more efficiently at higher temperatures. Because the paddle
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member 26 is thermally isolated from the main part of the die 20, the heat generated by the heated
substrate will remain on the paddle member 26 and be substantially prevented from dissipating into the
main part of the die 20. The prevention of such dissipation will decrease the amount of power that the
heated substrate requires to heat the paddle member 26 and prevent the rest of the die 20 from being
heated by the heated substrate,

A handle member, such as the handle member 28 shown in Figure 2, may be relatively thin, or, it
may be some-what thick in order to provide a rigid support. For example, referring to Figures 10 and 11,
a some-what thick handle member 66 suspends a paddle member 68 in an opening 70 in a semiconductor
die 72. The handle member 66 has a vertical thickness that is approximately equal to the thickness of the
die 72. The handle member 66 provides a more rigid support for the paddie member 68 than the support
provided by the handle member 28 for the paddle member 26 (Figure 2). It should be understood that the
paddle members 28 and 66 may be many different thicknesses, and, in general, the thicker the paddle
members 28 and 66, the more rigid the support provided to the paddle members 26 and 68.

Some examples of the possible applications of the present invention are: precision portions of
system integrated circuits, integrated circuits in hostile temperature environments, precision integrated
circuits in molded packages, military/aerospace integrated circuits, precision voltage references, and
precision operational amplifiers.

" It should be understood that various alternatives to the embodiments of the invention described
herein may be employed in practicing the invention. It is intended that the following claims define the
scope of the invention and that structures and methods within the scope of these claims and their
equivalents be covered thereby.
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CLAIMS
What is claimed is:

1. An integrated semiconductor device, comprising:

a semiconductor die having a first surface, a second surface, and a thickness, the
semiconductor die having an opening formed in the first surface;

a paddle member for isolating portions of circuitry from mechanical stress and thermal
gradients, the paddie member having a first surface, a second surface, and a thickness that is less
than the thickness of the semiconductor die, the paddle member having a handle member connected
between the paddle member and the semiconductor die to suspend the paddle member in the
opening; and

a cap bonded to the first surface of the semiconductor die to completely cover the opening,
the paddie member, and the handle member, the cap being spaced apart from the paddle member.

2. An integrated semiconductor device in accordance with claim 1, wherein:

the paddle member has circuitry mounted thereon; and

the handle member provides a path for making electrical connection between the paddle
member and the semiconductor die.

3. An integrated semiconductor device in accordance with claim 1, wherein:
the opening in the semiconductor die is substantially rectangular in shape; and
the paddle member is substantially rectangular in shape.

4, An integrated semiconductor device in accordance with claim 1, wherein the paddle member
first surface is substantially parallel with the semiconductor die first surface.

5. An integrated semiconductor device in accordance with claim 1, wherein the cap comprises a
layer of polysilicon.

6. An integrated semiconductor device in accordance with claim 1, further comprising at least
one additional handle member connected between the paddle member and the semiconductor die for

supporting the paddle member in the opening.

7. An integrated semiconductor device in accordance with claim 1, wherein the handie member
includes a plurality of angles formed therein.

8. An integrated semiconductor device in accordance with claim 1, further comprising:
a heated substrate deposited on the paddle member.

9. Anintegrated semiconductor device in accordance with claim 1, further comprising:
a lead frame, the second surface of the semiconductor die being bonded to the lead frame.

10.  An integrated semiconductor device, comprising;
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a semiconductor die having a first surface, a second surface, and a thickness, the
semiconductor die having a hole that extends from the first surface through the semiconductor die
to the second surface;

a paddle member having a first surface, a second surface, and a thickness that is less than the

5 thickness of the semiconductor die, the paddle member having a handle member connected between
the paddle member and the semiconductor die to suspend the paddle member in the hole;

a cap bonded to the first surface of the semiconductor die to completely cover the hole, the
paddle member, and the handle member, the cap being spaced apart from the paddle member; and

a lead frame, the second surface of the semiconductor die being bonded to the lead frame,

10 11.  An integrated semiconductor device in accordance with claim 10, wherein:
the paddle member has circuitry mounted thereon; and
the handle member provides a path for making electrical connection between the paddle
member and the semiconductor die.

12.  An integrated semiconductor device in accordance with claim 10, wherein:
15 ’ the hole in the semiconductor die is substantially rectangular in shape; and
the paddie member is substantially rectangular in shape.

13.  An integrated semiconductor device in accordance with claim 10, wherein the paddle member
first surface is substantially paraliel with the semiconductor die first surface,

14.  An integrated semiconductor device in accordance with claim 10, wherein the cap comprises
20  alayer of polysilicon.

15.  An integrated semiconductor device in accordance with claim 10, further comprising at least
one additional handie member for connecting the paddle member to the semiconductor die.

16.  An integrated semiconductor device in accordance with claim 15, wherein the handle
members each have a plurality of angles formed therein.

25 17.  An integrated semiconductor device in accordance with claim 10, further comprising:
a heated substrate deposited on the paddie member.

18. A method of manufacturing an integrated semiconductor device, comprising the steps of:
(a) forming a semiconductor die having a first surface, a second surface, and a thickness, the
first surface having a paddle area for receiving and isolating sensitive circuitry and an unoccupied
30 area which substantially surrounds the paddle area except for a handle area which provides a path
for making electrical connection between the paddie area and the rest of the first surface of the
semiconductor die;
(b) forming a trench in the unoccupied area, the trench having a depth that is less than the
thickness of the semiconductor die;
35 (c) forming a cap over the paddle area, the trench, and the handle area, the cap being spaced
apart from the paddle area; and
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oxide.

(d) etching the second surface of the semiconductor die beneath the paddle area and the
trench until the handle area suspends the paddle area within a hole formed in the semiconductor die.

19. A method in accordance with claim 18, wherein step (c) comprises the steps of:

covering the paddle area, the trench, and the handle area with a sacrificial spacer material;
and

covering the sacrificial spacer material with the cap.

20. A method in accordance with claim 18, wherein the cap comprises a layer of polysilicon,

21. A method in accordance with claim 18, wherein steps (a) and (b) comprise the steps of:
forming the unoccupied area and the trench to have shapes which provide for a plurality of
handle areas to provide connection between the semiconductor die and the paddie area,

22. A method in accordance with claim 18, further comprising the step of:
bonding the second surface of the semiconductor die to a lead frame so that the paddle area
is sealed between the cap and the lead frame.

23. A method in accordance with claim 18, further comprising the step of:
depositing a heated substrate on the paddle area.

24. A method of manufacturing an integrated semiconductor device, comprising the steps of:

(a) forming a semiconductor die having a first surface, a second surface, and a thickness, the
first surface having a paddle area for isolating sensitive circuitry and an unoccupied area which
substantially surrounds the paddle area except for a handle area which provides a path for making
electrical connection between the paddle area and the rest of the first surface of the semiconductor
die;

(b) forming a trench in the unoccupied area, the trench having a depth that is less than the
thickness of the semiconductor die;

(¢) covering the paddle area, the trench, and the handle area with a sacrificial spacer material:

(d) covering the sacrificial spacer material with a cap layer;

(e) etching the second surface of the semiconductor die beneath the paddle area and the
trench until the handle area suspends the paddle area within a hole formed in the semiconductor
die; and

(f) bonding the second surface of the semiconductor die to a lead frame so that the paddle
area is sealed between the cap layer and the lead frame.

25. A method in accordance with claim 24, wherein the cap layer comprises polysilicon.

26. A method in accordance with claim 24, wherein the sacrificial spacer material comprises

27. A method in accordance with claim 24, wherein step (¢) is performed by anisotropic etching.

28. A method in accordance with claim 24, further comprising the step of:



WO 95/24737 PCT/US95/01902
10

etching away the sacrificial spacer material before step (f) is performed.

29. A method in accordance with claim 24, wherein steps (a) and (b) comprise the step of:
forming the unoccupied area and the trench to have shapes which provide for a plurality of
handle areas to provide connection between the semiconductor die and the paddle area.

30. A method in accordance with claim 24, wherein steps (a) and (b) comprise the step of:
forming the unoccupied area and the trench so that the handle area has a plurality of angles
formed therein.

31. A method in accordance with claim 24, further comprising the step of:
depositing a heated substrate on the paddle area.
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