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SEMICONDUCTOR DEVICE PACKAGE ASSEMBLY METHODS AND
APPARATURES

[6001] This application claims the benefit of U.S. Provisional Patent Application
No. 63/513,273, entitled “SEMICONDUCTOR DEVICE PACKAGE ASSEMBLY
METHODS AND APPARATUSES,” filed on July 12, 2023, the disclosure of which is hereby

mcorporated by reference in 1ts entirety and for all purposes.

BACKGROUND

Technical Field

[B60062] This disclosure relates to semiconductor device packages. In particular,
some embodiments relate to methods and apparatuses for assembling semiconductor device

packages utilizing a multi-height assembly fixture.

Description of Related Technology

[6003] Semiconductor devices are used in a wide variety of applications. In some
applications, semiconductor devices can experience high electrical loads that can result in
significant heating of the semiconductor device. There may be technical problems associated
with high electrical loads, such as detrimental heating of the semiconductor device from the
high load. The mass of the semiconductor device can be increased to effectively dissipate such
sigruficant heating.  For example, a thick die paddle can be used. There are technical

challenges associated with manufacturing semiconductor device with a thick die paddie.

SUMMARY
[6004] The mnovations described in the claims each have several aspects, no single
one of which is solely responsible for 1ts deswable attributes. Without houting the scope of
the claims, some prominent features of this disclosure will now be briefly described.
LEHIRY One aspect of the present disclosure 13 a method of assembling a packaged
mtegrated curcuit device. The method includes setting support posts of an assembly apparatus

to a height for applyving a die paddle and, while the support posts are at the height for applying

-
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the die paddle, applying solder over a semiconductor dig positioned over a stage of the
assembly apparatus and positioning the die paddle over the solder and the semiconductor die.

[8006] in one embodiment, the method can further include performing a reflow
process with the support posts at the height for applying the die paddle. The support posis can
support the die paddle during the reflow process. In addition, a {fixture cover can be positioned

over the die paddle, and force can be applied to the die paddie during the reflow process.

{6087} in one embodiment, the die paddie can have a thickness of at least 1.9
millimeters.
[8008] in one embodiment, the die paddle can have a thickness in a range from 2.5

millimeters to 5 millimeters.

6009 In one embodiment, the method can further include setting the support posts
to a first height for applying solder on a lead frame prior o positioning the semiconductor die
over the lead frame. In addition, the method can also include setting the support posts to a
second height to place the semiconductor die over the lead frame.

8010 In one embodiment, the method can further include placing a fixture cover
over the die paddle with the support posts at the height for applying the die paddle.

[B011] In one embodiment, the method can further include applying force to the
stage of the assembly apparatus with a post stage of the assembly apparatus.

[6012] In one embodiment, the method can further include dissipating heat
generated during the method using channels of the assembly apparatus.

[B013] In one embodiment, applying the solder can be performed by using a solder
stencil supported by the support posts.

{0014] In one embodiment, a controller can be configured to cause the support
posts to raise to the height for applying the die paddle.

[p015] Another aspect of the present disclosure 15 an assembly system for
assembiing a packaged ntegrated circuit device. The assembly system includes an assembly
apparatus comprising a stage and support posts and a controller that includes a processor and
a memory that can store mstructions. The processor is configured to execute instructions to
cause the assembly system to perform operations that include setting the support posts to a first

height while a lead frame is positioned over the stage and raising the support posts to a height
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for applving a die paddle after a semuiconductor die is positioned over the lead frame. The
semiconductor die 1s positioned over the lead frame between the setting and the raising.

[6016] In one embodiment, the operations can further mclude setting the support
posts to a second height. The second height can be positioned between the first height and the
height for applying the die paddie.

(6017 In one embodiment, the assembly apparatus can further include a post stage
positioned on a side opposite the stage. The post stage can be configured to apply force to the
support posts.

0018} in one embodiment, the assembly apparatus can further include a fixture
cover. In addition, the assembly apparatus can include aligniment posts configured to receive

legs of the fixture cover.

[6019] In one embodiment, the assembly apparatus can include channels for heat
dissipation.
[6020] In one embodiment, the assembly system can be configured to concurrently

assemble a plurality of packaged mtegrated circutt devices.

[6021] Another aspect of the present disclosure 15 an asserobly apparatus for
assembling a packaged integrated circuit device. The assembly apparatus includes a stage
dimensioned to accommaodate the packaged mtegrated circuat device, support posts configured
to extend above the stage, a post stage positioned on a side opposite the stage, a fixture cover
comprising legs, and cover alignment posts positioned around the stage. The support posts are
configurable to adjust height. The post stage 18 configured to apply force to the support posts.
The cover alignment posts are configured to receive the legs of the fixture cover.

{6022] In one embodiment, the assembly apparatus can also include channels that
can be configured to dissipate heat associated with assembling the packaged mtegrated crrcutt
device.

{0023] For purposes of summarizing the disclosure, certain aspects, advantages,
and novel features of the imnovations have been described hergin. It 1s to be understood that
not necessarily all such advaniages may be achieved in accordance with any particular
embodiment. Thus, the innovations may be embodied or carried out in a manner that achieves
or optimizes one advantage or group of advaniages as taught herein without necessarily

achieving other advantages as may be taught or suggested herein.

et
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BRIEF DESCRIPTION OF THE DRAWINGS

[6024] These and other features, aspects, and advantages of the disclosure are
described with reference to the drawings of certamn embodiments, which are intended to
ittustrate, but not to limit, the present disclosure. 1t 1s to be understood that the accompanying
drawings, which are incorporated in and constitute a part of this specification, are for the
purpose of tlustrating concepts disclosed herein and may not be {o scale.

[B02 5] FIG. 1A illustrates an exploded view of a packaged integrated circuit (1C)
device according to some embodiments.

[6026] FIG. 1B illustrates an exploded view of another embodiment of a packaged
1C device according to some embodiments.

6027 FIG. 2A dlustrates a schematic isometric view of an example of an assembly
apparatus that can be used for assembling a packaged IC device according to some
embodiments.

[6028] FIG. 2B illustrates a schematic side and cross-sectional view of the
assembly apparatus of FIG. 2A that also shows a fixture cover and a spring.

60291 FIG. 2C 18 a schematic block diagram of an example of a controller that can
control the assembly apparatus of FIG. 2ZA and/or FIG. 2B according to some embodiments.

[B030] FIG. 3 1s a flowchart of an example process for assembling a packaged IC
device according to some embodiments.

[B031] FIGS. 4A and 4B are schematic isometric views that illustrate a step m an
assembly process according to some embodiments.

[B032] FIGS. SA and SB are schematic 1sometric views that illustrate 3 next step m
an assembly process according o some embodiments.

[B033] FIG. 6A 1s a schematic isometric view that illustrates the assembly
positioned on an assembly apparatus and ready for chip placement.

[(H034] FI(3. 6B is a schematic isometric view that illustrates the assembly after a
die paddie has been placed.

[BO3E] FIGS. 7A and 78 are schematic isometric views that ilustrate a next step in

an assembly process according to some embodiments.
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[6036] FIG. 8 15 a schematic diagram of an array of interconnected lead frames
according to some embodiments.

(66371 FIG. 9 dlustrates an exploded view of components of an assembly apparatus
according to some embodiments.

6038} FIG. 10 dllustrates a cross-sectional view of an assembly apparatus

according to some embodiments.

DETATLED DESCRIPTION OF CERTAIN EMBODIMENTS

00349 The following detailed description of certain embodiments presents various
descriptions of specific embodiments. However, the mnovations described herein can be
embodied in a multitude of different ways, for example, as defined and covered by the claims.
in this description, reference 1s made to the drawings where like reference numerals and/or
terms can indicate identical or functionally similar elements. It will be understood that
elements tllustrated in the figures are not necessarily drawn to scale. Moreover, it will be
understood that certain embodiments can include more elements than dlustrated n a drawing
and/or a subset of the elements illustrated 1 a drawing. Further, some embodiments can
meorporate any suitable combination of features from two or more drawings. The headings
provided herein are for convenience only and do not necessardy affect the scope or meaning

of the claims.

Introduction

[6040] Electronic components containing one or more ntegrated ciraut (IC} digs
can be deployed i a wide variety of apphications. For example, such components can form
part of a power electronics system. In some cases, such power electronics systems can be used
for providing power for a heating, ventilation, and air conditioning {HVAC) system, an electric
vehicle, and so forth. For example, inan electric velucle, such systems can be used fo convert
alternating current to direct current for charging, from direct current to alternating current, or
direct current at a certain voltage to direct current at another voltage to provide power output.
Power electronics systems can also be used as part of a stationary energy storage system, such
as a system for storing solar energy, or for other apphications where there 15 a need for power

delivery. A power electronics system can be used, for example, to convert direct current from
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a solar panel or battery to alternating current. In some cases, such power electronics systems
can be used in utility applications, such as a grid-tie inverter that converts direct current to
alternating current for insertion into an electrical power gnd. These are merely examples, and
there are many other applications for such systems. In some cases, components of such
systems can comprise diede switches, field effect transistors (FETs} such as metal-oxide-
semiconductor field effect transistors (MOSFETs) (e.g., GaN MOSFETs), msulated-gate
bipolar transistors (IBGTs), other bipolar transistors, the like, or any suitable combination
thereof In certain applications, such switches can be included in an inverter that may
unidirectionally or bidirectionally convert a direct current (DC) voltage to an alternating
current {AC) voltage. These components can have sigrificant heat output when operational,

0041} Power electronics systems can produce significant amounts of heat both
under steady state load conditions and under surge conditions. Such heat can present
significant problems. For example, excess heat can lead to one or more of component damage,
reduced lifetime, lower reliability, decreased performance, or the like. For example, excessive
thermal stresses can weaken solder joints and/or damage semuconductor components, In some
applications, surge loads can result in rapid temperature nises. High surge loads can be
encountered i various applications, for example when starting portable compressors, HVAC
systems, refrigeration systems, electric motors, or the hike

[8042] Packaged IC devices may utilize wire bonding approaches for assembling
electrical connections from the packaged IC device to one more other components. However,
the use of mdividual wires and wire-bonding can have several technical challenges. For
example, a relatively large number of wires can be involved to limit electric resistance. Rather
than using wire-bonding, n some c¢ases, clips, die paddles, and so forth can be used to make
the electrical connections. The use of a chip and/or die paddle can provide several benefits.
For example, resistive losses in a packaged IC device can be reduced significantly when using
a clip and/or die paddle (which can comprise, for example, copper, aluminum, and/or other
conductors} instead of wires and/or wire-bonding. The clip and/or die paddle can also help
with thermal management by providing a relatively large thermally conductive mass that can
dissipate heat generated from the electrical components of the packaged IC device. In some
cases, a heat spreader can be utilized to dissipate the heat by placing the heat spreader in

thermal contact with a die paddle. In some embodiments, 3 heat spreader and a die paddle can
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be integrated as a single component. For example, a die paddle can be relatively thick so that
it provides electrical contact as well as thermal management. In some cases, a die paddie can
have a substantial thickness. For example, in some cases, a die paddie can extend to a top
surface of a packaged IC device. The die paddle can be referred to as a die clip in certain
apphications. The die paddle can have significant mass. The die paddle can be referred to as

a heavy clip in certain applications.

Packaged IC Device Assembly with Assembly Apparatus

(0043} Assembling a packaged IC device with a thick die paddle can present
several technical challenges. In some examples, the thickness of the die paddle may be
sufficiently thick to effectively dissipate heat generated from the die of the packaged IC device
under a power surge condiion. A thick die paddle can have a high thermal dissipation
performance and also have a substantial weight due 1o the thickness of the die paddle. Sucha
substantial weight of the die paddle can cause techmical challenges in the assembly of a
packaged IC device. For example, during a reflow process, the die paddle can sink {e.g., due
to the substantial weight of the thick die paddle) towards an integrated circuit die (also
generally referred to as a semuconductor die). Such smking during the assembly process can
affect electrical connections, the overall height of the packaged IC device, and so forth. For
example, due to the sinking, one or more electrical connections to the semiconductor die can
be shorted. Accordingly, there 1s a need for apparatuses and methods for assembling packaged
IC devices that include relatively heavy components such as a thick die paddle. The thick die
paddie can also be referred to as a heavy clip.

{3044 FIG. 1A llustrates an exploded view of a packaged IC device 100A
according to some embodiments. When assembied, the components shown in FIG. 1A can be
encapsulated 1 a housing comprising, for example, a mold resmn {not shown}. As shown mn
FIG. 1A, the packaged IC device 100A can include a packaged semiconductor component
150A mounted on a lead frame 102, In some embodiments, the lead frame 102 can provide
electrical contacts for elecirical connections with terminals of a semiconductor die 106, such

gate, and/or Kelvin source terminals.

5

as drain, source
[8045] As shown mm FIG. 1A, the packaged semiconductor component 150A can

include a die paddle 116, spacer solder 110, a conductive spacer 108, the semiconductor die
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106, and solder 104, As illustrated, the die paddle 116 15 relatively thick and heavy relative to
other components of the packaged semiconductor component 150A. In some examples, the
lead frame 102 can be extended (e g., upward) relative to what is shown in FIG 1A and the
conductive spacer 108 can be omiited. A thickness of the die paddle 116 can be at least 1.9
millimeters {mm}. In some instances, the die paddle 110 can be at least 2.5 mm thick. The
thickness of the die paddle 116 can be in a range from 1.9 mm to 5 mm, for example. In certain
instances, the thickness of the die paddle 116 can be in a range from 1.9 mm to 3 mm. Insome
mstances, the thickness of the die paddie 116 can be in a range from 2.5 mum to 5 mm, for
example. In some instances, the thickness of the die paddle 116 can be in a range from 2.5
mm to 3 mm. In some examples, the thickness of the die paddle 116 1s at least 2.5 times of a
thickness of the lead frame 102, For example, the die paddie 116 can have a thickoess in a
range from 2.5 times to 10 times a thickness of the lead frame 102, As another example, the
die paddle 116 can have a thickness in a range from 4 times to 10 times a thickness of the lead
frame 102, In another example, the die paddle 116 can have a thickness up to about 12 times
a thickness of the lead frame 102, For example, the die paddle 116 can have a thickness ina
range from about 2 times a thickness of the lead frame 102 to about 12 times the thickness of
the lead frame 102, As another example, the die paddie 116 can have a thickness in a range
from about 3 times a thickness of the lead frame 102 to about 12 timnes the thickness of the lead
frame 102, A relatively thuck die paddle 116 can present technical challenges during assembly
that are addressed by embodiments of this disclosure.

[B046] In some examples, the spacer solder 110 and the solder 104 can be formed
based on a pattern that can mclode multiple areas to provide electrical connections with
corresponding die connection terminals {e.g., contact terminals), such as source, Kelvin source,
dramn, and gate termimals of the semiconductor die 106, In some examples, the spacer solder
110 and the solder 104 can be formed of a conductive material, such as, without hmitation,
solder, conductive epoxy, or the ke  In some embodiments, the semuconductor component
150A can also include additional die, such as a thermistor die 112, In some examples, the
thermistor die 112 can be implemented to the packaged I{ device to sense temperature. For
example, a lead 102A can be connected to the thermistor die 112 via a wire bond 114 and be
configured to provide an indication of temperature from a terminal of the thermistor die 112,

1t will be appreciated that not all components may be present in all packaged 1€ devices. For
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example, some packaged IC devices may not include a separate thermistor or thernmuistor wire
bond. Moreover, some packaged IC devices can include one or more additional components
as suitable.

(047 FIG. 1B illustrates an exploded view of parts of an example of a packaged
IC device 100B according to some embodiments.  As shown in FIG. 1B, the packaged IC
device 1008 can mnclude a packaged semiconductor component 130B mounted on a lead frame
102, In some embodimenis, the lead frame 102 can provide electrical contacts for electrical
connections with terminals of the semuconductor die 106, such as drain, source, gate, and/or
Kelvin source terminals. Furthermore, in some embodiments, the lead frame 102 can provide
an electrical contact for an electrical connection with the thermustor die 112,

{004 8] As further shown m FIG. 1B, the packaged semiconductor component 1 50B
can include a die paddle 116, spacer solders 110 {e.g., a die back and spacer solder), a
conductive spacer 108, the semiconductor die 106, solder 104 {e g., a die back and spacer
solder). In some examples, the spacer solders 110 can nclude powders or particles acting as
spacers 1o stay solid during a reflow process {e.g, at the reflow temperature). In some other
examples, the spacer solders 110 can completely liguify during reflow. In some exaroples, the
solders 104 and 110 can be formed based on a pattern that can melude multiple areas to provide
electrical connections with corresponding die connection termunals {e g., contact terminals),
such as source (including Kelvin source), drain, and gate terminals of the semiconductor die
106. In some exampies, the solders 104 and 110 can be formed by a conductive matenal, such
as, without himutation, solder, conductive epoxy, or the like In some embodiments, the
packaged semiconductor component 150B can also wmchide a thermistor die 112 and a
thermustor die clip 118 In some embodiments, the die paddie 116 can be referred to as a heat
spreader clip, heavy clip, a heat slug, a cooling solution, or the ke, In some cases, the solders
104 and 110 can be referred to as bonding layers.

[6049] Refernng to FIGS. 1A and 1B, i some examples, field effect transistors
(FETs) such as metal-oxide-semiconductor field effect transistors (MOSFETs) {eg., GaN
MOSFETs) can be implemented on the semiconductor die 106, Thus, the semiconductor die
106 can include terminals, such as the drain, source, Kelvin source, and gate. In some cases,
the solder 110 can be assembled {e.g., bonded) on the top {(eg., a first side) of the

semiconductor die 106, The solder 104 can be configured to bond the semuconductor die 106

0.
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with the lead frame 102 on the bottom side {e.g., a second side, opposite side of the first side)
of the semiconductor die 106, The solders 110, 104 can be formed with a same type of material
(e.g., conductive material} in certain applications.

[0S0 in some embodiments, the lead frame 102, for example as shown i FIGS.
1A and 1B, can have fiat leads, such as the flat leads 170 and 180 shown in FIG 1B, For
example, a first side of the lead frame 102 can have the flat feads 170,and a second side {e.g.,
opposite the first side) of the lead frame 102 can have the tlat leads 180, As illustrated, the flat
leads 170 can include leads 102A-102F, and the flat leads 180 can include leads 102G-102H.
In some embodiments, source leads 102A and 102B are connected to one or more source
terminals of the semiconductor die 106, a gate lead 102C 1s connected to a gate terminal of the
semiconductor die 106, and a Kevlin source lead 102D 15 connected to a Kelvin source terminal
of the semiconductor die 106, In some embodiments, the leads 170 can also include an
additional lead 102E. The additional lead 102E can be connected to an additional circuttry or
die configured to measure voltage or current of the lead frame 102, Additionally, the leads
170 can 1oclude g sense lead 102F connected to a termunal of the thermustor die 112, for
example, via the thermustor die clip 118 in the semiconductor device 110B or a wire bond 114
m the semiconductor device 110A. In some embodiments, the leads 180 can include dramn
leads 102G and 102H connected to one or more drain terminals of the semiconductor die 106.
In some embodiments, the drain leads 102G and 102H are electrically coupled with the die
paddie 116 via the conductive spacer 108. For example, a drain terminal of the semiconductor
die 106 can be electrically coupled with the die paddle 116, and the drain leads 102G and 102H
can be electrically coupled with the die paddle 116, In some examples, one or more passive
electrical components, such as one or more capacitors and/or one or more inductors, can be
connected between the dramn leads 102G and 102H and the die paddle 116

LEIRY In some embodiments, the leads 170 and 180 can be flat leads that extend
outside area of the die paddle 116, For example, when the packaged semiconductor component
1508 15 assembled on top of the lead frame 102, the flat leads 170 and 180 extend outside of
the packaged semiconductor component 150B.

[B052] in some embodiments, the leads 170 and 180 of the iead frame 102 being
flat leads can enable a thinner profile (e.g., low profile} for the packaged 1C device 100A and

100B. In some examples, the leads 170 and 180 can serve as electrical contact points (e.g.,

-10-



WO 2025/015015 PCT/US2024/037330

terminals) for the packaged IC device 10CA or 100B, where each lead can be a flat lead having
an appropriate thickness to facilitate the transfer of the generated signal or electrical power.
For instance, the thickness of a flat portion of leads 170 and 180 can be a mimimum of § mif or
G127 mm. In some examples, the flat leads can include a wettable flank.

[6053] The lead frame 102 of FIGS. 1A and 1B can mnclude various electrical
contacts. The lead frame 102 can be implemented with a pattern that can provide electrical
contact with terminals of the semuconductor dig 106, such as drain, source, and gate and/or one
or more terminals of the thermistor die 112,

08054} FIG, 2A dlustrates an example of an assembly apparatus 200 that can be
used for assembling a packaged IC device (e.g, the packaged IC device 100A of FIG 1A
and/or the packaged IC device of FIG 1B) according to some embodiments. The assembly
apparatus 200 can include a fixture base 202, The fixture base 202 can mclude a stage 204 on
a top surface of the fixture base 202. In some embodiments, the stage 204 is dimensioned to
accommodate the packaged IC device. The fixture base 202 can include two hollow portions
2504, 2508, where the stage 204 5 located between these two hollow portions 250A, 2508,
Insome examples, each of the two hollow portions 250A, 250B has cylindrical shape. Tn some
embodiments, the assembly apparatus 200 can include channels 209 1 the fixture base 202 for
hot air circulation for melting solder and/or hight access to nutiate curing.  In some
embodiments, cover alignment posts 206A, 206B can be inserted each corresponding hollow
portion. For example, a cover alignment post 206A can be mserted into the hollow portion
2504, and another cover alignment post 200B can be mserted into the hollow portion 2508,
In some embodiments, the cover alignment posts 2004, 2068 are used to align the fixture base
202 and the fixture cover 216 (ilhustrated n FIG. 2B). In FIG 2ZA, two cover alignment posts
206A and 206B {(and also the two hollow portions 2504, 250B) are llustrated, but there can
be any suttable number of alignment posts, for example one alignment post {with one hollow
portion), two alignment posts {with two hollow portions}, three alignment posts {with three
hollow portion)}, four alignment posts (with four hollow portions), five alignment posts {with
five hollow portions), or more if desired. In some embodiments, cover alignment posis 206A,
2068 may not be used and other features such as ledges, bumps, walls, steps, and so forth can
be used nstead. In some embodiments, cover alignment posts 206A, 2068 and one or more

other features can be included in an assembly apparatus. In some embodiments where friction

-11-
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between the fixture base 202 and the cover 216 (illustrated in FIG. 2B} is sufficient to restrict
relative movement, no posts may be utilized.

[B6055] In some embodiments, the stage 204 can include a plurality of hollow
portions. For example, the stage 204 can include cylindrical hollow portions (e.g., hollow
portions 205A, and 20B shown in FIG. ZA).  In some embodiments, assembly support posts
208 can pass through the fixture base 202 and emerge through the stage 204, For example,
each of the assembly support posts 208 can emerge through the stage 204 via a corresponding
hollow portion {e.g., hollow portions 2054, 205B). In some embodiments, the fixture base
202 can include a center groove portion 207 on a side opposite the stage 204, In some
embodiments, a post stage 210 can be positioned inside the groove portion 207.

[8056] FIG. 2B dlustrates a cross-sectional view of the assembly apparatus 200 of
FIG. 2A that shows additional elements as compared to FIG. ZA. FIG. 2B illustrates a fixture
cover 216, a spring 214, and a spring plate 212 of the assembly apparatus 200 that are not
shown in FIG. 2A. In some embodiments, the fixture cover 216 can have two legs 216A and
2168, FEach leg 216A and 216B can be assembled on top of the hollow portions 250A and
2508, respectively. The assembly support posts 208 {only two asserbly supports posts are
shown i FIG. 2B} can be adjustable so the height 260 of the assembly support posts 208 above
the fixture base 202 can be aliered as desired. For example, as components are added (during
the assembly}, the assembly support posts 208 can be raised to a desired height at each
assembly step.  In some embodiments, the post stage 210 1s connected with the assembly
support posts 208 {e.g., the bottom of each assembly support post 208 can be connected to a
top portion of the post stage 210). The post stage 210 can cause the assembly support posts
208 to raise by a desired amount using any suitable mechanism. In some examples, the fixture
base 202 can be positioned over a spring plate 212 and a spring 214. The spring plate 212 can
press against the post stage 210 to push the post stage 210 upward. The assembly support posts
208 can be affixed to a post stage 210, In some embodiments, the assembly apparatus 200 can
mclude one or more channels 209 in the fixture base 202 for hot air circulation for melting
solder and/or light access to mitiate curing. FIG. 2B illustrates one channel 209 {e.g., two
channels 209 are shown in FIG. 2A), however, multiple channels can be included in the fixture

base 202 i various applications. In some embodiments, an aperture may be provided for
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positional inspection. For example, channels can be provided in the fixture cover 216, fixture
base 202, and/or cover alignment posts 206A, 2008 (shown in FIG. ZA).

{6057} FIG, 2 illustrates an example of controller 270 that controls the operation
of the assembly apparatus 200 of FIGS. ZA and 2B. In some embodiments, the assembly
operations of the assembly apparatus can be controlled by the controller 270 without user
mvolvement. For example, the height 260 of the assembly support posts 208 illustrated in FI(G.
2B can be adjusted by the controller 270 at one or more assembly stages. In some examples,
the controller 270 can cause the post stage 210 to move so that the assembly support posts 208
are at a desired height for an assembly step. For example, a motor can be connected to the post
the controlier 270, and a mechanical movement of the motor can cause the post stage 210 to
move upward and/or downward based on an output signal from the controller 270, The
controller 270 can cause the assembly apparatus 200 to perform any suitable operations
disclosed herein. The height and thicknesses of plates and stacked features may also be set
specifically to allow sequential stacking of plates atop one another to achieve step-wise height
changes desired during assembly to support, ift, and/or press parts mto or towards apparatus
surfaces for height or planarity control,

[B058] FIG. 2C depicts one embodiment of an example hardware archutecture of a
controller 270, In some embodiments, the general architecture of the controlier 270 depicted
n FIG. 2C wncludes an arrangement of computer hardware and roemory storing mstructions
that may be used to mmplement aspects of the present disclosure.  As illustrated, 1n some
embodiments, the controller 270 includes a processor 272, an nterface 274, and a memory
280, all of which may communicate with one another by way of a communication bus. The
components of the controller 270 may be physical hardware components. The processor 272
can inchide any suttable processor. In some embodiments, the interface 274 may provide
connectivity to the assembly apparatus 200, For example, the assembly apparatus 200 may
receive various controlling instractions from the controller 270 via the interface 274, In some
cases, the mterface 274 can be any suitable combination of a wired interface and/or a wireless
interface.

{059 In some embodiments, the memory 280 may mclude computer program
instructions that the processor 272 executes in order to implement one or more embodiments.

In some embodiments, the memory 280 generally includes random access memory (RAM),
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read only memory (ROM), or other persistent and/or non-transitory memory.  In some
embodiments, the memory 280 may store computer program instructions for implementing
aspecis of the present disclosure. For example, in one embodiment, the memory 280 stores
controller nstructions 282 to control the operation of the assembly apparatus 200 in accordance
with varigus embodiments disclosed herein.

{060 FIG. 3 15 a flowchart that illustrates an example process for assembling a
packaged IC device according to some embodiments. The process depicted in FIG. 3 can be
carried out using the assembly apparatus 200 of FIGS. 2A and 2B, for example. References
will be made to the apparatus of FIGS. 2A and 2B for dlustrative purposes. The controller 270
can cause the assembly apparatus 200 to perform one or more operations of the process of
FIG. 3, such as adjusting assembly post heights.

8061 ] At block 302, a lead frame 102 can be place in the assembly apparatus 2000
This can involve positioning the lead frame 102 on the stage 204, In some embodiments, the
assembly support posts 208 can provide alignment reference points for placing the lead frame
102 on the stage 204, At block 304, pins, such as the assembly support posts 208, can be set
to a first height. The first height can be a predeternuned height for applving solder. For
example, setting the support posts 208 to the first height for applying solder on a lead frame
102 prior to posttioning the semiconductor die 106 over the lead frame 102, With the assembly
support posts 208 at the first height, solder {e g., solder 104 of FIGS. 1A and 1B) can be placed
m desired locations of the lead frame 102, In some examples, the height of each post of the
assembly support posts 208 15 same after being set to the first height. At block 306, solder can
be placed i desired locations. This can mvolve placing a solder stencil and then printing
solder.

[6062] At block 308, pins, such as the assembly support posts 208, can be set to a
second height greater than the first height. With the assembly support posts 208 at the second
height, operations at blocks 316 and 312 can be performed. For example, setting the support
posts 208 to the second height is to place the semiconductor die 106 over the lead frame 102,
At block 310, a semiconductor die {e.g., the semiconductor die 106 of FIGS. 1A and 1B) and
a conductive spacer {e.g., the spacer 108 of FIGS. 1A and 1B) can be placed (e.g., placed on
top of at least a portion of the solder 104). At block 312, solder (e.g., solder 116 of FIGS. 1A

and 1B} can be placed selectively {e.g., on top of the die and/or on top of the conductive
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spacer). The solder can be placed selectively by placing a solder stencif and printing solder on
top of the stack.

6063} At block 314, pins, such as the assembly support posts 208, can be setto a
third height. In some other applications, the pins can be set to the third height at a different
point in the manufacturing process, such as after the fixture cover 1s placed or during a reflow
process. For example, the reflow process can be performed with the support posts 208 at the
height (e g, the third height) for applving the heat spreader clip {e.g., the die paddle 116 of
FIGS. 1A and 1B). The pins at the third height can support the relatively heavy heat spreader
clip {e.g, the die paddle 116 of FIGS. 1A and 1B). This can maintain the height of the heat
spreader clip during solder liquification. Accordingly, the assembly apparatus 200 can provide
support for a relatively heavy heat spreader clip during assembly so that the heat spreader chip
is maintained at a precise position for soldering. The posts of the can push and hold the heat
spreader clip up against a top-limuting structure, such one that fixes the upper outer surface
mnto a relatively well-controlled height and paralielism that will match the mold cavity and thus
reduce overmolding flash. With the pins at the third height, solder can be apphied. This can
mvolve applying the die backside and spacer solder 110 of FIGS. 1A and 1B.

[B064] At block 316, a die paddie can be placed on top of the solder. At block 318,
a fixture cover 216 can be placed on top of the fixture base 202 and the compounents of the
packaged IC device. The fixture cover 216 can be positioned over the die paddle and applies
force to the die paddie during the reflow process. For example, the fixture cover 216 cab be
placed over the heat spreader clip (e.g., the die paddle 116 of FIGS. 1A and 1B) with the
support posts 208 at the height for applying the heat spreader chip (e.g., the die paddle 116 of
FIGS. 1A and 1B). At block 320, a reflow process can be carried out, for example by heating
the components of the packaged IC device.

[B065] In some embodiments, the controller 270 dlustrated in FIG. 2C can control
assembly operations of the assembly apparatus. For example, the controller 270 can provide
various instructions to the assembly apparatus, such as setting pins to first, second, and third
heights at blocks 304, 308, and 314, In some embodiments, operations of the one or more
other blocks can be performed in response to an instruction from the controlier 270 For
example, reflow at block 320 can be initiated in response to recetving an mstruction from the

controller 270, As another example, the fixture cover 216 can be positioned over the
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components of the packaged IC device at block 3218 i response to an instruction from the
controller 270

[8066] In some embodiments, additional steps may be performed. For example,
before placing the clip, a thermistor and thermistor wire bond can be placed  In some
embodiments, one or more steps can be omitted. For example, in some embodiments, the
assembly support posts 208 may start at an initial position and may not be raised until 1t is time
to place the die paddie In some embodiments, the assembly support posts 208 can be at a
fixed height {e.g., at a desired height of the die paddle).

8067} FIGS. 4A and 4B illustrate steps in an assembly process according to some
embodiments. As shown in FIG. 4A, a lead frame 102 can be placed on the fixture base 202
{(e.g., on the stage 204 of the fixture base 202). The assembly support posts 208 can be set to
an tnitial height so that the top surfaces of the assembly support posts 208 are coplanar with
areas where solder 104 15 to be placed. The surfaces 402 (including areas where solder 104 1s
placed and top surfaces of assembiy posts 208 shown in FIG. 4B) can be coplanar to supporta
solder stencd and solder paste blade downforce during solder printing operation. Solder 104
can be placed 10 desired locations, for example, as shown in FIG. 4B, The solder 104 can be
printed using a solder stencil in certain apphcations. The assembly support posts 208 can
provide support for a solder pasie stencil. This can contribute to even and accurate solder
printing 1n the desired locations and reduce stencil distortion from stenci blade pressure. The
assembly support posts 208 can cause the solder to be posiioned at a desired height mn the
packaged 1T device and/or to have a desired thickness. The solder 104 can also be a sohid
preform that 1s placed and tacked with another low-residue substance to hold position 1n some
applications.

[6068] FIGS. SA and SB lustrate next steps in an assembly process according to
some embodiments. These steps are performed after the steps corresponding to FIGS. 44 and
48. A semmiconductor die 106 and a conductive spacer 108 can be placed (e g., placed on top
of the solder 104). The semiconductor dig 106 can be flipped prior to placement such that the
backside of the semiconductor die 106 1s facing upward. The assembly support posts 208 can
be raised to a second height that is higher than the first height to be coplanar with areas where
solder 1s to be deposited. In the example of FIG. 5A, the surfaces 502 can be coplanar. The

solder 110 can be printed with a solder stencil or otherwise dispensed in desired locations in
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certain applications. Solder 110 can be a solder preform if desired.  The assembly support
posts 208 can provide support for the solder stencil. This can offer several benefits, such as
contributing to the even and accurate solder paste printing in desired locations, achieving a
desired solder thickness, and so forth. The solder 110 can be performed and tacked in some
applications. FIG. 5B shows the result of applying die backside and spacer solder 110.

[B069] FIGS, 6A and 68 llustrate next steps in an assembly process according to
some embodiments. These steps are performed after the steps corresponding to FIGS. 5A and
SB. After dispensing the die backside and spacer solder 110, the assembly support posts 208
can be raised to a third height that 1s greater than the second height. The third height can be
set for a desired position of the clip. For example, the third height can be positioned to achieve
a desired overall height of the packaged IC device. The clip can be a heavy clip, such as the
die paddle 116. FIG. 6A illustrates the assembly ready for clip placement. The surfaces 602
can be coplanar. Having the surfaces 602 be coplanar can help ensure that the die paddle 116
will be positioned and aligned at a desired height. The die paddle 116 can be placed on top of
the die backside and spacer solder 110 and assembly support posts 208 and can be supported
by the asserbly support posts 208, which can alleviate pressure of the die paddle 116 on the
semiconductor die 106 and other elements of the component stack. FIG. 6B illustrates the
assembly after the die paddle 116 has been placed. A thernustor die and thermistor clip can
be bonded in FIG. 6B. Mass of the die paddie 116 can be supported by the asserably support
posts 208, The assembly support posts 208 can impede the die paddle 116 from sinking during
a reflow process. Accordingly, with the assembly support posts 208, the die paddie 116 can
stay in place with tilting effectively limited during the reflow process. In some embodiments,
the die paddle 116 can include alignment features, such as recesses, which can align with the
assembly support posts 208, The alignment features can mmpede lateral movement of the die
paddie 116 duning a reflow process.

[6076] FIGS. 7A and 7B lustrate next steps in an assembly process according to
some embodiments. These steps are performed after the steps corresponding to FIGS. 6A and
6B. After placing the die paddle 116, a fixture cover 216 can be placed on top of the fixture
base 202, The fixture cover 216 can be aligned with the fixture base 202 via the cover
alignment posts 206, The fixture cover 216 can be fastened or clamped in place. The fixture

cover 216 can apply pressure on the die paddie 116 to apply force on the stacked components.
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After the fixture cover 216 18 placed, a reflow process can be carried out, for example by
heating in 3 controlied atmosphere reflow oven, vacuum retlow, or formic acid reflow oven.
In some embodiments, the fixture base 202 can be placed on a plate 212 that includes a spring
214, which can push against the post stage 210 to provide an upward force, pressing the die
paddie 116 against the fixture cover 216, In some embodiments, the spring 214 may be
replaced with a rigid structure of desired height to provide upward force. For example, force
can be applied to the stage 204 of the assembly apparatus with a post stage 210 of the assembly
apparatus.

6071} The discussion above focuses on the assembly of a single device. However,
it can be desirable to form arrays of devices in a same process. The apparatuses and methods
described herein can be configured and/or adapted for the assembly of arrays of stacked
components. As an example, the controller 270 can control a plurality of assembly apparatus
200 to adjust heights of respective assembly support post 208,

[6072] Handling of an assembly of stacked components and an assembly apparatus,
such as during conveyance, stepwise transfer between heating zones, and/or indexed moving
that can occur during loading nto or unloading from ovens such as linear or rotary ovens can
present opportuntties for stacked components to be jostled and lose alignment. In the case of
multiple stacked assemblies that way be widely distributed wn an array, the heating of an
mterconnected array of lead frames {e.g., copper lead frames) can cause unequal lateral
expansion relative to the reflow fixture. For example, the reflow fixture may be made of a
different matenal such as graphue that has 8 different coethicient of thermal expansion (CTE)
than the interconnected array of lead frames. For example, a graphite reflow fixture may have
a relatively high degree of dimensional stability over a relatively wide temperature range (e.g.,
a CTE of about 4 to about 8 mucrometers/°C), while other materials may have sigmficantly
greater dimensional vanations, such as copper which may have 8 CTE of about 16 to about
16,7 mucrometers/°C or 304 stainless steel, which may have a CTE of about 17.3
micrometers/°C.

{607 3] Components that are desired to stay laterally fixed to features on a lead
frame that 1s thermally expanding and/or contracting may translate accordingly in order to stay
aligned. For example, when heating from 25°C to 325°C, a 100 millimeter {mm} x 300 mm

copper lead frame array may expand by about 850 micrometers more than a graphite fixture.
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For some semiconductor assemblies, this mismatch in thermal expansion may be unacceptable.
For example, in some semiconductor assemblies, alignment should be maintained within a
relatively narrow window, for example within about £25 micrometers. In some embodiments,
support structures can be provided. In some embodiments, the support siructures can have the
same or simular thermal behavior {e.g., the same or similar CTEs). Accordingly, the support
structures can be used to hold an array comprising many individueal stacks without significant
lateral shifting during heating and/or cooling. In some embodiments, matching the expansion
of the lead frame array can maindain the stacked components in vertical alignment during
heating and/or cooling.

[6074] Fix. 8 dlustrates an example of an array of interconnected lead frames
according to some embodiments. In some embodiments, each packaged semiconductor
component 150A (iHustrated in FIG. 1A) and/or 1308 (illustrated in FI1G. 1B) can be attached
to a support frame 806, The support frame 806 can be used during manufacturing to facilitate
transport, positioning, alignment, etc., of a plurality of packaged semiconductor components.

(07 5] FIG, 9 dlustrates an exploded view of components of an assembly
apparatus 900 according to some embodiments. As shown in FIG. 9, the assembly apparatus
900 can include a cover 902, cover hiner 904, lead main carrier 906, spring frame 908, spring
plate 910, and spacer plate 912, The spring frame 908 can move v a 7 direction n certaim
apphications. In some embodiments, the spring frame 908 can be used for more nigid, lateral
movement matching, which can provide lateral CTE expansion matching.  In such
embodiments, the spring frame may have hittle or no spring movement i the Z direction. A
lead frame array 914 can be disposed between the cover hiner 904 and the main carrier 906,
The assembly apparatus 900 can be used in manoefacturing an array of packaged IC devices.
The assembly apparatus 900 can apply features of the assembly apparatus 200 of FIGS. 2A
and ZB to an array context.

[6076] In some embodiments, the cover liner 904 and the spring frame 908 can
have coefficients of thermal expansion that are simiar to or the same as the coefficient of
thermal expansion of the lead frame array 914, The lead frame array 914 can comprise, for
example, copper or another metal. By matching the UTEs of the cover liner 904, spring frame
908, and lead frame array 914, components of a stacked assembly can be maintained in

alignment during heating and/or cooling,
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16677} The components of the assembly apparatus 900 may include a centered
round hole 916 for receiving a pin and slotied edge holes 918 for receiving other pins, which
can help to maintain alignment of the assembly apparatus 900

[B078] FIG. 18 shows a side view of the assembly apparatus 900 according to some
embodiments. A lead frame array 914 is disposed within the assembly apparatus 900, An
array of packaged IC devices 920 1s disposed within the assembly apparatus 900. Accordingly,
the assembly apparatus 900 can be used to manufacture a plurality of packaged I{ devices 920
The assembly apparatus 900 can apply any suitable principles and advantages discussed with
reference to FIGS. 2ZA to 7B to assembling the plurality of packaged IC devices 920

concurrently.

Additional Embodiments

{8079 in the foregoing specification, the disclosure has been described with
reference to specific embodiments. It will, however, be evident that various modifications and
changes may be made thereto without departing from the broader spinit and scope of the
disclosure. The specification and drawings are, accordingly, to be regarded 1w an llustrative
rather thao restrictive sense.

[6080] Indeed, although this disclosure 1s 10 the context of certam embodiments
and examples, 1t will be understood by those skilled in the art that the inventions extend bevond
the specifically disclosed embodiments to other alternative embodiments and/or uses of the
mventions and equivalents thereof. In addition, while several vanations of the embodiments
have been shown and described 10 detail, other modifications, which are within the scope of
this disclosure, will be readily apparent to those of skall in the art based upon this disclosure,
it 1s also contemplated that various combinations or sub-combinations of the specific features
and aspects of the embodiments may be made and stilf fall within the scope of the disclosure.
it should be understood that various features and aspects of the disclosed embodiments can be
combined with, or substituted for, one another in order to form varying modes of the
embodiments disclosed herein.  Any methods disclosed herein need not be performed in the
order recited. Thus, it 1s intended that the scope of the disclosure should not be limited by the

particular embodiments described above.
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[6081] it will be appreciated that the systems and methods of the disclosure gach
have several innovative aspects, no single one of which is solely responsible or requured for
the desirable attributes disclosed herein. The various features and processes described above
may be used ndependently of one another or may be combined n various ways. All possible
combinations and subcombinations are mtended to fall within the scope of this disclosure.

[B082] Certain features that are described in this specification m the context of
separate embodiments also may be implemented in combination in a single embodiment.
Conversely, various features that are described in the context of a single embodiment alse may
be implemented in multiple embodiments separately or in any suitable subcombination.
Moreover, although features may be described above as acting in certain combinations and
even witially claimed as such, one or more features from a claimed combination may in some
cases be excised from the combination, and the claimed combination may be directed to a
subcombination or vanation of a subcombination. No single feature or group of features is
necessary or indispensable to each and every embodiment.

[B083] It will also be appreciated that conditional language used heremn, such as,

143

among others, “can,” “could,” “might,” “may,” “e.g.,” and the like, unless specifically stated
otherwise, or otherwise understood within the context as used, 1s generally intended to convey
that certain embodiments include, while other embodiments do not include, certain features,
elements and/or steps. Thus, such conditional language s not generally intended to imply that
features, elements and/or steps are in any way required for one or more embodiments or that
one or more embodiments necessarily include logic for decidimg, with or without author wnput
or prompting, whether these features, elements and/or steps are included or are to be performed
i any particular embodiment. The terms “comprising,” “including,” “having,” and the like
are synonymous and are used mnclusively, i an open- ended fashion, and do not exclude
additional elements, features, acts, operations, and so forth. In addition, the term “or” 15 used
m its inclusive sense {and not in 1ts exclusive sense) so that when used, for example, to connect
a list of elemenis, the term “or” means one, some, or all of the elements in the list. In addition,

>

the articles “a,” “an,” and “the” as used in this application and the appended claims are to be
construed to mean “one or more” or “at least one” unless specified otherwise. Sumilarly, while
operations may be depicted in the drawings 1n a particular order, it is to be recognized that such

operations need not be performed in the particular order shown or 1 sequential order, or that
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all lustrated operations be performed, to achieve desirable results. Further, the drawings may
schematically depict one more example processes in the form of a flowchart. However, other
operations that are not depicied may be incorporated in the example methods and processes
that are schematically illustrated. For example, one or more additional operations may be
performed before, after, simuitanecusly, or between any of the illusirated operations.
Additionally, the operations may be rearranged or reordered in other embodiments. In certain
circumstances, multitasking and parallel processing may be advaniageous. Moreover, the
separation of various system components in the embodiments described above should not be
understood as requiring such separation in all embodiments, and it should be understood that
the described program components and systems may generally be integrated together in a
single software product or packaged into multiple sofiware producits.  Additionally, other
embodiments are within the scope of the following claims. In some cases, the actions recited
in the claims may be performed in a different order and still achieve desirable results.

[6084] Further, while the methods and devices described herein may be susceptible
to various modifications and alternative forms, specific examples thereof have been shown in
the drawmngs and are heremn described n detail. It should be understood, however, that the
disclosure 15 not to be himuted to the particular forms or methods disclosed, but, to the contrary,
the disclosure 15 to cover all modifications, equivalents, and alternatives falling withun the spirit
and scope of the various implementations described and the appended claims. Further, the
disclosure herein of any particular feature, aspect, method, property, characteristic, quality,
attribute, element, or the like i connection with an implementation or embodiment can be used
m all other implementations or embodiments set forth herein.  Any methods disclosed heremn
need not be performed in the order recited. The methods disclosed herein may mclude certain
actions taken by a practitioner; however, the methods can also include any thurd-party
mstruction of those actions, etther expressly or by mmphication. The ranges disclosed heremn
also encompass any and all overlap, sub-ranges, and combinations thereof. Language such as

2% 6¢

“ap to.” “at least,” “greater than,” “less than,” “between,” and the like includes the number
recited. Numbers preceded by a term such as “about” or “approximately” include the reciied
numbers and should be interpreted based on the circumstances (e g., as accurate as reasonably
possible under the circumstances, for example +5%, £10%, =15%, etc.). Phrases preceded by

a term such as “sebstantially” include the recited phrase and shouid be interpreted based on
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the circumstances {e.g., as much as reasonably possible under the circumstances). For
example, “substantially constant” includes “constant”™ Unless stated otherwise, all
measurements are at standard conditions including temperature and pressure.

[BO8E] As used herein, a phrase referring to “at least one of " a list of items refers
to any combination of those items, including single members. As an example, “at least one of:
A, B, or {7 15 mntended to cover: A, B, C, Aand B, Aand €, Band C, and A, B, and .
Conjunciive language such as the phrase “at least one of X, Y and Z,” unless specifically stated
otherwise, is otherwise understood with the context as used in general to convey that an ttem,
term, etc. may be at least one of X, Y or Z. Thus, such conjunctive language s not generally
mtended to imply that certain embodiments require at least one of X, at least one of Y, and at
least one of Z to each be present. The headings provided herein, if any, are for convenience
only and do not necessartly affect the scope or meaning of the devices and methods disclosed
herein.

[0086] Accordingly, the claims are not intended to be limited to the embodiments
shown herein but are to be accorded the widest scope consistent with this disclosure, the

principles and the novel features disclosed herein
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WHATIS CLAIMED IS:

1. A method of assembling a packaged integrated circuit device, the method
COmprising;
setting support posts of an assembly apparatus to a height for applving a die
paddle; and
while the support posts are at the height for applying the die paddle,
applying solder over a semiconductor die positioned over a stage of the
assembly apparatus; and
positioning the die paddle over the solder and the semiconductor die.
2. The method of Claum 1, further comprising performing a reflow process with the
support posts at the height for applying the die paddle, the support posts supporting the die

paddle during the reflow process.

3. The method of Claim 2, wheren a fixture cover 18 positioned over the die paddle

and applies force 1o the die paddle during the reflow process.

4. The method of any of Claims 1 to 3, wheremn the die paddle has a thickness of at

least 1.9 millimeters.

5. The method of any of Claims 1 to 3, wheren the die paddie has a thickness in a

range from 2.5 millimeters to 5 mithmeters.
6. The method of any of Claims 1 to 5, further comprising setting the support posts {0
a first height for applying solder on a lead frame prior to positioning the semiconductor die

over the lead frame.

7. The method of Claim 6, further comprising setting the support posts to a second

height for placing the semiconductor die over the lead frame.
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8. The method of any of Claims 1 to 7, further comprising placing a fixture cover over
o 3 &3 el

the die paddle with the support posis at the height for applying the die paddle.

9. The method of any of Claims 1 to &, further comprising applying force to the stage

of the assembly apparatus with a post stage of the assembly apparatus.

10. The method of any of Claims 1 to 9, further comprising dissipating heat generated

during the method using channels of the assembly apparatus.

11. The method of any of Claims 1 to 10, wherein applying the solder 1s performed

using a solder stencil supported by the support posts.

12. The method of any of Claims 1 to 11, wherein a controller 1s configured to cause

the support posts to raise to the height for applying the die paddie.

13. An assembly system for assemnbling a packaged integrated cucuit device, the
assembly system comprising;
an assembly apparatus comprising a stage and support posts; and
a controller comprising a processor and a memory storing nstructions, wherein
the processor 13 configured o execute 1nstructions to cause the assembly system to
perform operations, the operations comprising;
setting the support posts to a first height while a lead frame 15 positioned
over the stage; and
raising the support posts to a height for applying a die paddle after a
sermconductor die 1s positioned over the lead frame, wherein the semiconductor

die 13 positioned over the lead frame between the setting and the raising.
14. The assembly system of Claim 13, wherein the operations further comprise setting

the support posts to a second height, wherein the second height 15 between the first height and

the height for applying the die paddle.
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15. The assembly system of Claim 13 or 14, wherein the assembly apparatus further
comprises a post stage positioned on a side opposite the stage, wherein the post stage is

configured to apply force to the support posts.

16. The assembly system of any of Claims 13 to 15, wherein the assembly apparatus

further comprises a fixture cover.

17. The assembly system of Claim 16, wherein the assembly apparatus comprises

alignment posts configured to receive legs of the fixture cover.

18. The assembly system of any of Claims 13 to 17, wherein the assembly apparatus

comprises channels for heat dissipation,

19, The assembly system of any of Claims 13 to 18, wherein the assembly system is

configured to concurrently assemble a plurality of packaged integrated circust devices.

20. An assembly apparatus for assembling a packaged integrated circuit device, the
assembly apparatus comprising:

a stage dimensioned to accommodate the packaged integrated circuit device,

support posts configured to extend above the stage, the support posts being
configurable to adjust height;

a post stage positioned on a side opposite the stage, wherem the post stage 13
configured to apply force to the support posts;

a fixture cover comprising legs; and

cover alignment posts positioned arcund the stage, the cover alignment posts

configured to receive the legs of the fixture cover.

21. The assembly apparatus of Claim 20, further comprising channels configured to

dissipate heat associated with assembling the packaged integrated circuit device.
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