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POWER STAGE PACKAGE INCLUDING
FLEXIBLE CIRCUIT AND STACKED DIE

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/597,808, file Oct. 9, 2019, the
contents of which are herein incorporated by reference in its
entirety.

TECHNICAL FIELD

[0002] This disclosure relates to semiconductor packages.
BACKGROUND
[0003] Semiconductor technology continues long-term

trends towards miniaturization, integration, and speed. Elec-
tronic products in commercial applications such as telecom,
home audio, and regulator products often need power supply
systems, which can switch power supplies, regulate and
stabilize voltages, and/or work as power converters, such as
AC to AC, AC to DC, DC to AC and DC to DC converters.
[0004] Popular power switch systems involve a metal
leadframe onto which a plurality of discrete electronic
components are assembled and overmolded as a unit. In
operation, the components have to stay cool by effectively
dissipating heat to heat sinks so that they can switch fast
(fast transient response).

[0005] Intelligent power modules combine power supply,
regulation, and switching components with dedicated con-
trollers. The dedicated controllers may provide features
intended to improve performance and reliability, such as
over-current protection, over-temperature protection, and
under voltage lockout. The components of an intelligent
power module, such as low voltage controllers, sensors, and
control dies, as well as high-voltage power switches, such as
power field effect transistors (FETs) are interconnected
through a common underlying circuit, such as a printed
circuit board (PCB).

BRIEF SUMMARY

[0006] Packages disclosed herein include a semiconductor
die forming a power stage and a control die on opposing
surfaces of a flexible circuit. The semiconductor die is
physically and thermally coupled to a substrate opposite the
flexible circuit to facilitate conductive cooling from the
semiconductor die. A control signal output of the control die
is electrically connected to an input of the semiconductor die
via the flexible circuit. The disclosed techniques may be
applied to integrate a control die and semiconductor die
including a power stage within a single package.

[0007] Components of varying heights may be mounted
on both sides of the flexible circuit. For example, the flexible
circuit may conform to components of varying heights that
are first mounted via their backsides on the comparatively
stiff substrate before electrical connection to the flexible
circuit. During assembly of the package, the flexible circuit
bends to align electrical contact pads of the flexible circuit
with the electrical contacts of the components with varying
heights.

[0008] In some examples, the flexible circuit provides a
ground return path within the package. Including a ground
return path within the package provides for a lower imped-
ance for electronic signals between the semiconductor die
and a die as compared to packages that rely on the ground
plane of an underlying circuit. Limiting the impedance of the
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signal path may mitigate voltage overshoot, thereby facili-
tating higher frequency communications, as voltage over-
shoot can interfere with signal transmission.

[0009] In one example, a semiconductor package includes
a substrate forming a first surface and a second surface that
opposes the first surface, a set of terminals protruding from
the first surface of the substrate, a power stage physically
and thermally coupled to the first surface of the substrate,
and a flexible circuit including at least one circuit layer
forming power stage conductors and control circuit conduc-
tors disposed on a flexible insulating substrate layer, wherein
the power stage is mounted on a first surface of the flexible
circuit such that the power stage is electrically connected to
the power stage conductors. The flexible circuit is opposite
the substrate relative the power stage such that the power
stage is between the flexible circuit and the substrate. The
semiconductor package further includes a die mounted on a
second surface of the flexible circuit opposite the power
stage such that the die is electrically connected to the control
circuit conductors. An output of the die is electrically
connected to an input of the power stage via the control
circuit conductors.

[0010] Inanother example, a method of forming a package
includes physically and thermally coupling a power stage to
a first surface of a substrate to form a first subassembly, the
substrate forming the first surface and a second surface that
opposes the first surface. A set of terminals protrude from the
first surface of the substrate. The method further includes
mounting a die on a first surface of a flexible circuit such that
the die is electrically connected to a control circuit conduc-
tors of the flexible circuit to form a second subassembly, the
flexible circuit including at least one circuit layer forming
power stage conductors and control circuit conductors dis-
posed on a flexible insulating substrate layer, the flexible
circuit forming the first surface and a second surface that
opposes the first surface of the flexible circuit. The method
further includes aligning alignment features of the flexible
circuit of the second subassembly with the set of terminals
of first assembly to locate electrical contacts of the power
stage with electrical contact surfaces of the power stage
conductors on the second surface of the flexible circuit.
Electrically connecting the electrical contacts of the power
stage with the electrical contact surfaces of the power stage
conductors to electrically connect the power stage of the first
subassembly to the power stage conductors of the second
subassembly.

[0011] In another example, a semiconductor package
includes a substrate forming a first surface of the substrate,
and a second surface of the substrate, the second surface of
the substrate opposing the first surface of the substrate, a set
of terminals protruding from the first surface of the sub-
strate, a first gallium nitride die forming a first power stage
physically and thermally coupled to the first surface of the
substrate, a second gallium nitride die forming a second
power stage physically and thermally coupled to the first
surface of the substrate, and a flexible circuit including a
power stage circuit layer and a control circuit layer separated
by a flexible insulating substrate layer. The first gallium
nitride die is mounted on a first surface of the flexible circuit
such that the first power stage is electrically connected to the
power stage circuit layer, and the second gallium nitride die
is mounted on the first surface of the flexible circuit such that
the second power stage is electrically connected to the
power stage circuit layer. The first power stage is electrically
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connected to the second power stage via the power stage
circuit layer. The flexible circuit is opposite the substrate
relative the first power stage and the second power stage
such that the first power stage and the second power stage
are between the flexible circuit and the substrate. The
flexible circuit forms alignment features engaged with the
set of terminals protruding from the substrate. The semicon-
ductor package further includes a die mounted on the
flexible circuit opposite the first power stage and the second
power stage such that the die is electrically connected to the
control circuit layer. An output terminal of the die is elec-
trically connected to an input for at least one of the first
power stage and the second power stage via one of the set
of terminals. The semiconductor package further includes
mold compound at least partially covering the first gallium
nitride die, the second gallium nitride die, the die, the
flexible circuit and the substrate with the second surface of
the substrate exposed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIGS. 1A-1C illustrate a semiconductor package
including FET power stages in a half-bridge configuration
and a control die on opposing surfaces of a flexible circuit.
[0013] FIG. 2 is a simplified circuit diagram of one
example configuration of the semiconductor package of
FIGS. 1A-1C as used in a power converter.

[0014] FIGS. 3A-3H illustrate conceptual process steps
for manufacturing the semiconductor package of FIGS.
1A-1C.

[0015] FIG. 4 is a flowchart of a method of manufacturing
a semiconductor package including FET power stages in a
half-bridge configuration and a control die on opposing
surfaces of a flexible circuit, such as the semiconductor
package of FIGS. 1A-1C.

[0016] FIG. 5 is a conceptual view of a semiconductor
package similar to the semiconductor package of FIGS.
1A-1C, with dies of varying heights mounted to the backside
of the flexible circuit.

DETAILED DESCRIPTION

[0017] In contrast to the availability of integrated power
converters, such a buck converters, intelligent power mod-
ules tend to be larger assemblies with limited integration.
Power switches and their control die circuits may include a
number of components electrically connected through a
common underlying circuit, such as a PCB. The separation
of components in an intelligent power module supports
cooling of the components, allows the same components to
be used in a wide number of applications, and allows
customization of the control die circuit.

[0018] However, the separation of components of intelli-
gent power module may also limit the speed of control
signals and switching due to the impedance of the control
signal loop. For example, a control signal loop includes the
direct electrical connection between a control die and a
power stage as well as a ground return path. Larger physical
control signal loops result in larger impedances. Further
integration of power switch components supports faster
switching and efficiency.

[0019] As disclosed herein, packages include a flexible
circuit with one or more conductive layers interconnecting
components of the package. By way of non-limiting
example, a flexible circuit generally includes at least one
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conductive layer, such as copper, aluminum or silver, dis-
posed on a flexible dielectric substrate, such as polymide,
PEEK, polyester. The conductive layer(s) may be applied by
printing, such as photolithography or laser imaging. Flexible
circuits variations include single-sided, double-sided, and
multi-layer flexible circuits. In some examples, conductive
layers are covered with dielectric layers with the exception
of electrical contacts. In other examples conductive layers
may remain exposed on an outer surface of a flexible circuit.

[0020] In other applications, flexible circuits are com-
monly used as connectors where flexibility and/or manufac-
turing constraints provide advantages over rigid circuit
boards or direct wiring, including personal electronic
devices such as smart phones, laptops. Common applica-
tions also include connections between stationary and mov-
ing components, such as a moving arm carrying read write
heads in a disk drive, and the moving head of printers. In this
present example, the use of flexible circuits allows compact
design and simplified electrical connections to components
of varying heights within the package.

[0021] Different flexible circuit designs may facilitate
bend radius under 25 millimeters, such as under 10 milli-
meters, such as under 5 millimeters. The thickness of the
layers of a flex circuit are important to provide flexibility. In
various examples, thicknesses of conductive layers may be
less than 0.020 inches, such as between 0.0001 and 0.010
inches. In the same or different examples, thickness of
dielectric layers may also be less than 0.020 inches, such as
between 0.0005 and 0.010 inches. The thicknesses may be
selected according to current and voltage requirements and
to provide flexibility suitable for a given application.

[0022] In specific examples, a package may include a
semiconductor die forming a power stage and a control die
on opposing surfaces of a flexible circuit, such as the flexible
circuit variations described above and other variations. The
semiconductor die is physically and thermally coupled to a
substrate opposite the flexible circuit to facilitate conductive
cooling from the semiconductor die. A control signal output
of the control die is electrically connected to an input of the
semiconductor die via the flexible circuit. The disclosed
techniques may be applied to integrate a control die and
semiconductor die including a power stage within a single
package.

[0023] Components of varying heights may be mounted
on both sides of the flexible circuit. For example, the flexible
circuit may conform to components of varying heights that
are first mounted via their backsides on a comparatively stiff
substrate before electrical connection to the flexible circuit.
During assembly of the package, the flexible circuit bends to
align electrical contact pads of the flexible circuit with the
electrical contacts of the components with varying heights.

[0024] The flexible circuit supports 3D signal routing with
multiple circuit layers, which can be interconnected via pin
terminals and/or conductive vias in the flexible circuit
substrate that span between the conductive circuit layers of
the flexible circuit. In some examples, the 3D signal routing
in the flexible circuit provides a ground return path within
the package. Including a ground return path within the
package provides for a lower impedance for electronic
signals between the semiconductor die and a control die as
compared to packages that rely on the ground plane of an
underlying circuit. Limiting the impedance of the signal path
may mitigate voltage overshoot, thereby facilitating higher



US 2023/0378034 Al

frequency communications, as voltage overshoot can inter-
fere with signal transmission.

[0025] With an integrated control die, the direct electrical
connection between a control die and a power stage is
limited to the signal conductor within the package. By
further including a ground return path within the package,
the impedance loop may be further limited by being fully
contained within conductors of the package. Limiting the
impedance of the signal loop may mitigate voltage over-
shoot of the electronic signals between semiconductor dies,
thereby facilitating higher frequency communications
between the semiconductor dies. The disclosed techniques
are applicable to any semiconductor dies, and may be
particularly useful higher frequency transmissions, such as
gallium nitride (GaN) dies. For example, GaN architecture,
such as GaN-on-silicon or GaN-on-silicon carbide, have
been demonstrated as supporting higher frequencies as com-
pared to silicon architecture or gallium arsenide architecture.

[0026] The disclosed techniques further address cooling
for the power stage. For example, in high voltage applica-
tions, such as voltages of at least 80 volts (DC and/or AC),
power stage components on the high voltage side of an
intelligent power module (as opposed to control die com-
ponents, which operate at a low voltage and/or low power)
may generate significant heat which needs to be dissipated
to allow for reliable and continued operation of all compo-
nents in the intelligent power module. As an example, a
semiconductor die forming the power stage may be arranged
on a substrate to facilitate heat transfer therethrough. Pack-
age 10, as described with respect to FIGS. 1A-1C, provides
one example of these techniques.

[0027] FIGS. 1A-1C illustrate semiconductor package 10.
Specifically, FIG. 1A is an exploded view of package 10,
while FIG. 1B is a perspective view of package 10 with mold
compound 80 shown in hidden lines. FIG. 1C is a perspec-
tive view of package 10 showing mold compound 80 and a
protruding set of pin terminals 30.

[0028] Package 10 includes semiconductor dies 12, 14,
each forming a power stage, such as a single channel power
FET, and a control die 16 on opposing surfaces of flexible
circuit 60, the power stages and control die each being
electrically connected to circuit layers of the flexible circuit.
Semiconductor die 12 is mounted in a flipchip arrangement
with its solder ball grid array 73 electrically connected at die
attach site 72, semiconductor die 14 is mounted in a flipchip
arrangement with its solder ball grid array 75 electrically
connected at die attach site 74, and control die 16 is mounted
in a flipchip arrangement at die attach site 76. While solder
ball grid arrays 73, 75 are depicted, dies 12, 14 may connect
to flexible circuit 60 using any kind of bump including
solder balls, copper pillar, copper pillar with tin (Sn) cap or
other bump. Control die 16 may also include a solder ball
grid array (not shown) or other bumps, such as copper pillars
or copper pillars with tin caps to connect at die attach site 76.

[0029] Control die 16 is a semiconductor die, such as an
integrated circuit, configured to control the power switch
elements of semiconductor dies 12, 14. Package 10 further
includes a substrate 20 and mold compound 80. The back-
sides of semiconductor dies 12, 14, are physically and
thermally coupled to surface 21 of substrate 20 opposite
flexible circuit 60. The opposing surface 22 of substrate 20
is exposed to facilitate conductive cooling of semiconductor
dies 12, 14 via substrate 20.
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[0030] Semiconductor die 12, 14 are in flip chip configu-
rations on surface 62 of flexible circuit 60. Control die 16 is
also in a flip chip configuration on the opposing surface 61
of flexible circuit 60. Control signal outputs of control die
16, such as FET driver signals, are electrically connected to
inputs of semiconductor die 12, 14 via circuit layers of
flexible circuit 60. Package 10 further includes passive
components 41, 43, 46, which are arranged on the same
surface of flexible circuit 60 as control die 16 such that such
that each of passive components 41, 43, 46 are physically
and electrically connected to conductive elements of flexible
circuit 60, and, optionally, pin terminals 30.

[0031] Within package 10, flexible circuit 60 includes one
or more conductive circuit layers that provide the electrical
connections between active and passive electronic compo-
nents of package 10. The active components of package 10
include semiconductor dies 12, 14, each forming a power
stage, and control die 16. Passive components 41, 43 and 46
are illustrated and may represent capacitors, resistors, induc-
tors or other passive components. In some examples, semi-
conductor dies 12, 14 and one or more of passive compo-
nents 41, 43 and 46 may be arranged in a half-bridge.
[0032] Semiconductor dies 12, 14, each form at least one
power stage, such as an FET, a junction FET (JFET), a
metal-oxide-semiconductor field-effect transistor (MOS-
FET), a metal-semiconductor field-effect transistor (MES-
FET), an insulated-gate bipolar transistor (IGBT), a bipolar
junction transistor (BJT), a thyristor, an integrated gate
commutated thyristor (IGCT), a silicon controlled rectified
(SCR), a triode for alternating current (TRIAC), a high
electron mobility transistor (HEMT), a uni junction transis-
tor (UJT), or other power stage or combination thereof. In
various examples, semiconductor dies 12, 14 may form
more than one power stage, such as a half bridge, a power
converter, such as a Buck converter or boost converter, or
other power switch configuration. Any suitable semiconduc-
tor technology may be used for semiconductor dies 12, 14
and the power stage(s), including, but not limited to, silicon,
GaN, silicon carbide (SiC), aluminum nitride (AIN), indium
nitride (InN), boron nitride (BN), and silicon-germanium
(SiGe).

[0033] Flexible circuit 60 forms die attach sites 72, 74, 76
for mounting semiconductor dies 12, 14 and control die 16
on opposing surfaces of flexible circuit 60. Specifically, die
attach site 76 is on surface 61 of flexible circuit 60, and die
attach sites 72, 74 are on surface 62, which opposes surface
61 of flexible circuit 60. The die attach sites are formed by
electrical contact pads corresponding to electrical contacts
on the associated die to facilitate electrical connections
therebetween. Semiconductor die 12 is mounted in a flipchip
arrangement with its solder ball grid array 73 electrically
connected at die attach site 72, semiconductor die 14 is
mounted in a flipchip arrangement with its solder ball grid
array 75 electrically connected at die attach site 74, and
control die 16 is mounted in a flipchip arrangement at die
attach site 76. Control die 16 may also include a solder ball
grid array (not shown) or other electrical contacts to connect
at die attach site 76.

[0034] Flexible circuit 60 also forms component attach
sites 77, 78, 79 for mounting passive components 41, 43, 46
to surface 61 of flexible circuit 60. Component attach sites
77,78, 79 are formed by electrical contact pads correspond-
ing to electrical contacts on the associated component to
facilitate electrical connections therebetween. The electrical
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connections between passive components 41, 43, 46 and
electrical contacts on component attach sites 77, 78, 79 may
be formed with solder reflow of solder balls or other
techniques.

[0035] As described in further detail with respect to FIG.
3C, flexible circuit 60 may include multiple conductive
circuit layers separated by a flexible insulating substrate.
Flexible circuit 60 supports 3D signal routing with multiple
conductive circuit layers, which can be interconnected via
pin terminals 30 and/or conductive vias in the substrate of
flexible circuit 60 that span between its circuit layers. In
some examples, the 3D signal routing in flexible circuit 60
provides a ground return path within package 10.

[0036] Components of varying heights may be mounted
on both sides of flexible circuit 60. For example, flexible
circuit 60 may conform to semiconductor dies 12, 14 of
varying heights that are first mounted via their backsides on
substrate 20, before being electrically connected to flexible
circuit 60. As described with respect to FIG. 3E, during
assembly of package 10, flexible circuit 60 bends to conform
to varying heights of semiconductor dies 12, 14 and asso-
ciated electrical contact pads of die attach sites 72, 74 on
surface 62 of flexible circuit 60.

[0037] As previously mentioned, a flexible circuit, such as
flexible circuit 60, includes at least one conductive layer
adjacent to at least one flexible dielectric layer, the at least
one conductive layer including electrical contacts config-
ured for connection to an electrical component or external
device. Flexible circuit 60 includes at least one conductive
layer, such as copper, aluminum or silver, disposed on a
flexible dielectric substrate, such as polymide, PEEK, poly-
ester. The conductive layer(s) may be applied by printing,
such as photolithography or laser imaging. Different
examples may include single-sided, double-sided, and
multi-layer flexible circuits. In one particular example, flex-
ible circuit 60 may include a first conductive layer forming
control circuit layer 64 and a second conductive layer
forming power stage circuit layer 65. In other examples,
power stage conductors and control circuit conductors may
share one or more conductive layers of a flexible circuit.

[0038] A flexible circuit, such as flexible circuit 60, exhib-
its a degree of elastic or inelastic flexibility that does not
disrupt electrical connections formed between electrical
component and/or external device provided by the flexible
circuit. For example, the elastic or inelastic flexibility of a
flexible circuit may be characterized by an ability to form a
bend without damaging the conductors of the circuit layers
or significantly interfering with the flexible insulating lay-
er’s insulating properties or position relative to the circuit
layers. Different flexible circuit designs may facilitate bend
radius under 25 millimeters, such as under 10 millimeters,
such as under 5 millimeters. The bend radius of flexible
circuit 60 suitable for use in package 10 will depend on the
dimensions and layout of the package as well as the height
variation of semiconductor dies 12, 14. Generally speaking,
flexible circuit 60 must provide a bend radius small enough
to allow an S-curve that aligns electrical contact pads of die
attach sites 72, 74 on surface 62 of flexible circuit 60 with
the electrical contacts of both of semiconductor dies 12, 14.

[0039] Package 10 differs in its construction from pack-
ages which utilize leadframes and/or wire bonds to form
electrical connections between active and inactive electrical
components. The described techniques for interconnecting
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components via a flexible circuit could also be utilized in
combination with leadframes and/or wire bonds within a
single package.

[0040] Package 10 includes substrate 20 with pin termi-
nals 30 protruding from surface 21 of substrate 20 for
electrically connecting package 10 to external components,
for example, via a PCB or other underlying circuit. Substrate
20 serves as a structural platform for pin terminals 30 and
provides a physical and thermal connection to semiconduc-
tor dies 12, 14 with thermal interface sites 28, 29 for
semiconductor dies 12, 14. Surface 22 of substrate 20
opposes surface 21, and at least a section of surface 22
remains uncovered by mold compound 80 in an assembled
package 10 such at substrate 20 supports conductive cooling
of semiconductor dies 12, 14.

[0041] As shown in the figures, substrate 20 represents a
direct bonded copper (DBC) substrate with ceramic layer 23,
frontside copper layer 24, and backside copper layer 25.
Frontside copper layer 24 includes thermal interface sites
28, 29 for semiconductor dies 12, 14, which facilitate
conductive cooling of semiconductor dies 12, 14. Backside
copper layer 25 is suitable to receive a heatsink or facilitate
direct convective cooling depending on system require-
ments.

[0042] Substrate 20 may represent any substrate suitable
for mounting pin terminals 30. In some examples, substrate
20 may include a ceramic layer with or without electrically
conductive layers. Suitable configurations for substrate 20
include DBC, active metal brazed (AMB), insulated metal
substrate (IMS), thick film ceramic substrate or other sub-
strate facilitating sufficient convention for the power stages
of semiconductor dies 12, 14. A thermally insulative sub-
strate, such as a laminate substrate, is also possible so long
as it includes thermally conductive insert(s) extending
between surfaces 21, 22 as needed to provide conductive
cooling, such as at thermal interface sites 28, 29.

[0043] In the described example, signals are not routed
though conductive layers of substrate 20. However,
examples in which signals are routed through conductive
layers of substrate 20 are also contemplated. For example,
such examples may utilize electrical connections between
pin terminals 30 and conductive layers in substrate 20 to
route electrical signals from and/or to components electri-
cally connected to flexible circuit 60 over substrate 20. As
particular examples, substrate 20 may include a grounded
conductor which serves as a ground return path for electrical
signals between components of package 10, such as control
electrical signals between control die 16 and semiconductor
dies 12, 14.

[0044] Pin terminals 30 are formed from electrically con-
ductive materials, such as copper, aluminum, gold, platinum
and/or other electrically conductive materials. Pin terminals
may include plating or may be formed from a single metal
alloy. A set of eight pin terminals 30 are shown: pin
terminals 31, 32, 33, 34, 35, 36, 37, 38. However, the
described examples may be readily adapted for packages
includes any number of pin terminals.

[0045] As previously mentioned, substrate 20 provides a
structural platform for pin terminals 30. Pin terminals 30
may be attached to one or more layers of substrate 20 by
press fitting though apertures substrate 20 in and/or with
conductive and/or nonconductive adessives. In one particu-
lar example, pin terminals are secured to surface 21 of
substrate 20 with a conductive adhesive such as solder. Such
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pin terminals may be physically and electrically connected
to frontside copper layer 24. Frontside copper layer 24 may
serve to electrically connect some of pin terminals 30, while
other pin terminals 30 may be electrically isolated, for
example, by breaks in frontside copper layer 24.

[0046] Flexible circuit 60 forms holes 68, which are
mounted over pin terminals 30 to locate flexible circuit 60 in
position relative to substrate 20. At least some of pin
terminals 30 are electrically connected to the circuit layer(s)
of flexible circuit 60 to provide electrical connections
between components of package 10 and external compo-
nents. In various examples, the electrical connections
between the circuit layer(s) of flexible circuit 60 and pin
terminals 30 may be formed by press-fit connection, solder
connection and/or other electrical connection. In some
examples, one or more of pin terminals 30 may also provide
electrical connections between multiple circuit layers of
flexible circuit 60. In the same or different examples, flexible
circuit 60 may include one or more conductive vias extend-
ing between various circuit layers to provide electrical
connections therebetween.

[0047] Pin terminals 30 provide electrical contacts for
electrically connecting package 10 to external components,
for example, via a PCB. As described in further detail with
respect to FIG. 2, in an example in which semiconductor
dies 12, 14 represent FETs in a half-bridge configuration, pin
terminals 30 may include voltage input pin 31, high-side
bootstrap pin 32, high-side FET source connection pin 33,
high-side gate driver control input pin 34, low-side gate
driver control input pin 35, gate drive power supply pin 36,
ground pin 37, and switching node pin 38. The circuit
diagram of FIG. 2 further includes a power ground pin 39,
in such examples, pin terminal 37 may then represent an
analog ground pin (to be paired with gate drive power supply
pin 36). These pin terminals 30 are merely examples and
package 10 may include fewer, different pin terminals, or
additional pin terminals configured to electrically connect to
external components as needed to support the operation of
package 10.

[0048] Flexible circuit 60, control die 16 and semiconduc-
tor dies 12, 14 may also include additional pin terminals,
conductive elements, and electrical contacts to provide sup-
port various functions of package 10. Such functions may
include a low voltage power converter to serve control die
16, passive components 41, 43, 46 and/or external compo-
nents. Additional functions may improve performance and
reliability, such as over-current protection, over-temperature
protection, and under voltage lockout. Passive components
41, 43, 46 may be part of sensing circuits, energy storage
circuits, or other circuits supporting functions such as power
conversion, over-current protection, over-temperature pro-
tection, and under voltage lockout for semiconductor dies
12, 14. For example, passive components 41, 43, 46 may be
electrically connected to control die 16 via flexible circuit
60. Passive components 41, 43, 46 are merely conceptual
examples, and passive components 41, 43, 46 may represent
any number of components included in package 10, such as
inductors, capacitors, resistors, diodes, passive sensors, or
other components that support the functionality of package
10, control die 16 and semiconductor dies 12, 14.

[0049] The multiple circuit layers of flexible circuit 60
provide routable layers for complex circuit structures
accommodating both control signals and power transmission
of a power stage. Providing routable circuit layers with
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flexible circuit 60 increases the density of a power stage and
its control die compared to alternatives which utilize single
conductive layers, such as single leadframes. In addition, the
routable layers of flexible circuit 60 allow for ground return
paths within a package for electric signals between multiple
elements of the package such as control die 16 and semi-
conductor dies 12, 14. This provides relative low package
parasitics as compared to alternatives which rely on the
ground plane of the underlying circuit by reducing the
impedance of the signal loops.

[0050] While package 10 may include any semiconductor
die architecture, its low signal loop impedance may be
particularly useful for semiconductor dies 12, 14 and control
die 16 utilizing higher frequency transmissions. For
example, one or both of semiconductor dies 12, 14 and
control die 16 may include GaN architecture, such as
GaN-on-silicon or GaN-on-silicon carbide. In the same or
different examples, one or both of semiconductor dies 12, 14
and control die 16 may include silicon architecture and/or
gallium arsenide architecture. In one particular example,
semiconductor dies 12, 14 may include GaN architecture,
and control die 16 may include silicon architecture.

[0051] In addition, control die 16 may be specifically
tuned to for a GaN configuration for semiconductor dies 12,
14 for fast driving while mitigating ringing on the gate. For
example, control die 16 may be configured to keep semi-
conductor dies 12, 14 off for high drain slew rates, such as
slew rates up to 150 V/ns. In addition, control die 16 may
protect against faults by providing over-current protection,
over-temperature protection, and/or under voltage lockout
for semiconductor dies 12, 14. As control die 16 is an
integrated component of package 10, the fault protection
may be designed according to the specifications of semi-
conductor dies 12, 14, thereby simplifying the design of
electronics utilizing package 10 as compared to alternatives
in which fault protection for a semiconductor die is provided
by separate components.

[0052] Mold compound 80 forms an overmold that covers
semiconductor dies 12, 14, control die 16, passive compo-
nents 41, 43, 46, both sides of flexible circuit 60 and one side
of substrate 20. While the structure of flexible circuit 60
remains consistent before and after molding, flexible circuit
60 is constrained within mold compound 80 such that
flexible circuit 60 is unable to bend or flex to a significant
degree within package 10. In this manner, mold compound
80 provides a protective outer layer for the electric compo-
nents of package 10. In other examples, a mold compound
may only partially cover control die 16, and/or passive
components 41, 43, 46, for example, to allow for convective
cooling of such components. The exposed surface 22 of
substrate 20 facilitates heat transfer from semiconductor dies
12, 14 to the external environment. Such heat transfer may
be further improved by positioning the exposed surface 22
of substrate 20 on a heat sink.

[0053] Package 10 may be operated as a component of an
intelligent power supply or other power control device. In
various examples, package 10 may be utilized as part of a
half-bridge, a boost converter, a buck converter, and others.
In such examples, semiconductor dies 12, 14 may each
represent a single power stage or include multiple power
stages.

[0054] FIG. 2 illustrates a simplified block diagram of an
example configuration of semiconductor package 10 where
semiconductor dies 12, 14 represent FETs in a half-bridge
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configuration. As shown in the FIG. 2, semiconductor die 12
represents the high-side FET, semiconductor die 14 repre-
sents the low-side FET, and control die 16 represents a driver
for both the high-side FET and the low-side FET.

[0055] Voltage input pin 31 receives the power stage
voltage input for the half-bridge, and is electrically con-
nected to the high-side FET drain of semiconductor die 14.
Switching node pin 38 is directed to power stage voltage
output (Vout 50) via a power drain 52, such as inductor or
transformer. The output of the power drain 52 is coupled to
a voltage output capacitor 54 with the opposing side of
voltage output capacitor 54 electrically connected to ground.
While power drain 52 and voltage output capacitor 54 are
depicted as being separate components from package 10, in
some examples, either or both of power drain 52 and voltage
output capacitor 54 may instead be integrated components of
package 10.

[0056] Switching node pin 38 is electrically shorted to
high-side FET source connection pin 33. Power ground pin
39 is electrically connected to the low-side FET source of
semiconductor die 14, and it electrically shorted to ground
pin 37.

[0057] In this example, passive component 43 represents
a bootstrap capacitor between high-side bootstrap pin 32,
and high-side FET source connection pin 33. The bootstrap
capacitor may either be an integrated component of package
10 or an external component electrically connected via pin
terminals 32, 33.

[0058] Passive component 41 represents the voltage input
capacitor for the half-bridge. The voltage input capacitor
may either be an integrated component of package 10 or an
external component. However, including the voltage input
capacitor as an integrated component of package 10, in
combination with an internal ground return path facilitates a
low inductance power loop for signals between the high-side
FET and the low-side FET. Power loop parasitic impedance
is limited by shortening the return path to the voltage input
capacitor between the half-bridge connections to voltage
input pin 31 and power ground pin 39. Internalizing the
return path with package 10 by utilizing the circuit layers of
flexible circuit 60 supports a short ground return path and
thereby, a low power loop parasitic impedance. Providing a
low power loop parasitic impedance may be particularly
suitable to facilitate high-speed switching the high-side FET
and the low-side FET, such as examples in which semicon-
ductor dies 12, 14 include GaN FETs for the high-side FET
and the low-side FET of the half-bridge.

[0059] A number of pin terminals 30 are electrically
connected to control die 16. In this example, control die 16
receives inputs from high-side gate driver control input pin
34 and low-side gate driver control input pin 35. Control die
16 is configured to control switching of the high-side FET
and the low-side FET of semiconductor dies 12, 14 by
forwarding inputs on high-side gate driver control input pin
34 and low-side gate driver control input pin 35 to semi-
conductor dies 12, 14. Control die may also alter inputs on
high-side gate driver control input pin 34 and low-side gate
driver control input pin 35, for example, as part of over-
current protection, over-temperature protection, and/or
under voltage lockout functionality.

[0060] Control die 16 may be configured to match propa-
gation delays between the external high-side gate driver (for
signals coming on high-side gate driver control input pin 34)
and external low-side gate driver (for signals coming on
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low-side gate driver control input pin 35) to allow very tight
control of dead time. Controlling the dead time is particu-
larly important for GaN-based semiconductor dies 12, 14 to
maintain high efficiency.

[0061] Gate drive power supply pin 36 provides low-
voltage power to control die 16, and ground pin 37 provides
an analog ground connection to control die 16. In this
example, passive component 46 represents a decoupling
capacitor between gate drive power supply pin 36 and
ground pin 37 to filter the voltage on gate drive power
supply pin 36. The decoupling capacitor may either be an
integrated component of package 10 or an external compo-
nent.

[0062] In many examples, semiconductor dies 12, 14 with
power FETs operate at a higher current and/or voltage than
control die 16. For example, a voltage rating of the power
FETs may be at least 50 volts, such as at least 80 volts, such
as at least 100 volts, such as at least 200 volts, such as at
least 400 volts. In contrast, the power FETs of semiconduc-
tor dies 12, 14 may be operable by control die 16 with gate
signals providing no more than ten percent of the voltage
rating of the power FETs, such as a signal of less than two
percent of the voltage rating, such as voltage of less than 15
volts.

[0063] Due to the higher voltages and/or currents of power
stage signals associated with semiconductor dies 12, 14
compared to control die 16, power stage signals may be
carried on multiple conductors. For example, semiconductor
dies 12, 14 are depicted as including nine electrical contacts
each in FIG. 1A. By way of non-limiting example, these
nine electrical contacts might include four contacts for
Source, four contacts for Drain and a single contact for Gate.
[0064] Package 10 may further include additional func-
tionality for control die 16, such as sensing functions for
over-current protection, over-temperature protection, and/or
under voltage lockout for semiconductor dies 12, 14. For
example, package 10 may include current sensing and/or
voltage sensing of the power stages. As another example,
package 10 may include provide temperature sensing for
semiconductor dies 12, 14 or package 10 generally. Such
sensing may be incorporated into the functionality of control
die 16 to provide over-current protection, over-temperature
protection, and/or under voltage lockout for the power
stages of package 10. Such protection may include altering
inputs on high-side gate driver control input pin 34 and
low-side gate driver control input pin 35 rather than for-
warding them to semiconductor dies 12, 14. Control die may
also output sensing information, such as error codes repre-
senting sensed information, which may include power stage
currents, power stage voltages, and/or package tempera-
tures.

[0065] In addition, various the power stage configurations
are contemplated for semiconductor dies 12, 14. For
example, while the terms gate, source, and drain are gener-
ally associated with FET power stages, the techniques
disclosed herein also apply to other power stages, such as
IGBT, BIT, thyristor, IGCT, SCR, TRIAC, HEMT, and UJT
power stages, which may be incorporated into semiconduc-
tor dies 12, 14 in a half-bridge configuration or otherwise.
[0066] FIGS. 3A-3H illustrate conceptual process steps
for manufacturing semiconductor package 10. FIG. 4 is
flowchart of a method of manufacturing package 10. For
clarity, the techniques of FIG. 4 are described with respect
to package 10 and FIGS. 3A-3H, however, the described
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techniques may be adapted to other package designs and are
not limited to the specific example of package 10.

[0067] FIGS. 3A and 3B represent process steps to manu-
facture a subassembly 6, which includes substrate 20, pin
terminals 30 (pin terminals 31, 38 are shown), and semi-
conductor dies 12, 14, which include power stages for
package 10. As shown in FIG. 3A, thermal interface mate-
rials 13,15 are applied to substrate 20 at thermal interface
sites 28, 29 to facilitate forming thermal and physical
connections between substrate 20 and semiconductor dies
12, 14. In other examples, thermal interface materials 13,15
are applied to semiconductor dies 12, 14 before semicon-
ductor dies 12, 14 are positioned at thermal interface sites
28, 29.

[0068] As shown in FIG. 3B, semiconductor dies 12, 14,
each including at least one power stage, are physically and
thermally coupled to frontside copper layer 24 on surface 21
substrate 20 (FIG. 4, step 202). Specifically, the backside of
semiconductor die 12 is attached to substrate 20 with
thermal interface material 13 at thermal interface site 28, and
the backside of semiconductor die 14 is attached to substrate
20 with thermal interface material 15 at thermal interface
site 29.

[0069] In various examples, thermal interface materials
13,15 may represent any suitable thermally conductive
adhesive material, such as thermally conducive tapes or
thermally conducive adhesive pastes, such as thermally
conducive epoxies. In addition to being thermally conduc-
tive, thermal interface materials 13,15 must also provide
sufficient adhesion to hold semiconductor dies 12, 14 in
place on surface substrate 20 during the assembly of pack-
age 10.

[0070] FIGS. 3C and 3D represent process steps to manu-
facture a subassembly 8, which includes flexible circuit 60,
control die 16 and passive component 41. Subassembly 8
may further include additional components, such as passive
components 43, 46 (not shown). In any event, the compo-
nents of subassembly 8 are each mounted to surface 61 of
flexible circuit 60 such that the components are physically
and electrically connected to circuit layer 64 (FIG. 4, step
204). The physical and electrical connections between flex-
ible circuit 60 and the components of subassembly 8 may be
formed by reflow processing a set of solder bumps.

[0071] Inthe example of FIGS. 3C and 3D, flexible circuit
60 includes two circuit layers 64, 65 separated by a layer of
flexible electrically insulating substrate 63, such as poly-
amide or polyimide. Circuit layers 64, 65 may be formed
from electrically conductive materials, copper or gold or
other metal with relatively small thicknesses, such as thick-
nesses between 0.5 mil and 2.0 mil. The base conductive
material may also be plated in some examples, which may
inhibit corrosion and/or facilitate electrical connections
between the circuit layers and components mounted to
flexible circuit 60.

[0072] Circuit layer 64 is depicted in the figures as being
exposed on outer surface 61 of flexible circuit 60 to facilitate
direct electrical connections between electrical contact sur-
faces of circuit layer 64 and the components mounted to
flexible circuit 60 on surface 61, including control die 16 and
passive component 41. In contrast circuit layer 65 is
depicted in the figures as being sandwiched between two
layers of flexible electrically insulating substrate 63, with a
first insulating substrate layer between semiconductor dies
12, 14 and circuit layer 65 and a second insulating substrate
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layer on the opposite side of circuit layer 65. This second
insulating substrate layer is between circuit layer 65 and
circuit layer 64. Locating circuit layer 65 between two layers
of flexible electrically insulating substrate 63 may help
prevent shorts within package 10, such as between circuit
layer 65 and substrate 20. Electrical contact vias 66 extend
from circuit layer 65 to surface 62 of flexible circuit 60 to
facilitate electrical connections between circuit layer 65 and
components to be mounted on flexible circuit 60 on surface
62, including semiconductor dies 12, 14.

[0073] Circuit layers 64, 65 electrically connect to some of
pin terminals 30 as needed to support the functionality of
package 10. Optionally, circuit layers 64, 65 may be elec-
trically connected to each other through one or more of pin
terminals 30. For example, a grounded portion of power
stage circuit layer 65 may be electrically connected to a
grounded portion of the control circuit layer 64 via a ground
pin, such as power ground pin 39 and/or or an analog ground
pin 37. The ground pin and the grounded portion of the
control circuit layer 64 may provide a ground return path for
an electrical signal between an input of the power stage of
either or both of semiconductor dies 12, 14 and the control
signal outputs of control die 16.

[0074] In addition to, or as an alternative to electrical
connections utilizing pin terminals 30, flexible circuit 60
may include optional circuit layer vias 67 extending between
circuit layers 64, 65 within flexible electrically insulating
substrate 63 separating circuit layers 64, 65. Circuit layer
vias 67 provide direct electrical connections between circuit
layers 64, 65.

[0075] Circuit layer 64 may be referred to as control
circuit layer as it may provide relatively low voltage con-
nections between external drivers, control die 16 and sensors
or other low voltage passive components. Control circuit
layer 64 may also include some high voltage conductors, for
example, to connect passive components located on surface
61 of flexible circuit 60 to power stages of semiconductor
dies 12, 14 as part of a half-bridge or other high-voltage
circuit. In other examples, circuit layer 65 may directly
electrically connect to passive components located on sur-
face 61 of flexible circuit 60 with conductive vias extending
from power stage circuit layer 65 to surface 61 of flexible
circuit 60. In such examples, high voltage signals may be
routed only on power stage circuit layer 65 and the conduc-
tive vias.

[0076] In contrast, circuit layer 65 may be referred to as a
power stage circuit layer as it includes conductors for
relatively higher voltage power stage signals. Generally,
power stage circuit layer 65 will also provide some low
voltage connections, such as conductors that carry signals
between control die 16 and semiconductor dies 12, 14. In
other examples, control circuit layer 64 may directly elec-
trically connect to semiconductor dies 12, 14 with conduc-
tive vias extending from control circuit layer 64 to surface
62 of flexible circuit 60. In such examples, low voltage
signals may be routed only on control circuit layer 64 and
the conductive vias.

[0077] A ground return path for power stage signals
between semiconductor dies 12, 14, for example, as part of
a half-bridge, may be contained entirely within power stage
circuit layer 65, or may also include portions of control
circuit layer 64. A ground return path for signals between
control die 16 and semiconductor dies 12, 14 will generally
include portions of both control circuit layer 64 and power
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stage circuit layer 65 as semiconductor dies 12, 14 electri-
cally connect to power stage circuit layer 65 and control die
16 electrically connects to control circuit layer 64. However,
control circuit layer 64 may directly electrically connect to
semiconductor dies 12, 14 with conductive vias extending
from power stage circuit layer 65 to surface 61 of flexible
circuit 60 such that the ground return path for signals
between control die 16 and semiconductor dies 12, 14 is
limited to control circuit layer 64 and the conductive vias. In
this manner, flexible circuit 60 supports 3D signal routing
with multiple circuit layers, which can be interconnected via
pin terminals 30 and/or conductive vias in flexible circuit 60
substrate that span between the circuit layers of flexible
circuit 60.

[0078] Including a ground return path within the package
provides for a lower impedance for electronic signals
between the semiconductor die and a control die as com-
pared to packages that rely on the ground plane of an
underlying circuit. Limiting the impedance of the signal path
may mitigate voltage overshoot, thereby facilitating higher
frequency communications, as voltage overshoot can inter-
fere with signal transmission. The disclosed techniques are
applicable to any semiconductor dies, and may be particu-
larly useful higher frequency transmissions, such as gallium
nitride (GaN) dies. For example, GaN architecture, such as
GaN-on-silicon or GaN-on-silicon carbide, have been dem-
onstrated as supporting higher frequencies as compared to
silicon architecture or gallium arsenide architecture.
[0079] As shown in FIGS. 3E and 3F, following the
construction of subassembly 6 (FIG. 3B) and subassembly 8
(FIG. 3D), through holes 68 of flexible circuit 60 are aligned
with pin terminals 30, including pin terminals 31, 38 as
shown in FIGS. 3E and 3F. Once through holes 68 of flexible
circuit 60 are aligned with pin terminals 30, assembly 8 is
moved in place with pin terminals 30 within holes 68 to
locate electrical contacts of semiconductor dies 12, 14
proximate electrical contact surfaces of the power stage
circuit layer 65 (FIG. 4, step 206). In this manner, through
holes 68 represent alignment features of flexible circuit 60
engaged with pin terminals 30. Other examples may include
additional or different alignment features, such as notches,
bumps or other elements configure to mate with pin termi-
nals 30 or other elements of subassembly 6.

[0080] The disclosed techniques facilitate mounting and
electrical connections to components of varying heights on
both sides of flexible circuit 60. During assembly of package
10, flexible circuit 60 bends to conform to electrical contacts
of' semiconductor dies 12, 14 at varying heights to facilitated
electrical connections with associated electrical contact pads
of die attach sites 72, 74 on surface 62 of flexible circuit 60.
For example, flexible circuit 60 may conform to semicon-
ductor dies 12, 14 of varying heights that are first mounted
via their backsides on substrate 20, before being electrically
connected to flexible circuit 60. In addition, the flexibility of
flexible circuit 60 may also improve the reliability of elec-
trical connections between semiconductor dies 12, 14 and
flexible circuit 60 when semiconductor dies 12, 14 have the
same heights but variations in manufacturing result in dif-
ferent heights for semiconductor dies 12, 14 as mounted to
substrate 20.

[0081] As shown in FIG. 3G, when subassembly 6 and
subassembly 8 are in position relative to each other, flexible
circuit 60 is opposite substrate 20 relative semiconductor
dies 12, 14 such that semiconductor dies 12, 14 are between
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flexible circuit 60 and substrate 20. In addition, control die
16 is mounted on flexible circuit 60 opposite semiconductor
dies 12, 14 such that control die 16 is electrically coupled to
control circuit layer 64. In this position, solder ball grid
arrays 73, 75 are reflowed to electrically connect semicon-
ductor dies 12, 14 to electrical contact surfaces of power
stage circuit layer 65, thereby electrically connecting the
power stage of semiconductor dies 12, 14 in subassembly 6
to the power stage circuit layer 65 of subassembly 8 (FIG.
4, step 208). When reflow processing occurs serially, it is
important that completed solder reflows are not melted
during the formation of additional solder reflows. For this
reason, the melting temperature of completed solder reflows
should be higher than the melting temperature of solder
bumps for later solder reflows. For this reason, it may be
desirable to use a solder with a lower melting temperature
for solder ball arrays 73, 75 as compared to solder for
electrical connections between components of subassembly
8 to prevent melting the solder of subassembly 8 during the
reflow processing to electrically connect semiconductor dies
12, 14 to electrical contact surfaces of power stage circuit
layer 65 on surface 62 of flexible circuit 60.

[0082] Asshown in FIG. 3H, the assembly of subassembly
6 and subassembly 8 is covered in mold compound 80,
leaving surface 22 of substrate 20 opposite semiconductor
dies 12, 14 exposed (FIG. 4, step 210). While the structure
of flexible circuit 60 remains consistent before and after
molding, flexible circuit 60 is constrained by mold com-
pound 80 such that flexible circuit 60 is unable to bend or
flex to a significant degree within package 10.

[0083] In examples, in which package 10 is mounted as
part of a package strip, following molding of mold com-
pound 80, package 10 is singulated from an array of inter-
connected packages manufactured on a common substrate
including substrate 20 (FIG. 4, step 212). For example,
singulation may include cutting through mold compound 80
and ceramic layer 23 of substrate 20 to separate package 10
from a plurality of packages manufactured on the common
substrate.

[0084] FIG. 5 is a conceptual view of a semiconductor
package similar to the semiconductor package 10, except
that semiconductor dies 12, 314 have varying heights. In this
manner, package 310 is substantially similar to semiconduc-
tor package 10 except that semiconductor die 14 has been
replaced by semiconductor die 314. Except as specifically
noted, the description of package 10 applies to package 310,
and semiconductor die 314 is functionally the same as
semiconductor die 14, except for the greater thickness of
semiconductor die 314. For example, semiconductor dies
12, 314 each a power stage, such as a single channel power
FET, and the power stages may represent components of a
half-bridge. Package 310 includes semiconductor dies 12,
314 and control die 16 on opposing surfaces of flexible
circuit 60. Package 310 further includes substrate 20, which
supports conductive cooling from semiconductor dies 12,
14. For brevity, additional details included in the description
of package 10 are not repeated with respect to package 310.
[0085] Incontrast to semiconductor die 14, semiconductor
die 314 is thicker than semiconductor die 12. As shown in
FIG. 5, flexible circuit 60 has bent to conform to the varying
heights of semiconductor dies 12, 314. In the example of
package 310, flexible circuit 60 may be designed with an
expected bend in order to facilitate alignment of electrical
contact pads of flexible circuit 60 with solder ball grid arrays
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73, 75 of semiconductor dies 12, 314. For example, when
flexible circuit 60 is held flat prior to assembly over pin
terminals 31, 38, holes 68 may be further apart than pin
terminals 31, 38 to allow for the expected bending of flexible
circuit 60 once placed over semiconductor dies 12, 314. A
solder reflow process to electrically connect semiconductor
dies 12, 314 with power stage circuit layer 65 may then hold
flexible circuit 60 in the bent position adjacent semiconduc-
tor dies 12, 314.

[0086] The specific techniques for packages including a
flexible circuit, including techniques described with respect
to semiconductor package 10 and semiconductor package
310, are merely illustrative of the general inventive concepts
included in this disclosure as defined by the following
claims.

What is claimed is:

1. A semiconductor package comprising:

a substrate forming a first surface and a second surface
that opposes the first surface;

a set of terminals of the semiconductor package attached
to the first surface of the substrate via a conductive
adhesive and protruding from the first surface of the
substrate;

a gallium nitride die attached to the first surface of the
substrate;

a flexible circuit on the gallium nitride die, the flexible
circuit including at least one circuit layer disposed on
a flexible insulating substrate layer;

a control die on a second surface of the flexible circuit
opposite the gallium nitride die; and

mold compound covering portions of the substrate, the set
of terminals, the gallium nitride die, the flexible circuit.

2. The semiconductor package of claim 1, further com-
prising one or more passive components of a sensing circuit
mounted on the second surface of the flexible circuit and
electrically connected to the control die.

3. The semiconductor package of claim 1, wherein the
flexible circuit includes alignment features engaged with the
set of terminals protruding from the substrate.

4. The semiconductor package of claim 1, wherein the set
of terminals protruding through the flexible circuit and the
mold compound to an external portion of the semiconductor
package.

5. The semiconductor package of claim 1, wherein the
flexible circuit includes a bend radius under 25 millimeters.

6. The semiconductor package of claim 1, wherein the
substrate is a direct bonded copper substrate including a
ceramic base and a copper layer on the ceramic base, the
gallium nitride die attached to the copper layer.

7. The semiconductor package of claim 1, further com-
prising a thermal interface material between the gallium
nitride die and the first surface of the substrate.
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8. The semiconductor package of claim 1, further com-
prising:

a first set of solder bumps forming electrical connections
between the gallium nitride die and the flexible circuit
such that the gallium nitride die is mounted on the first
surface of the flexible circuit in a first flipchip arrange-
ment.

9. The semiconductor package of claim 1, further com-
prising a heat sink physically and thermally coupled to a
second surface of the substrate, the second surface of the
substrate opposing the first surface of the substrate.

10. A semiconductor package comprising:

a substrate forming a first surface and a second surface

that opposes the first surface;

a set of terminals of the semiconductor package attached
to the first surface of the substrate via a conductive
adhesive and protruding from the first surface of the
substrate;

a first gallium nitride die and a second gallium nitride die
attached to the first surface of the substrate;

a flexible circuit on the first gallium nitride die and the
second gallium nitride die, the flexible circuit including
at least one circuit layer disposed on a flexible insulat-
ing substrate layer, wherein a top surface of the flexible
circuit includes two sections at different planes in a
cross-sectional view of the semiconductor package;
and

a control die on a second surface of the flexible circuit
opposite the gallium nitride die; and

mold compound covering portions of the substrate, the set
of terminals, the gallium nitride die, the flexible circuit.

11. The semiconductor package of claim 10, further
comprising one or more passive components of a sensing
circuit mounted on the second surface of the flexible circuit
and electrically connected to the control die.

12. The semiconductor package of claim 10, wherein the
flexible circuit includes alignment features engaged with the
set of terminals protruding from the substrate.

13. The semiconductor package of claim 10, wherein the
set of terminals protruding through the flexible circuit and
the mold compound to an external portion of the semicon-
ductor package.

14. The semiconductor package of claim 10, further
comprising a heat sink physically and thermally coupled to
a second surface of the substrate, the second surface of the
substrate opposing the first surface of the substrate.

15. The semiconductor package of claim 10, wherein the
substrate is a direct bonded copper substrate including a
ceramic base and a copper layer on the ceramic base, the first
gallium nitride die and the second gallium nitride die
attached to the copper layer.
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