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(57) ABSTRACT
Aspects of the disclosure provide a system having a power
circuit. The power circuit includes a first switch circuit
havingat least a first transistor and a second switch circuit
havingat least a second transistor. Further, the power circuit
includesfirst interconnections configured to couple thefirst
switch circuit to driving nodes, a source node and a drain
node of the powercircuit, and second interconnection con-
figured to couple the second switch circuit in parallel to the
first switch circuit to the driving nodes, the source node and
the drain node of the powercircuit. A polarity of unbalance
in the first interconnections and the second interconnections

dominates a polarity of current unbalancein the first switch

circuit and the second switch circuit.

19 Claims, 4 Drawing Sheets
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1
METHOD AND APPARATUS FOR

CURRENT/POWER BALANCING

BACKGROUND

The background description provided herein is for the
purpose of generally presenting the context of the disclo-

sure. Work of the presently named inventors, to the extent

the work is described in this background section, as well as
aspects of the description that may not otherwise qualify as

prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclo-

sure.
A power module may use parallel power components to

increase powercapacity. For the parallel power components,

equalizing current/power among the power components
provides various benefits, such as improving component

utilization, saving cost, improving system reliability. In an
example, to equalize current/power among parallel power

components, U.S. Patent Application Publication 2012/
0235663 discloses a driver circuit to provide respective gate

driver signals to drive the parallel power components.

SUMMARY

Aspects of the disclosure provide a system having a

power circuit. The power circuit includes a first switch
circuit having at least a first transistor and a second switch

circuit having at least a secondtransistor. Further, the power
circuit includes first interconnections configured to couple

the first switch circuit to driving nodes, a source node and a

drain node of the powercircuit, and second interconnection
configured to couple the second switch circuit in parallel to

the first switch circuit to the driving nodes, the source node
and the drain node of the power circuit. A polarity of

unbalancein thefirst interconnections and the secondinter-

connections dominatesa polarity of current unbalancein the
first switch circuit and the second switch circuit.

In an embodiment, the polarity of unbalance in thefirst
interconnections and the second interconnections dominates

the polarity of current unbalance whena transistor parameter
difference between the first transistor and the second tran-

sistor is within a range specified in manufacturing specifi-

cations. In an example, a first interconnection is configured
to couple a source terminalofthefirst transistor to the source

node of the power circuit and a second interconnection is
configured to couple a source terminal of the second tran-

sistor to the source node of the powercircuit. A polarity of
unbalance in the first interconnection and the second inter-

connection dominates the polarity of current unbalance in

the first switch circuit and the second switch circuit.
According to an aspect ofthe disclosure, the powercircuit

includes a balancing circuit configured to balance current
flowing throughthe first switch circuit and the second switch

circuit based on the polarity of current unbalance. In an
example, the balancing circuit is formed by mutually induc-

tive-coupling interconnectionsthat are selected from thefirst

interconnections and the second interconnection according
to the polarity of unbalancein thefirst interconnections and

the second interconnections.
Aspects of the disclosure provide a method for forming a

powercircuit. The method includes disposinga first switch
circuit and a second switch circuit, coupling the first switch

circuit to driving nodes, a source node and a drain node of

the powercircuit using first interconnections, and coupling
the second switch circuit in parallel with the first switch

circuit to the driving nodes, the source node and the drain
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2
nodeofthe powercircuit using second interconnections that

are unbalanced from the first interconnects. A polarity of

unbalance in the first interconnections and the second inter-

connections dominatesa polarity of current unbalance in the

first switch circuit and the second switch circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments ofthis disclosure that are proposed
as examples will be described in detail with reference to the

following figures, wherein like numerals reference like
elements, and wherein:

FIG. 1 showsa diagram of a system 100 according to an
embodiment of the disclosure;

FIG. 2 shows a diagram of a system 200 according to an

embodiment of the disclosure;
FIGS. 3A-3B show plots of simulation results according

to an embodiment of the disclosure; and
FIG. 4 shows a flow chart outlining a process example

300 according to an embodimentofthe disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

FIG. 1 shows a block diagram of a system 100 according

to an embodiment of the disclosure. The system 100
includes a power module 110 that uses multiple parallel

switch circuits, such as a first switch module and a second
switch module, to share current/power load. Each of the

switch circuits includes at least a transistor. The power
module 110 includes interconnection components to couple

the switch circuits together to form the power module. The

interconnection components are configured to be a dominant
source for causing current/power unbalance among the

multiple parallel switch circuits. Thus the polarity of the
current/power unbalance is consistent with the interconnec-

tion components configuration andis certain in spite of other

sources, such as transistor parameter variations, and the like
that can cause current/power unbalance. Further, in an

embodiment, a simplified current/power balancing tech-
nique is implemented in the power module 110 according to

the polarity of the current/power unbalance to balance the
current/powerload in the power module 110.

The system 100 can be any suitable system that requires

a relatively large power, such as a hybrid vehicle, an electric
vehicle, a wind energy system, a printing system, and the

like. During operation, in an example, the power module 110
needs to provide a relatively large current, such as in the

order of Ampere, over ten Amperes, and the like. In an
embodiment, the power module 110 is configured to use

parallel components to share the relatively large current

load.
In an embodiment, the power module 110 includes a

power converter circuit, such as a DC-to-AC inverter, an
AC-to-DCrectifier, a DC-to-DC converter, and the like, and

is implemented using semiconductor switching devices. The
semiconductor switching devices form a plurality of swit-

chable current paths to share the current load. According to

an aspect of the disclosure, the semiconductor switching
devices may have wide parametervariations, such as thresh-

old voltage (Vth) variations, on-resistance Rds(on) varia-
tions, and the like due to manufacturing process. The param-

eter variations can cause current/power unbalance on the
plurality of switchable current paths.

According to an aspect of the disclosure, when the polar-

ity of current/power unbalanceis not certain, current/power
balancing techniques need to balance the current/power

under different polarity scenarios, and can be complicated.
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In an example, the power module 110 has a first switch
module 120 and a second switch module 130 in parallel. The

semiconductor switching device parameter variation can

cause bipolar current/power unbalance that the current/
power unbalance can havedifferent polarity scenarios, such

as a first polarity scenario in which the first switch module
120 conducts a larger transient current than the second

switch module 130 at a switch-on time, and a second
polarity scenario in which the second switch module 130

conducts a larger transient current than the first switch

module 120 at a switch-on time. The current/power balanc-
ing techniques needto balance the current/power load under

both the first polarity scenario and the second polarity
scenario, and can berelatively complicated.

Tt is noted that the components shown in FIG. 1 are a
portion ofthe power module 110. The power module 110 can

include additional components that are not shown. In an

example, the power module 110 includes another two switch
modules (not shown) that are similar configured as the first

and second switch modules 120 and 130. The other two
switch modules can be coupledto thefirst and second switch

modules 120 and 130 in series to form a half-bridge circuit.
According to the disclosure, the power module 110 is

configured to be unipolar unbalance such that the polarity of

current/power unbalance is certain. For example in spite of
the uncertainty in the semiconductor switching device

parameter variations, the second switch module 130 con-
ducts a larger current than thefirst switch module 120. Thus,

the current/power balancing techniques can be simplified to
balance the current/power under one polarity scenario.

Specifically, in the FIG. 1 example, the power module 110

includes two driving nodes PC1 and PC2to receive a control
signal V5p,- Further, the power module 110 includes a drain

node D and a source nodeS. In an example, the drain node
D andthe source node S are connected to a power source.

The power module 110 conducts a current flowing from the

drain node D to the source nodeS in responseto the control
signal Vigy

According to an aspect of the disclosure, the power
module 110 includes a plurality of switch modules, such as

the first switch module 120, the second switch module 130
and the like. The switch modules are arranged in parallel and

coupled to the driving nodes PC1 and PC2, the drain node

D and the source nodeS using interconnection components,
such as wirebonds, busbars andthe like. The switch modules

are configured to switch on/off current paths between the
drain node D andthe source node S based on the control

signal Vjp; received at the driving nodes PC1 and PC2.
Each switch module can include one or moretransistors.

When multiple transistors are used in a switch module, the

multiple transistors can be arranged in various topologies to
act as a switch.

Specifically, in the FIG. 1 example, the first switch
module 120 includesa first transistor M1, and the second

switch module 130 includes a secondtransistor M2. Thefirst
transistor M1 and the second transistor M2 can be any

suitable transistors, such as metal-oxide-semiconductorfield

effect transistors (MOSFET)andthe like. In an example, the
first transistor M1 and the second transistor M2 are SiC

MOSFETtransistors that may have relatively wide param-
eter variations due to manufacturing process.

It is noted that real transistors can possess various para-
sitic elements, and are generally modeled using equivalent

circuits in simulation. In the FIG. 1 example, the first

transistor M1 has a gate terminal G1, a source terminal S1
and a drain terminal D1, and is modeled using a transistor

model, capacitors C1-C3, and a body diode DD1 coupled
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4
together as shown in FIG.1. Similarly, the secondtransistor

M2hasa gate terminal G2, a source terminal S2 and a drain

terminal D2, and is modeled using a transistor model,

capacitors C4-C6 and a body diode DD2 coupled together as

shown in FIG. 1.

According to an aspect of the disclosure, the terminals of

the first transistor M1 and the second transistor M2 are

coupled to the driving nodes PC1-PC2, the drain node D,

and the source node S by interconnection components, and

the interconnection components introduce parasitic induc-

tances that influence the switching operation of the power

module 110. The interconnection components can be mod-

eled using inductances. For example, in the FIG. 1 example,

the interconnection components between the driving node

PC1 and the gate terminals G1 and G2 are modeled using

inductances L,.., Lggi, and L,.. coupled together as shown

in FIG. 1; the interconnection components between the

driving node PC2 and the source terminals $1 and S2 are

modeled using inductances L,,., Lz,;, and L,,. coupled

together as shown in FIG. 1; the interconnection compo-

nents between the source node S andthe source terminals S1
and $2 are modeled using inductances L,., L,,, and L,,

coupled together as shown in FIG. 1; the interconnection

components between the drain node D and the drain termi-
nals D1 and D2 are modeled using inductances L,,, L,,, and

L,» coupled together as shown in FIG.1.
According to an aspect of the disclosure, the interconnec-

tion components are configured to make current/power in
the power module 110 to be unipolar unbalanced. The

polarity of current/power unbalance is consistent with the

interconnection component configuration and is not affected
by other current/power unbalance sources, such as the

semiconductor parameter variations, and the like.
In an example, threshold voltage difference is one of the

semiconductor switching device parameters that can cause

current/power unbalance in the power module 110. For
example,thefirst transistor M1 hasa first threshold voltage,

the second transistor M2 has a second threshold voltage, and
the first threshold voltage and the second threshold voltage

can be different due to manufacturing process. The threshold
voltage difference can cause current/power unbalance. In an

embodiment,the first transistor M1 and the secondtransistor

M2are tested in a chip manufacturing facility to satisfy
manufacturing process specifications. However, at an

assembling facility to fabricate the power module 110, the
first transistor M1 and the second transistor M2 are not

individually tested by the assemblingfacility in order to save
time to market and testing cost. The polarity of current/

powerunbalance caused by the threshold voltage difference

betweenthefirst transistor M1 and the secondtransistor M2
can be uncertain. In the example, the interconnection com-

ponents are configured to out-power the threshold voltage
difference to makethe polarity of current/power unbalance

to be certain and consistent with the interconnection com-
ponent configuration.

For example, the chip manufacturing facility generally

fabricates transistors according to manufacturing process
specifications, thus transistor variations, such as a threshold

voltage variation of the transistors is controlled in a thresh-
old voltage range that is specified in the manufacturing

process specifications. In an embodiment, the interconnec-
tion components are purposely unbalanced to out-power

possible threshold voltage difference according to the manu-

facturing process specifications, such that the interconnec-
tion component configuration is the dominant source to

cause the current/power unbalance, thus the polarity of
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current/power unbalanceis certain and is consistent with the
interconnection component configuration.

It is noted that any suitable portion of the interconnection

components can be suitably unbalanced to out-power the
threshold voltage difference. In the FIG. 1 example, the

interconnection components between the source node S and
the source terminals S1 and S2 are purposely unbalanced to

make the polarity of current/power unbalanceto be certain.
In an example, the interconnection components between

the driving node PC1 and the gate terminals G1 and G2 are

balanced, such that the inductances L,,, and L,, are about
the same. The interconnection components between the

driving node PC2 and the source terminals $1 and S2 are
balanced, such that inductances L,,, and L,,, are about the

same. The interconnection components between the drain
node D and the drain terminals D1 and D2 are balanced,

such that the inductances L,, and L,, are about the same.

However, the interconnection components between the
source node S and the source terminals S1 and S2 are

purposely unbalanced, such that the inductance L,, is dif-
ferent from the inductance L,,.

In an embodiment, during the layout design of the power
module 110, designers receive manufacturing specifications

that are used to fabricate transistors to be used in the power

module 110, and design the interconnection components
between the source node S and the source terminals S1 and

S2 based on the manufacturing process specifications, such
as a threshold voltage range specified in the manufacturing

process specifications. The transistors to be assembled in the
power module 110 are fabricated according to the manufac-

turing process specifications. The designers can suitably

design the inductances L,, and L,,, such that the current/
power unbalance caused by the interconnection unbalance

can out-powerthe current/power unbalance caused by other
possible current unbalance sources, such as threshold volt-

age difference and the like, and thus the current/power

unbalance is dominated by the inductance design for L,, and
L,., the polarity of the current/power unbalanceis consistent

with the interconnection component configuration.
Specifically, in the FIG. 1 example, the interconnection

component between the source node S and the source
terminal S1 is purposely designed to introduce the first

inductance L,,, the interconnection component between the

source node S and the source terminal S2 is purposely
designed to introduce the second inductance L,,. The first

inductance L,, is designed to be larger than the second
inductance L,.,. The unbalance between the first inductance

L,, and second inductance L,, are designed to be the domi-
nant current/power unbalance source over other possible

current/power unbalance sources, such as the threshold

voltage variation and the like, thus the polarity of the
current/power unbalance can be determined by the unbal-

ance betweenthe first inductance L,, and the second induc-
tance L,,. For example, during a switch operation, a first

current I, flows through the first switch module 120 and a
second current I, flows through the second switch module

130. Thefirst current I, is smaller than the second currentI,

due to the unbalance between inductances L,) gig Lso-
Further, according to an aspect of the disclosure, the

power module 110 uses a simplified current balance imple-
mentation to balance the current flowing through the first

switch module 120 and the second switch module 130. It is
noted that when a related power module has a bipolar

current/power unbalance, a current/power balancing tech-

nique needs to be implemented to balance current under
different polarity scenarios to achieve current/power bal-

ance, and the implementation can be complicated. When the
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6
power module 110 has a unipolar current/power unbalance,
the current/power balancing technique is implemented to

balance current under onepolarity scenario, thus the imple-

mentation is simplified. It is noted that the power module
110 can use any suitable current/power balancing technique.

FIG. 2 shows a diagram of a system 200 according to an
embodimentof the disclosure. The system 200 includes a

power module 210 that operates similarly to the power
module 110 described above. The power module 210 utilizes

certain components that are identical or equivalent to those

used in the power module 110; the description of these
components has been provided above and will be omitted

here for clarity purposes.
Similarly to the power module 110, the interconnection

components in the power module 210 are configured to
make the current/power in the power module 210 to be

unipolar unbalanced. The polarity of current/power unbal-

ance is consistent with the interconnection component con-
figuration and is not affected by other current/power unbal-

ance sources, such as the semiconductor parameter
variations, and the like.

Specifically, the interconnection component between the
source node S and the source terminal S1 is purposely

designed to introduce the first inductance L,,, the intercon-

nection component between the source node S and the
source terminal S2 is purposely designed to introduce the

second inductance L,,. Thefirst inductance L,, is designed
to be larger than the second inductance L,,. The unbalance

between the first inductance L,, and second inductance L,,
are designed to be the dominant current/power unbalance

source over other possible current/power unbalance sources,

such as the threshold voltage variation andthelike, thus the
polarity of the current/power unbalance can be determined

by the unbalance between the first inductance L,, and the
second inductance L,.. For example, during a switch opera-

tion, a first current I, flows through the first switch module

220 and a second current I, flows through the second switch
module 230. The first current I, is smaller than the second

current 12 due to the unbalance between inductances L,, and
Ly:

In the FIG. 2 example, an inductance coupling technique
is implemented to balance current/power in the power

module 210. The inductance coupling technique is disclosed

in Applicant’s co-pending application Ser. No. 15/009,867
filed on Jan. 29, 2016, which is incorporated herein by

reference in its entirety. Due to the unipolar current unbal-
ance in the power module 210, the inductance coupling

techniqueis simplified. Specifically, in the FIG. 2 example,
the direction of the drain inductance (e.g., the direction of

L,», and L,,) and the direction of the gate inductance (e.g.,

the direction of L,., and offirst and secondtransistors M1
and M2 makethe drain inductance and the gate inductance

in the directly coupled state assuming positive coupling
coefficient). In order to have a negative feedback to reduce

the current/power unbalance for the directly coupledstate,
the drain inductance L,, of the second switch module 230 is

cross coupled to the gate inductance L,,, of the first switch

module 220 with a positive coupling coefficient, such as 0.9
and thelike.

During operation, when the first switch module 220 and
the second switch module 230 are switched on to conduct

current, due to the larger inductance L,, compared to the
inductance L,,, the second drain current I, flowing through

the second switch module 230 increases faster and is larger

thanthe first drain current I, flowing through the first switch
module 220. When the second drain currentI, increases, the

coupling of the drain inductance L,,, and the gate inductance
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Lee Can cause an increase in the gate voltage on the gate
terminal G1. The gate voltage increase on the gate terminal

G1 can then increase the first drain current I, flowing

through the first switch module 220, thus the difference
betweenthefirst drain current I, and the second drain current

I, can be reduced.
FIGS. 3A-3B show plots of simulation results for the

power module 110 according to an embodiment of the
disclosure.

FIG. 3A showsdrain current during switching for afirst

simulation when the threshold voltage of the first, transistor
V(M1) is larger than the threshold voltage of the second

transistor V(M2). In FIG. 3A, the X-axis shows time and
the Y-axis showsdrain current for the switch modules. FIG.

3A includes a first curve 310 for the first drain current
I,(M1) flowing through the first switch module 120, and a

second curve 320 for the second drain current I,(M2)

flowing through the second switch module 130. As can be
seen in FIG. 3A, due to the larger source inductance L, and

the higher threshold voltage V,,(M1), thefirst drain current
I'(M1) increases slower than the second drain current

I,(M2), and the peak value of the first drain current I,(M1)
is much lower than the peak value of the second drain

current I,(M2). The polarity of drain current unbalance

(1,(M1)<I,(M2))is consistent with the polarity of the source
inductance unbalance (L,,>L,>).

FIG. 3B shows the drain current during switching for a
second simulation when the threshold voltage of the first

transistor V,,,(M1) is lower than the threshold voltage of the
second transistor V,,,(M2). In FIG. 3B, the X-axis shows

time and the Y-axis shows drain current for switch modules.

FIG. 3B includesa first curve 330 for the first drain current
I,(M1) flowing through the first switch module 120, and a

second curve 340 for the second drain current I,(M2)
flowing through the second switch module 130. As can be

seen in FIG. 3B, the unbalance in the source inductance can

be designed to out power the threshold voltage mismatch,
such that the polarity of the peak transient drain current

unbalance (1,(M1)<I,(M2)) is consistent with the polarity of
the source inductance unbalance (L,,>L,,).

FIG. 4 shows a flow chart outlining a process 400
according to an embodiment of the disclosure. In an

example, the process 400 is executed to implement the

power module 210. The processstarts at S401, and proceeds
to S410.

At $410, a first transistor is disposed. For example, the
first transistor M1 is implemented ona first bare die using

the SiC MOSFETtechnology.
At S420, a secondtransistor is disposed. For example, the

second transistor M2 is implemented on a second bare die

using the SiC MOSFETtechnology. In an example,thefirst
transistor M1 and the secondtransistor M2 are fabricated by

a manufacturing process with specifications that are used to
control transistor parameters to stay in ranges specified in

the specifications. Thus, in an example, transistors, such as
the first transistor M1 and the secondtransistor M2are tested

after fabrication to satisfy the specifications at a chip manu-

facturing facility. However, at a power module manufactur-
ing facility, the transistors are not additionally tested before

being assembled into the power module 210 to save assem-
bly cost and time to market. Thus, in an example, the

polarity of parameter difference (e.g., threshold voltage
difference andthe like) ofthefirst transistor and the second

transistor is not certain at the power module manufacturing

facility.
At $430, interconnections are disposed to couple thefirst

and secondtransistors to other parts of the power module
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8
210 and a portion of the interconnection are purposely
unbalanced to out-powerthe transistor parameter variations

to cause the polarity of current power unbalance to be

consistent with the polarity of the interconnection unbal-
ance.

In an example, the interconnection components between
the driving node PC1 and the gate terminals G1 and G2 are

disposed and balanced, such that the inductances L,,, and
L,.2 are about the same. The interconnection components

between the driving node PC2 and the source terminals S1

and S2 are disposed and balanced, such that inductances
L,,, and L,,. are about the same. The interconnection

components between the drain node D and the drain termi-
nals D1 and D2 are disposed and balanced, such that the

inductances L,, and L,, are about the same. However, the
interconnection components between the source node S and

the source terminals S1 and S2 are purposely unbalanced,

such that the inductance L,, is different from the inductance
Ly».

In an embodiment, during the layout design of the power
module 210, designers design the interconnection compo-

nents between the source node S andthe source terminals S1
and S2 based on the ranges oftransistor parameters that are

specified in the specifications of the manufacturing process,

such that the current/power unbalance caused by the inter-
connection unbalance can out-power the current/power

unbalance causedby possible transistor parameter variations
between the first transistor and the second transistor, and

thus the polarity of the current/power unbalanceis certain
and is consistent with the polarity of the interconnection

unbalance.

Specifically, in the FIG. 2 example, the interconnection
component between the source node S and the source

terminal S1 is designed to introducethefirst inductance L,,,
and the interconnection component between the source node

S and the source terminal S2 is designed to introduce the

second inductance L,.,. The first inductance L,, is larger than
the second inductance L,,. The unbalance between the

inductances L., oq Le. are designed to be the dominant
current/power unbalance source overother possible current/

power unbalance sources, such as the threshold voltage
variation, thus the polarity of the current/power unbalance

can be determined by the unbalance betweenthe inductances

Lio ang Vso. For example, during a switch operation, the first
current I, flows throughthefirst switch module 220 and the

second current I, flows through the second switch module
230. Thefirst current I, is smaller than the second current I2

due to the unbalance between inductances L,, g¢ Lso-
At S440, a simplified current/power balancing technique

is implemented. In the FIG. 2 example, in order to have a

negative feedback to reduce the current/power unbalance for
the power module 210, the drain inductance L,. of the

second switch module 230 is mutual inductively cross
coupled to the gate inductance L,., of the first switch

module 220 with a positive coupling coefficient, such as 0.9
and the like. Then the process proceeds to S499 and termi-

nates.

It is noted that the process 400 can include other suitable
steps to implement a power module. Further, the steps in the

process 400 can be executedat the same timeorin a different
order.

When implemented in hardware, the hardware may com-
prise one or more of discrete components, an integrated

circuit, an application-specific integrated circuit (ASIC), etc.

While aspects of the present disclosure have been
described in conjunction with the specific embodiments

thereof that are proposed as examples, alternatives, modifi-
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cations, and variations to the examples may be made.
Accordingly, embodimentsas set forth herein are intended to

beillustrative and not limiting. There are changes that may

be made without departing from the scope of the claims set
forth below.

Whatis claimed is:
1. A powercircuit, comprising:

a first switch circuit having at least a first transistor;
a second switch circuit havingat least a secondtransistor;

first interconnections configured to couple the first switch

circuit to driving nodes, a source node and a drain node
of the powercircuit; and

second interconnections configured to couple the second
switch circuit parallel with thefirst switch circuit to the

driving nodes, the source node andthe drain nodeofthe
powercircuit, wherein thefirst interconnections and the

second interconnections are configured to be a domi-

nant source for causing current/power unbalance
among the first switch circuit and the second switch

circuit such that a polarity of the current/power unbal-
ance is consistent with configurations of the first and

second interconnections in spite of other source includ-
ing at least transistor parameter variations causing

current/power unbalance.

2. The power circuit of claim 1, wherein the first inter-
connections and the second interconnections are configured

to be the dominant source for causing the current/power
unbalance when atransistor parameter difference between

the first transistor and the secondtransistor is within a range
specified in manufacturing specifications.

3. The power circuit of claim 1, wherein

a first interconnection is configured to couple a source
terminalofthe first transistor to the source node of the

powercircuit;
a second interconnection is configured to couple a source

terminal of the secondtransistor to the source node of

the powercircuit; and
an unbalance between the first interconnection and the

second interconnection is a dominant source for caus-
ing current/power unbalance among the first switch

circuit and the second switch circuit.
4. The power circuit of claim 1, further comprising:

a balancing circuit configured to balance current flowing

through the first switch circuit and the second switch
circuit based on the current/power unbalance among

the first interconnections and the second interconnec-
tions.

5. The power circuit of claim 4, wherein the balancing
circuit is formed by mutually inductive-coupling of inter-

connections selected from the first interconnections and the

second interconnections.
6. The powercircuit of claim 1, wherein the first transistor

and the second transistor are SiC metal-oxide-semiconduc-
tor field effect transistors.

7. The powercircuit of claim 1, wherein the first switch
circuit is on a first die, the second switch circuit is on a

seconddie; andthefirst die and the second die are assembled

in a package to form the powercircuit.
8. A method for forming a power circuit, comprising:

disposinga first switch circuit and a second switch circuit;
coupling the first switch circuit to driving nodes, a source

node and a drain node of the powercircuit using first
interconnections; and

coupling the second switch circuit in parallel with thefirst

switch circuit to the driving nodes, the source node and
the drain node of the power circuit using second

interconnections that are unbalanced from the first
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interconnections, wherein thefirst interconnections and

the second interconnections are configured to be a

dominant source for causing current/power unbalance

among the first switch circuit and the second switch

circuit such that a polarity of the current/power unbal-

ance is consistent with configurations of the first and

second interconnections in spite of other source includ-

ing at least transistor parameter variations causing

current/power unbalance.

9. The method of claim 8, further comprising:

receiving ranges of the transistor parameter variations in

manufacturing specifications that are used to control

transistor fabrication; and

determining, according to the range, the configuration of

the first interconnections and the second interconnec-

tions to be the dominant source.

10. The method of claim 8, wherein

coupling a source terminalofa first transistor in thefirst

switch circuit to the source node of the power circuit

using a first interconnection having a first inductance;

and

coupling a source terminal of a secondtransistor in the

second switch circuit to the source node of the power

circuit using a second interconnection having a second

inductance that is different from the first inductance,

wherein a polarity of inductance unbalance between the

first interconnection and the second interconnection is

a dominant source for causing current/power unbalance

among the first switch circuit and the second switch

circuit.

11. The method of claim 8, further comprising:

balancing current flowing through thefirst switch circuit

and the second switch circuit based on the current/

power unbalance amongthefirst interconnections and

the second interconnections.

12. The method of claim 11, further comprising:

mutual-inductive coupling interconnections selected

according to the polarity of unbalance in the first

interconnections and the second interconnections.

13. A system having a powercircuit, the power circuit

comprising:

a first switch circuit having at least a first transistor;
a second switch circuit having at least a secondtransistor;

and
first interconnections configured to couplethe first switch

circuit to driving nodes, a source node and a drain node
of the powercircuit; and

second interconnections configured to couple the second

switch circuit in parallel with the first switch circuit to
the driving nodes, the source node and the drain node

of the power circuit, wherein the first interconnections
and the second interconnections are configured to be a

dominant source for causing current/power unbalance
among the first switch circuit and the second switch

circuit such that a polarity of the current/power unbal-

ance is consistent with configurations of the first and
second interconnections in spite of other source includ-

ing at least transistor parameter variations causing
current/power unbalance.

14. The system of claim 13, wherein the first intercon-
nections and the second interconnections are configured to

be the dominant source for causing the current/power unbal-

ance whena transistor parameter difference betweenthefirst
transistor and the secondtransistor is within a range speci-

fied in manufacturing specifications.
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15. The system of claim 13, wherein
a first interconnection is configured to couple a source

terminal ofthefirst transistor to the source node of the

powercircuit;
a second interconnection is configured to couple a source 5

terminal of the second transistor to the source node of
the powercircuit; and

an unbalance between the first interconnection and the
second interconnection is a dominant source for caus-

ing current/power unbalance among the first switch 10

circuit and the second switch circuit.
16. The system of claim 13, further comprising:

a balancing circuit configured to balance current flowing
through the first switch circuit and the second switch

circuit according to the current/power unbalance 15
among the first interconnections and the second inter-

connections.

17. The system of claim 16, wherein the balancing circuit
is formed by mutually inductive-coupling interconnections

selected from the first interconnections and the second 20
interconnections according to the unbalance in the first

interconnections and the second interconnections.
18. The system of claim 13, wherein the first transistor

and the secondtransistor are SiC metal-oxide-semiconduc-

tor field effect transistors. 25
19. The system of claim 13, wherein the first switch

circuit is on a first die, the second switch circuit is on a
seconddie, and the first die and the seconddie are assembled

in a package to form the powercircuit.

* * * * * 30


