a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0171909 A1

US 20230171909A1

Liu et al. 43) Pub. Date: Jun. 1, 2023
(54) SEMICONDUCTOR DEVICE WITH B23K 33/00 (2006.01)
STACKED TERMINALS B23K 26/244 (2006.01)
B23K 26/22 (2006.01)
(71) Applicant: Tesla, Inc., Austin, TX (US) HOIL 23/02 (2006.01)
HOIL 23/492 (2006.01)
(72) Inventors: Wenjun Liu, Santa Clara, CA (US); HOIL 25/07 (2006.01)
Robert James Ramm, Mountain View, (52) U.S. CL
CA (US); Colin Campbell, San CPC oo, HOSK 7/02 (2013.01); HOIL 23/051
Francisco, CA (US) (2013.01); HOIL 23/5385 (2013.01); B23K
| 26/32 (2013.01); B23K 33/00 (2013.01); B23K
(21)  Appl. No.: 18/160,965 26/244 (2015.10); B23K 26/22 (2013.01);
o HOIL 23/02 (2013.01); HOIL 23/492
(22)  Filed: Jan. 27, 2023 (2013.01); HOIL 25/072 (2013.01); HOIL
Related U.S. Application Data 23/5383 (2013.01); HOIL 23/3735 (2013.01)
(62) Daivision of application No. 14/7377,086, filed on Jun. 57 ARSTRACT
11, 20135, now Pat. No. 11,570,921. (57)
L _ _ A semiconductor device includes: a housing; a substrate
Publication Classification L . : ..
inside the housing; first and second semiconductor circuits
(51) Int. CIL. on the substrate; and first and second planar terminals
HO5K 7/02 (2006.01) clectrically connected to the first and second semiconductor
HOIL 23/051 (2006.01) circuits, respectively, the first and second planar terminals
HOIL 23/538 (2006.01) stacked on top of each other, wherein each of the first and
B23K 26/32 (2006.01) second planar terminals extends away from the housing.

404




Patent Application Publication Jun. 1, 2023 Sheet 1 of 3 US 2023/0171909 Al

1028 18 /mn

ey
(» SN2 :

W/ v R 2 R
- 1064 W //AV/ ;
o IR
16; 7 AIHHIITHITE MY

N G
2004 2008 “r;f,niﬂﬂ

3028 Y.

e R
AU IR

3024 /' ’ W

J04A




Patent Application Publication Jun. 1, 2023 Sheet 2 of 3 US 2023/0171909 Al




US 2023/0171909 Al

Jun. 1, 2023 Sheet 3 of 3

Patent Application Publication

90v
Y80) \MW 980y
Yol

YOiv

401y

¢

1[4

doiv

)

vhib

b

bOF




US 2023/0171909 Al

SEMICONDUCTOR DEVICE WITH
STACKED TERMINALS

RELATED APPLICATIONS

[0001] This application 1s a divisional application of U.S.
application Ser. No. 14/737,086 filed on Jun. 11, 2015,

entitled “SEMICONDUCTOR DEVICE WITH STACKED
TERMINALS”, which 1s mncorporated by reference 1n 1ts
entirety.

BACKGROUND

[0002] Many ftraditional semiconductor devices have
essentially similar shapes: a housing with thin leads extend-
ing from it. The housing can be 1 form of a solid rectangle
that serves to enclose and protect the circuitry on the side.
Protruding through the housing are the leads which are used
to electrically connect the device to other components or
circuits. For example, this form factor 1s used for some types
ol 1nsulated-gate bipolar transistor (IGBT).

[0003] Because semiconductor devices are used for con-
trolling electric current, their efliciency in doing so play an
important role in the efliciency of the overall apparatus
where they are being used. For instance, the performance
and efliciency of a power 1nverter—a converter of direct
current (DC) to alternating current (AC)—depends on the
elliciency of the semiconductors devices 1n its circuits. The
ciliciency of the apparatus, 1n turn, can afiect the perfor-
mance of some larger system. For example, 1n an electric
vehicle (e.g., a plug-in electric vehicle or a hybrid vehicle)
the range of travel by electric power before one has to
recharge the battery 1s an important characteristic. There-
fore, an 1mproved semiconductor device can improve the
performance and efliciency of electric vehicles and other
systems.

SUMMARY

[0004] In a first aspect, a semiconductor device includes:
a housing; a substrate mnside the housing; first and second
semiconductor circuits on the substrate; and first and second
planar terminals electrically connected to the first and sec-
ond semiconductor circuits, respectively, the first and second
planar terminals stacked on top of each other, wherein each
of the first and second planar terminals extends away from
the housing.

[0005] Implementations can include any or all of the
following features. The first and second semiconductor
circuits are positioned 1 a common plane on top of the
substrate, wherein the first planar terminal abuts the first
semiconductor circuit, wherein the second planar terminal 1s
positioned on an opposite side of the first planar terminal
from the first and second semiconductor circuits, wherein
the second planar terminal contains a contact portion oflset
from a main portion thereof by an oflsetting portion, and
wherein the contact portion abuts the second semiconductor
circuit. The housing has a common opening through which
the first and second planar terminals extend away from the
housing. The semiconductor device further comprises an
clectrical insulation layer between the first planar terminal
and at least the main portion of the second planar terminal.
The first and second semiconductor circuits are positioned 1n
a common plane on top of the substrate, and the semicon-
ductor device further comprises: a first busbar abutting the
first semiconductor circuit, wherein the first planar terminal
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abuts the first busbar; and a second busbar abutting the
second semiconductor circuit, wherein the second planar
terminal abuts the second busbar. The first busbar 1s planar
and extends out through the housing, and wherein the first
planar terminal abuts the first busbar outside the housing.
The second busbar 1s planar and has a portion thereof
exposed through an opening 1n the housing. The second
planar terminal 1s positioned on an opposite side of the first
planar terminal from the first and second busbars, wherein
the second planar terminal contains a contact portion oflset
from a main portion thereof by an oflsetting portion, and
wherein the contact portion abuts the portion of the second
busbar. The first and second planar terminals overlap each
other for most of their respective surface areas. Each of the

first and second planar terminals has a width that 1s at least
70% of a width of the semiconductor device.

[0006] In a second aspect, an apparatus includes: a plu-
rality of semiconductor devices each comprising a substrate,
first and second semiconductor circuits on the substrate, and
first and second busbars abutting the first and second semi-
conductor circuits, respectively; a capacitor; and first and
second planar terminals electrically connected to the capaci-
tor, the first and second planar terminals stacked on top of
cach other, wherein the first planar terminal abuts the first
busbar of each of the plurality of semiconductor devices, and
wherein the second planar terminal abuts the second busbar
of each of the plurality of semiconductor devices.

[0007] Implementations can include any or all of the
following features. The apparatus further comprises a plu-
rality of capacitors, wherein the first and second planar
terminals are electrically connected to each of the plurality
of capacitors. Each of the first and second planar terminals
comprises a respective sheet that extends between the
capacitor and the plurality of semiconductor devices. At
least one of the sheets has a step shape to provide a first
contact plane on a far side of the capacitor. The other of the
sheets also has a step shape to provide a second contact
plane on a near side of the capacitor.

[0008] In a third aspect, a method includes: positioning
semiconductor devices 1n a row, each of the semiconductor
devices comprising a substrate, first and second semicon-
ductor circuits on the substrate, and first and second busbars
abutting the first and second semiconductor circuits, respec-
tively; forming an assembly by placing a first planar termi-
nal 1n contact with the first busbar of each of the plurality of
semiconductor devices, and a second planar terminal 1n
contact with the second busbar of each of the plurality of
semiconductor devices, the first and second planar terminals
stacked on top of each other; welding the first planar
terminal to the first busbar of each of the plurality of
semiconductor devices, the welding performed from one
side of the assembly; and welding the second planar terminal
to the second busbar of each of the plurality of semicon-
ductor devices, the welding performed from an opposite side
of the assembly.

[0009] Implementations can include any or all of the
following features. The method further comprises including
an electrical msulation layer between the first and second
planar terminals. The method further comprises electrically
connecting each of the first and second planar terminals to
a plurality of capacitors. The welding includes laser weld-
ing.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] FIG. 1 shows a cross section of an example of a
semiconductor device having stacked planar terminals.
[0011] FIG. 2 shows a top view of the semiconductor
device 1n FIG. 1.

[0012] FIG. 3 shows a cross section of another example of
a semiconductor device having stacked planar terminals.

[0013] FIG. 4 shows a perspective view of an assembly of
semiconductor devices and capacitors.

[0014] FIG. S shows a cross section of the assembly 1n
FIG. 4.

DETAILED DESCRIPTION
[0015] This document describes examples of systems and

techniques relating to improved semiconductor devices. In
some 1mplementations, a semiconductor device has rela-
tively large and planar high-voltage terminals that are
stacked on top of each other. These planar terminals and
their arrangement with regard to the device as a whole can
allow more eflicient semiconductor operation and provide a
convenient manufacturing process. For example, some parts
of systems that are traditionally arranged around the device
can 1nstead be integrated into the same package as the
device. This can improve the device’s electrical and thermal
performance, reduce its inductance, and lower the manufac-
turing and assembly costs.

[0016] Some examples herein mention IGBTs or power
inverters. This 1s for illustrative purposes only and other
implementations include transistors other than an IGBT
and/or an apparatus other than an inverter.

[0017] In a conventional IGBT, the module essentially
consists of a substrate with four semiconductor circuits (also
referred to as silicon dies) positioned 1n a generally rectan-
gular arrangement on 1ts surface. The module then has two
busbars soldered to the silicon dies so that they extend away
from the module. That 1s, each of the busbars 1s positioned
on top of two of the silicon dies so that one busbar end 1s on
the substrate and the other end extends beyond the edge of
the substrate. These busbars are usually parallel to each
other and spaced apart some distance that essentially corre-
sponds to the positioning of the silicon dies on the substrate.
In operation, current tlows into the semiconductor device
through one of the busbars, passes through the silicon dies,
and tlows out of the device through the other busbar.

[0018] One of the electrical characteristics that negatively
allect semiconductor device performance is 1ts inductance. It
1s therefore desirable to lower the inductance of a device
without dimimishing 1ts ability to conduct and convert cur-

rent. In the IGBT describe above, the inductance 1s propor-
tional to the area between the busbars. Looking at the IGBT
at a higher level, the individual silicon dies are connected to
cach other by bond wires that also connect them to one or
more of the three leads extending from the housing. The
bond wires often loop up 1n between two silicon dies, or
between a die and the lead. In that context, the inductance 1s
proportional to the area under the loop of the bond wire. As
such, the efliciency of the semiconductor device can be
improved by reducing the area between busbars or the area
under bond wire loops.

[0019] FIG. 1 shows a cross section of an example of a
semiconductor device 100 having stacked planar terminals
102A-B. The device 1s implemented using a substrate 104.
The substrate can serve to direct heat away from the device
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while electrically insulating high-voltage components. In
some 1mplementations, the substrate includes a direct
bonded copper (DBC) structure. For example, the DBC
structure can include a ceramic layer sandwiched between
copper layers as 1llustrated.

[0020] Semiconductor circuits are implemented on top of
the substrate. Here, silicon dies 106 A-B are shown. These
silicon dies contain the circuitry that defines the particular
mode(s) of operation of the overall semiconductor assembly.
In some 1mplementations, the silicon dies define an IGBT
device. For example, the silicon dies can be manufactured as
chips (sometimes referred to as silicon chips) that are then
mounted onto the top surface of the substrate.

[0021] In this example, the semiconductor device has the
stacked planar terminals 102A-B that abut the silicon dies
106 A-B, respectively. The stacked planar terminals have an
arbitrary length extending toward the left in the figure. Each
of the terminals forms a complete plane, can be made of any
conductive material, and can be soldered to 1ts respective
silicon die(s). The planar terminal 102A here abuts the
silicon die 106A and i1s labeled positive (+) for reference.
The planar terminal 102B here abuts the silicon die 1068
and 1s labeled negative (-) for reference. That 1s, the
terminals are stacked on top of each other and in this
example the negative terminal overlaps the positive one. A
separation 108 1s here formed between the planar terminals.

[0022] Particularly, because the silicon dies 106 A-B are 1n
a common plane (on top of the substrate) the planar terminal
102B has an offsetting portion 110 along the entire width of
the plane so as to provide a contact portion 112 that abuts the
silicon die 106B. In some implementations, the contact
portion forms a plane that 1s parallel to, and offset from, the
plane of the main portion of the planar terminal 102B. The
oflsetting portion can be formed using any suitable tech-
nique, such as by stamping or bending.

[0023] A housing 114 encloses at least part of the semi-
conductor device. The housing can have one or more open-
ings. In some implementations, the housing has a common
opening 116 through which the planar terminals 102A-B
extend. For example, after the substrate, the silicon dies and
the planar terminals are assembled, the housing can be
overmolded on that assembly so that the terminals extend
from the enclosed structure.

[0024] An electric insulator 118 can be provided in the
separation between the planar terminals. The 1nsulator pro-
vides electric insulation across the entire width of the
conductive sheets that form the respective planar terminals.
In some implementations msulating paper 1s used.

[0025] That 1s, the above describes an example of a
semiconductor device 100 that includes a housing 114, a
substrate 104 1inside the housing, semiconductor circuits
106 A-B on the substrate, and planar terminals 102A-B that
extend away from the housing and are electrically connected
to the first and second semiconductor circuits, respectively.
In particular, the planar terminals are stacked on top of each
other.

[0026] As a result, the inductance 1s now proportional to
the area between the planar terminals 102A-B plus the area
between the terminal 102B and the substrate 104 where the
negative terminal overlaps the positive one. This can allow
for a significant reduction of inductance compared to tradi-
tional device designs. For example, because the planar
terminals abut the silicon dies and also extend outside the
housing, the busbar structure can be considered (at least
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partially) integrated within the housing. Some of the present
implementations can avoid attaching IGBT leads to an
external busbar layer and thereby eliminate the need to form
holes 1n such busbar layer, which could otherwise increase
the inductance.

[0027] FIG. 2 shows a top view of the semiconductor
device 100 1n FIG. 1. This illustrates how the planar terminal
102A abuts the silicon die 106A and the planar terminal
102B abuts the silicon die 106B. Because the planar termi-
nals are stacked on top of each other and one of them
partially overlaps the other, the terminal 102A and the dies
106A-B are shown in phantom. The terminal 102A 1s here
shown as narrower that the terminal 102B only to clarity the
illustration. This arrangement provides an increased busbar
width per die area which improves performance. In some
implementations, the planar terminals overlap each other for
most of their respective surface areas. Also shown are
additional semiconductor circuits. In some implementations,
these include further silicon dies 200A-B that are also part
of the semiconductor device. The planar terminals are
attached to the respective silicon die(s) 106 A-B and 200A-B
by any suitable techmique, including, but not limited to,
soldering.

[0028] FIG. 3 shows a cross section of another example of
a semiconductor device 300 having stacked planar terminals
302A-B. The silicon dies and the substrate can be essentially
the same as above. However, busbars 304A-B that abut the
respective silicon dies here extend in a common plane, not
stacked on top of each other. The busbars 304A-B can be
essentially planar conductors that provide high voltage con-
nection to the silicon dies. Some or all of the busbar 304A
1s exposed to the outside through an opening 306 1n a
housing 308 that encloses at least part of the semiconductor
device. Also, some or all of the busbar 304B 1s exposed to
the outside through an opening 310 in the housing. For
example, the openmings can be formed as part of an overmo-
lding process that encapsulates the device into an enclosed
structure.

[0029] Here, the planar terminal 302A abuts the busbar
304A outside the housing. Also, the planar terminal 302B
abuts the busbar 304B, at least the part thereof that is
exposed through the opening 310. For example, the planar
terminal and the busbar can be welded together. In some
implementations, this approach can lead to a simplified
manufacturing process in that the planar terminals—which
can be sheets wide enough to span several IGBTs——can
casily be aligned with and attached to the busbars of the
device(s). In some implementations, both of the busbars can

be exposed through holes 1n a similar way as shown for the
busbar 304B.

[0030] Similar to the previous example, the planar termi-
nal 302B can have an oflsetting portion that provides a
contact portion—yparallel with and oflset from the main
portion of the planar terminal—so as to reach at least a
portion of its busbar.

[0031] Flectric insulation 312 can be provided in the
separation between the planar terminals 302A-B. In some
implementations, the stacked structure of these planar ter-
minals (with insulation) can be assembled in advance and
then this assembly can be brought to the rest of the semi-
conductor device for making the electrical connections. As
such, the current example can be considered as having the
stacking done outside the semiconductor package instead of
inside 1t which can simplify the manufacture.
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[0032] FIG. 4 shows a perspective view ol an assembly
400 of semiconductor devices 402 and capacitors 404. FIG.
5 shows a cross section of the assembly 1n FIG. 4. In some
implementations, capacitors are coupled to the semiconduc-
tor devices 1n order to protect against transients, and to help
maintain a voltage on a DC bus. For example, the capacitors
can serve as DC link capacitors. Any form of capacitor
conductors can be used, including, but not limited to, films
or foils (e.g., folded or rolled into a compact structure).

[0033] Here, a set of six semiconductor devices 402 are
shown but 1n other implementations more or fewer can be
used. The semiconductor housings are here omitted for
clanty. The semiconductor devices are arranged next to each
other 1n a row. Each device has a substrate 406 and busbars
408A-B. The busbars are connected to respective semicon-
ductor circuits on the substrates (e.g., silicon dies) which are
not visible 1n this illustration. In particular, the silicon dies

would be positioned between the respective busbars 408 A-B
and the substrate 406.

[0034] Planar terminals 410A-B are here comprised of
conductive sheets that connect the capacitors 404 to each of
the semiconductor devices via the busbars. The planar
terminals are stacked on top of each other so that the planar
terminal 410A abuts the busbar 408 A and the planar terminal
410B abuts the busbar 408B. At the other end of the planar
terminals, they connect to respective conductors of the
capacitors. That 1s, each planar terminal connects multiple
semiconductor devices to each of the several capacitors.
FIG. 4 also illustrates that the busbars can have a significant
width compared to the semiconductor device as a whole
(essentially the substrate width). For example, each of the
busbars can be at least 70% of the width of the semicon-
ductor device.

[0035] One or more of the planar terminals 410A-B can
have a step shape when viewed 1n profile. Here, the planar
terminals are essentially flat planes in the area near the
semiconductor devices. To accommodate the relative posi-
tion of the capacitors and the semiconductor devices, the
planar terminal 410B (the “lower” of the terminals in this
example) makes turns 412A-B so as to provide a contact
plane 414B for (in this example) the bottom conductor of the
capacitor. The planar terminal 410A can make correspond-
ing turns to form a contact plane 414A for the opposite
capacitor conductor.

[0036] The planar terminals provide a continuous conduc-
tive plane for current traveling to and from the capacitors.
That 1s, because there are no holes 1n these sheets or pins at
their edge where they electrically connect to the semicon-
ductor devices, there are fewer or no “necks” that impede the
flow of current.

[0037] The assembly 400 can form part of a power
inverter. In some 1implementations, the iverter can include
two (or more) of the assembly 400 where the semiconductor
devices (e.g., IGBTs) are jointly controlled so as to perform
the DC-to-AC conversion. For example, two such assem-
blies can be oriented so that their respective semiconductor
devices are near each other, which can simplify the place-
ment and operation of cooling systems (e.g., liguid-based

heatsinks).

[0038] An example of assembling an apparatus will now
be described. This description will refer to some examples of
components mentioned above for illustrative purposes.
However, other components can be used instead of or 1n
addition to these.
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[0039] Semiconductor devices (e.g., 402) are positioned 1n
a row. Each of the semiconductor devices comprises a
substrate (e.g., 406), first and second semiconductor circuits
(e.g., 106 A-B) on the substrate, and first and second busbars
(c.g., 408 A-B) abutting the first and second semiconductor
circuits, respectively.

[0040] An assembly 1s formed by placing a first planar
terminal (e.g., 410A) 1n contact with the first busbar (e.g.,
408A) of each of the plurality of semiconductor devices, and
a second planar terminal (e.g., 410B) in contact with the
second busbar (e.g., 408B) of each of the plurality of
semiconductor devices. The first and second planar termi-
nals are stacked on top of each other. For example, the
terminals can first be stacked and then (as an assembled
stack) be placed 1n contact with the respective busbars.

[0041] The first planar terminal 1s welded to the first
busbar of each of the plurality of semiconductor devices.
Such welding can be performed from one side of the
assembly. A weld 416A from above the assembly 1s here
schematically illustrated. Similarly, the second planar ter-
minal 1s welded to the second busbar of each of the plurality
of semiconductor devices. Such welding can be performed
from the opposite side of the assembly. A weld 416B from
below the assembly 1s here schematically illustrated. For
example, laser welding can be used.

[0042] An electrical insulation layer (e.g., 118) can be
included between the first and second planar terminals. For
example, an insulating paper can be inserted before the
terminals are stacked on top of each other.

[0043] FEach of the first and second planar terminals can be
clectrically connected to a plurality of capacitors (e.g., 404).
For example, respective contact planes of the terminals can
be connected (e.g., welded) to respective capacitor termi-
nals.

[0044] More or fewer steps can be performed 1n some
assembly processes. Also, two or more steps can be per-
formed 1n a different order.

[0045] A number of implementations have been described
as examples. Nevertheless, other implementations are cov-
ered by the following claims.

What 1s claimed 1s:
1. An apparatus comprising:

a plurality of semiconductor devices each comprising a
substrate, first and second semiconductor circuits on
the substrate, and first and second busbars abutting the
first and second semiconductor circuits, respectively;

a capacitor; and

first and second planar terminals electrically connected to
the capacitor, the first and second planar terminals
stacked on top of each other, wherein the first planar
terminal abuts the first busbar of each of the plurality of
semiconductor devices, and wherein the second planar
terminal abuts the second busbar of each of the plural-
ity ol semiconductor devices.

2. The apparatus of claim 1, further comprising a plurality
of capacitors, wherein the first and second planar terminals
are electrically connected to each of the plurality of capaci-
tors.

3. The apparatus of claim 1, wherein each of the first and
second planar terminals comprises a respective sheet that
extends between the capacitor and the plurality of semicon-
ductor devices.
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4. The apparatus of claim 3, wherein at least one of the
sheets has a step shape to provide a first contact plane on a
far side of the capacitor.

5. The apparatus of claim 4, wherein the other of the
sheets also has a step shape to provide a second contact
plane on a near side of the capacitor.

6. The apparatus of claim 1, wherein each of the first
planar terminal and the second planar terminal 1s a single
piece conductive sheet.

7. The apparatus of claim 1, wherein at least a portion of
the second planar terminal overlays on top of the at least a
portion of the first planar terminal with only an electrical
insulation layer directly between the portion of the first
planar terminal and the portion of the second planar termi-
nal, and wherein the portion of the second planar terminal
and the portion of the first planar terminal are uncovered
with laminate material.

8. The apparatus of claim 1, wherein at least a portion of
the first planar terminal and at least a portion of the second
planar terminal are stacked 1n a direction that 1s normal to
the substrate such that the first planar terminal overlays on
top of the second planar terminal before a turn associated
with a step shape of both the first planar terminal and the
second planar terminal.

9. The apparatus of claim 8, wherein at least a portion of
the first planar terminal and at least a portion of the second
planar terminal are stacked 1n a direction that 1s parallel to
the substrate such that the first planar terminal overlays the
second planar terminal after the turn associated with the step
shape of both the first planar terminal and the second planar
terminal.

10. The apparatus of claim 8, wherein the first planar
terminal overlays the second planar terminal throughout the
turn associated with the step shape.

11. A method comprising:

positioning semiconductor devices 1n a row, each of the
semiconductor devices comprising a substrate, first and
second semiconductor circuits on the substrate, and
first and second busbars abutting the first and second
semiconductor circuits, respectively;

forming an assembly by placing a first planar terminal 1n
contact with the first busbar of each of the plurality of
semiconductor devices, and a second planar terminal 1n
contact with the second busbar of each of the plurality
of semiconductor devices, the first and second planar
terminals stacked on top of each other;

connecting the first planar terminal to the first busbar of
cach of the plurality of semiconductor devices, the
connecting performed from one side of the assembly;
and

connecting the second planar terminal to the second
busbar of each of the plurality of semiconductor
devices, the connecting performed from an opposite
side of the assembly.

12. The method of claim 11, further comprising including
an electrical nsulation layer between the first and second
planar terminals.

13. The method of claim 11, further comprising electri-
cally connecting each of the first and second planar termi-
nals to a plurality of capacitors.

14. The method of claim 11, wherein the connecting
comprises welding.
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15. The method of claim 12, wherein at least a portion of
the first planar terminal and a portion of the second planar
terminal are uncovered with laminate material.

16. The method of claim 11, wherein each of the first
planar terminal and the second planar terminal 1s a single
piece conductive sheet.

17. The method of claim 11, additionally comprising
placing the substrate in a housing.

18. The method of claam 17, wherein the first busbar 1s
located entirely within the housing and the second busbar 1s
partially located within the housing.

19. The method of claim 18, wherein a first portion of the
first planar terminal that 1s electrically connected to the first
busbar and a second portion of the first planar terminal
extending away from the housing are both part of a single
piece conductive sheet.

20. The method of claim 19, additionally comprising
stacking at least the second portion of the first planar
terminal and at least a portion of the second planar terminal
in a direction that 1s normal to the substrate such that the first
planar terminal overlays on top of the second planar termi-
nal.
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