wo 2019/085756 A1 | I 0000 00000 0O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 May 2019 (09.05.2019)

(10) International Publication Number

WO 2019/085756 Al

WIPO I PCT

(51) International Patent Classification:
H02M 1/10 (2006.01)

(21) International Application Number:
PCT/CN2018/110660

(22) International Filing Date:
17 October 2018 (17.10.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/578.,821 30 October 2017 (30.10.2017)  US
16/131,459 14 September 2018 (14.09.2018) US

(71) Applicants: CHONGOQING JINKANG NEW ENERGY
VEHICLE CO.,LTD. [CN/CN]; 229 Fusheng Blvd, Jiang-
bei District, Chonggqing 400000 (CN). SF MOTORS,INC.

(72)

(74)

@81)

[US/US]; 3303 Scott Blvd., Santa Clara, California 95054
(US).

Inventors: CHUNG, Nathan; 229 Fusheng Blvd, Jiang-
bei District, Chongging 400000 (CN). NIE, Zhong; 229
Fusheng Blvd, Jiangbei District, Chongqing 400000 (CN).
WANG, Duanyang; 229 Fusheng Blvd, Jiangbei District,
Chongqing 400000 (CN). TANG, Yifan; 229 Fusheng
Blvd, Jiangbei District, Chongqing 400000 (CN).

Agent: CHINA WISPRO INTELLECTUAL PROPER-
TY LLP.; Room A806, Zhongdi Building, China Universi-
ty of Geosciences Base, No.8 Yuexing 3rd Road, High-Tech
Industrial Estate, Nanshan District, Shenzhen, Guangdong
518057 (CN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,

(54) Title: STACKED ELECTRIC VEHICLE INVERTER CELLS

Becond Coclant |
Chiannel 1284

Capacitors 120

FIG. 3

Inverter Call 100

Isometric e

Cold Plare-110

Mult-Phase
Tarmingls 115

Firet Coolant ]
Channg 1354 .
e

Capacitor Asserbly
Terminals 125

(57) Abstract: Provided herein is an inverter module that can include a first inverter cell and a second inverter cell, each including at
least one transistor device, and a cold plate placed in contact with or proximate to the at least one transistor device. The cold plate can
have a coolant channel through the cold plate. A connector can connect a coolant outlet of the cold plate of the first inverter cell to a
coolant inlet of the cold plate of the second inverter cell in series, to form a continuous channel that extends from the first coolant inlet
of the cold plate of the first inverter cell into the coolant channel of the cold plate of the second inverter cell. The coolant inlet of the
cold plate of the first inverter cell can receive coolant fluid into the continuous channel.

[Continued on next page]



WO 2019/085756 A1 | [I 1) 0800 0000 OO 0O

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2019/085756 PCT/CN2018/110660

STACKED ELECTRIC VEHICLE INVERTER CELLS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of and priority to U.S. Patent Application No.
16/131,459, filed September14, 2018, titled “STACKED ELECTRIC VEHICLE INVERTER
CELLS,” which application claims the benefit of priority under 35 U.S.C. § 119(e) to U.S.
Provisional Application 62/578,821, titled “STACKED INVERTER CELLS”, filed on October30,

2017. The entire disclosure of which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Vehicles such asin plug-in hybrid electrical vehicles (PHEVs), hybrid electrical vehicles
(HEVs), electrical vehicle (EV),or other automotive or non-automotive vehicles and machines
can include an on board power system.The power system can include batteries or fuel cells,

gasoline or other fossil fuel or plant based fuels, as well as combinations thereof.
SUMMARY

[0003] The present disclosure is directed an inverter modulewhich can be incorporated into a
power converter component to power a drive unit of an electric vehicle drive system. The
inverter module can includemultiple inverter cells arranged in variousstacked configurations for
different electric vehicle drive systems. The various stacked configurationsprovide continuous
channels for coolant flow to transfer heat generated in the inverter cells away from the inverter
cells. The inverter module can be coupled with a drive train unit of the electric vehicle and can be

configured to provide multi-phase voltages to the drive train unit.

[0004] At least one aspect is directed to an inverter module. The inverter module can include a
first inverter cell and a second inverter cell in an electric vehicle. Each of the first inverter cell

and the second inverter cell can include at least one transistor device; and a cold plate placed in
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contact with or proximate to the at least one transistor device. The cold plate can have a coolant
channel through the cold plate. The coolant channel can have a coolant inlet at a first side of the
cold plate and a coolant outlet on a second side of the cold plate opposite to the first side. The
inverter module can include a connector to connect the coolant outlet of the cold plate of the first
inverter cell to the coolant inlet of the cold plate of the second inverter cell in series, to form a
continuous channel that extends from the first coolant inlet of the cold plate of the first inverter
cell into the coolant channel of the cold plate of the second inverter cell. The connector can have
one end that mates with the coolant outlet of the cold plate of the first inverter cell, and another
end that mates with the coolant inlet of the cold plate of the second inverter cell. The coolant

inlet of the cold plate of the first inverter cellcan receive coolant fluid into the continuous channel,

to cool the first inverter cell and the second inverter cell.

[0005] At least one aspect is directed to a method. The method can include providing a first
inverter cell and a second inverter cell in an inverter module. Each of the first inverter cell and
the second inverter cell can have at least one transistor device and a cold plate placed in contact
with or proximate to the at least one transistor device. The cold plate can have a coolant channel
through the cold plate. The coolant channel can have a coolant inlet at a first side of the cold
plate and a coolant outlet on a second side of the cold plate opposite to the first side. A connector
can connect the coolant outlet of the cold plate of the first inverter cell to the coolant inlet of the
cold plate of the second inverter cell in series, to form a continuous channel that extends from the
first coolant inlet of the cold plate of the first inverter cell into the coolant channel of the cold
plate of the second inverter cell. The connector can have one end that mates with the coolant
outlet of the cold plate of the first inverter cell, and another end that mates with the coolant inlet
of the cold plate of the second inverter cell. The coolant inlet of the cold plate of the first inverter
cell can receive coolant fluid into the continuous channel to cool the first inverter cell and the

second inverter cell.

[0006] At least one aspect is directed to an electric vehicle. The electric vehicle can include a
first inverter cell and a second inverter cell. Each of the first inverter cell and the second inverter

cell can include at least one transistor device; and a cold plate placed in contact with or proximate
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to the at least one transistor device. The cold plate can have a coolant channel through the cold
plate. The coolant channel can have a coolant inlet at a first side of the cold plate and a coolant
outlet on a second side of the cold plate opposite to the first side. The inverter module can
include a connector to connect the coolant outlet of the cold plate of the first inverter cell to the
coolant inlet of the cold plate of the second inverter cell in series, to form a continuous channel
that extends from the first coolant inlet of the cold plate of the first inverter cell into the coolant
channel of the cold plate of the second inverter cell. The connector can have one end that mates
with the coolant outlet of the cold plate of the first inverter cell, and another end that mates with
the coolant inlet of the cold plate of the second inverter cell. The coolant inlet of the cold plate of
the first inverter cell can receive coolant fluid into the continuous channel, to cool the first

inverter cell and the second inverter cell.

[0007] These and other aspects and implementations are discussed in detail below. The
foregoing information and the following detailed description include illustrative examples of
various aspects and implementations, and provide an overview or framework for understanding
the nature and character of the claimed aspects and implementations. The drawings provide
illustration and a further understanding of the various aspects and implementations, and are

incorporated in and constitute a part of this specification.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying drawings are not necessarily intended to be drawn to scale. Like
reference numbers and designations in the various drawings indicate like elements. For purposes

of clarity, not every component may be labelled in every drawing. In the drawings:

[0009] FIG. ldepicts a side view of an illustrative embodiment of an inverter cell;

[0010] FIG. 2 depicts a cross-sectional view of an illustrative embodiment of an inverter cell;
[0011] FIG. 3 depicts an isometric view of an illustrative embodiment of an inverter cell;

[0012] FIGS. 4A-4Cdepict an exploded view of an illustrative embodiment of an inverter cell;
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[0013] FIG. 5A depicts an example configuration of inverter cells for connecting in parallel;

[0014] FIG. 5B depicts various views of an illustrative embodiment of a connectorand an

illustrative embodiment of an inlet/outlet adapter;

[0015] FIG. 6 depicts an isometric view of an example configuration of inverter cells connected

in parallel;

[0016] FIG. 7 depicts a top view and a cross-sectional view of an illustrative embodiment of

connected inverter cells;

[0017] FIG. 8 depicts a front view and a cross sectional view of an illustrative embodiment of

connected inverter cells;

[0018] FIG. 9 is a block diagram depicting a cross-sectional view of an example electric

vehicle installed with a battery pack, and

[0019] FIG. 10is a flow diagram depicting an illustrative embodiment of a method for

connecting combinable inverter cells.
DETAILED DESCRIPTION

[0020] Following below are more detailed descriptions of various concepts related to, and
implementations of, methods, apparatuses, devices, and systems for providing electrical power.
The various concepts introduced above and discussed in greater detail below may be

implemented in any of numerous ways.With reference to the FIGS, the systems, methods, devices,
and apparatuses of the present disclosure relate generally to devices for providing electrical

power, including but not limited to invertermodules.

[0021] The present disclosure is directed systems and methods of providing an inverter
modulewhich can be incorporated into a power converter component to power a drive unit of an
electric vehicle drive system. The inverter module can include multiple inverter cells arranged in

various stacked configurations for different electric vehicle drive systems. The various stacked
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configurationsprovide continuous channels for coolant flow to transfer heat generated in the
inverter cells away from the inverter cells. The inverter module can be coupled with a drive train
unit of the electric vehicle and can be configured to provide multi-phase voltages to the drive

train unit.

[0022] The systems and methods as disclosed herein provide for a scalable inverter module that
can be formed usinga plurality ofstackable or combinable inverter cells. The combinable inverter
cells can for example include at least a first inverter cell and a second inverter cell. Each of the
combinable inverter cells can include at least one transistor device (e.g., an insulated-gate bipolar
transistor (IGBT)) and a cold plate disposed or placed in contact with or proximate to the
corresponding transistor device(s), for instance as discussed in connection with at least FIGS. 4A-
4C. The cold plate or other heat sink can have a first coolant channel that extends through the
cold plate. The first coolant channel can have a first coolant inlet at a first side of the cold plate
and a first coolant outlet on a second side of the cold plate. The first coolant outlet of the cold
plate of the first inverter cell can, for example, be connected to the first coolant inlet of the cold
plate of the second inverter cell, to form a first continuous channel extending from the first
coolant inlet of the cold plate of the first inverter cell into the cold plate of the second inverter

cell.

[0023] One or more additional inverter cells can be connected to the first and second inverter
cells in a chain or side-by-side configuration, to extend the first continuous channel for coolant
flow. Each of the first and second inverter cells can include an assembly of at least one capacitor
mounted proximate to the corresponding cold plate, having a positive terminal and a negative
terminal. The positive terminals and negative terminals of the first and second inverter cells can
be linked to form a common positive terminal and a commonnegative terminal for an inverter
package comprising the first and second inverter cells. Each of the first and second inverter cells
can include an assembly of the at least one transistor device, having a set of multi-phase terminals
(e.g., corresponding to between two and six phases). The sets of multi-phase terminals of the first
and second inverter cells can be linked to form a single set of multi-phase terminals for the

inverter module comprising the first and second inverter cells.
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[0024] A first connector can be used to connect the first coolant outlet of the cold plate of the
first inverter, to the first coolant inlet of the cold plate of the second inverter cell. The connector
can have one end that mates with the coolant outlet of the cold plate of the first inverter cell, and
another end that mates with the coolant inlet of the cold plate of the second inverter cell. An
outlet plug can mate with, and be used to seal the coolant outlet of the cold plate of the second

inverter cell.

[0025] Each of the cold plates caninclude one or more channels located proximate to the
corresponding transistor device(s), and that can direct coolant flow in a direction that is
substantially perpendicular to the first continuous channel. Each of the cold plates caninclude a
second coolant channel through the corresponding cold plate. The second coolant channel can
have a second coolant inlet at one side of the corresponding cold plate and a second coolant outlet
on an opposite side of the corresponding cold plate. The second coolant channels of the cold
plates can be connected to form a second continuous channel that is substantially parallel to the
first continuous channel. Each of the cold plates can include one or more channels proximate to
the corresponding at least one transistor device. The one or more channels can direct coolant
flow between the first continuous channel and the second continuous channel. One end of the
first continuous channel can allow inflow of coolant for circulation through the cold plates and

one end of the second continuous channel can allow outflow of the coolant from the inverter cells.

[0026] There is an increasing demand for reliable and high performance inverters of different
power ratings, to support applications in plug-in hybrid electrical vehicles (PHEVs), hybrid
electrical vehicles (HEVs), electrical vehicle (EV), or other automotive or non-automotive
systems, for example. Conventional automotive inverters are typically custom-assembled from
off-the-shelf, modularized components (IGBTs, capacitors, etc.) selected from a range of
available components. However, this approach does not allow for flexibility of certain
parameters, such as inverter package dimensions and power rating or performance, which are
limited by the availability of the off-the-shelf modular components. Off-the-shelf IGBT modules

and their module-specific auxiliary components can be used as components. However, by using
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modular components such as these to custom-build inverters, inverter performance is only as

variable as the module manufacturers’ portfolios.

[0027] Such discrete electrical components can be packaged into complete inverters. The
power ratings of such inverters can becustomized to a limited extent as discussed above, and can
be determined by the number of discrete devices paralleled together for instance. However, this
approach can require significant engineering rework to modify the power rating (e.g., with each
change in the inverter specification), rather than simply linking or removing a component inverter

cell as in the case of the inverter cell and inverter module concepts disclosed herein.

[0028] The present systems and methods offer a solution of a highly modularized, stackable
and combinableinverter cell, and a scalable inverter architecture and package that can use or
incorporate one or more of such inverter cells in an inverter module to meet the power rating
requirement of any vehicle or automotive platform, for example. Each of the inverter cells can
contain all necessary circuitry and inputs and outputs (I/0s) to function or operate as a stand-
alone inverter (e.g., a low-power inverter for a golf cart application). Multiples of the inverter
cells can be combined, connected or stacked, to share common I/O(s), and to function as a single,
higher-power inverter (e.g., fora sports car application). This inverter architecture can allow for a
single mass-produced or modularized inverter cell to be used as a building block,for flexibility in
assembling inverter packages that cansatisfy a wide range of applications and platforms, thereby

driving down costs and time-to-market across the OEM’s product portfolio.

[0029] FIG. 1, among others, depicts a side view of an example inverter cell 100. The inverter
cell 100 can include a cold plate 110, one or more transistor devices 105 (sometimes referred to
herein as “transistors”), and one or more capacitors 120. The cold plate 110 can include one or
more coolant channels 135A, 135B for circulating coolant fluid to transfer heat out of the invertor
cell (e.g., heat generated by the transistor devices and capacitors). The inverter cell 100 can
include an inverter circuit with electrical input and output (I/0), and the inverter cell’s own
dedicated cold plate 110. As an example, an inverter cell 100 can be formed having a length of

about 220mm to about 230mm, a width of about 80mm to about 90mm and a height of about
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60mm to about 70mm. The dimensions and size of the inverter cells 100 described herein can

vary outside these ranges.

[0030] The inverter cell 105 can be implemented using one or more discrete transistor
devices105 and one or more discrete capacitors 120, for instance. The electrical I/O can include
direct current (DC) link bus bar(s)and capacitor assembly terminals 125(e.g., terminals for an
assembly of the capacitors 120). The electrical I/O can include multi-phase (e.g., 3-phase, 6-
phase) bus bars or terminals 115(e.g., terminals for an assembly of the transistor devices 105). An
inverter cell 105 can be formed in a variety of different shapes. For example, and as depicted in

FIG. 1, the inverter cell 105 can have a rectangular shape.

[0031] Such inverter cells 100 can be purpose-built to be combinable or stackable to form an
inverter module 600 of a desired configuration (e.g., a specific power rating, performance, or set
of package dimensions), for instance as illustrated in FIG. 6 with three inverter cells 100. The
three inverter cells 100 can be formed and arranged within an inverter module in a triplet
configuration to provide a compact design for example. However, any number of inverter cells
can be linked in parallel for instance, multiplying power rating whilst maintaining common
electrical and coolant I/0O. The inverter cells 100 can be positioned such that their respective input
terminals and output terminals are aligned. The alignment of the input terminals and output
terminals can allow one or more bus-bars coupled with each of the inverter cells 100 to be

disposed adjacent and parallel to each other.

[0032] The inverter cells 105 can be formed to be modular units having similar shapes, sizes,
and dimensions such that they can interchangeable within an inverter module 600. Thus,
individual inverter cells 105 can be replaced, serviced or otherwise repaired without replacing an
entire inverter module 600. Some or all of the inverter cells 105 in a common inverter module
600 may have the same shape, size, and dimensions. These inverter cells 100 can use discrete
transistor devices 105 and capacitors 120, which is a departure from most of the EVs currently on

the market.
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[0033] As furtherillustration of how the inverter cells 100 are combinable, the coolant inlet port
130A and coolant outlet port130B of each inverter cell 100 can bepositioned, oriented or
otherwise placed, such that two side-by-side inverter cells 100 can form common coolant inlet
and outlet channels 135A, 135B.The electrical 1/O of multiple inverter cells 100 canbe joined by
auxiliary printed circuit boards (PCBs), bus bars, or other structural components specific to a

desired configuration (e.g., for a particular vehicle platform).

[0034] By way of illustration, an engineer developing a vehicle-specific inverter module can
use the inverter cells 100 as a basis for the inverter module’s design. The engineer can determine
the number of inverter cells 100 to be used in order to meet the vehicle power requirement. The
inverter cells 100 can be stacked side-by-side, for example, to form the core of the inverter
module. The engineer can design, use or select auxiliary coolant fittings, structural components,
and bus bars to mechanically and electrically link the inverter cells 100 together. As such, a new,

vehicle-specific inverter module can be produced using the modularized inverter cells 100.

[0035] The modularized inverter cells100 described herein can provide scalability of inverter
circuitry to meet various requirements, while providing adequate cooling. The latter can be
achieved because each inverter cell 100 is designed and implemented with its dedicated cold plate
110 that can support the per-cell power rating or performance of the inverter cell 100. Therefore,
any combination of the inverter cells 100 to provide increased overall power and performance
would not exceed the per-cell cooling specifications. By using the modularized inverter cell 100
to implement inverter modules, time to market for new platforms or vehicles can be reduced,
since the same inverter cells 100 can be reused in new designs. Manufacturing and engineering
costs can be reduced, since the same core design and manufacturing lines of the inverter cells 100
can be maintained. Design flexibility can be maximized, since power ratings and package sizes
can be determined internally by each inverter package development team, rather than being

driven by the (e.g., limited) availability of off-the-shelf modularized components.

[0036] The inverter cell 100 can include a cold plate 110. The cold plate 110 can include one or

more coolant ports 130. For example, a first coolant port 130 can be formed through an outer
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surface of the cold plate 110 at a first side and a second coolant port 130 can be formed through
the outer surface of the cold plate 110 at a second, different side. The coolant ports 130 can be
formed as orifices or holes formed onand through the outer surface 130 of the cold plate 110.

The coolant ports 130 can be fluidly coupled with each other through one or morechannels, tubes
or conduits disposed within the cold plate 110 or an inverter cell 100 that the cold plate 110 is
disposed within. The coolant ports 130 can be fluidly coupled with one or more coolant passages
or coolantchannels formed within the cold plate 110 such that coolant fluid can be provided to the

coolantchannels 135 within the cold plate 110 through the coolant ports 130.

[0037] The cold plate 110 can include multiple coolant ports 130. For example, using FIG. 1
for illustration, a first coolant port 130A can correspond to a coolant input port or manifold
configured to receive coolant fluid and provide the coolant fluidto the cooling channels 135A,
135B. A second coolant port 130B can correspond to a coolant output port or manifold
configured to release the coolant fluid from the cooling channels 1610. Some coolant ports 130
can be formed on opposing sides of the cold plate 110, and some coolant ports 130 can be formed

on the same side of the cold plate 110.

[0038] The cold plate 110 can include a first coolant channel 135A that extends from a coolant
port (e.g., functioning as a coolant inlet, not shown) on one side (e.g., a left side) of the cold plate
110, to a coolant port 130B (e.g., functioning as a coolant outlet)on another side (e.g., a right side)
of the cold plate 110. The cold plate 110 can include a second coolant channel 135B that extends
from a coolant port 130A (e.g., functioning as a coolant inlet) on one side (e.g., a right side) of

the cold plate 110, to a coolant port (e.g., functioning as a coolant outlet, not shown) on another

side (e.g., a left side) of the cold plate 110, for example.

[0039] Acoolant port 130 functioning as a coolant inlet can include or correspond to an orifice
or hole configured to receive coolant fluid and to provide the coolant fluid to the inverter cell 100
to provide cooling for the inverter cell 100. A coolant port 130 functioning as a coolant outlet
can include or correspond to an orifice or hole configured to release coolant fluid from the

inverter cell 100 to remove heat generated from within the inverter cell 100 and transferred onto
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the coolant fluid being released. The coolant fluid provided into the coolant port(s)130 can flow
through the cold plate 110 and is sealed or maintained within the cold plate 110 such that the cold
plate 110 can provide cooling to electronics (e.g., transistor devices 105 and capacitors 120) of a

inverter cell 100 the cold plate 110 is disposed within.

[0040] The inverter cell 100 can include one or more transistor devices 105. The transistor
devices 105 can include a variety of different transistors. The transistor device 105 can include a
semiconductor device having one or more connections. For example, the transistor device 105
can include a base terminal, a collector terminal, and an emitter terminal. Each of the transistor
devices 105 can include one or more leads. For example, each of the transistor devices 105 may
include three leads. Each of the three leads can corresponds to at least one of the terminals of the
transistor device 105. For example, a first lead can correspond to the base terminal or base lead.
A second lead can correspond to the collector terminal or collector lead. A third lead can
correspond to the emitter terminal or emitter lead. The leads can receive or provide a voltage
signal or a current signal. The transistor device 105 can be incorporated into the inverter cells

100 described herein.

[0041] Each of the one or more transistor devices 105 can include or correspond to an IGBT or
any other form of type of transistor, such as a field-effect transistor or FET based transistor (e.g.,
metal-oxide-semiconductor FET (MOSFET)), a bipolar junction transistor (BJT) based transistor,
a silicon carbide based transistor, or otherwise. By way of example, the transistor device 105 can
include a TO-247 transistor or a TO-247 discreet IGBT package. Thetransistor devices 105 can
have multi-phase terminalsor single-phase terminals. The inverter cell 100 can include any
number of transistor devices 105, such as 9, 18, 24 or other number. Each inverter cell 105 can be
formed having a length ranging from 200 mm to 240 mm, a width ranging from 70 mm to 100
mm, and a height ranging from 50 mm to 80 mm. The dimensions and size of the three inverter

cells 105 described herein can vary outside these ranges.

[0042] The inverter cell 100 can include one or more capacitors 120. Each of the one or more

capacitors 120 can include or correspond to a DC-Link, Single-Phase (DCLSP) capacitors. The
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[T

capacitors 120 can be used as decoupling or “x”’capacitors, or DC-Link filtering capacitors. The
capacitors 120 can include any form or type of capacitor used in automotive, industrial or
commercial inverters. Each capacitor 120 can include one or more filtering capacitor film
elements. Each of the one or more capacitors 120 can have a capacity of the same or different
values, such as 100 Farads or other value(s). The inverter cell 100 can provide a closed
inductance loop between one or more capacitors120 and one or more transistor devices 105. The
lead(s) of one or more transistor devices 105 can be connected, and terminated to or otherwise

coupled with lead(s) of one or more capacitors 120 through resistive welding for instance.

[0043] FIG. 2, among others, depicts an illustrative cross-sectional view of an inverter cell 100
in the plane A-A indicated in FIG. 1 for instance. The inverter cell 100 can include a gate drive
printed circuit board (PCB) 205, multi-phase laminated bus bars 210 for connecting the multi-
phase terminals (or extending the single-phase terminals) of the transistor devices 105, and
thermal interface material (TIM) 215 (e.g., ceramic-based, incorporating Aluminum Nitride for
instance) for facilitating thermal conduction of heat away from the transistor devices 105. The
gate drive PCB 205 can include circuitry (e.g., level shifter in combination with an amplifier) for
taking a low-power input (e.g., transistor switching signal) from controller circuitry (which can
be incorporated on the gate drive PCB) and producing a high-current drive input for the gate of
the one or more transistor device 105 to control or speed-up transistor switching. The inverter
cell 100 can include one or more gull wing clips 220 for holding or supporting the transistor
device 105 in place within the inverter cell 100. The inverter cell 100 can include a DC link

laminated bus bar with insulation 225, for interconnecting the capacitors 120.

[0044] The cold plate 110 can include a plurality of cooling channels 1350r passages in which
coolant fluid can by pumped or otherwise provided through. The cooling channels 135 can be
formed within the cold plate 1605 such that they are positioned proximate to or within a
predetermined distance from the plurality of transistors devices 105 and the capacitor(s) 120.
The cold plate 110 can include aluminum or an aluminum heat sink. The cold plate 110 can
include one or more different structural layers or one or more different materials. The different

structural layers of the cold plate 1605 can be formed into a single layer during manufacture, such
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as by friction stir weld construction. The inverter cell 100 can include one or more thermal pads
230 for facilitating heat transfer from the capacitors 120 towards the cold plate 110. FIG. 3,
among others, depicts an illustrative isometric view of an inverter cell, including some of same

elements discussed in connection with at least FIGS. 2 and 3.

[0045] FIGS. 4A-4C, among others, provide an illustrative exploded view illustrating the
relationship, order of assembly, or alignment of the different components that form an example
inverter cell. The components shown in FIG. 4A are stacked above those shown in FIG. 4B, and
those shown in FIG. 4B are in turn stacked above those shown in FIG. 4C. For example, the
inverter cell 100 can have a gate drive PCB 205 as an upper layer, which is mounted above a
multi-phase laminated bus bar 210(e.g., three-phase laminated bus bar) as shown in FIG. 4A.
The multi-phase laminated bus bar 210 can include 2 or more laminated layers of conductors.
For instance, three layers can be used for connecting to a respective one of three types of
transistor device (e.g., IGBT) terminals, and extended out to form three corresponding terminals
from one end or edge of the laminated bus bar 210. A plurality of gull wing clips 220can be
installed using fasteners below the laminated bus bar 210, to clip, fasten or hold a plurality of

transistor devices 105 in place in the inverter cell 100.

[0046] FIG. 4B, among others, shows an example configuration of an inverter cell in which an
assembly locator frame 405 is used to further provide support or hold the plurality of transistors
105 in place. In addition, TIM 215 can be used below the transistor devices 105 or assembly
locator frame 405, to facilitate heat transfer from the IGBTs 105 to heat exchanger plates 410.
The inverter cell 100 can include a thermistor board 117, which can include thermistor circuitry
that can sense temperature (and temperature changes), and can trigger adjustments to the coolant
flow or operation of the inverter cell components (e.g., cease operation in some or all transistor
devices). The heat exchanger plates 410 can be welded or otherwise mounted or fastened to a

cold plate 110.

[0047] FIG. 4C, among others, illustrates the cold plate 110 which is placed above a thermal
pad 230 for transferring heat from a capacitor bank assembly 415 to the cold plate 110. The
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capacitor bank assembly can include a DC laminated bus bar, for interconnecting a plurality of

capacitors 120, and for providing a pair of DC terminals for the whole capacitor bank assembly.

[0048] The inverter cell can include at least one transistor (e.g., an insulated-gate bipolar
transistor (IGBT)) 105 and a cold plate 110 disposed or placed in contact with or proximate to the
corresponding transistor(s) 105. By way of a non-limiting example (and referring to FIGS. 4A-4C
for instance), a gull wing clip 220 can extend out and over at least a first transistor 105 and a
second transistor 105. The gull wing clip 220 can compress or otherwise hold the first and
second transistors 105 in place and against TIM 215 (e.g., a ceramic layer) disposed between the
first and second transistors 105 and the cold plate 110 so that the transistors 105 and the cold
plate 110 are proximate to each other. For example, the gull wing clip 220 can be positioned to
compress the first and second transistors 105 towards the cold plate 110 to increase the cooling

provided by the cold plate 110.

[0049] A plurality of transistors 105 can for example be coupled with or otherwise disposed in
slots of an assembly locator frame 405 (which can also be referred to herein as a locator guide or
locator). A first TIM 215 pad (e.g., thermal pad) can be coupled with one portion of the locator
405 and a second TIM 215 pad can be coupled with another portion of the locator 405. The first
and second TIM 415 pads can be coupled with the same side or surface of the locator 405 such

that the transistors 120 are disposed against the first and second TIM415 pads.

[0050] A plurality of gull wing clips 220 (sometimes referred herein generally as clips) can
couple the transistors 105 with the locator 405 (e.g., to be proximate to or in contact with the cold
plate 110). Each of the clips 220 can includes at least two gull wing portions extending out from
a center portion of the respective clip 220 and over at least one of the plurality of transistors 1035.
For example, the gull wing portions can compress and hold the transistors 105 in place and in
contact with the locator 405. The clips 220 can include gull wing portions that extend out and
over a surface (e.g., top surface) of the transistors 105 to secure the transistors 105 and compress
the transistors 105 towards the TIM215 and (e.g., proximate to) the cold plate 110. For example,

the cold plate 110 includes a plurality of cooling channels 135 having coolant fluid flowing
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through, and the gull wings clips 220 can compress the transistors 105 closer to the cooling
channels 135 to increase the cooling provided by the cooling channels 135 and the cold plate 110.
The TIM 215can be disposed between the transistors 105 and the cold plate 110 to electrically

insulate the transistors 105 from the cold plate 110.

[0051] The inverter cell 100 can be designed or implemented so that transistors (e.g., insulated-
gate bipolar transistors (IGBTs)) 105 and a cold plate 110 within the inverter cell 100 can be
proximate to each other. For example, the shape of the locator 405 can position the cold plate 110
to a closer distance (e.g., proximity) or within a predetermined distance to components (e.g.,
including transistors 105) within an inverter cell 100. The cold plate 110 can be close to the
transistors 105 but not in direct contact with thetransistors 105. For example, the cold plate 110
can be spaced from the transistors 105 a distance in a range from 0.25 mm to 1 mm (e.g., less
than 1 mm), or other range such as 0.5 mm to 2 mm. The cold plate 110 can be separated from
the transistors 105 by a sheet of ceramic material having a thickness or width of less than | mm
for instance. For instance, a transistor 105 can be in contact with one side or surface of the sheet
of ceramic material (e.g., TIM 215), and the cold plate 110 can be in direct contact with another
side or surface of the sheet of ceramic material, as illustrated in FIGS. 4A and 4B for example.
The locator 405 can align the transistor 105 for direct contact with thesheet of ceramic material
for example. For example, the plurality of cooling passages 135 having coolant fluid provided to
or flowing through can be positioned in a closer proximity to cool the different electronics (e.g.,

transistors 105) or other components of an inverter cell 100.

[0052] By way of example, the locator 405 caninclude two (or other number of) slots for the
TIM 215 pads, eighteen(or other number of) transistor slots (or IGBT slots), nine (or other
number of) slots for the clips 220, and a slot for a thermistor board 415. The slots for the TIM
215 padscan have a generally rectangular shape which can be selected based on the shape of the
particular thermal pad to be used in the inverter cell 100. The transistors slots can have a
generally rectangular shape which can be selected based on the shape of the particular transistors
to be used in the inverter cell 100. The slots for the clips 220 can have a generally elongated

shape or rail to couple with a threaded portion of a clip 220. The slot for the thermistor board
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415 can have a generally round rectangular shape or other shape conformed to that of the

thermistor board 415.

[0053] The inverter cell 100 can be combinable or stackable to form an inverter of a desired
configuration. FIG. 5A, among others, shows an example configuration of inverter cells that can
be connected in parallel to provide higher power, horsepower or current. Although three inverter
cells are shown in this example, a different number of inverter cells can be connected together to
form an inverter circuit for a particular specification. Connectors 510can be used to connect

between coolants inlets and outlets of adjacent inverter cells.

[0054] For instance, and as shown in FIG. 5B, among others, a connector 510 can comprise an
aluminum (or other metal or material) fitting 525, with a shape that conforms to the shape of an
inverter cell’s coolant inlet or outlet (e.g., coolant port 130). The connector 510 can be
cylindrical in shape (or other shape) and can include two ends, each mate-able with a coolant
inlet/outlet (e.g., coolant port 130) of a corresponding cold plate 110, so that when mated or
connected, the coolant inlets/outlets and the connector 510 are aligned to share a common axis
and can form a continuous channel extending between a corresponding pair of inverter cells 100
arranged side-by-side with each other. The connector 510 can have one or more O-ring gaskets
520 fitted at each end of the connector 510 to provide a leak-proof seal or connection between

two inverter cells 100.

[0055] At least one connector 510 may be integrated as part of a coolant inlet/outlet (e.g.,
coolant port 130) of a cold plate 110, such that a protruding part of the connector 510 can mate or
connect to a coolant inlet/outlet of another cold plate 110. For instance, connectors 510 can
consistently be located on one predetermined side of inverter cells 100, to be connected to coolant

inlets/outlets of other inverter cells 100 located on an opposite side.

[0056] In a chain of connected inverter cells 100, a first of the inverter cells 100 can have at
least one coolant inlet (e.g., coolant port 130) being designated as a common or sole coolant inlet
for the interconnected chain of inverter cells 100 (or inverter module 600). As shown in the

example configuration of FIG. 5A, the first (or left-most) inverter cell 100 also has a coolant
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outlet (e.g., coolant port 130) designated as a common or sole coolant outlet for the
interconnected chain of inverter cells100 (or inverter module 600). The designated inlet(s) or

outlet(s) can be fitted with inlet/outlet adapters 515.

[0057] For instance, and as shown in FIG. 5B, an inlet/outlet adapter 515can comprise an
aluminum (or other metal or material) fitting 530, with one end that conforms to the shape of an
inverter cell’s coolant inlet or outlet (e.g., coolant port 130). The inlet/outlet adapter 515can in
part be cylindrical in shape (or other shape) and can include one endthat is mate-able with a
coolant inlet/outlet of a corresponding cold plate 110. This end can be fitted with one or more O-
ring gaskets to provide a leak-proof seal or connection to the inverter cell 100. The inlet/outlet
adapter 515 can have an opposite end comprising a host fitting 535 mate-able with a hose for

transporting coolant in/out of a corresponding cold plate.

[0058] The host fitting 535 operating as a coolant inlet can include a hose barb and can be
shaped and implemented to receive or couple with a hose, tube, or conduit to receive coolant and
provide the coolant fluid to the inverter module 600. The host fitting 535 operating as a coolant
outlet can include a hose barb and be shaped and implemented to receive or couple with a hose,

tube, or conduit to release coolant fluid from the inverter module 600.

[0059] FIG. 5A, among others, further shows an example in which a last of the chain of

inverter cells 100 has two coolant inlet/outlet openings (e.g., coolant ports 130) located at the far
end of the chain being sealed with outlet plugs 505, so that the coolant fluid flows towards and

out of the common or designated outlet. Other configurations of the locations of outlet plugs 505
and inlet/outlet adapters515 can be used, for example depending on the cold plates’ coolant
channel design, to allow for efficient or balanced heat transfers across the cold plates 110. One

or more of theoutlet plugs 505can include or incorporate a sensor device. The sensor device can
include a sensor rod extending into the coolant fluid for instance (or other structure or mechanism)
that can be used to sense, monitor, or measure (or collect data about) an aspect or characteristic of
the coolant fluid or coolant channel. For example, thesensor device can be temperature sensitive,

and can be used to measure or determine a temperature of the coolant fluid at a certain time.
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[0060] The sensor device can be connected, e.g., communicatively or electrically, to a device
that uses data collected by the coolant sensor device, to calculate or determine an aspect or
characteristic of the coolant or coolant channel (e.g., temperature). For example, to support or
compensate for a less effective heat transfer in the last of the chain of inverter cells, the cold
plates 110 can be over-designed, or a limit can be placed on the maximum number of inverter

cells that can be chained or connected in parallel.

[0061] By way of an example, an inlet/outlet adapter 515A (e.g., in FIG. 5A) coupled to a first
coolant port 130 may correspond to an inlet to receive coolant fluid (or an outlet port to release
coolant fluid). An inlet/outlet adapter 515B coupled to a second coolant port 130 may correspond
to an outlet port to release coolant fluid (or an inlet port to receive coolant fluid). The coolant
ports 130 can be formed as orifices or holes formed on or through the surface of the cold plate
110. The coolant ports 130 can be fluidly coupled with each other through tubes, conduits, or
channels formed in or disposed within the cold plate 110 or an inverter cell 100 that the cold plate
110 is disposed within. The coolant ports 130 can be fluidly coupled with one or more coolant
passages or channels 135 (as shown in FIGS. 2 and 8) formed within the cold plate 110 such that
coolant fluid can be provided to the cooling channels 135 within the cold plate 110 through the

coolant ports 130.

[0062] FIG. 6, among others, shows an example inverter module 600. The inverter module 600
can include a chain of three inverter cells 100 connected together with connectors 510, and fitted
with inlet/outlet adapters 515 at one end of the chain, and outlet plugs 505 at another end of the
chain. As illustrated, the three inverter cells 105 are disposed in a triplet configuration to form
the inverter module 600. The three inverter cells 105 can be disposed adjacent with respect to
each other. For example, the inverter cells 105 can be positioned such that a first side surface of
a first inverter cell 105 is adjacent to a first side surface of a second inverter cell 105 and a
second side surface of the second inverter cell 105 is adjacent to a first side surface of a third

inverter cell 105. The inverter cells 105 can be disposed in other arrangements within the
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inverter module 600. The inverter cells 105 can be disposed in a triplet configuration to provide a

compact size of the inverter module 600

[0063] As depicted in FIG. 6, the inverter module 600 can be formed having a substantially
rectangular shape. However, the inverter module 600 can be formed in a variety of different
shapes or having different dimensions. The particular shape or dimensions of the inverter module
600 can be selected based at least in part on the shape and dimensions of the inverter cells 100 or
the shape and dimensions of a space within a drive train unit of an electric vehicle that the
inverter module 600 is to be disposed within. The inverter module 600 can have a length in a
range from 270 mm to 290 mm (e.g., 280 mm). The inverter module 600 can have a width in a
range from 280 mm to 300 mm (e.g., 290 mm). The inverter module 600 can have a height in a

range from 120 mm to 132 mm (e.g., 127 mm).

[0064] FIG. 7 shows a top view of an example inverter module 600, as well as a cross sectional
view along plane B-B. The inverter module 600 can include a chain of three inverter cells 100
when connected together. In the cross sectional view, a first continuous channel 705 is shown
that extends from an inlet adapter 515 at one end of the chain,andis terminated by an outlet plug
505 at the other end of the chain. Along the first continuous channel 705, a number of openings
in the channel walls allow coolant fluid to flow out of the first continuous channel 705, into
channels 135 that extend into a second continuous channel, and towards the designated coolant

outlet.

[0065] By way of an example, an inlet/outlet adapter 515A (e.g., in FIGS. 7 and 8) coupled to a
first coolant port 130 may correspond to an inlet to receive coolant fluid into an inverter cell 100.
An inlet/outlet adapter 515B coupled to a second coolant port 130 may correspond to an outlet

port to release coolant fluid from the inverter cell 100.

[0066] The inlet/outlet adapter S15A and the inlet/outlet adapter 515B can be fluidly coupled
such that coolant fluid provided to the inlet/outlet adapter S15A can flow through the inverter

module 600 to provide cooling to the components of the inverter cells 100 forming the inverter
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module 600, and exit the inverter module 600 through the inlet/outlet adapter S15B. For example,
one or more coolant channels 135 (e.g., tubes, conduits, or hollow spaces) can couple the
inlet/outlet adapter S15A to the inlet/outlet adapter 515B and the coolant channels 135 can run or
extend through a length or region of the inverter module 600 such that it is positioned next to,
adjacent to, or proximate to portions of one or more inverter cells 100 forming the inverter
module 600 to provide cooling to the components of the inverter cells 100. The coolant channels
135 can include one or moreinternal wall structuresor passageways of the inverter module 600

formed having a hollow inner portion to receive coolant fluid.

[0067] FIG. 8, among others, illustrates a front view of an example inverter module 600, as
well as a cross sectional view along plane C-C. The inverter module 600 can include a chain
multiple connected inverter cells 100. The cross sectional view shows coolant channels 135 that
extend across the cold plates 110, between a first continuous channel that receives coolant from
an inflow (e.g., indicated as “Coolant In”"), and a second continuous channel that collects coolant
for an outflow (e.g., indicated as “Coolant Out”). The coolant channels 135can be located
proximate to components in the inverter cells 100 that produce or generate heat, such as
transistors 105 or capacitors 120, to allow the coolant fluid to facilitate heat transfer out of the

inverter cells 100.

[0068] The cross sectional view of the cold plate 110 shows the plurality of coolant channels
135 formed within the cold plate 110. Coolant fluid can be provided to and flow through the
coolant channels 135 of the cold plate 110 to absorb heat generated in the inverter cells 110. For
example, the coolant fluid can perform or provide heat transfer for electronics, conductors and
other components within a respective inverter cell 110. The geometry of the cold plate 110 can
be selected and formed to enhance heat transfer between the material of the cold plate 1605 (e.g.,

aluminum) and the coolant fluid flowing through the coolant channels 135.

[0069] The coolant channels 135 can be formed having a variety of different shapes, different
sizes, different dimensions, or different volumes and the particular shape, size, dimensions or

volume can be selected based at least in part on a particular application of the cold plate 110. For
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example, the coolant channels 135 can be formed having a generally round or circular shape. The
coolant channels 135 can hold coolant fluid. The coolant channels 135 can be formed such that
coolant fluid can flow through each of them. For example, the coolant channels 135 can be
fluidly coupled with each other, or each of the coolant channels 135 can be fluidly coupled with
at least one other different coolant channel 135. Each of the coolant channels 135 can have the
same shape, size, dimensions, or volume. One or more of the coolant channels 135 can have a
different shape, a different size, different dimensions, or a different volume, as compared to one

or more of other coolant channels 135.

[0070] FIG. 9 depicts an example cross-section view 900 of an electric vehicle 905 installed
with a battery pack 910. The battery pack 910 can correspond to a drive train unit 910 of the
electric vehicle 905. For example, the battery pack 910 can be disposed within or be a
component of a drive train unit 910. The drive train unit 910 (and the battery pack 910) can
provide power to the electric vehicle 905. For example, the drive train unit 910 may include
components of the electric vehicle 905 that generate or provide power to drive the wheels or
move the electric vehicle 905. The drive train unit 910 can be a component of an electric vehicle
drive system. The electric vehicle drive system can transmit or provide power to different
components of the electric vehicle 905. For example, the electric vehicle drive train system can
transmit power from the battery pack 910 or drive train unit 910 to an axle or wheels of the

electric vehicle 905.

[0071] The electric vehicle 905 can include an autonomous, semi-autonomous, or non-
autonomous human operated vehicle. The electric vehicle 905 can include a hybrid vehicle that
operates from on-board electric sources and from gasoline or other power sources. The electric
vehicle 905 can include automobiles, cars, trucks, passenger vehicles, industrial vehicles,
motorcycles, and other transport vehicles. The electric vehicle 905 can include a chassis 915
(e.g., a frame, internal frame, or support structure). The chassis 915 can support various
components of the electric vehicle 905. The chassis 915 can span a front portion 920 (e.g., a
hood or bonnet portion), a body portion 925, and a rear portion 930 (e.g., a trunk portion) of the

electric vehicle 2005. The front portion 920 can include the portion of the electric vehicle 905
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from the front bumper to the front wheel well of the electric vehicle 905. The body portion 925
can include the portion of the electric vehicle 905 from the front wheel well to the back wheel
well of the electric vehicle 905. The rear portion 930 can include the portion of the electric

vehicle 905 from the back wheel well to the back bumper of the electric vehicle 905.

[0072] The battery pack 910 can be installed or placed within the electric vehicle 905. The
battery pack 910 can include or couple with a power converter component. Power converter
component can include an inverter module or assembly having multiple inverter cells 100. The
battery pack 910 can be installed on the chassis 915 of the electric vehicle 905 within the front
portion 920, the body portion 925 (as depicted in FIG. 9), or the rear portion 930. The battery
pack 910 can couple with a first bus-bar 935 and a second bus-bar 940 that are connected or
otherwise electrically coupled with other electrical components of the electric vehicle 905 to

provide electrical power from the battery pack 910.

[0073] Referring now to FIG. 10, among others, an example embodiment of a method 1000 for
connecting combinable inverter cells 100 is depicted. The method 1000 can include assembling
inverter cells100 (ACT 1001). For instance, the method 1000 can include assembling at least a
first inverter cell 100 and a second inverter cell 100. Each of the first and second inverter cells
100 can be assembled by placing a cold plate 110 of the corresponding inverter cell 100 in
contact with or proximate to at least one transistor device 105 of the corresponding inverter cell
100. The cold plate 100 can be placed in contact with or proximate to at least one of: capacitor(s)
120, capacitor terminal(s), or multi-phase terminal(s) of the inverter cell 100. The cold plate 110

can have at least a first coolant channel 135B extending through the cold plate 110.

[0074] The method 1000 can include connecting a first coolant outlet(ACT 1003). The method
1000 can include connecting the first coolant outlet (or coolant port 130) of the cold plate 110 of
the first inverter cell 100 to a first coolant inlet (or coolant port 130) of the cold plate 110 of the
second inverter cell 100, to form a first continuous channel 705 extending from the first coolant
inlet of the cold plate 110 of the first inverter cell 100 into the cold plate 110 of the second

inverter cell 100. One or more additional inverter cells 100 can be connected to the first and
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second inverter cells 100 in a side-by-side configuration of a plurality of inverter cells 100, to

extend the first continuous channel 705 for coolant flow.

[0075] For example, the first connector 510can be used to connect the first coolant outlet of the
cold plate 110 of the first inverter 100 to the first coolant inlet of the cold plate 110 of the second
inverter cell 100. The first connector 510 can include one end configured to mate with the
coolant outlet of the cold plate 110 of the first inverter cell 100, and another end configured to
mate with the coolant inlet of the cold plate 110 of the second inverter cell 100. An outlet plug
505can be configured to mate with the coolant outlet of the cold plate 110 of the second inverter
cell 100. The outlet plug 505 can be used to seal the coolant outlet of the cold plate 110 of the
second inverter cell 100, in order to terminate or block the first continuous channel 705 at one

end.

[0076] Each of the cold plates 110 can include or incorporate a second coolant channel through
the corresponding cold plate 110. The second coolant channel can have a second coolant inlet (or
coolant port 130) at one side of the corresponding cold plate 110 and a second coolant outlet (or
coolant port 130) on an opposite side of the corresponding cold plate 110. The second coolant
channels of the cold plates 110 can be connected to form a second continuous channel that is
substantially parallel (e.g., within +/- 1, 3, 5, 10, 15 or other number of degrees) to the first

continuous channel 703, for instance.

[0077] Each of the cold plates 110 can include or incorporate one or more channels 135(at least
a portion of which is) located proximate to the corresponding transistor device(s)105,and
implemented to direct coolant fluid flow in a direction that is substantially perpendicular (e.g.,
within a predefined angular deviation, such as within +/- 1, 3, 5, 10, 15 or other number of
degrees, from a perpendicular reference) to the first continuous channel7050r the second
continuous channel.For instance, the first continuous channel 705 or the second continuous
channel can be located at opposite ends of a cold plate 110(e.g., as shown in FIGS. 7 and 8), with
a corresponding axisthat can be substantially parallel (e.g., within +/- 1, 3, 5, 10, 15 or other

number of degrees) to a corresponding edge of one of the ends of the cold plate 110. The coolant
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channels 135 located proximate to the transistor device(s) 105 can be perpendicular or

substantially perpendicular to the first continuous channel 7050r the second continuous channel.

[0078] The one or more coolant channels 135 can direct coolant fluid flow between the first
continuous channel 705 and the second continuous channel. The first continuous channel 705
and the second continuous channel can have openings along their channel walls that allow
coolant fluid outflow or inflow, to direct/channel coolant fluid to flow into or from the coolant
channel(s) 135. The one or more coolant channels 135can use the coolant fluid flow to draw heat
away from thetransistor device(s) 105, especially at portion(s) of the one or more coolant
channels 135 located proximate to the transistor device(s) 105. For instance, heat produced by an
transistor device 105 can transfer to thermal interface material (TIM) 215pad(s) or an assembly
locator frame 405in contact with the transistor device 105, which can in turn transfer some
portion of the heat to one or more heat exchanger plates 410or a cold plate 110in contact with the
TIM 215pad(s) or the assembly locator frame 405. The one or more heat exchanger plates 410
can be mounted on or integrated with thecold plate 110. A portion of the heat exchanger plate
410 can be exposed to or be in contact with coolant fluid flowing in a channel through the cold
plate 110. Accordingly, heat transferred to the heat exchanger plate 410 or cold plate 110 can be
transferred to the coolant fluid and removed via the fluidic flow of the coolant fluid into and out

of the inverter cells 100.

[0079] By way of a non-limiting example, one end of the first continuous channel 705 canbe
implemented to allow inflow of coolant fluid for circulation through the cold plates 110. One end
of the second continuous channel can beimplemented to allow outflow of the coolant fluid. For
instance, the section view C-C of FIG. 8 illustrates that coolant fluid can flow into one end of a
first continuous channel 705, flow through the coolant channels 135 into a second continuous
channel, and flow out of one end of the second continuous channel. The coolant fluid can flow in
and out via any two ends of the first or second continuous channels, with the remaining ends can

be blocked using outlet plugs 505.
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[0080] Referring again to FIG. 10, among others, the method 1000 can include linking
terminals (ACT 1005). The method 1000 can include linking positive terminals and negative
terminals of one or more capacitor assemblies of the first and second inverter cells 100 to form a
common positive terminal and a common negative terminal, for an inverter module 600
comprising the first and second inverter cells 100. Each of the first and second inverter cells 100
can include or incorporate an assembly of at least one capacitor 120 mounted proximate to the
corresponding cold plate 110. For instance, portions of the coolant channel 135 of the cold plates

110 can be aligned across and proximate to the capacitors 120.

[0081] The cold plates 110 can be in contact with the capacitor assemblies 415, or a thermal
pad 230 can be inserted between each cold plate 110 and a corresponding capacitor assembly 415
to facilitate heat transfer to the cold plate 110, and heat transfer to coolant fluid flowing through
the cold plate 110. A number of capacitors 120 can be connected in parallel or in series, to form
a configuration of capacitors 120 within each capacitor assembly 415. Each capacitor assembly
415 can have a positive terminal and a negative terminal, common to the corresponding

configuration of capacitor(s) 120.

[0082] The positive terminals of the one or more capacitor assemblies 415 can be linked or
connected, via a bus bar, PCB or other connecting structure, to provide or form a combined
positive terminal for the inverter module 600 comprising the first and second inverter cells 100.
The negative terminals of the capacitor assemblies 415 can be linked or connected, via a bus bar,
PCB or other connecting structure, to provide or form a combined negative terminal for the
inverter module 600. The connecting structure for the positive terminals and the connecting
structure for the negative terminals may be separate or integrated into a single structure (e.g.,

insulated or laminated conductors).

[0083] Referring again to FIG. 10, among others, the method 1000 can include linking sets of
multi-phase terminals (ACT 1007). The method 1000 can include linking sets of multi-phase
terminals of transistor assemblies of the first and second inverter cells 100 to form a single set of

multi-phase terminals for the inverter module 600. Each inverter cell 100 can incorporate a
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plurality of transistors 105, each transistor105 havingthree terminals for instance. Each inverter
cell 100 can use a multi-phase (e.g., three-phase) laminated bus bar, PCB, or other
interconnecting structure to combine the transistors 105 into a transistor assembly. The
interconnecting structure can connect corresponding terminals of the transistors 103, to form a

single set of multi-phase terminals for each transistor assembly (or inverter cell 100).

[0084] The same type of terminals across the transistor assemblies can be linked or connected,
via a bus bar, PCB or other connecting structure, to provide or form a common terminal of the
same type for the inverter module 600 comprising the first and second inverter cells 100. The
connecting structures for the three types of terminals may be separate or integrated into a single

structure (e.g., insulated or laminated conductors, in PCB or bus bar form, for instance).

[0085] Accordingly, each connected or integrated chain or package of (two or more) inverter
cells 100 can form an invertermodule 600 with its own set of multi-phase terminals, pair of
capacitor DC terminals, and coolant inlet and outlet. Such an inverter module 600 can be
implemented for different power rating, dimensions or performance, by combining different
numbers of inverter cells 100 together or using different spatial arrangements to connect or stack
the inverter cells 100. For instance, the inverter cells 100 can be stacked in a one-, two- or three-
dimensional array, by using various coolant channel connectors 510 and terminal connectors (or

outlet plugs 505).

[0086] While operations or acts may be depicted in the drawings or described in a particular
order, such operations are not required to be performed in the particular order shown or described,
or in sequential order, and all depicted or described operations are not required to be performed.

Actions described herein can be performed in different orders.

[0087] Having now described some illustrative implementations, it is apparent that the
foregoing is illustrative and not limiting, having been presented by way of example. Features that
are described herein in the context of separate implementations can also be implemented in
combination in a single embodiment or implementation. Features that are described in the

context of a single implementation can also be implemented in multiple implementations
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separately or in various sub-combinations. References to implementations or elements or acts of
the systems and methods herein referred to in the singular may also embrace implementations
including a plurality of these elements, and any references in plural to any implementation or
element or act herein may also embrace implementations including only a single element.
References in the singular or plural form are not intended to limit the presently disclosed systems
or methods, their components, acts, or elements to single or plural configurations. References to
any act or element being based on any act or element may include implementations where the act

or element is based at least in part on any act or element.

[0088] References to “or” may be construed as inclusive so that any terms described using “or”
may indicate any of a single, more than one, and all of the described terms. References to at least
one of a conjunctive list of terms may be construed as an inclusive OR to indicate any of a single,
more than one, and all of the described terms. For example, a reference to “at least one of ‘A’
and ‘B’” can include only ‘A’, only ‘B’, as well as both ‘A’ and ‘B’. Such references used in

conjunction with “comprising” or other open terminology can include additional items.

[0089] Where technical features in the drawings, detailed description or any claim are followed
by reference signs, the reference signs have been included for the sole purpose of increasing the
intelligibility of the drawings, detailed description, and claims. Accordingly, neither the

reference signs nor their absence have any limiting effect on the scope of any claim elements.

[0090] The systems and methods described herein may be embodied in other specific forms
without departing from the characteristics thereof. For example, descriptions of positive and
negative electrical characteristics may be reversed. For example, elements described as negative
elements can instead be configured as positive elements and elements described as positive
elements can instead by configured as negative elements. Further relative parallel, perpendicular,
vertical or other positioning or orientation descriptions include variations within +/-10% or +/-10
degrees of pure vertical, parallel or perpendicular positioning. References to “approximately,”

29 &<

“about” “substantially” or other terms of degree include variations of +/-10% from the given

measurement, unit, or range unless explicitly indicated otherwise. Coupled elements can be
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electrically, mechanically, or physically coupled with one another directly or with intervening
elements. Scope of the systems and methods described herein is thus indicated by the appended
claims, rather than the foregoing description, and changes that come within the meaning and

range of equivalency of the claims are embraced therein.
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Claims
WHAT IS CLAIMED IS:

1. An inverter module, comprising:
a first inverter cell and a second inverter cell in an electric vehicle, each of the first
inverter cell and the second inverter cellcomprising:
at least one transistor device; and
a cold plate placed in contact with or proximate to the at least one transistor
device, the cold plate havinga coolant channel through the cold plate, the coolant channel
having a coolant inlet at a first side of the cold plate and a coolant outlet on a second side
of the cold plate opposite to the first side;

a connectorto connect the coolant outlet of the cold plate of the first inverter cell to the
coolant inlet of the cold plate of the second inverter cell in series, to form a continuous channel
that extends from the first coolant inlet of the cold plate of the first inverter cell into the coolant
channel of the cold plate of the second inverter cell, the connector having one end that mates
with the coolant outlet of the cold plate of the first inverter cell, and another end that mates with
the coolant inlet of the cold plate of the second inverter cell; and

the coolant inlet of the cold plate of the first inverter cell to receive coolant fluid into the

continuous channel, to cool the first inverter cell and the second inverter cell.

2. The inverter moduleof claim 1, comprising:
an outlet plug that mates with and seals the coolant outlet of the cold plate of the second

inverter cell.

3. The inverter module of claim 1, comprising:
theoutlet plug having a sensor rod that extends into the continuous channel, to sense a

characteristic of the coolant fluid or the continuous channel.
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4. The inverter moduleof claim 1, comprising:
each of the cold plates includes one or more channels located proximate to the
corresponding at least one transistor device to allowthe coolant fluid to flow in a direction that is

substantially perpendicular to the continuous channel.

5. The inverter moduleof claim 1,comprising:
each of the cold platesincludesa second coolant channel, the second coolant channel
having a second coolant inlet at one side of the cold plate and a second coolant outlet on an

opposite side of the cold plate.

6. The inverter moduleof claim 5, comprising:
the second coolant channels of the cold plates connectedin series to form an additional

continuous channel that is substantially parallel to the continuous channel.

7. The inverter moduleof claim 6, comprising:
each of the cold plates includes one or more channels located proximate to the
corresponding at least one transistor deviceto allowthe coolant fluid to flow betweenthe

channeland the additional continuous channel.

8. The inverter moduleof claim 7, comprising:
one end of the continuous channel to allow inflow ofthe coolant fluid for circulation
through the cold plates and one end of the additional continuous channel to allow outflow of the

coolantfluid from the cold plates.

9. The inverter module of claim 6, comprising:
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an outlet adaptorhaving one end that mates with one end of the additional continuous

channel to allow outflow of the coolant fluid from the cold plates.

10. The inverter moduleof claim 1, comprising:
one or more additional inverter cells connected to the first and second inverter cells in a
side-by-side configuration of inverter cells to extend the continuous channel for the coolant fluid

to flow.

11. The inverter moduleof claim 1, comprising:

each of the first inverter cell and the second inverter cellincludingan assembly of at least
one capacitor mounted proximate to the corresponding cold plate, and having a positive terminal
and a negative terminal;and

the positive terminals and negative terminals of the first inverter cell and the second
inverter cell are electrically coupled to form a commonpositive terminal and a common negative

terminal for the inverter module.

12. The inverter moduleof claim 1, comprising:

each of the first inverter cell and the second inverter cell includingan assembly of the
corresponding at least one transistor device,and havinga set of multi-phase terminals;and

the sets of multi-phase terminals of the first inverter cell and the second inverter cell are

electrically coupled to form a single set of multi-phase terminals for theinverter module.

13. The inverter module of claim 1, wherein each of the at least one transistor devices comprises

an insulated-gate bipolar transistor (IGBT).

14. The inverter module of claim 1, comprising:
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an inlet adaptorhaving one end that mates with the coolant inlet of the cold plate of the

first inverter cell, and another end that mates with a coolant hose.

15. A method, comprising:

providing a first inverter cell and a second inverter cellin an inverter module, each of the
first inverter cell and the second inverter cell having at least one transistor device and a cold
plate placed in contact with or proximate to the at least one transistor device, the cold plate
having a coolant channel through the cold plate, the coolant channel having a coolant inlet at a
first side of the cold plate and a coolant outlet on a second side of the cold plate opposite to the
first side;

connecting, using a connector,the coolant outlet of the cold plate of the first inverter cell
to the coolant inlet of the cold plate of the second inverter cell in series, to form a continuous
channel that extends from the first coolant inlet of the cold plate of the first inverter cell into the
coolant channel of the cold plate of the second inverter cell, the connector having one end that
mates with the coolant outlet of the cold plate of the first inverter cell, and another end that mates
with the coolant inlet of the cold plate of the second inverter cell; and

receiving, via the coolant inlet of the cold plate of the first inverter cell, coolant fluid into

the continuous channel to cool the first inverter cell and the second inverter cell.

16. The method of claim 15, comprising:

electrically coupling positive terminals of the first inverter cell and the second inverter
cell to form a common positive terminal for the inverter module; and

electrically coupling negative terminals of the first inverter cell and the second inverter

cell to form a common negative terminal for the inverter module.

17. Anelectric vehicle, comprising:
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a first inverter cell and a second inverter cell, each of the first inverter cell and the second
inverter cell comprising:
at least one transistor device; and
a cold plate placed in contact with or proximate to the at least one transistor
device, the cold plate having a coolant channel through the cold plate, the coolant channel
having a coolant inlet at a first side of the cold plate and a coolant outlet on a second side
of the cold plate opposite to the first side;

a connectorto connect the coolant outlet of the cold plate of the first inverter cell to the
coolant inlet of the cold plate of the second inverter cell in series, to form a continuous channel
that extends from the first coolant inlet of the cold plate of the first inverter cell into the coolant
channel of the cold plate of the second inverter cell, the connector having one end that mates
with the coolant outlet of the cold plate of the first inverter cell, and another end that mates with
the coolant inlet of the cold plate of the second inverter cell; and

the coolant inlet of the cold plate of the first inverter cell to receive coolant fluid into the

continuous channel, to cool the first inverter cell and the second inverter cell.

18. The electric vehicle of claim 17, comprising:
an outlet plug that mates with and seals the coolant outlet of the cold plate of the second

inverter cell.

19. The electric vehicleof claim 17, comprising:
each of the cold plates includes a second coolant channel, the second coolant channel
having a second coolant inlet at one side of the cold plate and a second coolant outlet on an

opposite side of the cold plate.

20. The electric vehicleof claim 19, comprising:
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the second coolant channels of the cold plates connected in series to form an additional

continuous channel that is substantially parallel to the continuous channel.
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