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Exhibit 41

Claim Chart for the Infringement of Independent Claim 1 of Complainant Vicor Corporation’s

United States Patent No. 9,166,481 by Delta USOSU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter

Power Module and Computing Systems Containing the-Same!

U.S. Patent
No. 9,166,481
(Patent ’481)

Application to Delta USOSU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power
Module and Systems Containing the Same

[1.a.1] A
method of
synchronously
operating a
power converter
in a series of
converter
operating cycles,

The Delta U5S0SU4P162 practices a method of “of synchronously operating a power converter in a series of
converter operating cycles.”

For example, as seen from the Delta USOSU4P162 Datasheet, the USOSU4P162 is a “power converter.” For
example, as seen from its datasheet, the USOSU4P162 is a power module designed to convert an input voltage of
38 to 60 volts to an output voltage of approximately 9.5 to 15 volts (i.e., with a fixed ratio of 4 to 1). As
described by the claim elements below, the USOSU4P162 is operated synchronously in a series of converter
operating cycles.

! The following analysis of Delta US0SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is
applicable to all other products in the Delta US0SU family of power modules as well as computing systems containing them (e.g.,

servers, server boards, power delivery networks, and computers), including Quanta and Foxconn computing systems.
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: U50SU4P162
hELTA 62A, Fixed Ratio Power Module
FEATURES

Electrical

+ Peak efficiency up to 97.9%

+ Bi-girectional power delivery

+ SMD package

+ Switch frequency up to 1100 KHz

+ Parallel operation with multipbe modules
+  No minimurm load required

+ Non-isolated & Unregulated

Mechanical
* Size:280x17.4 x 10.4 mm ( 1.10"x0.69"x0.41% )
+ LGA package

Safety & Reliability
+ ULG2368-1 Pending

Hi-side input voltage: 38~60V + IS0 8001, TL 9000, ISO 14001, QS 9000,
Low-side input Voltage: 9.5V~15V CHEAT I el MR e Yy
Fixed Ratio Factor: K=4 Soldering method

Output Current: 62A + Reflow soldering (MSL rating of 3)

Recommended Part Number

Model Name Eff. @ 50% Load
Without PMBus
USOSUMP16ZPMAR 97 9% @54V il
With PMBus
USOSUMP162PMDR 97.9% @54V functh
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For example, the following waveforms illustrate a series of converter operating cycles in the Delta

U50SU4P162:
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[1.a.2] the
converter having
at least one
primary switch
to drive a
resonant power
train and at least
one secondary

The Delta U5S0SU4P162 is a “converter having at least one primary switch to drive a resonant power train and at
least one secondary switch.”

For example, as seen in the circuit schematics, the Delta US0SU4P162 has at least one primary switch (e.g.,
QI1T/B) (red) to drive a resonant power train, including transformer windings (e.g., P1 and P2) (blue) and
resonant capacitors (e.g., Crl11T, Crl12T, Crl11B, Cr12B and Cr21T, Cr22T, Ci21B, Cr22B) (blue), and a

secondary switch (e.g., Q6T/B) (purple).
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[1.a.3] the
resonant power
train including a
transformer and
having a
characteristic
resonant
frequency and
period, the
method
comprising:

The Delta U5S0SU4P162 comprises a “resonant power train including a transformer and having a characteristic
resonant frequency and period.”

For example, as illustrated in the circuit schematic of the Delta US0SU4P162, resonant capacitors (e.g., Crl11T,
Crl12T, Crl1B, Crl12B and Cr21T, Cr22T, Cr21B, Cr22B) are connected in series with a transformer during each

phase of operation.
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The resonant power train of the Delta USOSU4P162 has a characteristic resonant period of approximately 912ns
and frequency of approximately 1.06 MHz, as shown below:

007




' : [m] 80.00ns €@ -365.0mv
1 1 : O 992.0ns © -1.000V
A A A A912.0ns A635.0mV

g

4

200V % @B 500V L @ 250mV i 200mA -ﬂ.][wom ]zsocsvs ] (13 7TV
Value  Mean  Min Max StdDey |\MLZI00% 1M points
0.00

0.00 2021
0,000 15.51.23

€ Peak-Peak  190mv 190m 190m 190m

1.060M

1.060MHz 1.060M  1.060M

Frequency

008




[1.b] providing | The Delta US0SU4P162 practices a method step of “providing an oscillator for generating clock signals at an
an oscillator for | oscillator frequency.”
generating clock

signals at an For example, the Delta US0SU4P162 comprises a dsPIC33CK64MP102ES digital controller on its controller
oscillator board. A photo showing the dsPIC33CK64MP102ES is illustrated below.
frequency
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The dsPIC33CK64MP102 is a digital controller, including an internal oscillator for generating clock signals at
an oscillator frequency, as reflected on the dsPIC33CK64MP102 datasheet.

« Selectable Oscillator Options Including:

- Low-Power 32 kHz RC (LPRC) Oscillator

- High-precision, 8 MHz internal Fast RC
(FRC) Oscillator

- Primary high-speed, crystal/resonator
oscillator or external clock

- Primary PLL, which can be clocked from FRC
or crystal oscillator

- Secondary/Auxiliary PLL (APLL) for PWM
and ADC
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dsPIC33CK64MP105 FAMILY

9.0 OSCILLATOR WITH
HIGH-FREQUENCY PLL

Note 1:

This data sheet summarizes the features
of the dsPIC33CK64MP105 family of
devices. It is not intended to be a compre-
hensive reference source. To complement
the information in this data sheet, refer to
“Oscillator Module with High-Speed
PLL” (www.microchip.com/DS70005255)
in the “dsPIC33/PIC24 Family Reference
Manual’.

The dsPIC33CK64MP105 family oscillator with
high-frequency PLL includes these characteristics:
On-Chip Phase-Locked Loop (PLL) to Boost
Internal Operating Frequency on Select Internal
and External Oscillator Sources

Auxiliary PLL (APLL) Clock Generator to Boost
Operating Frequency for Peripherals

Doze mode for System Power Savings

Scalable Reference Clock Output (REFCLKO)
On-the-Fly Clock Switching between Various

Clock Sources

Fail-Safe Clock Monitoring (FSCM) that Detects
Clock Failure and Permits Safe Application
Recovery or Shutdown

A block diagram of the dsPIC33CK64MP105 oscillator
system is shown in Figure 9-1.
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[1.c] generating
timing control
signals for each
of a plurality of
events based
upon the clock
signals in a (A)
standard
converter
operating cycle,
having a
standard
operating period
and frequency,
to

The Delta US0SU4P162 practices a method step of “generating timing control signals for each of a plurality of
events based upon the clock signals in a (A) standard converter operating cycle, having a standard operating
period and frequency.”

For example, dsPIC33CK64MP102 digital controller generates timing control signals (e.g., at DSP Pinl and
DSP Pin 2 on the schematic below) for each of a plurality of events based upon the clock signals in a (A)
standard converter operating cycle, as reflected on the dsPIC33CK64MP102 datasheet.

FIGURE 1-1: dsPIC33CK64MP105 FAMILY BLOCK DIAGRAM("
r— — — 1
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Mote 1: The numbers in the parentheses are the number of instantiations of the module indicated.
2: Mot all 'O pins or features are implemented on all device pinout configurations.
3. Some peripheral I/Os are only accessible through Peripheral Pin Select (PPS).
4: 28-lead devices have only two op amp instances.
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FIGURE 9-1: dsPIC33CK64MP105|CORE CLOCK SOURCES BLOCK DIAGRAM I
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Timing control signals are used to clock gate drivers which in turn operate the primary and secondary switches.
With its characteristic resonant period and frequency, the power train of the Delta US0SU4P162 is digitally
controlled as a fixed ratio Sine Amplitude Converter (“SAC”) to clock at a resonant period (i.e., approximately
912nS) and frequency (i.e., approximately 1.06MHz), over a range of input voltages and load currents. The
plurality of events based upon the clock signals give rise to a (A) standard converter operating cycle having a
standard operating period and frequency, as shown in the following waveforms.
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[1.d] (1) turn the
at least one
primary switch
ON and OFF at
times when
essentially zero
voltage is
impressed
across the
respective at
least one
primary switch
and essentially
zero resonant
current is
flowing in the
respective at
least one
primary switch;
and

The Delta US0SU4P162 practices the method step of turning “the at least one primary switch ON and OFF at
times when essentially zero voltage is impressed across the respective at least one primary switch and essentially
zero resonant current is flowing in the respective at least one primary switch.”

For example, as shown in the waveform below, primary switch (e.g., Q1T/B) is turned ON (i.e. Gate to Source
QI goes high) and OFF (i.e. Gate to Source Q1 goes low) when essentially zero voltage is impressed across
QIT/B (i.e. when Drain to Source Q1 is essentially zero), as shown below.
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Further, primary switch (e.g., Q1T/B) is turned ON and OFF (Gate Q1 transitions) at times when the resonant
current (e.g., Math) flowing into primary switch Q1T/B is essentially zero, as shown below:
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[1.e] (i1) turn the
at least one
secondary
switch ON and
OFF at times
when essentially
zero current is
flowing in the
respective at
least one
secondary
switch and
essentially zero
voltage is
impressed
across the
respective at
least one
secondary
switch; and

The Delta US0SU4P162 practices a method step of turning “the at least one secondary switch ON and OFF at
times when essentially zero current is flowing in the respective at least one secondary switch and essentially zero
voltage is impressed across the respective at least one secondary switch.”

For example, as shown in the waveform below, secondary switch (e.g., Q6T/B) is turned ON (i.e. Gate Q6T
goes high) and OFF (i.e. Gate Q6T goes low) when essentially zero voltage is impressed across secondary
switch Q6T (i.e. when Drain Q6T is essentially zero), as shown below.
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Further, for example, secondary switch (e.g., Q6T/B) is turned ON and OFF (Gate Q6T/B transitions) when the
current flowing into secondary switch Q6T/B (e.g., Math) is essentially zero, as shown below.
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[1.f] wherein the
oscillator
frequency is
preset, and

The Delta US0SU4P162 meets element of “wherein the oscillator frequency is preset.”

For example, the internal oscillator in DSP PIC33CK64MP102 can be preset to either 32KHz or 8 MHz

depending on programmable settings, as reflected on the dsPIC33CK64MP102 datasheet.

FIGURE 9-1: dsPIC33CK64MP105 CORE CLOCK SOURCES BLOCK DIAGRAM
[—» Fcy
BB mﬁ EFRCOK Core Clock >
FRCCLK ion and > Fosc
POSCCLK PLL/DIV Subsystem | VCO Outputs
LPRCCLK see Figure 9-2
- FRC ¢ 9 ) > :\%baggxputs
TUNIgo) 8 MHz |—» REFCLKO

POSC

LPRC
32 kHz

9.3 CPU Clocking

The dsPIC33CK&4MP105 devices can be configured to
use any of the following clock configurations:

* Primary Oscillator (POSC) on the OSCI and
OSCO pins

+ Internal Fast RC Oscillator (FRC) with optional
clock divider

+ Internal Low-Power RC Oscillator (LPRC)

+ Primary Oscillator with PLL (ECPLL, HSPLL, XTPLL)
+ Internal Fast RC Oscillator with PLL (FRCPLL)

+ Backup Internal Fast RC Oscillator (BFRC)

- 18 -
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[1.g] the timing
of the timing
control signals
for one or more
selected events

The Delta U50SU4P162 meets the method step element “the timing of the timing control signals for one or more
selected events may be set independently of other timing control signals and events.”

For example, the dsPIC33CK64MP102 digital controller is programmed to set the timing of the timing control
signals (e.g., DSP Pin 1 and DSP Pin 2), as reflected on the dsPIC33CK64MP102 datasheet.

may be set .
independently of 2es® 233
othe fiming -
control signals ® ®muywrun2
and events. ret4 [l 1 21 [| rB8
RE15 [ 2 20 [| RB7
MCLR [ 3 19 [}| RB6
RAO [] 4 dsPIC33CKXXMP102 15 Il rBS
RA1[]5 17 [| RB4
RA2[]6 16 | | RB3
RA3[]7 15 [] RB2
8 91011121314
o o o |
o w o wu o g
2228283
m
o
Pin # Function(")
RP46/FPWMIH/RE14
2 RP47TPWMILRB15
]G
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11.2  Architecture Overview be used to achieve complex multiphase systems. PWM
_ Generators can also be used to implement sophisticated
The PWM module consists of a common set of controls triggering, protection and logic functions. A highdevel

; - block diagram is shown in Figure 11-1.
Generators (PGs). Each PWM Generator can be inde-
pendently configured or multiple PWM Generators can
FIGURE 11-4:  PWM HIGH-LEVEL BLOCK DIAGRAM
P<] pwMiH
PG1
Common
PWM ] pwmiL
Controls and
Data
—— X PwmzH
PG2
——— %] pwmaL
I |
| I
—x] PwmxH
PGx
—— PwmxL
=20 -
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EXHIBIT 42



Exhibit 42
Claim Chart for the Infringement of Independent Claim 1 of Complainant Vicor Corporation’s
United States Patent 9,516,761 by Delta US0SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power
Module and Computing Systems Containing the-Same!

U.S. Patent Application to Delta USOSU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter
No. 9,516,761 Power Module and Systems Containing the Same

(Patent ’761)

[1. Pre] An To the extent the preamble is determined to be limiting, the Delta US0SU4P162 is an apparatus as explained
apparatus further below.

comprising:

! The following analysis of Delta US0SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is
applicable to all other products in the Delta US0SU family of power modules as well as computing systems containing them (e.g.,

servers, server boards, power delivery networks, and computers), including Quanta and Foxconn computing systems.
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[1.a] a power
converter
including

The Delta US0SU4P162 comprises “a power converter.” For example, as seen from the Delta US0SU4P162
datasheet, the US0SU4P162 is a power module designed to convert an input voltage of 38 to 60 volts to an

output voltage of approximately 9.5 to 15 volts (, 1.e., a 4:1 fixed ratio).

A AELTA

U50SU4P162

62A, Fixed Ratio Power Module

Hi-side input voltage: 38~60V
Low-side input Voltage: 9.5V~15V
Fixed Ratio Factor: K=4

Output Current: 62A

Recommended Part Number

FEATURES

Electrical

Peak efficiency up to 57.9%
Bi-directional power delivery

SMD package

Switch frequency up to 1100 KHz
Parallsl oparation with multiple modules
No minimum load required

Non-isolated & Unregulated

R S S

Mechanical
* Size: 28.0 x 17.4 x 10.4 mm ( 1.10"0.89"x0.41" )
* LGA package

Safety & Reliability

+ ULG2368-1 Pending

« IS0 9001, TL 8000, ISO 14001, QS 9000,
OHSAS 18001 certified manufacturing facility

Soldering method
+ Reflow soldering (MSL rating of 3)

Eff. @ 50% Load
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[1.b] a printed The Delta US0SU4P162 comprises “a printed circuit board (“PCB”’) comprising a plurality of conductive layers
circuit board and having a top surface and a bottom surface.”

(“PCB”)
comprising a The Delta US0SU4P162 includes a PCB, as illustrated in the photo below.
plurality of
conductive
layers and
having a top
surface and a
bottom surface;

The Delta US0SU4P162 PCB comprises a plurality of conductive layers. Examples of the layers of the PCB are
shown below.
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The Delta US0SU4P162 PCB has a top surface and a bottom surface, as shown below.

(top) | “ | (bottom)
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[1.c] a magnetic | The Delta USOSU4P162 comprises “a magnetic core structure magnetically coupled to a winding formed by

core structure traces in one or more of the conductive layers in the PCB.”

magnetically

coupled to a For example, the Delta US0SU4P162 comprises a magnetic core structure, as seen in this photo of the PCB.
winding formed

by traces in one
or more of the
conductive
layers in the
PCB; and

(top)

The example traces in conductive layers in the PCB that form a winding can be seen in the following image of
the example layer of the PCB. The magnetic core structure is magnetically coupled to the winding,.
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[1.d] a plurality
of power
semiconductor
devices, a first
set of the power
semiconductor
devices being
mounted on the
top surface and
electrically
connected to
dissipate power
at a level, Pt,
during operation
of the converter,
a second set of
the power
semiconductor
devices being
mounted on the
bottom surface
and electrically
connected to
dissipate power
at a level, Pb,
during operation
of the converter;

The Delta U5S0SU4P162 comprises “a plurality of power semiconductor devices, a first set of the power
semiconductor devices being mounted on the top surface and electrically connected to dissipate power at a level,
Pt, during operation of the converter, a second set of the power semiconductor devices being mounted on the
bottom surface and electrically connected to dissipate power at a level, Pb, during operation of the converter.”

For example, the Delta US0SU4P162 has a plurality of semiconductor devices mounted on each of the top (e.g.,
the MOSFET Switches Q1T through Q6T) and bottom surface (e.g., the MOSFET Switches Q1B through Q6B)
of the PCB, as can be seen in the images of the PCB presented below.

(top) (bottom)
The semiconductor devices mounted on the top surface and on the bottom surface (e.g., the MOSFET Switches)
are electrically connected to dissipate power during operation of the converter. The power dissipated can be
designated as Pt for the top of the PCB and Pb for the bottom of the PCB.
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[1.e] wherein
the power
semiconductor
devices are
distributed
between the first
and second sets
to distribute heat
generation
during operation
of the converter
such that each
level Pt, Pb 1s
less than 150%
of the other
level Pb, Pt.

In the Delta US0SU4P162, “power semiconductor devices are distributed between the first and second sets to

distribute heat generation during operation of the converter such that each level Pt, Pb is less than 150% of the
other level Pb, Pt.”

For example, the Delta US0SU4P162 has six power semiconductor devices (e.g., the MOSFET Power
Transistors Q1T-Q6T) in the first set on the top of the PCB and six power semiconductor devices (e.g., the
MOSFET Power Transistors Q1B-Q6B) in the second set on the bottom of the PCB. Because each pair of top
(T) and bottom (B) power semiconductor devices, as illustrated in the circuit schematic presented below, are
connected in parallel with each other to share current flow and power dissipation, and respectively arranged on

the top and bottom surfaces, Pb 1s essentially equal to Pt, 1.e., Pb 1s less than 150% of Pt and Pt is less than 150%
of Pb.
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Exhibit 43

Claim Chart for the Infringement of Independent Claims 9 and 33 of Complainant Vicor Corporation’s

United States Patent 10,199,950 by Delta US0SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter

Power Module and Computing Systems Containing the-Same!

U.S. Patent Application to Delta USOSU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter
No. 10,199,950 Power Module and Systems Containing the Same

(Patent *950)

[Claim 9] An To the extent the preamble is determined to be limiting, the Delta USOSU4P162 is an apparatus as explained
apparatus further below.

comprising:

[9.a] a power The Delta US0SU4P162 comprises “a power converter.” For example, as seen from the Delta USOSU4P162
converter Datasheet, the U50SU4P162 is a power module designed to convert an input voltage of 38 to 60 volts to an
comprising output voltage of approximately 9.5 to 15 volts (i.e., a 4 to 1 fixed ratio converter).

! The following analysis of Delta US0SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is
applicable to all other products in the Delta US0SU family of power modules as well as computing systems containing them (e.g.,

servers, server boards, power delivery networks, and computers), including Quanta and Foxconn computing systems.

o1-
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A AELTA

U50SU4P162

62A, Fixed Ratio Power Module

Hi-side input voltage: 38~60V
Low-side input Voltage: 9.5V~15V
Fixed Ratio Factor: K=4

Uurput Current: oA

Recommended Part Number

FEATURES

Electrical

+ Peak afficiency up to 97 9%

+ Bigirectonal power defivery

+ SMD package

+ Switch frequency up to 1100 KHz

+ Parallel operation with multiple modules
+ Mo minimum load required

+  Mon-lsolated & Unregulated

Mechanical
* Size: 2B0 x 17.4 x 10.4 mm [ 1.10°x0.69"x0.417 )
+ LGA package

Safety & Reliability

+ UL62368-1 Pending

+ 150 9001, TL 9000, IS0 14001, QS 9000,
OHBAS 18001 certified manufaciuring facility

Soldering method
+  Reflow soldering (MSL ratng of 3)

Model Name Qutput Eff. @ 50% Load

38-60V 174 135V B2ZA

USOSUMP16ZPMAR 97 9% @54V x"“?“’ FMBuS
9.5-15V B5A 541 15.5A ki
38-60V 174 135V 624

With PMBus
USOSU4P16ZPMDR 97 9% @54V
‘ 8.5-15V B A 540 15.54 . Tuncion
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[9.b] an input
circuit and an
output circuit,

The Delta U5S0SU4P162 comprises “an input circuit and an output circuit.”

For example, a circuit schematic of the Delta US0SU4P162 is presented below. The input circuit (red) includes
power semiconductor devices (e.g., Q1T and Q1B, Q2T and Q2B, Q3T and Q3B, and Q4T and Q4B), resonant
capacitors (e.g., CR11T, CR12T, CR11B, CR12B and CR21T, CR22T, CR21B, CR22B), input capacitors (e.g.,
CIIT and CIIB and CI2T, CI2B), and transformer windings (e.g., P1 and P2). The output circuit (purple) includes
transformer windings, output switches (e.g., Q5T and Q5B and Q6T, Q6B), and output capacitors (e.g., COIT,
CO1B, CO2T, CO2B).
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[9.c] wherein the
power converter
is configured to
receive power
from a power
distribution
system
comprising a
source for
providing power
at a DC source
voltage Vs,

In the Delta USOSU4P162 module, a “power converter is configured to receive power from a power distribution
system comprising a source for providing power at a DC source voltage Vs.”

For example, the datasheet for the Delta US0SU4P162 shows a typical application including bi-directional power
delivery via the converter between a high side voltage and a low side voltage.

A AELTA APPLICATION SCHEMATIC

Typical Application diagram

) — PG/Temp j——FG/Temp

mﬁ_li VHs Vis J- VLs

Bi-directional Power Delivery

[9.d] the power
converter being
adapted to
convert power
from the input
circuit to the
output circuit at a

The Delta U5S0SU4P162 comprises a “the power converter being adapted to convert power from the input circuit to
the output circuit at a substantially fixed voltage transformation ratio, Kpc, at an output current.”

For example, the datasheet for the Delta US0SU4P162 shows a fixed conversion ratio between input and output.
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substantially fixed
voltage
transformation
ratio, Kpc, at an
output current,

: U50SU4P162
hELTd 62A, Fixed Ratio Power Module
FEATURES

Electrical

Peak sfficiency up to 57 9%
Bi-directional power delivery

SMD package

Switch frequency up ta 1100 KHz
Parallel operation with mubiple modules
Mo minimum load required
MNon-isolated & Unregulated

T e

Machanical
+ Size: PRO% 174 3 104 mm ( 1.10'%0 69%0.41")
+ LGA package

Safety & Reliability
+ ULE2368-1 Pending

Hi-side input voltage: 38~60V #1150y 8001,T100, |50 34001, 05 5000,
Low-side input Voltage: 9.5V ~15V OHSAR3H001 oardad mer fecturng oty
Fixed Ratio Factor K=4 Soldering method

UUTPUT LUrrent: b2A + Reflow soldering (MSL rating of 3)

Recommended Part Number

Maodel Name Input Output Eff. @ 50% Load Others
38-80V 17 A 136V B2A
USOSULP162PMAR 97.9% @54V Rnoin DU
0.5-15 BEA sav 16,50 function
38-60V 17A 135V 624
US0SUSP162PNDR 97.9% @54V et Bl
9.5-15Y B5A 54y 1558 @ function

[9.e] wherein an
mput voltage Vv
is applied to the
input circuit and

The Delta US0SU4P162 comprises “an input voltage Vv 1s applied to the input circuit,” as illustrated in the circuit
schematic below.
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[9.f] an output
voltage Vour 1s
produced by the
output of the
power converter,
and

In the Delta USOSU4P162 module, “an output voltage Vour 1s produced by the output of the power converter,” as
illustrated in the circuit schematic below.

040




(0]
]? +IN
—a = BEMENDALES | BSTOTONCELES ens, cnri coe L, eon L FIC T |
e S aTu PR — R e |
+ oo . 1 Hl-] ik 5 o ] ’jh M 11 spmy P
T 4 po) BT, oia 2T 6 Layers) 27 ( BLaysrs) G | o | amo) = sgn: 1T
T 3 = ush
s(vss)  Um  sps) T ‘H:Y L v A 5Hg) Ms1s spsg |
Lmsi0s
ailn _DO AL crat e ELTE. ) —(:ji— aui
(0 A | A TS E o e | |
tz'{ 1T{1 Layer) 05T { 1 Lave:
4ty
e 1l it 3
[= i) oaT
atu =R
omT Crize T
1 BEIOPHOELES A EOTOOBLES BACONE S 2(NEl
I i | -
— (L] N (SRS R .| N . a [ = 3jHB) 1vD0y |
m.l.m.L - o Tl i~ "EL £ ws de 2o ‘<4— o T = TJ'
- T 7em 'D‘-" apo) | i ) ] sz
| - | | sms e sy |
| sess) I SHE) ooy
1 { 0L 1 a8y Vo Il =
8Ly _[>_ RLTE WouT D<'_ I
I ] eem | ||
& {EN; 0
[
c H
BEITENDILSE | BEZ01BNOHLSS [ -L J. :
= e eotet L diht Lemn L eam 1
|I¢:| ™ stk ; 0 Tu |"] r"| a: Cez CON N
| — - T - E: CIN CONNECTION
B4 Bin 2 «a 0T | e = as T £: 04 DRAIN
17 0 Cri CONNECTION
E: COUT SCOMNEGTION
ZE DSPPin1 =OuT E 2 SOURCE
N:04 SOURGE
aout __I Vout + B2 Source
: rom
i = Soft Start_Windng e
i, = Camponots end with =T"are on top skie of the power baard
ﬁl_i__laguuﬁg_umml iy | Componeats end with 8" ane on bottem sde o the power board
LN, T
- =

Power Board ard Cuntrol Boars Cowmoctor

[9.¢] wherein the
substantially fixed
voltage
transformation
ratio can be
represented as
Kpc = Vour /Vm,
wherein the
power converter
further comprises:

In the Delta US0SU4P162 module, a “substantially fixed voltage transformation ratio can be represented as Kpc =
Vour /Vm.” For example, for Vour and Vv described above, Kpe = Vour /Vin
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[9.h] a series
connection
between the input
circuit of the
power converter
and at least a
portion of the
output circuit of
the power
converter across
the source,

The Delta US0SU4P162 comprises “a series connection between the input circuit of the power converter and at
least a portion of the output circuit of the power converter across the source.”

For example, with reference to the circuit schematic of the Delta US0SU4P162, during a first phase (e.g., switches
Q1, Q4, and Q6 closed), the input circuit (including e.g., switches Q1 and Q4, resonant capacitors Crl and Cr2,
and winding P1) and the output circuit (including e.g., switch Q6, winding P2 and output capacitors CO1T, COIB,
CO2T, CO2B) are connected in series across the source, Vs. Input capacitors CI1T, CI1B, CI2T, CI2B, are
connected across the input circuit, 1.e. between the Vin terminal and the Vout terminal, further illustrating the
series connection.

Series Connection
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The equivalent circuit schematic in an operational phase is illustrated below. The output circuit and the input
circuit are in series and connected across the source.

(TR
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[9.i] such that an | In the Delta US0SU4P162 module, “an absolute value of the input voltage Vv applied to the input circuit is
absolute value of | approximately equal to the absolute value of the DC source voltage Vs minus a number N times the absolute value
the input voltage | of the output voltage Vour, where N 1s at least 1.”
Vm applied to the
input circuit 1s For example, with reference to the circuit diagrams, the voltage applied to the input circuit is Vs (source voltage) -
approximately Vour (output voltage). Thus, N is 1.
equal to the
absolute value of
the DC source -
voltage Vs minus .. e
a number N times — Vs 4 sswrguass | soomenss  cool anl el canl I —
the absolute value e e [T H;"J——D'L il 4 o o e
o ool SR o woi o v
of the output omn we s Mo A5l ek 5 R
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[9.j] wherein the
power converter
comprises an
inductive
component and
one or more
power switches in
the input circuit,

The Delta U50SU4P162 comprises a “power converter comprises an inductive component and one or more power
switches in the input circuit, the output circuit, or both.”

For example, with reference to the circuit diagrams, the transformer is an inductive component including two
windings (e.g., P1 and P2). Power switches (e.g., Q1through Q6) are power switches in the input circuit and/or the

output circuit.
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[9.Kk] wherein a

current flowing in

the mmductive
component
charges and
discharges
capacitances in
the power
converter
reducing a
voltage across
said one or more
switches prior to
turning ON said
one or more
switches.

In the Delta USOSU4P162 module, “a current flowing in the inductive component charges and discharges

capacitances in the power converter reducing a voltage across said one or more switches prior to turning ON said
one or more switches.”

For example, drain-source (Vds) and gate-source (Vgs) voltage waveforms of power switch Q6 demonstrate that
current flowing in the inductive component discharges Vds before Vgs goes high, i.e. prior to turning Q6 ON.
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[Claim 33] An

To the extent the preamble is determined to be limiting, the Delta USOSU4P162 is an apparatus as explained

apparatus further below.

Comprising:

[33.a] a bus The Delta U50SU4P162 comprises “a bus converter.”

converter

comprising For example, as seen from the Delta US0SU4P162 Datasheet, the US0SU4P162 1s a bus converter designed to, for

example, take an input voltage of 38 to 60 volts and generate an output voltage of approximately 9.5 to 15 volts
(1/4th of the input voltage).

: UsS0SuU4P162
bELTA 62A, Fixed Ratio Power Module
FEATURES
Electrical
:na: effisiancy up to 97 8%

.
.
+ SMD package

= Switch freguency up to 1100 KHz
*

.

Parallel operation sith mukiple modies
N irimum koac required
Men.iesited & Unreguiated

Mechanical
# Slzec 280 x 174 x 10.4 mm [ 110020 897041 )
= LGA package

Safety & Reliability
* ULG2368-1 Pending
Hi-side input voltage: 38~60V = 1509001, TL 3000, 150 14001, OS 9000,

Low-side input Voltage: 9.5V~15V SHESSI Al ke
Fixed Ratio Factor: K=4 Soldering method
Output Current: 62A + Reflow sokiering (MEL raling of 3)

Recommended Part Number

ER. @ 50% Load

BB 7A 135 €24 |
USOSLAP 1 G2PMAR. 7.9% @Y ol

3518V B5A 54 1554

33-60v iTA 135V 67A

{ wah PMBus

USOSLKP 1AZPMDR 7 89% @Y

9.5-15% BEA sV 1654 i ‘ Tunctan ‘

= 13-
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[33.b] an input
circuit and an
output circuit,

The Delta U5S0SU4P162 comprises “an input circuit and an output circuit.”

For example, a circuit schematic of the Delta US0SU4P162 is presented below. The input circuit (red) includes
power semiconductor devices (e.g., Q1T and Q1B, Q2T and Q2B, Q3T and Q3B, and Q4T and Q4B), resonant
capacitors (e.g., CR11T, CR12T, CR11B, CR12B and CR21T, CR22T, CR21B, CR22B), input capacitors (e.g.,
CIIT and CIIB and CI2T, CI2B), and transformer windings (e.g., P1 and P2). The output circuit (purple) includes

transformer windings, output switches (e.g., Q5T and Q5B and Q6T, Q6B), and output capacitors (e.g., COIT,
COIB, CO2T, CO2B).
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Power Board and Control Board Conmector

[33.c] the bus
converter being

The Delta U50SU4P162 comprises “the bus converter being adapted to convert power from the input circuit to the
output circuit at a substantially fixed voltage transformation ratio, Kpc, at an output current.”
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adapted to

convert power
from the mput
circuit to the
output circuit at a
substantially fixed
voltage
transformation
ratio, Kpc, at an
output current,

The datasheet for the Delta US0SU4P162 shows a fixed conversion ratio between mput and output.

: U50SU4P162
hELTd 62A, Fixed Ratio Power Module
FEATURES

Elecirical

Paak afficency up to OF 9%
Bi-diractioral power defivary

EMD package

Switch frequency up to 1100 KHz
Faraliel operaton with mulkiphe modules
Mo rrinimum load required
MNon-iselated & Unregulated

R

Mechanical
* Size: 280 x 174 w404 mm { 1.1 0"0.60%0.417 )
+ LGA package

Safety & Reliability
+ ULS2368-1 Panding

Hi-side input voltage: 38~60V + 1509001, TLA000, 130 4001 02 2000,
Law-cide innut \ialtage: 9.5V 15V OHSAS 8001 certfied manufaciuring faciity
Fixed Ratic Factor: K=4 Soldering method

Qutput Current: 62A + Rellow soldering (MSL rating of 3)

Recommended Part Number

Input Eff. @ 50% Load
Withaut PMBus
US0SUAF 162PMAR H7T8% @AV
49.E~15y 6 A 54V 15.5A e Aimolion
38-60V 17A 135V 624
USOSU4P16ZPMOR 97.9% @54V el gl
| 9 E-15 BA A sS4V 15 54 o uncton
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[33.d] wherein an
input voltage Vv
1s applied to the
input circuit and

The Delta US0SU4P162 comprises “an input voltage Vv 1s applied to the input circuit.”
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[33.e] an output
voltage Vour 1s
produced by the
output of the bus
converter, and

The Delta US0SU4P162 comprises “an output voltage Vour 1s produced by the output of the bus converter.”
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[33.f] wherein the
substantially fixed
voltage
transformation
ratio can be
represented as
Kpc = Vour / Vin

The Delta U50SU4P162 comprises a “wherein the substantially fixed voltage transformation ratio can be
represented as Kpc = Vour / Viv.” For example, for Vour and Vv described above, Kpc = Vour /Viv.
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[33.¢] wherein the | The Delta US0SU4P162 comprises “the input circuit of the bus converter and the output circuit of the bus converter

input circuit of are galvanically connected.”
the bus converter
and the output For example, the datasheet for the Delta US0SU4P162 states that the module is “non-isolated” and shows a GND

circuit of the bus | terminal that 1s shared by the input and output.
converter are

galvanically U50SU4P162
connected; and A BELT 4

62A, Fixed Ratio Power Module

FEATURES

Electrical

+ Peak efficiency up to 97.9%
Bi-directional power delivery

SMD package

Switch frequency up to 1100 KHz
Parallel operation with multiple modules
* No minimum load required

. & Unregulated

- * * *

Mechanical
+ Size:28.0x17.4 x 10.4 mm ( 1.10"°x0.69"x0.41" )
+ LGA package

-18 -
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A AELTA

APPLICATION SCHEMATIC

Typical Application diagram

NHs _I_ VHs Vs J_ LY K
CHs CLs
T GND T
M

Bi-directional Power Delivery
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[33.h] wherein
the bus converter
comprises an
inductive
component and
one or more
power switches in
the input circuit
or output circuit
or both; and

The Delta U5S0SU4P162 comprises “the bus converter comprises an inductive component and one or more power
switches in the input circuit or output circuit or both.”

For example, with reference to the circuit diagrams, the transformer is an inductive component including windings
(e.g., P1 and P2). Power switches (e.g., Qlthrough Q6) are power switches in the input circuit and/or the output

i
]? +IN
:7, 5 BSZOTONGALSS | ESZ07ONOSLSS el ent azaI cual 58 zF
e S — aTu 4.7u. 47u 47u !
1{voD) 3 mB) (=L H"‘I T"L‘ T TB T T |“I I‘"' L 3(HB) 1 (VD)
-4 k i =
7y > ey T e 21 (6 Layers) o (6 Layors) |° T v oual 4(40) 708 Bl
& uas
1 svss)  ume s 1 le e b a | | _‘I".“ 5(HS) LMsios  svss) ||
Lmsi08 et e —— pr—— m'“. Lol
BiLY 10 L0} 1 e 10LO) 8(LI
4ty ° & o W 4tu :]
& (EN| & (El
"""’" 1T {1 Layer) X 0.5T {1 Layes """”_‘ M
ertzt erzzt
4.Tu 4.Tu
ot o4t
= [ =
erna erzig ot
4Tu 4.Tu H
—
ot crizm = I
BSZOTONDALSS | ESZ0TCNOALSS ekzomenaLss TiweT
e "'I T" = ' T 3 [HB) 1 (vDD)
t:n.chr..L 100 1) o= o, P aer M a8 a0y 700 arLorl
7iHY >° 4 1M T wir
5[H5) LM5128 3 (v5S)
1 sves war 5 ms) l n
Ll LME108 10 L0} s L] =
= 1 e 1000} vonm
&(EM] L
6 (EN I
e
[ . 55‘
= s 02T L cotT .Lcma J.r.ma H
:j E: b ST Y 1o Tou ol ™ A Cr2 CONMECTION -
M B: CIN CONNECTION
i D8P PIn2 jaes cat oen oat C: Q6 DRAM
0: Cri CONNECTION
E: COUT COMNECTION
oI DS Pin 4 -out F- 2 SOURCE
I M:04 SOURCE
1 —_ ¥ O o
X: Q5 Drain
[ = Saft Start_Windin O Sorce
= ]
s Components end with *T* are on top side of the power board
ﬂD_I_Siﬂu_mhg Components end with *E~ ane on bottom side of the power board
T e
e | TF

Power Board and Control Board Conmector

-20 -

054




[33.i] wherein a In the Delta USOSU4P162 module, “a current flowing in the inductive component charges and discharges
current flowing in | capacitances in the converter reducing a voltage across said one or more switches prior to turn ON said one or
the mmductive more switches.”
component
charges and For example, drain-source (Vds) and gate-source (Vgs) voltage waveforms of power switch Q6 demonstrate that
discharges current flowing in the inductive component discharges Vds before Vgs goes high, i.e. prior to turning Q6 ON.
capacitances in
Prevu 1  —
the converter e o v : ==
. ; ! (CJ@® -488.0ns 5480 V
IEdiucmg a : OB -3%5.00ns -80.00mV
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