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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 U50SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter 
Power Module and Computing Systems Containing the Same1 

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

Application to Delta U50SU4P162 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 U50SU4P162 practices a method of “of synchronously operating a power converter in a series of 
converter operating cycles.” 

For example, as seen from the Delta U50SU4P162 Datasheet, the U50SU4P162 is a “power converter.” For 
example, as seen from its datasheet, the U50SU4P162 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 U50SU4P162 is operated synchronously in a series of converter 
operating cycles. 

1 The following analysis of Delta U50SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is 
applicable to all other products in the Delta U50SU 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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Hi-side input voltage: 38~60V 

Low-side input Voltage: 9.SV~lSV 

Fixed Ratio Factor : K=4 

Output Current : 62A 

Recommended Part Number 

USOSU4P162 
62A, Fixed Ratio Pow e r Module 

FEATURES 
Electrical 
• Peak efficiency up to 97. 9% 

• Bl-directional power detivety 

• SMD package 

• Switch frequency up to 1100 KHz 

• Parallel operation with multiple modules 

• No n-inlmum load required 

• Non-Isolated & Unregulated 

Mechanical 
• Size: 28.0 x 17.4 x 10.4 mm ( 1.10-•0.69.JC0.41" ) 

• LGA package 

Safety & Reliability 
• UL62368-1 Pending 

• ISO 9001, Tl. 9000. ISO 14001. OS 9000, 

OHSAS18001 certified manufacturing factlity 

Soldering method 
• Renow soldering (MSL rating of 3) 

Model Name I Input Output Ett.@ 50% load I Others 

~ v 17A 13.SV 62A Wihout PMBus U50SU4P16ZPMAR 97.9%@54V 
function 9.5-1SV 65A 54V 15.SA 

~ 17A 13.SV 62A WilhPMBu~ 050SU.JIP162PMOR 97.9%@54V 
9.5-15V 65A 54V 15.SA fundion 
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For example, the following waveforms illustrate a series of converter operating cycles in the Delta 
U50SU4P162: 
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Vin= 50V 
I out= 45 A 

Value MHn 11n Max Std Dev 0 '\. 4. 00mV 
h C 

U High 5.000 V 3.323 132.8m 5.000 2. 338 
0 Ampll tude 321.<ltnV IOI . Sm 1.039m 334 .Sm I41.Sm l Aug 2021 
O Peak- Peak 321111V 102m 1.04m 33-1111 142m 14: 37:2'1 



[1.a.2] the 
converter having 
at least one 
primaiy switch 
to drive a 
resonant power 
train and at least 
one secondaiy 
switch, 

The Delta U50SU4P162 is a "conve1ter having at least one primaiy switch to drive a resonant power trnin and at 
least one secondaiy switch." 

For exainple, as seen in the circuit schematics, the Delta U50SU4P162 has at least one prima1y switch (e.g., 
Ql T/B) (red) to drive a resonant power train, including transfonner windings (e.g., Pl and P2) (blue) and 
resonant capacitors (e.g., Crl 1 T, Cr1 2T, Crl 1B, Cr12B and Cr21 T, Cr22T, Cr21B, Cr22B) (blue), and a 
secondaiy switch (e.g., Q6T/B) (pmple) . 
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[1.a.3] the 
resonant power 
train including a 
transfonner and 
having a 
characteristic 
resonant 
frequency and 
period, the 
method 
compn smg: 

The Delta U50SU4P162 comprises a "resonant power trnin including a transfonner and having a characteristic 
resonant frequency and period." 

For example, as illustrated in the circuit schematic of the Delta U50SU4P162, resonant capacitors (e.g. , Crl 1 T, 
Cr12T, Crl 1B, Cr12B and Cr21 T, Cr22T, Cr21B, Cr22B) are connected in series with a transfonner dming each 
phase of operation. 
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The resonant power trnin of the Delta U50SU4P162 has a characteristic resonant period of approximately 912ns 
and :frequency of approximately 1.06 MHz, as shown below: 
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[1.b] providing 
an oscillator for 
generating clock 
signals at an 
oscillator 
frequency 

The Delta U50SU4P162 practices a method step of “providing an oscillator for generating clock signals at an 
oscillator frequency.” 
 
For example, the Delta U50SU4P162 comprises a dsPIC33CK64MP102ES digital controller on its controller 
board. A photo showing the dsPIC33CK64MP102ES is illustrated below.  
 

 
The dsPIC33CK64MP102 is a digital controller, including an internal oscillator for generating clock signals at 
an oscillator frequency, as reflected on the dsPIC33CK64MP102 datasheet. 
 

 

009

Selectable Oscillator Options Includ ing: 

Low-Power 32 kHz RC (LPRC) Oscillator 

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

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

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

Secondary/Auxil iary PLL (APLL) for PWM 
and ADC 
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dsPIC33CK64MP105 FAMILY 

9.0 OSCILLATOR WITH 
HIGH-FREQUENCY PLL 

Note 1: Th is 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 infonnation in this data sheet, refer to 
"Oscillator Module with High-Speed 
PLL" (www.microchip.com/DS70005255) 
in the "dsPIC33/PIC24 Family Reference 
Manual". 

The dsPIC33CK64MP 105 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 
Ooze 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 U50SU4P162 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 Pin1 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.   
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FIGURE 1-1: 

Peripheral Modules 
r-- -

I 
I 
I 
I 
I 

L __ -

dsPIC33CK64MP105 FAM ILY BLOCK DIAGRAMl1) 

CPU 

Refer lo Figure :'.-1 for CPU dia,µm details. 

0--------
0SC1/Cl.KI 

Oscillator 
start-up 

Timer 

POR/BOR 

Watchdog 
limer 

~ 
Voo, Vss l..'.::===::=J 

AVoo, AVss 

_____ ...J 

Note 1: The numbers in the parentheses are the number of instantiations of the module indicated. 

2: Not all 1/0 pins or features are implemented on all device pinout configurations. 

3: Some peripheral I/Os are only accessible through Peri pheral Pin Select (PPS). 

4: 28-lead devices have only two op amp instances. 

r 

Remappable 
Pins!31 

7 
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FIGURE 9-1: dsPIC33CK64MP10 CORE CLOCK SOURCES BLOCK DIAGRAM 
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8 MHz 
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8 MHz 

POSC 

LPRC 
32 kHz 

BFRCCLK 
Core Clock 

FRCCLK Selection and 
POSCCLK PLUDIV Subsystem 

LPRCCLK (see Figure 9-2) 

Fcv 

FP 

Fosc 

VCOOutputs 

APLL and 
AVCO Outputs 

REFCLKO 
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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 U50SU4P162 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] (i) 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 U50SU4P162 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 
Q1 goes high) and OFF (i.e. Gate to Source Q1 goes low) when essentially zero voltage is impressed across 
Q1T/B (i.e. when Drain to Source Q1 is essentially zero), as shown below. 
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Vin= 50V 
lout = 45A 
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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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Vin= 50V 
I out= 45 A 

Value MHn 11n Max Std Dev 0 '\. 4. 00mV 
h C 

U High 5.000 V 3.323 132.8m 5.000 2. 338 
0 Ampll tude 321.<ltnV IOI . Sm 1.039m 334 .Sm I41.Sm l Aug 2021 
O Peak- Peak 321111V 102m 1.04m 33-1111 142m 14: 37:2'1 
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[1.e] (ii) 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 U50SU4P162 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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0 - 8 .064µ5 0 r= 0 7.616µs (l) 
ll.441 ons 

Gate Q6T Drain Q6T 

.. 
Vin= 50V 
lout= 45A 

, . , . , : 
:: , . , : , . 
, . , . 
' . , 

0 .r 3. 10 V 
Mean Min Max 

17Jun2021 
14:04: 13 
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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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Vin= 50V 
I out= 45 A 

' ' 
Gate Q6 '\ 

5.00V .. 
I 200ns 

V.ilue Mean Min Max Std Dev 0 '- 4.00mV 

U Hlgh 5. 000 V 3.323 132.Sm S.000 2. 338 
O Amplltude 321 .4mV IOI .Sm 1.039m 334 .Sm I41.Sm 3 Aug 2021 
U Peak- Peak 321mV 102m 1.04m 334m I42m 14: 37:24 
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[1.f] wherein the 
oscillator 
frequency is 
preset, and 

The Delta U50SU4P162 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.  
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FIGURE 9-1: dsPIC33CK64MP105 CORE CLOCK SOURCES BLOCK DIAGRAM 

BFRC 
8MHz 

FRC 
8MHz 

POSC 

LPRC 
32 kHz 

FRCCLK 

Core Clock 

Selection and 

~-----'-"PO""SC""CLJ<""" PLUDIV Subsystem 

~---LP_RC_CL---iK (see Figure 9-2) 

"'"" 
VCO"'­

APllalld 
AVCO Outputs 

REFCLKO 

9.3 CPU Clocking 

The dsPIC33CK64MP105 devices can be configured to 
use any of the following clock configurations: 

Primary Oscillator (POSC) on the OSGI and 
OSCO pins 

Internal Fast RC Oscillator (FRC) with optional 
clock divider 

Internal Low-Power RC Osci llator (LPRC) 

Primary Oscillator with PLL (ECPLL, HSPLL, XTPLL) 

Internal Fast RC Oscillator with PLL (FRCPLL) 

Backup Internal Fast RC Oscillator (BFRC) 



[1.g] the timing 
of the timing 
control signals 
for one or more 
selected events 
may be set 
independently of 
other timing 
control signals 
and events. 

The Delta U50SU4P162 meets the method step element "the timing of the timing contrnl 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. 

• 28 27 26 25 24 23 22 

------RB14 1 

RB15 2 

MCLR 3 

8 9 10 11 12 13 14 

Pin # 

1 RP4£JP'MVM1HIRB14 

2 RP4 7/P'INM1 ll.JRB15 

F11notion[11 
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11.2 Architecture Overview 

lhe PWM module consists of a common set of controls 

enerators (PGs). Each PWM Generator can be inde­
ndently configllred or mllltiple PWM Generators can 

be l.lSed to ach ieve complex multiphase systems. PWM 
Generators can also be used to imp:lement sophisticated 
triggering, protection alld logic functions. A high-level 
lllock diagram is shown in Figure 11-1 . 

FIG URE 11 -1: PWM HIGH -LEVEL BLOCK DIAGRAM 
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PWM PWM1L 

Controls and 
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Exhibit 42 
Claim Chart for the Infringement of Independent Claim 1 of Complainant Vicor Corporation’s  

United States Patent 9,516,761 by Delta U50SU4P162  High Power Density 48V / 12V Bi-Directional DC-DC Converter Power 
Module and Computing Systems Containing the Same1 

U.S. Patent  
No. 9,516,761 
(Patent ’761) 

Application to Delta U50SU4P162  High Power Density 48V / 12V Bi-Directional DC-DC Converter 
Power Module and Systems Containing the Same 

[1. Pre] An 
apparatus 
comprising: 

To the extent the preamble is determined to be limiting, the Delta U50SU4P162 is an apparatus as explained 
further below. 

1 The following analysis of Delta U50SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is 
applicable to all other products in the Delta U50SU 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 U50SU4P162 comprises "a power conve1ier." For example, as seen from the Delta U50SU4P162 
datasheet, the U50SU4P162 is a power module designed to conve1i an input voltage of 38 to 60 volts to an 
output voltage of approximately 9 .5 to 15 volts (, i.e., a 4: 1 fixed ratio). 

Hi-side input voltage : 38~ 60V 
Low-side input Voltage: 9 .SV~lSV 

Fixed Ratio Factor: K=4 
Output Current : 62A 

Recommended Part Number 

■ tH•' • 

38-60V 17A 
U50SU4P162PMAR 

9.5-15V 65A 

JIH!0V 17A 
U50SU4P162PMOR 

9.5-15V 65A 

• 
13.5V 

54V 

13.5V 

54V 

- 2 -
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USOSU4P162 
62A, Fixed Ratio Power Module 

FEATURES 
Electrical 
• Peak efficiency up to 97.9% 

81-<lireclional power dellve,y 

SMD pac:kage 

• Switch frequency up to 1100 KHz 

• Parallel operntlon wllh multiple modules 

• No minimum load required 

• Non-<solaled & Urvegulated 

Mechanical 
• Slzl!'. 28.0 x 17.4 x 10.4 mm ( 1.10"x0.69"x0.41" ) 

• LGA paci(age 

Safety & Reliability 
• UL62368-1 Pendll\Q 

ISO 9001, TL 9000, ISO 14001, OS 9000, 

OHSAS18001 certlfled manufacllJnng fac:il~y 

Soldering method 
• Reflow soldering (MSL rating ol 3) 

-~ . I ... • -
62A Wilhout PM8U$ 97.9%@54V 

func;ijon 15.5A 

62A WilhPM8"$ 97.9%@54V 
15.5A func;ijon 
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[1.b] a printed 
circuit board 
(“PCB”) 
comprising a 
plurality of 
conductive 
layers and 
having a top 
surface and a 
bottom surface; 

The Delta U50SU4P162 comprises “a printed circuit board (“PCB”) comprising a plurality of conductive layers 
and having a top surface and a bottom surface.” 
 
The Delta U50SU4P162 includes a PCB, as illustrated in the photo below.  
 

 
 
The Delta U50SU4P162 PCB comprises a plurality of conductive layers. Examples of the layers of the PCB are 
shown below. 
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The Delta U50SU4P162 PCB has a top surface and a bottom surface, as shown below. 
 

    
(top)                                                                      (bottom) 
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[1.c] a magnetic 
core structure 
magnetically 
coupled to a 
winding fo1med 
by ti·aces in one 
or more of the 
conductive 
layers in the 
PCB; and 

The Delta U50SU4P162 comprises "a magnetic core sti11cture magnetically coupled to a winding fonned by 
ti·aces in one or more of the conductive layers in the PCB." 

For example, the Delta U50SU4P162 comprises a magnetic core sti11cture, as seen in this photo of the PCB. 

(top) (bottom) 

The example ti·aces in conductive layers in the PCB that fo1m a winding can be seen in the following image of 
the example layer of the PCB. The magnetic core strncture is magnetically coupled to the winding. 

- 6 -
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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 U50SU4P162 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 U50SU4P162 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 conveiter 
such that each 
level Pt, Pb is 
less than 150% 
of the other 
level Pb, Pt. 

fu the Delta U50SU4P162, "power semiconductor devices are distributed between the first and second sets to 
distribute heat generation during operation of the conve1ier such that each level Pt, Pb is less than 150% of the 
other level Pb, Pt." 

For example, the Delta U50SU4P162 has six power semiconductor devices (e.g. , the MOSFET Power 
Transistors Q 1 T-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 cmTent flow and power dissipation, and respectively ananged on 
the top and bottom surfaces, Pb is essentially equal to Pt, i.e. , Pb is less than 150% of Pt and Pt is less than 150% 
of Pb. 
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(top)                                                                                          (bottom) 
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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 U50SU4P162  High Power Density 48V / 12V Bi-Directional DC-DC Converter 
Power Module and Computing Systems Containing the Same1 

U.S. Patent  
No. 10,199,950 
(Patent ’950) 

Application to Delta U50SU4P162  High Power Density 48V / 12V Bi-Directional DC-DC Converter 
Power Module and Systems Containing the Same 

[Claim 9] An 
apparatus 
comprising: 

To the extent the preamble is determined to be limiting, the Delta U50SU4P162 is an apparatus as explained 
further below. 

[9.a] a power 
converter 
comprising 

The Delta U50SU4P162 comprises “a power converter.”  For example, as seen from the Delta U50SU4P162 
Datasheet, the U50SU4P162 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., a 4 to 1 fixed ratio converter). 

1 The following analysis of Delta U50SU4P162 High Power Density 48V / 12V Bi-Directional DC-DC Converter Power Module is 
applicable to all other products in the Delta U50SU 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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Hi-side input voltage: 38~60V 
Low-side input Voltage: 9 .SV~l SV 
Fixed Ratio Fact or : K=4 

uucput current: oLA 

Recommended Pa rt Numbi>r 

USOSU4P162 
62A, Fixed Ratio Power Module 

FEATURES 
Electrical 

Peak effblency up to 97.9% 
sI.0I,ectnnaI poweroeuvery 

SMD package 
Swltch fta(luoocy up to 1100 KHz 
Peratlel operation with muttlpte modules 

No minimum load requited 
Non~lsolated & Urwegulated 

Mechanical 
Size: 28.0 x 17.4 x 10.4 nm ( 1.10"x0.69"'x0.41" ) 

• LGA package 

Safety & Reliability 
UL62368-1 Pending 
ISO 9001. Tl 9000. ISO 14001.QS 9000, 

OHSAS18001 certified manufacturing facll1ty 

Soldering method 
• Renow SOICl8r11'1Q (MSL raling Of 3) 

-------------------
Mode I Name Input Output Eff. @ 50•/4 Loacl Others 

38-60V 17 A 13.SV 62A wahout PMBus U50SU4P162PMAR 97.9%@54V 
fu.-0 9.5- 15V 65A 54V 15.5A 

38-60V 17 A 13.SV 62A 
wahPMBos U50SU4P162P~ OR 

9.5- 15V 65A 54V 15.5A 
97.9%@54V 

tuna>on 

- 2 -
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[9.b] an input 
circuit and an 
output circuit, 

The Delta U50SU4P162 comprises “an input circuit and an output circuit.” 
 
For example, a circuit schematic of the Delta U50SU4P162 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., 
CI1T and CI1B 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., CO1T, 
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 U50SU4P162 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 U50SU4P162 shows a typical application including bi-directional power 
delivery via the converter between a high side voltage and a low side voltage.  
 

 
 

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

The Delta U50SU4P162 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, KDC, at an output current.” 
 
For example, the datasheet for the Delta U50SU4P162 shows a fixed conversion ratio between input and output.  
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APPLICATION SCHEMATIC 

Typical Application diagram 
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Bi-directional Power Delivery 



substantially fixed 
voltage 
trnnsfonnation 
ratio, Koc, at an 
output cunent, 

[9-e] wherein an 
input voltage Vrn 
is applied to the 
input circuit and 

Hi-side input voltage: 38~60V 
Low-side input Voltage: 9.SV~lSV 

Fixed Ratio Factor K=4 

umput Lurrem: tJ2.A 

Recommended Part Number 

Model Name Input 

38-60V 17A 
U50SU4P162PMAR 

9 .5-15V 66A 

38-60V 17A 
U50SIJ'P1 62PWDR 

Q.5-15V 65A 

Output 

13.5V 

64V 

13.5V 

s,v 

USOSU4P162 
62A, Fixed Ratio Power Module 

FEATURES 
Electrical 

Peak effldencyupto '17.9'° 
8I-dltectlonal power dellvery 

SMOpackage 
Sw1tcll ftequoocy up to 1100 KHz 
Parallal opera.fion 'Mth mut iple modules 

No mh lmum load reqU,ed 
Non~1so1al8a a u rreguiatea 

Mochanical 
Slz•: 28.0x 11.4 lt 10.4 m,n ( 1.1CYx0.60-X0.41' ) 

• LGA package 

Safety & Reliability 
Ul 62368-1 Pending 
ISO 9001. Tl 9000. ISO 1<001. OS 9000, 
OHSAS 18001 cer1ifled ma,ufacturing facility 

Soldering method 
• Reflow soldemg (MSL rating of 3) 

Elf.@ 50% load Others 

62A WlhOUl P>.1Bus 97.9'll,@54V 
function 15.SA 

62A 
VYlthPMBI.Js 97.9'll,@54V 

15.SA function 

The Delta U50SU4P162 comprises "an input voltage Vrn is applied to the input circuit," as illustrnted in the circuit 
schematic below. 

- 5 -
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[9 .t] an output 
voltage V mrr is 
produced by the 
output of the 
power conve1ter, 
and 

VN 

2 ., . 
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In the Delta U50SU4P162 module, "an output voltage Vmrr is produced by the output of the power conve1ter," as 
illustrnted in the circuit schematic below. 
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[9.g] wherein the 
substantially fixed 
voltage 
trnnsfonnation 
ratio can be 
represented as 
Koc = VoUT Nm, 
wherein the 
power converter 
fmt her com rises: 

VN 
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In the Delta U50SU4P162 module, a "substantially fixed voltage transfonnation ratio can be represented as Koc = 
VoUT Nm." For example, for VoUT and Vm described above, Koc = VoUT Nm. 
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[9 .h] a series 
connection 
between the input 
circuit of the 
power converter 
and at least a 
po1tion of the 
output circuit of 
the power 
converter across 
the source, 

The Delta U50SU4P162 comprises "a series connection between the input circuit of the power conve1ter and at 
least a po1tion of the output circuit of the power conve1ter across the source." 

For example, with reference to the circuit schematic of the Delta U50SU4P162, during a first phase (e.g., switches 
Ql , Q4, and Q6 closed), the input circuit (including e.g., switches Ql and Q4, resonant capacitors Crl and Cr2, 
and winding Pl ) and the output circuit (including e.g., switch Q6, winding P2 and output capacitors COl T, COlB, 
CO2T, CO2B) are connected in series across the source, Vs. Input capacitors CII T, CilB, CI2T, CI2B, are 
connected across the input circuit, i.e. between the Vin tenninal and the Vout tenninal, finther illustrating the 

ries connection. se 
~ Series Connection I 
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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. 
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[9 .i] such that an 
absolute value of 
the input voltage 
Vrn applied to the 
input circuit is 
approximately 
equal to the 
absolute value of 
the DC source 
voltage Vs minus 
a number N times 
the absolute value 
of the output 
voltage Vmrr, 
where N is at 
least 1; 

In the Delta U50SU4P162 module, "an absolute value of the input voltage Vrn applied to the input circuit is 
approximately equal to the absolute value of the DC source voltage Vs minus a number N times the absolute value 
of the output voltage VoUT, where N is at least 1." 

For example, with reference to the circuit diagrams, the voltage applied to the input circuit is Vs (source voltage) -
VoUT (output voltage). Thus, N is 1. 
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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 output circuit, 
or both; and 

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.k] wherein a 
cunent 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. 

In the Delta U50SU4P162 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 wavefo1ms of power switch Q6 demonstrate that 
cunent flowing in the inductive component discharges Vds before Vgs goes high, i.e. prior to turning Q6 ON. 

a Prevu 
0 

"C"Draln Q6 

Vds of QG goes 
down t o Zero 

0 2.00 V .. u 10.0 V 
value Mean Min 

C) t1'9h 600mA 600m 600m 
0 Hlgh S.40 V S.40 0.40 
0 Hlgh 50.6 V 50.G 50.6 
O Frequency I 093MHz 1.093M 1 093M 

.. 
MilX 
GOOm 
S.40 
50.6 
1.093\1 

0 
4 88 .0ns 

- 38 .00ns 
.0.450.0ns 

6.480 V 
- so.oomv 
ll.6.560 V 

"Z"Drain Q2 

Std oev 
0.00 I00ns 
0.00 
0.00 
0.000 
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Then Vgs goes high 

t urning QG ON 

O r 3.32V 



[Claim 33] An 
apparatus 

[33.a] a bus 
conve1ier 
compnsmg 

To the extent the preamble is detennined to be limiting, the Delta U50SU4P162 is an apparatus as explained 
fmiher below. 

The Delta U50SU4P162 comprises "a bus conve1ier." 

For example, as seen from the Delta U50SU4P162 Datasheet, the U50SU4P162 is a bus conve1ier 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 
(114th of the input voltage). 

H1-s1de input voltage· 38~60V 

Low· s1de input Voltage 9.SV~lSV 
Fixed Ratio Fact or : K-4 
Out put Current · 62A 

Recommended Part Number 

USOSU4P162 
62A, Fixed Ratio Power Module 

FEATURES 
Electrical 
• Po~k dflek!ncyup b 97.9'4 

• 8l--dlrecllot1 1111! power d•llvecy 

• SMOpeckage 
• Swlch freQ:iencv up to 11()() KHz 

• ParaUE4 q;ieral lon 'Mt! r,,ut;lpte mod1'e$ 

• NO l'!'linlMUll'I tlQ(I ,-qull'IMS 

• N'Ofl•ISOt m ,,:s &. Ul'lt• !J'Jl:m,,:s 

Mechanical 
• Sizs: 2e.ox 17.4x 10.4 mm ( 1.10-xo.es~.• I · ) 

Safety & Reliobility 
• ULG23~1 Pecndlno 
• 1SO9C01, Tl 9000. ISO 1, 001. OS 9000, 

OHSAS18001 eOl"linoo m:w'IIJl'::actu~ ~cl..ty 

Soldering method 
• Re.flow $ol:1erlng (MSL radng of 3) 

Model N;1me Input Output Eff @ 50% LOlld Otnc,~ 

U50SU4PHi2.PMo'.R 

U50SU4PI GZPMDR 

9.S--15V 

33-<0V 

9.S-1SV 

15,SA 

.... 
15,SA 

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

The Delta U50SU4P162 comprises “an input circuit and an output circuit.” 
 
For example, a circuit schematic of the Delta U50SU4P162 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., 
CI1T and CI1B 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., CO1T, 
CO1B, CO2T, CO2B). 
 

 
 

[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, KDC, at an output current.” 

048

':;i .,. 

Jc,~, ,-
Bsttl70NOl!ILS5 l:ISZ<l7CNl!ILS~ 

CO •~+ C"~: : "''.* c,,e ~f~· l!JSZOroNOl!LS5 2(N(;) 
4.7LI 4.'tu 4.71.i 4..7u 

t (VDD) .... , 
~ = 

I.., ,-ti ,-ti c•r - !(HB) ·-· --[>- '"' o,.I °'"I ~ ,-
7jHI) '"'°' :nc1....,..rs1 2'T CIL-,.,-) ' 4(HOJ ,.,., 

- z o , 0 ~ 0 ~ "/.u I 'l f'ISSj u,a •(HS) D . ! (HS) lMS10I 'l(VSS) 
Ulll5 I OI- .. 

er,n ••UJ V I O(U)I •r.-n~i 
c.zn 1D (1..01 -<1- S(Llj - ~ - OEN Ht:- 0 ~ f-t i:- •{EH) 

n 11 urw, 

""" = 
Hi- ~-W--.,.~ t °"::;II: 
""" ca.a 

~ ... ~'!':-- rU-- n 

fr,~, .. r-... c,,za 
Z (N(;) 

l!"i r<!I 1!'7 r<!I C7T~ 
~ 

!(HB) ·-· e&l l,en 
=.!.=.!. t (VDD) >(HBO T °" "'"I "" 

. 
""'I T -<1-- v ' ''""' , ... , 

1-1 
74HI) •(HOJ I "" - I S(HS) LMS10I , rw-ssl 
!ll(VSSI "" •(HS) 

- Ul.$101 - 10 (1..01 o()-- l{LII ~ 

•<UJ -[>- ID (LOI - Q - - • IENJ ... 
E 

~SZIJU!IN041...SS ie:sz<i11!NkLSfi 

,lcon ,loon .lco,a ,lco,a 
BS! tn e.~L..S& l!JSZ0111~ 

~ I.., ,-ti I.., ... 11 T 'Ou 1Cl.l T IOu T 'Ou A: C.-2 CONNECTlON ---?-

"'" OST I ""' I .,., . B:CINCONNECT10ff 
OSP Plr>2 C: 04iOI\MI - D: Cr1 CONt,IECTION 

OSPPlr, t ..,., E: COU'T CONNECTION - ~Q2SOURCE 
M;(M SOUA:CI! 

~ -~ T:0:J~ 
X: Q!Dr. 

l ~ loltS1-tWlndln11 
Z:01 Sourc• 

- Cmnpo!Hftb; .,.11 .. ,n-t• - ari top :Ud•atlMpo-r bawd 
I S..H Wlndlng Cam~tll.ndwltn • a - --bolklmsl~lllllbtlpow.r bon -

- ENM>O ·­Powerllo.-d anod Control~ Connecklr 



adapted to 
conve1t power 
from the input 
circuit to the 
output circuit at a 
substantially fixed 
voltage 
transfonnation 
ratio, Koc, at an 
output cunent, 

The datasheet for the Delta U50SU4P162 shows a fixed conversion ratio between input and output. 

Hi-side input voltage: 38~60V 
I nw-~11'1P 1nn11 t Vnltage· 9. SV~lSV 

fixed Ratio factor: K=4 
uutput current: bLA 

Recommended Part Number 

Model N1:1me Input 

3'!-WV IT A 
IJ!'OSU4P ICIZPMAR 

9.S-15V 66A 

38-WV 17A 
U50SU4P162'~R 

9.S-15V 66A 

Output 

13.: )V 

54V 

13.5V 

54V 

USOSU4P162 
62A, Fixed Rat io Power Module 

FEATURES 
Electrical 

Poak afflel•ncy l,1) to g7 .!Wro 
81411"8Ctlt>f'al (X)wer delivery 

SMOpacl(aoo 
S>Mtcn fte,qu~ up to 1100 KHz 
Pa,atel q:,eraton with mut iple mOOules 

NO minlmurn IOad iequreel 

Non~lsolated & Unregul~ed 

Mechanical 
Sl.m: 23.0 X 17.4 )( 10 . .t MM ( 1.1 0"ll.0.6!')".-;0.41" ) 

• LGA~ka;»• 

Safaty & Raliability 
UL$236S.1 Po.fldlng 

ISO Q001. Tl 9000, IS:O 1'001 , OS 9000. 

OHSAS18001 certified ma-u.i:faclur\no facility 

Soldering method 
• Re!lo,.,aolderil'lg (MSL rating of 3) 

Eff @ 50Yo Lo1:1d O ther:, 

02A Wi hou Pfl.lBus. 
9 7.!l" @~V 

►.-r,ei,on 15.5A 

62A \\ll hP>ABiA 

15.SA 
97.9,0 @54V 

ti.Jr..cion 
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[33.d] wherein an 
input voltage Vrn 
is applied to the 
input circuit and 

[33.e] an output 
voltage V mrr is 
produced by the 
output of the bus 
conve1ter, and 

The Delta U50SU4P162 comprises "an input voltage Vrn is applied to the input circuit." 
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[33.t] wherein the 
substantially fixed 
voltage 
trnnsfonnation 
ratio can be 
represented as 
Koc = VoUT I VIN 
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The Delta U50SU4P162 comprises a "wherein the substantially fixed voltage transfonnation ratio can be 
represented as Koc = VoUT / VIN." For example, for Vmrr and VIN described above, Koc = VoUT N IN. 
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[33.g] wherein the 
input circuit of 
the bus converter 
and the output 
circuit of the bus 
conve1ter are 
galvanically 
connected; and 

The Delta U50SU4P162 comprises "the input circuit of the bus conve1ter and the output circuit of the bus conve1ter 
are galvanically connected." 

For example, the datasheet for the Delta U50SU4P162 states that the module is "non-isolated" and shows a GND 
tenninal that is shared by the input and output. 

USOSU4P162 
62A, Fixed Ratio Power Module 

FEATURES 
Electrical 
• Peak efficiency up to 97.9% 

• Bi-d irectional power delivery 

• SMD package 

• Switch frequency up to 1100 KHz 

• Parallel operation with multiple modules 

• No minimum load required 

• Vion-isolatej & Unregulated 

Mechanical 
• Size: 28.0 x 17 .4 x 10.4 mm ( 1.1 0"x0.69"x0.41 • ) 

• LGA package 
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Typical Application diagram 

...._ ____ __,En 

' ....:...w------,.------1 vHs 

CHs 

GND 

APPLICATION SCHEMATIC 

PGrfemp t----P .... G..,..ff .... em_ 

VLs1------~-=--~ 

CLs 

.. .. 
Bi-directional P ower 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 U50SU4P162 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., Q1through Q6) are power switches in the input circuit and/or the output 
circuit. 
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[33.i] wherein a 
cunent flowing in 
the inductive 
component 
charges and 
discharges 
capacitances in 
the conve1i er 
reducing a 
voltage across 
said one or more 
switches prior to 
tum ON said one 
or more switches. 

In the Delta U50SU4P162 module, "a current flowing in the inductive component charges and discharges 
capacitances in the conve1ier reducing a voltage across said one or more switches prior to tum ON said one or 
more switches." 

For example, drain-source (Vds) and gate-source (Vgs) voltage wavefo1ms of power switch Q6 demonstrate that 
cunent flowing in the inductive component discharges Vds before Vgs goes high, i.e. prior to turning Q6 ON. 

e Prevu 
0 

"C"Draln Q6 ____ .. ,.___ ... _~--- '-, 
••••••••••••• --••••• -•••• -- • -- -- •• --- •. -- • -. -- -•• -• "I 

J .... .,,. ............. _ ..... ___ ,_._,..., 
'"\ ~ Gat~ Q6 
- . ...,..... ...... ..,____.._ ___ ~ ----.....-q,..L 

Vds of QG goes 
down to Zero 

Q 2.00 V .. 
Value Mein 

0 1119h 600mA H0m 
O Hl!Jh 1.-I0V Cl-10 

0 10 ov .. 
Min Max St d Dev 
600111 600ll1 0 00 
6.40 6,-10 0 00 

"Z"Drain Q2 

I00ns 

O Hl!Jh 50.6V 50.G 50.6 50.6 0.00 ~ O rrcquell(y 1.093MHz I 093M 1.093~1 1.093M 0 000 
Pi' 
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0 0 -188.0ns 
Q I:) - n .oons 

.o.-1so.ons 

IASOV 
- so.oornv 
.0.1.560 V 

Then Vgs goes high 

turning QG ON 




