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BACKGROUND FIELD OF INVENTION SMART WINDOW FOR GREEN ENERGY 
SMART HOME AND SMART GRID WITH 
FIELD PROGRAMMABLE SYSTEM ON 
CHIP FPSOC OF ANLINX , MILINX AND 

ZILINX 

RELATED APPLICATIONS 
[ 0001 ] This patent application is the Continuation in Part 
application of application of 

[ 0002 ] U.S. application Ser . No. 12 / 752,121 filed Apr. 
1 , 2010 claiming priorities of 

[ 0003 ] U.S. application Ser . No. 12 / 422,719 filed Apr. 
13 , 2009 ; 

[ 0004 ] U.S. patent application Ser . No. 15 / 810,005 filed 
Nov. 11 , 2017 , now U.S. Pat . No. 10,328,357 issued in 
Jun . 25 , 2019 ; 

[ 0005 ] U.S. patent application Ser . No. 12 / 317,973 , 
filed Dec. 31 , 2008 , now U.S. Pat . No. 8,089,324 issued 
on Jan. 3 , 2012 ; 

[ 0006 ] U.S. patent application Ser . No. 12 / 291,984 , 
filed Nov. 12 , 2008 ; 

[ 0007 ] U.S. patent application Ser . No. 12 / 291,618 , 
filed Nov. 12 , 2008 , now U.S. Pat . No. 7,876,188 issued 
on Jan. 25 , 2011 ; 

[ 0008 ] U.S. patent application Ser . No. 12 / 288,770 , 
filed Oct. 23 , 2008 , now U.S. Pat . No. 7,663,349 issued 
on Feb. 16 , 2010 ; 

[ 0009 ] U.S. patent application Ser . No. 12 / 229,412 , 
filed Aug. 23 , 2008 , now U.S. Pat . No.8,089,323 issued 
on Jan. 3 , 2012 ; 

[ 0010 ] U.S. patent application Ser . No. 12 / 082,601 , 
filed Apr. 12 , 2008 ; 

[ 0011 ] U.S. patent application Ser . No. 12 / 079,179 , 
filed Mar. 25 , 2008 , now U.S. Pat . No. 8,089,353 issued 
on Jan. 3 , 2012 ; 

[ 0012 ] U.S. patent application Ser . No. 11 / 593,271 , 
filed Nov. 6 , 2006 , now U.S. Pat . No. 7,511,589 issued 
on Mar. 31 , 2009 ; 

[ 0013 ] U.S. patent application Ser . No. 11 / 500,125 , 
filed Aug. 5 , 2006 , now U.S. Pat . No. 7,525,392 issued 
on Apr. 28 , 2009 ; 

[ 0014 ] U.S. patent application Ser . No. 08 / 892,358 , 
filed Jul . 14 , 1997 , now U.S. Pat . No. 5,850,093 issued 
on Dec. 15 , 1998 ; 

[ 0015 ] U.S. patent application Ser . No. 08 / 854,800 , 
filed Mar. 23 , 1992 , now U.S. Pat . No.5,280,200 issued 
on Jan. 18 , 1994 ; 

[ 0016 ] U.S. patent application Ser . No. 08 / 081,074 , 
filed Jun . 22 , 1993 , now U.S. Pat . No. 5,793,125 issued 
on Aug. 11 , 1998 ; 

[ 0017 ] U.S. patent application Ser . No. 577,792 , filed 
Sep. 5 , 1990 , now U.S. Pat . No. 5,198,691 issued on 
Mar. 30 , 1993 ; 

[ 0018 ] U.S. patent application Ser . No. 577,791 , filed 
Sep. 5 , 1990 , now U.S. Pat . No. 5,111,076 issued on 
May 5 , 1992 ; 

[ 0019 ] which was the Continue in Part of U.S. applica 
tion Ser . No. 13 / 918,989 filed Jun . 16 , 2013 claiming 
priorities of which was the Continue in Part of U.S. 
application Ser . No. 15 / 472,262 filed Mar. 28 , 2017 

[ 0020 ] which herein incorporated by references in its 
entirety . 

[ 0021 ] The smart window is the system design for the 
future smart home has the entertainment , remote access and 
control , green power management , lighting management 
and air condition , etc. The smart home is the home auto 
mation system design having the Master and Slave devices . 
( 1 ) To be feasible , the smart window must be as transparent 
having window view as the conventional IGU Insulated 
Glass Unit . ( 2 ) To have the same window view as conven 
tional IGU , all the complex electronic components are 
embedded in the frame of the smart window . ( 3 ) To have all 
the complex electronic components embedded in the frame , 
all the complex components are integrated to be the FPSOC 
chip , Field programmable System On Chip . ( 4 ) To prove all 
the electronic components being able to be integrated , the 
Field Programmable System On Chip FPSOC of Anlinx , 
Milinx and Zilinx is disclosed in detail . As shown in FIG . 
1A3 , FIG . 1A4 , FIG . 1A5 and FIG . 1A6 , the Green Energy 
Smart Window home automation system is implemented 
with the master smart window and the slave smart window . 
As shown in FIG . 1A5 , the master smart window has the 
transparent Multimedia panel , Electrochromic panel and 
transparent Solar panel . As shown in FIG . 1A3 , the master 
smart window has transparent Multimedia panel and trans 
parent Solar panel . As shown in FIG . 1A4 , the slave smart 
window has the Electrochromic panel and transparent Solar 
panel . To have the energy harvest for smart grid , the trans 
parent solar panel has the full window area . To have the 
entertainment , the transparent multimedia panel has the fill 
window area , too . To have the clean and clear vision , the air 
circulation of the AC air conditioner cannot pass through the 
window panel area and must pass through the frame post of 
the window as shown in FIG . 1N1 . The green energy smart 
window further comprising smart fan . The smart fan com 
prises the pipe , bladeless turbofan and temperature sensor 
inside the frame of IGU of the green energy smart window . 
The bladeless turbofan locates at the opening of the pipe and 
circulates the air for air conditioning through the pipe . The 
temperature sensor detects the temperatures of air to activate 
the smart fans . 

[ 0022 ] The innovative smart window system design inte 
grates all the different technologies to be the smart window . 
The smart window for the green energy smart home has the 
patentable innovations for the following multiple functions : 
( 1 ) controlling the light and heat injecting into rooms ; ( 2 ) air 
conditioning tube design for the clean and clear IGU ; ( 3 ) 
both local and remote / internet / wireless access control for 
smart window automation system of green energy smart 
home ; ( 4 ) not only providing energy to smart window itself 
but also providing energy to smart home and smart grid ; ( 5 ) 
in the normal Open mode , the complete view of the smart 
window is clean and clear without any blockage and dust , 
etc .; ( 6 ) in the Smart Phone mode , the smart window serves 
as the entertainment , communication , computation , local 
and remote control access , etc .; ( 7 ) in the Shut Mode or 
Smart Phone Mode , the smart window serves as the screen 
to block the view of the smart window ; ( 8 ) with the FPSOC 
Field Programmable System On Chip of Anlinx , Milinx and 
Zilinx chips , the smart window can serve the versatile 
requirements of different architectures of smart home ; ( 9 ) 
the electronic components are integrated in the FPSOC chip 
that all the electronic blocks can be embedded in the frame 
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to have the clean view as the conventional window does . 
None of the prior inventions has the above nine character 
istics . 
[ 0023 ] As shown in the FIG . 1A , the Green Energy Smart 
Window of W5RS is the new standard which is promoted by 
the innovative company , Tang System . The transparent 
multimedia panel , electrochromic panel and transparent 
solar panel are in the side view . However , the electronic 
block diagrams are implemented with FPSOC and embed 
ded in the smart window frame . A Green Energy Smart 
Window of Wireless Window 5R System W5RS is consti 
tuted of Transparent Multimedia panel , Electrochromic 
panel and Transparent Solar panel , etc. The Transparent 
Solar Cell panel harvests solar energy to be electric energy 
to provide power to Transparent Multimedia panel and 
Electrochromic panel . The Green Energy Smart Window is 
not only self - powered but also provides the electrical energy 
to the home , smart grid and mobile devices . “ W5RS ” is the 
killer product application in Silicon Valley and “ 5R ” is the 
killer core IP technology in Silicon Valley . “ W5 ” represents 
the “ Wireless and Wireline Weaving Wishful Window ” . 
“ 5R ” represents “ Recycling Resonant Resynchronizing Rec 
tifying Regulator ” . “ 5S ” represents the “ Smart Solar Supply 
Silicon System " . 
[ 0024 ] In summary , the energy supplied for the house 
warming or the house cooling is the largest power consump 
tion . The largest amount energy dissipation is the window of 
the house . The Electrochromic EC window is adopted to 
minimize the largest power consumption . However , the 
Electrochromic EC window has the leaking current that the 
EC window controller has the stand - by power consumption . 
So , we need to have the Green Energy Smart Window for the 
Smart Home . The Green Energy Smart Window of Smart 
Home has to be energy self - contained . The transparent solar 
window of the Smart Window for Smart Home can convert 
the sunlight energy to be the energy of battery , smart grid 
and electrochromic EC window , etc. To have the clear 
window view , all the electronic components are embedded 
inside the frame of the smart window . To have all the 
electronic component embedded inside the frame , most of 
the electronic components are integrated to be the FPSOC . 
Therefore , the FPSOC is the key technology for the imple 
mentation of the clear view smart window . The 23Less 
Green Technologies for the Field Programmable System On 
Chip FPSOC of the Green Energy Smart Window are as 
follows . 

[ 0025 ] ( 1 ) Defectless Uniform multi - state dimmer EC 
Glass ; 

[ 0026 ] ( 2 ) PowerLoss - Less 5R : Recycling Resonant 
Resynchronous Rectifier Regulator ; 

[ 0027 ] ( 3 ) H - Bridgeless AC?DC converter ; 
[ 0028 ] ( 4 ) RF - Noiseless Window Driver ; 
[ 0029 ] ( 5 ) H - Bridgeless Microinverter , 
[ 0030 ] ( 6 ) Rippleless Battery Charger ; 
[ 0031 ] ( 7 ) Curtainless Smart Window ; 
[ 0032 ] ( 8 ) Filmless Touch Screen ; 
[ 0033 ] ( 9 ) Touchless Screen ; 
[ 0034 ] ( 10 ) Rippless Fast Lock PLL ; 
[ 0035 ] ( 11 ) Humidity - EMI - Less Xtaless LC Clock with 

plastic package ; 
[ 0036 ] ( 12 ) bladeless turbofan ; 
[ 0037 ] ( 13 ) PowerLoss - Less PA ; 
[ 0038 ] ( 14 ) Xtaless Clock ; 
[ 0039 ] ( 15 ) Inductorless SNIPS ; 

[ 0040 ] ( 16 ) Ground BounceLess I / O ; 
[ 0041 ] ( 17 ) Overshootless LDO ; 
[ 0042 ] ( 18 ) Rippleless LDO ; 
[ 0043 ] ( 19 ) Sawless LNA ; 
[ 0044 ] ( 20 ) Capless LDO ; 
[ 0045 ] ( 21 ) Diodeless Random Generator ; 
[ 0046 ] ( 22 ) Resistorless Current Sensor , 
[ 0047 ] ( 23 ) Brakeless Motor Vehicle ; 

[ 0048 ] So , the green technology needs to provide the 
house energy to fill up the energy requirement . It needs to 
convert the conventional window to be the Green Energy 
Smart Window . It needs to incorporate all the dimmer light , 
dimmer window , multimedia panel , electrochromic panel 
and solar panel , etc. to be wireless network . For the versatile 
complex home environment , through the wireless network , 
the master smart window control the slave smart window . 
The green technology is for the smart window multimedia 
panel , solar panel and EC panel , etc. To have the efficient 
wireless charging of Power over WiFi , Po WiFi , the RF 
power amplifier PA of the window controller needs to be 
power efficient . The WiFi PA has power efficiency to be less 
than 15 % . For the WiFi standard , our Power - Lossless con 
jugated PA has the power efficiency more than 75 % . To 
receive the wireless efficiently , the 5R core technology 
converts the AC sinusoidal power energy to DC energy with 
high power efficiency being larger than 95 % . Even for the 
wireless power supply standards of the Wireless Power 
Consortium ( WPC ) Qi and Alliance For Wireless Power 
( A4WP ) , the novel “ single stage ” 5R can have the AC / DC 
power efficiency as high as 95 % which is the highest record 
in the world . It is the record of the world . 
[ 0049 ] Furthermore , our Sawless low noise amplifier LNA 
works in the noiseless integrated chip with our Power 
Lossless conjugated PA . Our noise isolation technology is 
the key technology for the next - generation cutting - edge 
Field - System - On - Chip FPSOC . The controller costs a lot . 
The controller has to be the integrated chip to save the cost . 
To integrate the controller to be an integrated chip , it must 
have the noise isolation technology . To merge ASIC with 
FPGA to be the SOC , it needs the Noise Isolation 
Technology of Green Technology . With our 23Less Green 
Technology , we can generate the noiseless Field Program 
mable System On Chip FPSOC . With our ultrasonic assisted 
deposition , platen and hardening process , the Defectless 
Uniform multi - state dimmer EC Glass can be achieved to 
make the smart EC Window to be commercial . 
[ 0050 ] A Green Energy Smart Window of Wireless 5R 
System W5RS is constituted of transparent Multimedia 
panel , Electrochromic panel and transparent Solar panel . 
The transparent Solar Cell panel harvests solar energy to be 
electric energy to provide power to transparent Multimedia 
panel and Electrochromic panel . The electrical energy fur 
ther provides to smart grid and mobile devices . Furthermore , 
Green Energy Smart Window of W5RS adopts the isolation 
technology to integrate the FPGA , Analog Front , RF Front , 
Digital circuits . etc. to be FPSOC . ASIC is Application 
Specific Integrated Circuit . FPGA is Field Programmable 
Gate Array and FPSOC is the Field - System - On - Chip . For 
the Green Technology , FPSOC will merge ASIC and FPGA 
together to be the Field - System - On - Chip . As the semicon 
ductor device process continues shrinking down , the mask 
price and process price are much higher . The product 
revenue of one - generation cannot recover the investment . It 
needs the revenue of several generations to cover the Non 
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Objects and Advantages recurring engineering ( NRE ) cost . So , all the chips will be 
forced to be FPSOC . So far , there are ASIC and FPGA two 
categories . In the future , it will only have FPSOC , Field 
System - On - Chip . 
[ 0051 ] Anlinx is analog programmable chip . Milinx is 
mixed signal programmable chip . Zilinx is the analog , 
digital , mixed signal and RF programmable chip . The Field 
System - On - Chip FPSOC of Anlinx , Milinx and Zilinx is 
based on the 23Less green technology to integrate the FPGA 
with ASIC to be the field programmable FPSOC . Thanks to 
the cooperative works of Dr. Mei Jech Lin , Eric Yu - Shiao 
Tarng , Alfred Yu - Chi Tarng . Angela Yu - Shiu Tarng , Shun 
Yu Nieh and Huang - Chang Tarng , the revolutionary inno 
vations had developed to be the FPSOC of Anlinx , Milinx 
and Zilinx . 

[ 0054 ] The next generation smart home has the green 
energy management , communication multimedia and 
remote internet control for home . The smart window is the 
core technology of the smart home and smart grid . The 
Green Energy Smart Window of W5RS has the communi 
cation and multimedia capabilities of phone , internet and TV 
services . Even for the WPC Qi and A4WP wireless power 
supply standards , the novel single stage 5R can have the 
AC / DC power efficiency as high as 95 % which is the highest 
record in the world . “ 55 ” represents " Smart Solar Supply 
Silicon System ” . “ W5 ” represents “ Wireless Wireline 
Weave Wishful Window ” . “ 5R ” represents “ Recycling 
Resonant Resynchronization Rectifying Regulator ” . 
“ W5RS ” is the killer application product of Silicon Valley 
and “ 5R ” is the killer core IP technology of Silicon Valley . 
Using the noise isolation technology to build up the platform 
to integrate all the FPGA and ASIC together to be FPSOC , 
the Green Energy Smart Window provides the complete set 
solution for smart home . It saves all the world energy 
consumption by more than half . Furthermore , the system 
integration of the transparent multimedia panel , electrochro 
mic panel , transparent solar panel and the FPSOC makes the 
smart window having the clean outlook and clear view as the 
conventional IGU Insulated Glass Unit does . 

BACKGROUND_DESCRIPTION OF PRIOR 
ART 

BRIEF DESCRIPTION OF THE FIGURES 

[ 0052 ] The smart window is to implement the innovative 
green energy smart home and smart grid , etc. However , this 
smart window concept doesn't exist before . Due to the lack 
of the FPSOC technologies , the electrochromic window , the 
solar energy harvest panel , multimedia TV and air circula 
tion , etc. technologies are existed piece by piece and they 
cannot integrate as the smart window does . The solar energy 
harvest panel doesn't have the full panel width as the 
electrochromic window does . The solar energy panel blocks 
the sunshine that the solar energy harvest panel is only a 
small portion of the window panel . It cannot generate 
enough power to the smart grid as well as the smart home 
does . Furthermore , the air circulation flows between the 
panels . It violates the working principle of Insulated Glass 
Unit IGU . Therefore , there is no air circulation in the IGU 
of electrochromic window . 
[ 0053 ] Furthermore , the system integration of the multiple 
smart panels doesn't exist . The smart solar panel doesn't 
exist . The Electrochromic window consumes a lot of power 
due to the power leakage of the electrochromic thin - film 
battery of the electrochromic glass . The Multimedia window 
is not compatible with Electrochromic window . The Solar 
Window doesn't provide energy to smart grid and mobile 
devices , either . Furthermore , the FPGA field programmable 
gate array cannot integrate the high performance ADC on 
the same chip . The switch noise generated by the FPGA will 
destroy all the performance of the high performance ADC 
analog to digital convener . Therefore , there is no high 
performance ADC on FPGA . The radio front , analog front 
RF / AF / analog circuits cannot be integrated on FPGA , either . 
All these ADC and RF / AF / analog circuits are left to be on 
the ASIC application specific integrated chip . The chips are 
the noise generators . All the noise generated by the chips is 
dumped on the board . There is an implicit assumption that 
the board is the ground having the infinite capacitance . 
However , this implicit assumption is no more true as the 
mobile products becomes thin and small . There is no big 
board to serve as the ideal ground . Since there is no isolation 
technology in the conventional chip that the ASIC still has 
to be used . The noise isolation of the conventional chip 
adopts the multiple power and ground buses . Furthermore , 
without the 23Less Green Technology , the electronic com 
ponents cannot be integrated to be chips that the electronic 
components cannot be embedded in the frame of window . It 
makes the window having no clear view . 

[ 0055 ] FIG . 1A1 is the overall system of the Green Energy 
Smart Window for the Smart Home ; it includes the trans 
parent multimedia panel such as LCD / LED / OLED / TV Flat 
panel and / or electrochromatic panel , the transparent solar 
cell panel , ventilation , smart fan controller , humidity con 
troller , transparent touch screen , touchless screen , battery , 
thin - film battery , wireless communication , wireless power 
supply , SerDes , fiber optic communication , smart fan , EC 
window and dimmer light , etc .; all the transparent multime 
dia panel , electrochromic panel and solar panel have the 
whole window size . FIG . 1A2 is the overall system of the 
Green Energy Smart Window having multiple glass or 
plastic support panels for the transparent multimedia panel 
such as LCD / LED / OLED / TV Flat panel , electrochromatic 
panel and transparent solar cell panel to be a smart window . 
FIG . 1A3 the MS type master smart window is constituted 
of the transparent multimedia panel and transparent solar 
panel ; both the transparent multimedia panel and the solar 
panel have the full window size ; the air circulation is 
embedded in the frame of window . FIG . 1A4 the ES type 
slave smart window is constituted of the electrochromic 
panel and the transparent solar panel ; both the electrochro 
mic panel and the transparent solar panel have the full 
window size ; the air circulation is embedded in the frame of 
window . FIG . 1A5 the MES type master smart window is 
constituted of the transparent multimedia panel , electrochro 
mic panel and the transparent solar panel ; the transparent 
multimedia panel , electrochromic panel and the transparent 
solar panel have the full window size ; the air circulation is 
embedded in the frame of window . FIG . 1A6 is one illus 
trating example of the smart home implemented with the 
system made of smart windows . FIG . 1B is the architecture 
of the Smart Window of Smart Home . FIG . 1C is the Field 
System On Chip FPSOC for the Smart Window of Smart 
Home ; the FPSOC includes sub - modules listed at the bot 
tom . FIG . 1D is the system and architecture of the multi 
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media Smart Window Controller of Smart Home . FIG . 1E1 
is the cross - section of the transparent touch - screen ; FIG . 
1E2 is the top - view of the conventional transparent touch 
screen . FIG . 1E3 is the top - view of the filmless touch 
screen . FIG . 1E4 is the touch on the top of the filmless 
touch - screen . FIG . 1E5 is the equivalent circuit of the touch 
on the top of the filmless touch - screen . FIG . 1E6 is the 
pulsing wave propagating in the conducting layer of the 
filmless touch screen . FIG . 1F1 is the smart fan having for 
the Smart Window of Smart Home . FIG . 1F2 is the section 
view of the smart fan embedded in the smart window . FIG . 
1F3 is the working principle of the bladeless turbofan . FIG . 
1F4A is the diode characteristic curves over temperature . 
FIG . 1F4B is the temperature sensor circuit to measure the 
on - chip temperature for the smart ventilation window , etc. 
FIG . 161 is the smart plug made of the FPSOC . FIG . 162 
is the analogy between the phone plug and power plug . FIG . 
1G3 is the combinatory Phone Plug and Power Plug made of 
the FPSOC is the Unipolar - DC / Bipolar - DC conversion of 
the battery charger and window driver , etc. with H - bridge . 
FIG . 1H1 is the AC / DC conversion of the rectifier and 
micro - inverter , etc. with the H - bridge . FIG . 1H2 the blade 
less turbofan and humidity / de - humidity / filter air - conditional 
multi - function . FIG . 11 is the global view of the power 
conversions among different power resources . FIG . 1J1 is 
the block diagram of the H - Bridgeless power conversion . 
FIG . 1J2 is the circuit of H - Bridgeless power conversion 
injecting the power . FIG . 113 is the circuit of H - Bridgeless 
power conversion extracting the power . FIG . 114 is the 
timing diagram for the triggering action of the H - Bridgeless 
power conversion . FIG . 1K is an illustrated example to show 
the fundamental working principal of power re - cycling 
between the huge SMPS output switches ; it is to reduce the 
power switch loss especially in high - frequency switching 
operation . FIG . 1L1 is the W5RS Window 5R System using 
the Wireless 5R Recycling Resonant Resynchronization 
Rectifier Regulator Supply , programmable LDOs of Analog 
LDO and Digital LDO . FIG . 1L2 is the waveforms of the 
Analog LDO for the power supply of bandgap circuit , etc. 
FIG . 1L3 is the waveform of the Digital LDO for the power 
supply of microprocessor , etc. FIG . 1L4 is the comparisons 
between Analog LDO and Digital LDO . FIG . 1M1 is the 
exterior view of the smart window . FIG . 1M2 is the interior 
view of the smart window . FIG . 1N1 is the air circulation 
loop of the smart window . FIG . 1N2 is the low frequency 
current oscillatory loop for the wireless charging . FIG . 1N3 
is the antenna of the wireless charging for high frequency 
protocols such as POWiFi , Bluetooth BT and RFID , etc. 
[ 0056 ] FIG . 2A is the low frequency clock / signal wave 
form . FIG . 2B is the high frequency clock / signal waveform . 
FIG . 2C is the chain reaction mechanism of frequency 
impacting on the system integration . FIG . 2D is the perfor 
mance degrade as the function of the frequency for the 
Analog / ADC or RF / LNA circuit . It is the frequency impact 
on the Green Technology . 
[ 0057 ] FIG . 3A is the partition of the system to be chips . 
FIG . 3B is the signal level and the substrate noise level of 
the chips . It is the conventional system . 
[ 0058 ] FIG . 4A is the analog chip . FIG . 4B is the digital 
chip having the substrate noise . FIG . 4C is the substrate 
noise coupling in the integration of the analog chip and the 
digital chip . FIG . 4D is the noise coupling mechanism of the 
substrate noise . It is the impact of the substrate noise 
coupling . 

[ 0059 ] FIG . 5A is the switching noise generated by the 
digital and / or FPGA chips . FIG . 5B is the switch noise 
augmented by the decoupling capacitor . It is the conven 
tional digital and FPGA switching noise . 
[ 0060 ] FIG . 6A is the conventional digital chip having the 
ground node ( 0 node ) set at the board . FIG . 6B is the ground 
nodes ( 0 node ) set at the substrate of the chip in the SPICE 
simulation . FIG . 6C is the noise isolation having the ground 
node ( 0 node ) set at the board . 
[ 0061 ] FIG . 6D is the analogy of the magnetic shield for 
the heat isolation in the fusion chamber . FIG . 6E is the 
electric shield for the noise isolation in the planar chip . It is 
the introduction of the noise isolation technique . 
[ 0062 ] FIG . 7A is the noise isolation for the digital chip 
having the noiseless substrate ; the Kirchhoff's Current Law 
( KCL ) shows l_ In that only one current regulator is 
needed . FIG . 7B the analog circuit can co - exist in the same 
chip having noiseless substrate . It is the fundamental pattern 
of the noise isolation technique . 
[ 0063 ] FIG . 8A is the substrate . FIG . 8B is the electric 
model for the substrate . FIG . 8C is the noise coupling in 
substrate model with separate ground buses . FIG . 8D is the 
hydraulic model for the noise coupling in substrate model 
with separate ground buses . FIG . 8E is the hydraulic model 
for the noise isolation technique . FIG . 8F is the electric 
model for the Noise Isolation Technology . It is the substrate 
model . 
[ 0064 ] FIG . 9 , is the capacitor with the current loop of 
charging and discharging . FIG . 9B is the capacitor with the 
current loop having the ground node for charging and 
discharging . FIG . 9C is the capacitor with the current loop 
having the ground node and substrate for charging and 
discharging . FIG . 9D is the Electric Field analogy of the 
Noise Isolation Technology . FIG . 9E is the power and 
ground voltages in the system integration with the noise 
isolation technology . It is the analysis of the power and 
ground voltages in the noise - isolation technique ; it proves 
that there is no substrate noise injected into the substrate . 
[ 0065 ] FIG . 10A is the noise isolation technique with the 
current regulator . FIG . 10B is the conventional analog chip 
using the voltage regulator to get rid of the power supply 
noise by the factor PSRR power supply rejection ratio . FIG . 
10C is the comparisons between the " current regulator of the 
noise isolation technique ” and the “ voltage regulator of the 
analog chip in the noisy board ” environment . FIG . 10D is 
the switching operation of the voltage regulator . FIG . 10E is 
the switching operation of the current regulator . It is the 
comparisons between the “ current regulator noise isolation 
platform ” and the “ voltage regulator analog - digital multi 
power - bus platform " . 
[ 0066 ] FIG . 11A is the voltage source . FIG . 11B is the 
current source . FIG . 11C is the current source of the current 
regulator . FIG . 11D is the adaptive current source of the 
current regulator . It is the comparison of voltage source and 
current source . 

[ 0067 ] FIG . 12A is the digital switching noises in the 
power supply . FIG . 12B is the spectrum of the power supply 
having the digital switching noise . FIG . 12C1 is the wave 
forms of signals of current regulator . FIG . 12C2 is the block 
diagram of the current regulator . FIG . 12C3 is the input 
noise signal spectrum of the current regulator . FIG . 12C4 is 
the control signal spectrum of the current regulator ; FIG . 
12D1 is the signal waveform of voltage regulator . FIG . 
12D2 is the block diagram of the voltage regulator . FIG . 
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12D3 is the input noise signal spectrum of of the voltage 
regulator . FIG . 12D4 is the control signal spectrum of the 
voltage regulator . It is the comparison of the current regu 
lator and voltage regulator . 
[ 0068 ] FIG . 13A is the current average . FIG . 13B is the 
voltage average . FIG . 13C is the current average of the 
current regulator being implemented with the voltage aver 
age . FIG . 13D1 is the preferred implementation of the 
current regulator of which pre - filter serving as the average 
function . FIG . 13D2 is the alternative implementation of the 
current regulator of which post - filter serving as the average 
function . FIG . 13D3 is the cascading current regulator ; it has 
the pre - filter and post - filter for the feedback signal ; the filter 
is for the feed forward output current . It is the average 
current generator for the current regulator . 
[ 0069 ] FIG . 14A is the block diagram of the average . FIG . 
14B is the window function in the time domain to implement 
the average with the integration and divider . FIG . 14C is the 
timing window function to implement the average function . 
FIG . 14D is the low pass filter to implement the average 
function . FIG . 14E1 is the waveform of the digital switching 
noise . FIG . 14E2 is the sampling to implement the average 
function . FIG . 14F is the current regulator adopting the filter 
as shown in the FIG . 14D and the sampling as shown in FIG . 
14E2 to get the average current for the P - P type cascading 
current regulator . FIG . 14G is the alterative implementation 
of the current regulator ; it adopts the filter as shown in the 
FIG . 14D ; the sampling is as shown in FIG . 14E2 ; it is to get 
the average current for the P - N type cascading current 
regulator . It is noted that the current regulator having the 
filter Fp and Fn ; the voltage regulator doesn't have a filter . 
It is the different ways to implement the average function . 
[ 0070 ] FIG . 15A is the architecture of the current regula 
tor . FIG . 15B is the circuit and system of the current 
regulator . It is the fundamental current regulator . 
[ 0071 ] FIG . 16A is the architecture having the current 
regulator and voltage regulator . FIG . 16B is the circuit and 
system having the current regulator and voltage regulator . 
The current regulator is for the digital circuit or whole chip ; 
the voltage regulator is for the analog or RF circuit . 
[ 0072 ] FIG . 17A is the architecture of the cascade current 
regulator and voltage regulator . FIG . 17B is the circuit of the 
cascade current regulator and voltage regulator . FIG . 17C is 
the architecture for the current regulator being at the ground 
side of the digital circuit , the voltage regulator being for the 
AF / RF circuit and the big coupling capacitor having the 
connection between the power line and ground line of the 
digital circuit . It is the cascade current regulator for the 
digital circuit or whole chip ; the voltage regulator is for the 
analog or RF circuit . 
[ 0073 ] FIG . 18A is the system block diagram of the 
cascade current regulator . FIG . 18B is the architecture of the 
cascade current regulator . FIG . 18C is the circuit of the 
cascade current regulator . FIG . 18D is the simulation of 
power and ground curves of the conventional Power and 
Ground plan . FIG . 18E is the simulation of power and 
ground curves of the Noise Isolation Technology . It is the 
cascade current regulator for the digital circuit or whole 
chip . 
[ 0074 ] FIG . 19A is the system of the cascade current 
regulator and voltage regulator . FIG . 19B is the architecture 
of the cascade current regulator and voltage regulator . FIG . 

19C is the circuit of the cascade current regulator and 
voltage regulator . It is the cascade of current regulator and 
voltage regulator . 
[ 0075 ] FIG . 20A is the system of the cascade of the current 
regulator and switch mode power supply . FIG . 20B is the 
architecture of the cascade current regulator and switch 
mode power supply . FIG . 20C is the circuit of the cascade 
current regulator and the switch mode power supply . It is the 
cascade of the current regulator and switch mode power 
supply . 
[ 0076 ] FIG . 21A is the switch mode power supply for the 
digital circuit or voltage regulator . FIG . 21B is the voltage 
regulator power for the analog circuit or RF circuit . FIG . 
21C1 is the signal flow block diagram of the current regu 
lator ; the signal flowing direction is in the reverse direction 
of the voltage regulator . FIG . 21C2 is the signal flow block 
diagram of the current regulator ; the signal flowing direction 
is in the normal left - to - right direction . It is the comparison 
of the conventional power supply with the current regulator 
power supply 
[ 0077 ] FIG . 22A is the current regulator having the con 
stant current ; FIG . 22B is the spectrum of the current 
regulator having the constant current . It is the current 
regulator 
[ 0078 ] FIG . 23A is the current regulator having the slow 
varying current . FIG . 23B is the spectrum of the current 
regulator having the slow varying current . It is the slow 
varying current regulator . 
[ 0079 ] FIG . 24A is the current regulator located at the 
upper power layer . FIG . 24B is the current regulator located 
at the lower power layer . FIG . 24C is the multi - current 
regulator located at the upper and lower power layer . FIG . 
24D is the hierarchical view of the multi - current regulator . 
FIG . 24E is the circuit model for the current regulator , it 
generates the voltage source for the digital circuit , etc. FIG . 
24F is the general platform of the multiple current sources . 
It is the the versatile arrangements of the on - chip multi 
power supplies . 
[ 0080 ] FIG . 25A is the architecture of the N - type current 
regulator . FIG . 25B is the circuit and system of the N - type 
current regulator . It is the N - type fundamental current regu 
lator ; it is shown by the CR in bottom ground layer in FIG . 
24B . 
[ 0081 ] FIG . 26A is the system block diagram of the 
cascade current regulator or the hierarchical current regula 
tor . FIG . 26B is the architecture of the cascade current 
regulator or the hierarchical current regulator . FIG . 26C is 
the circuit of the cascade current regulator or the hierarchical 
current regulator . FIG . 26D1 is the design hierarchy as 
shown in conventional I / O . FIG . 26D2 is the design hierar 
chy as shown in ground - bounceless I / O . FIG . 26E is the 
substrate - noiseless Power and Ground P & G - Plane . FIG . 
26F is the ground - bounceless I / O . FIG . 26G is the analog / 
digital Programmable LDO having the Brake . Accelerating 
and steering wheel functions . FIG . 26H is the alternative 
design of the analog / digital Programmable LDO with tran 
simpedance cascade Amplifier . It is the cascade current 
regulator or the hierarchical current regulator shown in FIG . 
24D . 
[ 0082 ] FIG . 27A is the general current regulator noise 
isolation platform . FIG . 27B is the conventional mixed 
signal chip . FIG . 27C is the CR wrapper of the current 
regulator noise isolation platform for the conventional 
mixed signal chip . 



US 2021/0293083 A1 Sep. 23 , 2021 
6 

[ 0083 ] FIG . 28A is the partition of the chips . FIG . 28B is 
the A / D waveform of the A / D ADC or DIA DAC . FIG . 28C 
is the S / P waveform of the Series to Parallel S / P or Parallel 
to Series P / S in SERDES . It is the conventional system 
integration . 
[ 0084 ] FIG . 29A is the chip partition with the system 
integration of the A / D , SIP with FPGA , DSP and Embedded 
Controller , etc. FIG . 29B is the platform of the system 
integration of the AID , SIP with FPGA , DSP and Embedded 
Controller , etc. It is the system integration of the AID , SJP 
with FPGA , DSP and Embedded Controller , etc. 
[ 0085 ) FIG . 30A is the system integration of all the RF , 
AF , AID with FPGA , DSP and Embedded Controller , etc. 
FIG . 30B is the platform of the system integration of all the 
RF , AF , AID , SIP with FPGA , DSP and Embedded Control 
ler , etc. It is the system integration of all the RF , AF , AID 
with FPGA . DSP and Embedded Controller , etc. 
[ 0086 ] FIG . 31A is the Xtaless Clock circuit with the 
embedded Noise Isolation Technology : the embedded Noise 
Isolation Technology is implemented as shown in FIG . 30A . 
FIG . 31B the timing diagram of the Rippleless Fast lock 
FPLL . FIG . 31C is the block diagram of the Rippleless Fast 
lock FPLL . FIG . 31D is the comparison between the con 
ventional PLL and the Rippleless Fast lock FPLL . FIG . 
31E1 is the wandering of oscillatory wave . FIG . 31E2 is the 
normal oscillatory wave . FIG . 31F1 is the spectra growth of 
ideal oscillatory wave . FIG . 31F2 is the spectra growth of 
the square wave . FIG . 31F3 is the spectra growth due to the 
parametric inductance and capacitance . FIG . 3161 is the 
historical review of Xtaless Clock theory . FIG . 3162 is the 
route map of the Xtaless Clock development . FIG . 31H is 
the magnetic enhanced transimpedance amplifier TIA of the 
optical SerDes as shown in FIG . 1A . FIG . 311 is the 
schematic symbol of the magnetic enhanced transformer 
type inductors . FIG . 31J is the 3 - dimensional view of the 
magnetic enhanced transformer type inductors . FIG . 31K is 
the architecture and system of the Xtaless Clock having 
Bandgap Generator . FIG . 31L1 is the linear curvature com 
pensation for the conventional bandgap voltage generator . 
FIG . 31L2 is the bandgap generator for bandgap voltage and 
bandgap current having ( V. BG , IBG ) coupling : it has both the 
1st and the 2nd curvature compensation . FIG . 31M is the 
system and architect of IBG Bandgap Current generator . FIG . 
31N1 is the system and architect of V BG Bandgap Voltage 
generator . FIG . 31N2 is the system and architect of Iso 
Bandgap current generator . FIG . 310 is the system and 
architect for the wide frequency PLL / Clock generator . FIG . 
31P is the system and architect of the RC type Xtaless Clock . 
FIG . 31Q1 is the schematics of the N - type current buffer 
made of current mirror . FIG . 31Q2 is the schematics of the 
P - type current buffer made of current mirror . 
[ 0087 ] FIG . 32A is the MDAC of the conventional pipe 
line ADC . FIG . 32B is the MDAC of the comparator based 
ADC . FIG . 32C is the MDAC of the super - drive ADC . FIG . 
32D is the comparison of speed of the super - drive ADC with 
the conventional ADC and the comparator based ADC . FIG . 
32E is the comparison of speed , accuracy and power of the 
super - drive ADC with the conventional ADC and the com 
parator based ADC . FIG . 32F is the schematics of the 
MDAC of the super - drive ADC where MDAC is multiply 
ing digital - to - analog converter . It is the performance com 
parison among the super - drive ADC , the conventional ADC 
and the comparator based ADC . 

[ 0088 ] FIG . 33A is the waveform of the high PAR signals . 
FIG . 33B is the RF system having the high power efficiency 
Power Amplifier . FIG . 33C is the circuit of the low power 
ultra - fast dynamic power supply for the power amplifier 
having the high power efficiency and low power operation . 
FIG . 33D is the SMPS output stage of buck converter . FIG . 
33E is the illustration of the fundament principle of the 
SMPS buck converter . FIG . 33F is the illustration of the 
operation of the Adaptive Optimum Constant On Time 
AOCOT Buck Converter with the hybrid voltage mode and 
current mode . It is the ultra - fast dynamic power supply for 
the high power - efficiency high peak - average - ratio PAR 
Power Amplifier . 
[ 0089 ] FIG . 34A is the layered structure of the Thin - Film 
Battery and / or EC window . FIG . 34B is the electrical model 
of the Thin - Film Battery and / or EC window . FIG . 34C is the 
signal flow of the temperature compensated Thin - Film Bat 
tery and / or EC window . FIG . 34D is the optical hysteresis 
curve of Thin - Film Battery and / or EC window . FIG . 34E is 
the operation of the Thin - Film Battery and / or EC window . It 
is the operation characteristics of the Thin - Film Battery 
and / or Electrochromic EC window . 
[ 0090 ] FIG . 35A is the bipolar operation of the Thin - Film 
Battery and / or EC window . FIG . 35B is the unipolar opera 
tion of the Thin - Film Battery and / or EC window . FIG . 35C 
is the non - linear unipolar operation of the Thin - Film Battery 
and / or EC window . FIG . 35D1 is the unipolar operation for 
the positive voltage . FIG . 35D2 is the unipolar operation for 
the negative voltage . It is the switching operation of Thin 
Film Battery and / or EC window . 
[ 0091 ] FIG . 36A is the unipolar operation of the region 1 
charging up Battery and / or EC window . FIG . 36B is the 
unipolar operation of the region 2 hold Battery and / or EC 
window . FIG . 36C is the unipolar operation of the discharg 
ing Battery and / or EC window of region 3. FIG . 36D is the 
unipolar operation of the charging up Battery and / or EC 
window of region 4. FIG . 36E is the unipolar operation of 
the hold Battery and / or EC window of region 5. FIG . 36F is 
the unipolar operation of the discharging Battery and / or EC 
window of region 6. It is the Battery and / or EC window 
unipolar operation with the H - Bridge as shown in FIG . 35A 
and FIG . 35B . 
[ 0092 ] FIG . 37A1 is the analog buffer circuit with the 
H - Bridge . FIG . 37A2 is the H - Bridge operating on the 
analog buffer to generate the voltage ramping circuit . FIG . 
37B1 is the buck converter circuit with the H - Bridge . FIG . 
37B2 is the H - Bridge operating on the capacitor load of the 
buck converter to generate the voltage ramping or current 
charging . FIG . 37C1 is the buck converter circuit with the 
H - Bridge operating on the inductor and capacitor , etc. FIG . 
37C2 is the H - Bridge operating on the inductor and capaci 
tor load of the buck converter to generate the voltage 
ramping or current charging . FIG . 37D1 is the buck con 
verter circuit with the H - Bridge operating on the whole buck 
convener . FIG . 37D2 is the H - Bridge operating on the buck 
converter to generate the voltage ramping or current charg 
ing . It is the H - Bridge operating on the power circuit to 
generate the EC window controller . 
[ 0093 ] FIG . 38A is the conventional wrong way to drive a 
big load with the unit - gain amplifier . FIG . 38B1 is the 
correct way to drive a big load with analog buffer . FIG . 38B2 
is the Power Management Unit PMU having the Switch 
Mode Power Supply SMPS and Low Drop Voltage Regu 
lator LDVR to supply power to the Battery type device such 
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as battery , thin film battery and electrochromic glass 
devices , etc. FIG . 38B3 is the PMU Power Management 
Unit having the Switch Mode Power Supply SMPS and 
Analog Buffer to supply power to the Battery typed device 
such as battery , thin film battery and electrochromic glass 
devices , etc. FIG . 38B4 is the PMU Power Management 
Unit having the Switch Mode Power Supply SMPS and 
LDO typed Analog Buffer to supply power to the Battery 
type device such as battery , thin film battery and electro 
chromic glass devices , etc. FIG . 38B5 is the block diagram 
of the Analog Buffer ; FIG . 38B6 is the detailed schematics 
of the Analog Buffer . FIG . 38B7 is the SMPS - LDO typed 
Analog Buffer and H - Bridge . FIG . 38B8 is the SMPS and 
H - Bridge with LDO typed Analog Buffer embedded in the 
H - Bridge . FIG . 38B9 is the SMPS - LDO typed Analog 
Buffer and H - Bridge . FIG . 38B10 is the analog buffer 
embedded in the H - Bridge . FIG . 38B11 is the LDO type 
analog buffer embedded in the H - Bridge for voltage control . 
FIG . 38C1 is the block diagram of the Switch Mode Power 
Supply combining with Low Drop Voltage Regulator 
( LDVR ) type Analog Buffer to be the Rippleless battery 
charger and RF - Noiseless EC window controller . FIG . 38C2 
is the design platform for the Rippleless battery charger and 
RF - Noiseless battery charger and / or EC window controller . 
FIG . 38D1 is the architecture of the H - Bridge buck con 
verter typed battery charger and / or EC window controller . 
FIG . 38D2 is the block diagram of the H - Bridge buck 
converter typed EC window controller . FIG . 38D3 is the 
embedded battery charger and / or window controller . FIG . 
38D4 is the operation of the embedded battery charger 
and / or window controller . FIG . 38E1 is the algorithm of the 
current - limited voltage ramping in charging up phase . FIG . 
38E2 is the algorithm of the current - limited voltage ramping 
in discharging phase . FIG . 38F1 is the algorithm of the 
voltage - limited current charging in charging up phase . FIG . 
38F2 is the algorithm of the voltage - limited current charging 
in discharging phase . 
[ 0094 ] FIG . 39A is the block diagram for the current 
limited super - performance battery , thin - film battery and / or 
voltage - ramping EC window controller , etc. FIG . 39B is the 
block diagram for the current - limited super - performance 
battery , thin - film battery and / or voltage - limited current 
charging EC window controller , etc. FIG . 39C is the bleach 
ing / discharging process ; FIG . 39D is the coloring / charging 
process ; FIG . 39E is the complete super - performance bat 
tery , thin - film battery and / or EC window driver , etc. It is the 
super - performance battery , thin - film battery and EC window 
driver , etc. which can be developed to be the dedicated chip . 
[ 0095 ] FIG . 40A is the conventional power supply system . 
FIG . 40B is the power supply made of the analog buffer for 
voltage ramping operations of the battery charger and / or EC 
window controller . FIG . 40C is the waveform of the voltage 
ramping operation of the analog buffer . FIG . 40D is the 
analog buffer circuit for the voltage ramping battery charger 
and / or EC window controller . It is the analysis of the analog 
buffer typed voltage ramping . 
[ 0096 ] FIG . 41A is the triple - wire connection for long 
distance connection to drive device . FIG . 41B is the wire 
architecture of the triple - wire connection for long distance 
connection to drive device . 
[ 0097 ] FIG . 42A is the energy injection into AC line . FIG . 
42B1 is the energy injection into AC line at the peak voltage 
of the AC line . FIG . 42B2 is the energy injection into AC 
line at the valley voltage of the AC line . 

[ 0098 ] FIG . 43A is the energy extraction out of AC line . 
FIG . 43B1 is the energy extraction out of AC line at the peak 
voltage of the AC line . FIG . 43B2 is the energy extraction 
out of AC line at the valley voltage of the AC line . 
[ 0099 ] FIG . 44A is the Rectifier - DC / DC - Regulator . FIG . 
44B is the 5R Recycling Resonant Re - synchronous Rectifier 
Regulator with the controlled capacitors for frequency tun 
ing . FIG . 44C is the timing diagram of the 5R : FIG . 44D is 
the fine tune circuit for oscillation . 
[ 0100 ] FIG . 45A1 is the fundamental Oscillatory Resona 
tor . FIG . 45A2 is the equivalent fundamental Oscillatory 
Resonator having two different ends , Voc and Ground . FIG . 
45A3 is the fundamental 5R Oscillatory Resonator which 
can be derived from FIG . 45A2 . FIG . 45A4 is the basic 5R 
Recycling Resonant Resynchronization Rectifying Regula 
tor which can be derived from FIG . 45A3 . FIG . 45B1 is the 
Recycling Resonant mechanism for the switch of DC / DC 
converter . FIG . 45B2 is the timing diagram of the Recycling 
Resonant mechanism for the switch of DC / DC converter . 
FIG . 45C1 is the resonant oscillation of the LC resonator of 
the wireless power receiver . FIG . 45C2A is the rectifier 
operation without the bias voltage . FIG . 45C2B is the 
rectifier operation with the bias voltage . FIG . 45D1 is the 
resonant voltage , current and power of the ideal resonant 
circuit as shown in FIG . 45D2 . FIG . 45D2 is the ideal 
resonant circuit . FIG . 45E1 is the resonant voltage , current 
and power of the resonant circuit having the diodes which 
emulates the rectifier circuit having H - bridge with Schottky 
diodes . FIG . 45E2 is the resonant circuit having the diodes 
which emulates the rectifier circuit having H - bridge 
Schottky diodes . FIG . 45F1 is the resonant voltage , current 
and power of the resonant circuit having the active MOS 
which emulates the rectifier circuit having H - bridge with 
MOS . FIG . 45F2 is the resonant circuit having MOS device 
which emulates the rectifier circuit having H - bridge with 
MOS . FIG . 4561 is the resonant voltage , current and power 
of the resonant circuit having the active MOS which emu 
lates the rectifier circuit having H - bridge with MOS and 
wave - shaper switching driver . FIG . 45G2 is the resonant 
circuit having the MOS which emulates the rectifier circuit 
having H - bridge with MOS and wave - shaper switching 
driver . FIG . 45H1 is the rectifier having wave - shaper switch 
ing driver as shown in FIG . 45H2 . FIG . 45H2 is the 
fundamental wave - shaper . FIG . 4511 is the rectifier having 
wave - shaper switching driver as shown in FIG . 4512. FIG . 
4512 is the mutual - latching enhanced wave - shaper . FIG . 
45J1 is the rectifier with multi - voltage Inductor - Free DC / DC 
converter . FIG . 45J2 is the waveform of the multi - voltage 
Inductor - Free DC / DC converter . FIG . 45K is the complete 
set of Recycling Resonant Resynchronization Rectifying 
Regulator 5R having the single power - conversion stage . 
FIG . 451 is the complete schematics of the 5R having the 
Analog Signal Process / Power Factor Correction ASP / PFC 
wave shaper . FIG . 45L2 is the alternative design of 5R 
circuit with Schottky Diodes . FIG . 45L3 is the alternative 
design of 5R circuit with active MOS . FIG . 45L4 is the 
alternative design of 5R circuit with Schottky Diodes . FIG . 
45L5 is the alternative design of 5R circuit with active MOS . 
FIG . 45M is the complete schematics of the 5R having the 
ASP / PFC wave shaper . SMPS and A & D programmable 
LDO . FIG . 45N is the functional block diagram of the 5R 
having ASP / PFC wave shaper , SMPS and A & D program 
mable LDO . FIG . 450 is the generic wave shaper of WS . 
FIG . 45P is the gate - activated switching buffer driver type 
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wave shaper . FIG . 45Q is the source - activated switch - energy 
recycling wave shaper WS2 . FIG . 45R is the operational 
mechanism analysis of wave shaper . It is the fundamental 
principles of 5R Recycling Resonant Re - synchronous Rec 
tifier Regulator . 
[ 0101 ] FIG . 46A is the characteristics of the gas reaction 
sputtering process . FIG . 46B is the detonating phenomena in 
the gas reaction sputtering chamber . FIG . 46C is the self 
cleaning sputtering process . FIG . 46D is the block diagram 
of the system for the self - cleaning sputtering chamber . It is 
the operation of the self - cleaning sputtering chamber . 
[ 0102 ] FIG . 47A is the recursive / pipeline manufacturing 
process for the high performance EC window manufacturing 
process . FIG . 47B is the section view without the plating and 
hardening process . FIG . 47C is the section view with the 
plating and hardening process . It is the high performance EC 
window manufacturing process . 
[ 0103 ] FIG . 48A is the platform of the Anlinx & Milinx & 
Zilinx FPSOC having the 23Less Green Technology for 
Smart Window . FIG . 48B is the Anlinx & Milinx & Zilinx 
FPSOC having the IP wrapper of Noise Isolation Technol 
ogy for 23Less Green Technology for Smart Window . It is 
the Anlinx & Milinx & Zilinx Field Programmable System 
On Chip FPSOC with the 23Less Green Technology for 
Smart Window . 

DESCRIPTION AND OPERATION 

[ 0104 ] The Green Technology is the reduction of energy 
consumption , noise generation and resource saving . The 
green technology integration system comprises an smart 
Insulated Glass Unit . The smart Insulated Glass unit is 
referred as the Intelligent Graphic Unit IGU . The Intelligent 
Graphical Unit IGU further comprises the transparent mul 
timedia panel , electrochromic panel and the transparent 
solar cell panel , etc. The electrical energy generated by 
transparent Solar panel can provide to transparent Multime 
dia panel and Electrochromic panel , etc. Furthermore , the 
electrical energy generated by the green energy Smart Win 
dow can provide to the smart grid with wireline power line 
and provide to the mobile vices with wireless power 
supply , etc. 
[ 0105 ] To be feasible , the smart window must be as 
transparent having window view as the conventional IGU 
Insulated Glass Unit . To have the same window view as 
conventional IGU , all the complex electronic components 
must be embedded in the frame of the smart window . To 
have all the complex electronic components embedded in 
the frame , all the complex components must be integrated to 
be chip , FPSOC field programmable system on chip . To 
prove all the electronic components being able to be inte 
grated , the Field Programmable System On Chip FPSOC of 
Anlinx , Milinx and Zilinx is disclosed in detail . Therefore , 
the green energy smart window is based on the W5RS 
Wireless Window 5R System to integrate the electronic 
components in the FPSOC and embedded all the compo 
nents in the frame . “ 55 ” represents “ Smart Solar Supply 
Silicon System ” . “ W5 ” represents “ Wireless Wireline 
Weave Wishful Window ” . “ 5R ” represents “ Recycling 
Resonant Resynchronization Rectifying Regulator ” . 
“ W5RS ” is the killer product applications of Silicon Valley 
and “ 5R ” is the killer core IP technologies of Silicon Valley . 
Even for the Wireless Power Consortium WPC Qi and 
Alliance for Wireless Power A4WP wireless power supply 
standards , the novel “ single - stage 5R ” can have the AC / DC 

power efficiency as high as 95 % which is the highest record 
in the world . The green energy smart home of iPhome has 
the green energy smart window / iPindow . The green energy 
smart window is constituted of the multiple types of smart 
windows . The multiple smart windows are such as trans 
parent multimedia window , transparent solar window and 
electrochromic window , etc. These panels are integrated to 
be one smart window unit . 
[ 0106 ] As shown in FIG . 1A and FIG . 1B , the green 
energy Wireless Window 5R System W5RS is constituted of 
transparent Smart Multimedia Panel , Smart Electrochromic 
Panel and transparent Smart Solar Panel , etc. The transpar 
ent Smart Solar Panel harvests solar energy to be electric 
energy to provide power to the transparent Smart Multime 
dia Panel and Smart Electrochromic Panel , etc. The electri 
cal energy further provides to smart grid and mobile means . 
There are versatile arrangements for the transparent multi 
media panel and Electrochromatic panel in smart window . 
For the FIG . 1A , the LCD / LED / OLED TV / FlatPanel / Elec 
trochromatic 140 can be replaced with 
[ 0107 ] ( 1 ) transparent LCD / LED / OLED / TV / FlatPanel 
multimedia panel only as shown in FIG . 1A3 to be the 
master window ; or 
[ 0108 ] ( 2 ) Electrochromatic panel only as shown in FIG . 
1A4 to be the slave window ; or 
[ 0109 ] ( 3 ) LCD / LED / OLED % IV / Flat Panel / Electro 
chromatic multimedia panel and Electrochromatic panel as 
shown in FIG . 1A5 to be the master window . As shown in 
the FIG . 1B , the interior panel is transparent multimedia 
panel ; the middle panel is Electrochromatic ; the exterior 
panel is the transparent solar as shown in FIG . 1A5 . 
[ 0110 ] Furthermore , the smart window can be the trans 
parent LCD / LED / OLED / TV / FlatPanel multimedia panel 
only serving as the master device . 
[ 0111 ] The Green Energy System comprising the Master 
device of MES type smart window or MS type smart 
window and the Slave device of the ES type smart window . 
[ 0112 ] As shown in FIG . 1A5 , the MES type green energy 
smart window unit for smart home and smart grid comprises 
the electronic components having control circuitry , power 
supply and internet devices . The control circuitry comprises 
a processor , a multimedia window controller , an electro 
chromic window controller , a solar panel controller , and a 
power supply controller . The power supply comprises a 
rechargeable power supply , a wireless charging power sup 
ply circuit , an inverter circuit and a backlight circuit . The 
internet devices comprise a wireless internet remote access 
and control circuit . The green energy smart window has a 
transparent multimedia panel , an electrochromic panel and a 
transparent solar panel enclosed in an isolated glass unit 
IGU . The transparent multimedia panel , electrochromic 
panel and transparent solar panel have the whole panel size 
been the same as said smart window . The smart window has 
three operation modes , ( 1 ) normal open mode , ( 2 ) shut mode 
and ( 3 ) smart phone mode . The turbine fan and all the 
electronic components are embedded in the frame of said 
green energy smart window unit . In the normal open mode , 
the whole panel of the smart window view is clean and clear 
looking being transparent as the conventional dual panel 
window without any blockage in the open mode . In the shut 
mode , the whole smart window panel light is blocked by 
said smart window . In the shut mode , the whole smart 
window panel light is blocked either by coloring the elec 
trochromic panel or by darkening the transparent multimedia 
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panel . In the smart phone mode , the transparent multimedia 
panel of the smart window working as smart phone with 
huge smart phone , interactive TV screen , internet access and 
control of the smart window . The green energy smart win 
dow serves as the master device of the smart home and smart 
grid . All interactive and remote control for the smart home 
is through the interface of the transparent multimedia panel 
in said smart phone mode . The transparent solar panel is 
transparent and facing outside . The transparent multimedia 
panel is facing inside room and controlled by a host serving 
as master device . In the normal open mode , the multimedia 
panel is transparent and has no blockage of the window 
view . The isolated glass unit comprises an exterior glass 
panel located at a first side facing an external light source 
and an interior glass panel located at a second side , opposite 
the first side . The transparent solar cell panel is positioned on 
the exterior glass panel in the isolated glass unit , whereby 
exterior light transmitting through the transparent solar cell 
panel and received by the electrochromic panel and the 
transparent multimedia panel . The transparent solar cell 
panel is capable of generating power to smart grid and smart 
window unit including the control circuitry , the rechargeable 
power supply , the wireless charging power supply circuit , 
the electrochromic panel , and the transparent multimedia 
panel . The transparent multimedia panel is capable of dis 
playing video being positioned on said interior glass panel in 
the isolated glass unit and further comprises a transparent 
touch screen displaying and detecting touch inputs . The 
green energy smart window further comprises a micro 
computer to control the smart phone type Multimedia Panel . 
The Multimedia Panel is transparent in the open mode . The 
Multimedia Panel is the smart phone type huge screen to 
setup , control and communication , etc. in the smart phone 
Mode . The micro - computer controlled Multimedia Panel 
further comprises transparent touching screen to have user 
interactive with the Multimedia Panel . The transparent 
touching screen covers on the screen of the Multimedia 
Panel . Touching on the transparent touching screen , it makes 
the interaction with Multimedia Panel through the micro 
computer . The transparent touching screen laying on the 
interior glass panel having layer of transparent sensor to 
detect the touching positions on the transparent touching 
screen . The electrochromic panel is positioned in the iso 
lated glass unit , and is capable of blocking received light . 
The backlight provides light for the transparent multimedia 
panel during night . The transparent solar panel supplies 
power to the smart grid through the inverter . The transparent 
multimedia panel has the wireless internet remote access and 
control circuit controlling as master device . The mobile 
device charging unit comprises a wireless power pad charger 
inductively coupled to said wireless charging power supply 
circuit . The power supply controller is capable of controlling 
rechargeable power supply to selectively discharge current 
to an external electrical smart grid coupled to the smart 
window unit . 

[ 0113 ] As shown in FIG . 1A3 , the MS type green energy 
smart window unit for smart home and smart grid comprises 
electronic components comprising control circuitry , power 
supply and internet devices . The control circuitry comprises 
a processor , a multimedia window controller , a solar panel 
controller , and a power supply controller . The power supply 
comprises a rechargeable power supply ; a wireless charging 
power supply circuit , an inverter circuit and a backlight 
circuit . The internet devices comprises a wireless internet 

remote access and control circuit . The green energy smart 
window has a transparent multimedia panel and a transpar 
ent solar panel enclosed in an isolated glass unit . The 
transparent multimedia panel and transparent solar panel has 
a whole panel size been the same as the smart window . The 
smart window has three operation modes , ( 1 ) normal open 
mode , ( 2 ) shut mode and ( 3 ) smart phone mode . The 
electronic components are embedded in the frame of the 
green energy smart window unit . In the normal open mode , 
the whole panel of the smart window view is clean and clear 
looking as the conventional dual panel window . The smart 
window is without any blockage and is transparent in the 
normal open mode . In the shut mode , the whole smart 
window panel light is blocked by the smart window . In the 
shut mode , the whole smart window panel light is blocked 
by darkening the transparent multimedia panel . In the smart 
phone mode , the transparent multimedia panel of the smart 
window works as smart phone with huge smart phone , 
interactive TV screen , internet access and control of the 
smart window . The green energy smart window serves as 
master device of the smart home and smart grid . All inter 
active and remote control for the smart home is through the 
interface of the transparent multimedia panel in the smart 
phone mode . The transparent solar panel is transparent and 
facing outside . The transparent multimedia panel being 
facing inside room and controlled by a host serving as 
master device . In the normal open mode , the multimedia 
panel is transparent and has no blockage of the window 
view . The isolated glass unit comprises an exterior glass 
panel located at the first side facing an external light source 
and an interior glass panel located at the second side , 
opposite the first side . The transparent solar cell panel is 
positioned on the exterior glass panel in the isolated glass 
unit . The exterior light transmits through the transparent 
solar cell panel and received by the transparent multimedia 
panel . The transparent solar cell panel is capable of gener 
ating power to smart grid and smart window unit . The smart 
window unit includes the control circuitry , the rechargeable 
power supply , the wireless charging power supply circuit 
and the transparent multimedia panel . The transparent mul 
timedia panel is capable of displaying video being posi 
tioned on the interior glass panel in the isolated glass unit . 
The smart multimedia panel further comprises a transparent 
touch screen displaying and detecting touch inputs . The 
backlight provides light for the transparent multimedia panel 
during night . The transparent solar panel supplies power to 
the smart grid through the inverter . The wireless internet 
remote access and control circuit enable the transparent 
multimedia panel working as master device . The mobile 
device charging unit comprises a wireless power pad charger 
inductively coupled to the wireless charging power supply 
circuit . The power supply controller is capable of controlling 
rechargeable power supply to selectively discharge current 
to an external electrical smart grid coupled to the smart 
window unit . 

[ 0114 ] As shown in FIG . 1A4 , the ES type green energy 
smart window unit for smart home and smart grid comprises 
the electronic components comprising control circuitry , 
power supply and internet devices . The control circuitry 
comprises a processor , an electrochromic window controller , 
a solar cell panel controller , and a power supply controller . 
The power supply comprises a rechargeable power supply : 
a wireless charging power supply circuit ; an inverter circuit 
and a backlight circuit . The internet devices comprising a 
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wireless internet remote access and control circuit . The 
green energy smart window has an electrochromic panel and 
a transparent solar panel enclosed in an isolated glass unit . 
The electrochromic panel and transparent solar panel have a 
whole panel size been the same as said smart window . The 
smart window has three operation modes . ( 1 ) normal open 
mode , ( 2 ) shut mode and ( 3 ) smart phone mode . The turbine 
fan and all the electronic components being embedded in the 
frame of the green energy smart window unit . In the normal 
open mode , the whole panel of the smart window view is 
clean and clear looking as the conventional dual panel does 
The window view is transparent without any blockage in the 
open mode . In the shut mode , the whole smart window panel 
light is blocked by the smart window . In the shut mode , the 
whole smart window panel light is blocked by the coloring 
of the electrochromic panel . 
[ 0115 ] In the smart phone mode , the smart window is 
controlled as slave device . The green energy smart window 
serves as slave device of the smart home . All interactive and 
remote control for the smart home is through the interface of 
said internet device in the smart phone mode . The transpar 
ent solar panel is transparent and facing outside . The smart 
window is controlled by host serving as a slave device in the 
smart phone mode . In the normal open mode , said electro 
chromic panel is transparent and has no blockage of the 
window view . 
The isolated glass unit comprises an exterior glass panel 
located at a first side facing an external light source . An 
interior glass panel located at a second side , opposite the first 
side . The transparent solar cell panel is positioned on the 
exterior glass panel in the isolated glass unit . The exterior 
light transmits through the transparent solar cell panel and 
received by the electrochromic panel and the transparent 
multimedia panel . The transparent solar cell panel is capable 
of generating power to smart grid and smart window unit 
including the control circuitry , the rechargeable power sup 
ply , the wireless charging power supply circuit and the 
electrochromic panel . The electrochromic panel is posi 
tioned in the isolated glass unit and is capable of blocking 
received light . The transparent solar panel supplies the 
power to the smart grid through the inverter . The wireless 
internet remote access and control circuit control the smart 
window as a slave device . A mobile device charging unit 
comprises a wireless power pad charger inductively coupled 
to the wireless charging power supply circuit . The power 
supply controller is capable of controlling the rechargeable 
power supply to selectively discharge current to an external 
electrical smart grid coupled to the smart window unit . 
[ 0116 ] The Transparent Solar Cell is transparent that exte 
rior light passes through the Transparent Solar Cell and 
shines on the Electrochromic Panel and the transparent 
Multimedia Panel . The transparent multimedia widow is the 
video display such as LCD / LED / TV / Flat Panel to provide 
interactive entertainment , local / remote access and control to 
be the master device . The transparent Solar Cell Panel 
harvests the solar energy to be electric energy to provide 
power to the transparent Multimedia Panel and Electrochro 
mic Panel . The electrical energy further provides to smart 
grid and mobile devices . Furthermore , the electrical energy 
can provide to mobile devices with wireless power . 
[ 0117 ] The Smart Window of Smart Home is based on the 
23Less Green Technology . The 23Less Green Technology 
for the Noiseless Field Programmable Integrated Circuit 
FPSOC are Curtainless Window , Bladeless Turbo Fan , 

Brakeless Vehicle , Sawless LNA , Resistorless SMPS and 
Transceiver , Capless LDVR , Inductorless SMPS , Diodeless 
Random Number Generator , Xtaless Clock Generator , 
Clockless Switch Mode Power Supply , etc. 
[ 0118 ] As shown in FIG . 1A and FIG . 1B , the green energy 
smart window 123 has the window 123g comprising trans 
parent multimedia LCD panel , transparent solar panel 10 
and EC panel 20 , etc. On the right side of FIG . 1A , it is the 
sectional view of the green energy smart window . On the left 
side of the FIG . 1A , there are the functional blocks which are 
implemented as the electronic system embedded in the IGU 
frame of the green energy smart window . The Intelligent 
Graphical Unit IGU 123g has the multimedia LCD panel , 
transparent solar panel 10 and / or EC panel 20 , etc. inte 
grated to be one unit . The transparent solar panel 10 and the 
Switch Mode Power Supply SMPS 11 provide the solar 
power energy to the green energy smart window 123 and the 
smart fan . In the smart window , there are many smart 
controllers such as Smart Home controller , smart lighting 
controller , smart solar controller , smart battery controller , 
smart power controller and smart fan controller , etc. As 
shown in FIG . 1C , FIG . 48A and FIG . 48B , Anlinx & Zilinx 
& Zilinx ' Field - System - On - Chip FPSOC will integrate all 
the smart controllers on the same platform to be FPSOC 
Field Programmable System On Chip . 
[ 0119 ] The transparent Solar panel provides the electricity 
to the transparent Multimedia panel and Electrochromic 
panel , etc. to be “ self - contained Intelligent Graphical Unit 
IGU ” . All the smart controllers will be embedded in the 
frame of the Intelligent Graphical Unit IGU . As shown in 
FIG . 1F1 , the Intelligent Graphical Unit IGU further com 
prises the smart fan and the smart fan controller . In the smart 
fan , there are the multiple functional modules of the blade 
less turbofan , air conditioner , the humidity / de - humidity and 
air - filter , etc. The bladeless turbine circulates the air for air 
conditioning and ventilation . In the winter , as shown in FIG . 
1N1 , the ceiling warm air will be sucked in to the channel 
inside the frame of the Intelligent Graphical Unit IGU then 
be blown out at the floor by the bladeless turbofan . 
[ 0120 ] The green energy Wireless Window 5R System 
W5RS is constituted of Transparent Multimedia Panel , 
Electrochromic Panel and Transparent Solar Cell Panel . The 
Multimedia Panel . Electrochromic Panel and Transparent 
Solar Cell Panel are enclosed in the isolated glass unit IGU . 
The isolated glass unit IGU further comprises exterior glass 
and interior glass . The exterior glass faces the outside of 
building . The interior glass faces the inside of room . The 
Transparent Solar Cell Panel is attached on the exterior glass 
in the isolated glass unit IGU . The transparent Multimedia 
Window is attached on the interior glass in the isolated glass 
unit IGU . As shown in FIG . 1M1 , the transparent solar panel 
is attached to the exterior transparent support such as glass 
or flexible plastics . As shown in FIG . 1M2 , the transparent 
LCD / LED / OLED Flat Panel / etc and Electrochromic are 
attached to the exterior transparent support such as glass or 
flexible plastics . As shown in FIG . 1N1 , the air 402 , 403 
doesn't flow through the channel between two glasses . The 
bladeless turbofan 40 is located at the corner of IGU . The 
IGU is completely isolated and filled with the clean inert 
gas . The IGU is to use the isolation of double window to 
keep the room temperature to save the energy . It is impos 
sible to clean up the dust inside the IGU . Therefore , the IGU 
is completely isolated and filled with the inert gas . The air 
will flow through the tube inside the frame and will not flow 
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through the channel between the two glasses of the window . 
As shown in FIG . 1N2 , for the low frequency wireless 
charging system , the wireless charge uses the current loop 
412 , 413 embedded in the Frame of IGU . The magnetic field 
422 and 423 oscillates to charge the wireless charger . As 
shown in FIG . 1N3 , for the high frequency charging system , 
the wireless charge uses the Antenna embedded in the Frame 
of IGU . The chip 432 drives the antenna 433 to emit the EM 
wave to charge the wireless charger . 
[ 0121 ] FIG . 1B is the architecture of Smart Window for 
the Smart Home . The Smart Window of Smart Home 
includes the multimedia iPindow and Telephone iPindow to 
be the core . The self - sustained iPindow is constituted of the 
core of iPindow , Solar Panel iPindow , Battery - type iPindow 
and Lighting iPindow , etc. The Smart Window of Smart 
Home further comprises the options of Ventilating iPindow , 
Turbofan iPindow , Humidity iPindow , Thin - Film Battery 
iPindow and other functions iPindow , etc. During night , the 
backlight 105 serves as the backlight for the LCD / LED / 
OLED / TV / FlatPanel Multimedia Panel 103. The antenna 30 
and power amplifier 31 etc. of the RF / wireless circuits 
provide the wireless , internet , remote access and control for 
the smart windows with the multimedia panel 103 . 
[ 0122 ] The solar panel 10 is transparent and facing out 
side . The transparent multimedia panel 103 is facing inside 
room and controlled by host . In the open mode , the multi 
media panel 103 is transparent having no blockage of the 
window view . In the shut mode , the window is blackout . In 
the open mode , the electrochromic panel has no voltage and 
the LCD multimedia panel is applied with full voltage . In the 
shut mode , the electrochromic panel is applied with voltage 
and the LCD multimedia panel has no voltage . 
[ 0123 ] As shown in FIG . 1A3 , to have the maximum 
energy harvest to supply electricity to the smart grid , the 
solar panel 10 has the full panel size of the Smart Window . 
Furthermore , the solar panel 10 is at the outmost layer 
closing to the external world and the solar panel has to be 
transparent not blocking the light of sunshine . This light of 
sunshine serves as the backlight of the multimedia panel 103 
in the daytime . The smart window uses the IGU insulated 
Glass Unit that no dust will go into the smart window . The 
air circulation doesn't go through the space between the 
panels . The air circulation 40 goes through the pipe embed 
ded inside the frame of smart window . As shown in FIG . 
1A4 , the Smart Window has the solar panel 10 is at the 
outmost layer closing to the external world and the solar 
panel has to be transparent not blocking the light of sun 
shine . The electrochromic panel 102 switches to reduce the 
light and heat injecting into the room . The panel relation is 
the innovative system design . As shown in FIG . 1A5 , the 
smart window has the transparent solar panel 10 locating at 
outside room of the smart window and the transparent 
multimedia panel 103 locating inside room the smart win 
dow . The electrochromic panel 102 locates between the solar 
panel 10 and multimedia panel 103. The panel relation 
cannot arbitrarily change . FIG . 1A6 is the illustrated the 
example of smart home implemented with the smart win 
dows . The MS and MES smart windows serve as the masters 
and the other ES smart windows serve as the slaves . For the 
different complex alignments of the smart home , the field 
programmable system on chips FPSOC of Anlinx , Milinx 
and Zilinx are needed to have the field programmable 
capabilities . 

[ 0124 ] There are three different operation modes for the 
smart window : ( 1 ) Open / Normal Mode ; ( 2 ) Shut / Tint Mode ; 
( 3 ) Smart Phone Mode . For the Open / Normal Mode , all the 
panels of the smart window are clean and clear having no 
blockage . The multimedia panel 103 is transparent in the 
Open / Normal Mode . The smart window looks like the 
conventional dual panel window . For the Shut / Tint Mode , 
the smart window looks dark and cannot see through . The 
Shut / Tint Mode can be implemented with either the elec 
trochromic panel 102 or multimedia panel 103. For the 
Smart Phone Mode , the smart window becomes the huge 
smart phone having the whole multimedia panel 103 of 
smart window to be the touch screen . The multimedia panel 
103 works as the huge smart phone . In the Smart Phone 
Mode , the multimedia panel 103 can perform the remote 
access and control of the master mode , the phone call , 
interactive TV and the internet / wireless access , etc. Using 
the wireless internet and remote access , etc. , the smart 
window working as master to control the smart window 
working as slave . 
[ 0125 ] As shown in FIG . 48B , the noise isolation is a 
platform serving as wrapper to integrate versatile combina 
tions of ASIC , FPGA . ADC , DSP , microprocessor . RF / AF / 
Analog circuit and digital circuit to be FPSOC . FIG . 1C is 
the Field - System - On - Chip FPSOC for the Smart Window of 
Smart Home . Furthermore , the FPSOC has the versatile 
circuits of Ground - bounce - less I / O Buffer , Injectionless 
PLL , RF - Noiseless Battery Charger , Uneven - less Charging 
Bus , Stateless Dimmer Switch . RF Noiseless H - Bridge . 
Filmless Touch Screen , AC Noiseless Micro - inverter , iPin 
dow , Multimedia iPindow , Thin - Film iPindow , Thin - Film 
Battery - Means iPindow , Ventilating iPindow , Solar Panel 
iPindow , Lighting iPindow , Safety Alarm iPindow , Shop 
ping iPindow , MIGU : Multi - Insulating Glass Unit , Unified 
Solar Panel , Thin Film , Discharging Process with Boost , 
Hybrid Discharging for Solar and Thin Film Battery , Dis 
charging with Reverse Buck , Triple - Wires Battery Charger , 
H - bridge - Analog Buffer Different Configurations . Low 
Leakage , Low Noise . Low Power . Low Voltage Window 
Driver Algorithm and Different Analog Buffer - H - Bridge 
forms , etc. These versatile circuits will be disclosed in the 
following description in details . 
[ 0126 ] A green energy Wireless Window 5R System 
W5RS further comprises microcomputers to control Smart 
Multimedia Window / Panel . The microcomputer further 
comprising transparent touching sensor , video camera , etc to 
have both touch and touchless user interactive with the 
transparent Multimedia Window . FIG . 1D is the multimedia 
Window controller having the computer / communication / 
command function for the transparent multimedia Window . 
As shown in FIG . 32C , the multimedia Smart Window 
controller integrated system comprises the pipeline buffer 
ADC . The pipeline buffer ADC comprises high gain opera 
tional amplifier stage and dynamic switching output stage . 
[ 0127 ] There is Cap Sensor for the transparent touch 
screen of LCD flat panel . The camera is for the touchless 
LCD panel application and Video phone , etc. The Touch 
screen pad is for the transparent touch screen of the trans 
parent multimedia LCD panel of multimedia Smart Window . 
FIG . 1E1 is the cross - section of the transparent filmless LCD 
panel . The transparent conducting layer 103 is embedded in 
the glass type media . FIG . 1E2 is the orthogonal two layers 
transparent touch screen . FIG . 1E3 is the single layer 
transparent touch screen . FIG . 1E4 shows the finger touch 
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ing on the screen having a single transparent conducting 
layer . FIG . 1E5 shows the circuit of transparent touch 
screen . FIG . 1E6 shows the signal waveform propagating on 
the transparent conducting layer . 
[ 0128 ] A green technology IGU integrated system com 
prises smart fans . The smart fan comprises bladeless turbo 
fan . The bladeless turbofan circulates the humidity - con 
trolled and temperature - controlled air for air conditioning 
and ventilation . As shown in FIG . 1F1 , it is the bladeless 
turbofan . The blade of the turbofan is hidden inside the ring 
frame and cannot be reached from outside that it is named 
as the bladeless . FIG . 1F2 shows the cross - section of the 
bladeless turbofan . As shown in FIG . 1F3 , the gear 44 of the 
motor drives the blade 41 of the turbofan . The air is sucked 
to flow through the humidify / de - humidify / air - filter 41 and 
flows out of the slot 42. As shown in FIG . 1F1 and FIG . 1F2 , 
the expanded cone 43 makes the air pressure to drop to suck 
more air to flow through the center of the cone . The 
air - multiplying factor is about 16 , i.e. , one volume of air 
flows through the blade , there are sixteen times air volume 
flows out the cone . As shown in FIG . 1A , the warm air at the 
ceiling is sucked into the side channels embedded in the 
frame of the IGU and is blown out at the floor . It keeps the 
fresh air circulating in the room that a lot of energy is saved . 
[ 0129 ] The Green Energy Smart Window 5R System 
W5RS comprises smart fans . The smart fan further com 
prises the bladeless turbofan . The bladeless turbofan circu 
lates air for air conditioning . The turbofan needs the tem 
perature sensor to detect the air temperature and the overheat 
of the motor , etc. As shown in FIG . 1F4A , the diode 
characteristic curve varies over temperature that we can use 
this diode characteristic curve to detect the temperature . As 
shown in FIG . 1F4B , the temperature sensor circuit can get 
the temperature as follows . 

where VkT / a 

Frequency Control ” , the sinusoidal oscillation of LC reso 
nator is converted to be the digital switch signal . 
[ 0132 ] FIG . 11 shows the global map of the power con 
versions among different power supplies . The conventional 
way to convert the solar cell DC power to smart grid AC 
power conversion is to use micro - inverter . As shown in FIG . 
1J2 and FIG . 42A , our innovation is to use the “ H - Bridgeless 
In - Phase Synchronous Pulsing Boost Converter " to convert 
the solar cell DC power to smart grid AC power . 
[ 0133 ] The conventional way for the AC power converting 
to DC power is going through “ three stages ” power conver 
sion of " rectifier , buck converter and LDO ” . As shown in 
FIG . 1L1 and FIG . 45M , our innovation is “ single stage ” 
power conversion with “ 5R : Resonant Recycling Resyn 
chronization Rectifier Register ” . With the wave - shaper , the 
" Current - Voltage out - of - phase ” is converted to the “ Current 
Voltage in - phase ” recycling operation to have switch - loss 
less rectifier operation . 
[ 0134 ] As shown in FIG . 1J1 , it shows the block diagrams 
of the energy injected into another power supply and the 
energy extracted from another power supply . As shown in 
FIG . 1J2 , the energy is injected into another power supply 
with triggering impulse action . As shown in FIG . 113 , the 
energy is extracted from another power supply . As shown in 
FIG . 134 , the impulse / triggering impulse action is consti 
tuted of the Pre - Building - Up energy - inductor and the trig 
gering MOS . The Instant - Impulse is the instantaneously 
turn - off of the MOS switch to trigger the energy injection . 
[ 0135 ] FIG . 1K shows the fundamental principle of the 
recycling resonant oscillator to reduce the switch loss . To 
reduce the on - resistance of MOS switch , the switch gate 
voltage must be in the digital switch mode signal . The key 
issue is to convert the analog sinusoidal waveform to be the 
digital switch form with the wave - shaping techniques . As 
shown in FIG . 1L1 , the A5RS is constituted of the wireless 
transmitter 5RT and Wireless Receiver 5R as shown in FIG . 
44A and FIG . 44B . Referring to FIG . 1L1 , FIG . 45G1 , FIG . 
45G2 and FIG . 45M , the wave - shaper in 5R converts the 
analog sinusoidal wave to be the digital switch . 
[ 0136 ] Referring to FIG . 1L1 and FIG . 26G , the Wireless 
Receiver 5R has the programmable Analog / Digital LDOs be 
able to be programmed to be Analog LDO and Digital LDO . 
For example , the Analog LDO supplies the 1.8V analog 
power of constant current to the Bandgap and analog cir 
cuits , etc .; the Digital LDO supplies the 1.2V digital power 
with pulsing current load to the microcomputer and digital 
circuit , etc. FIG . 1L4 shows the comparison between the 
analog LDO and digital LDO . 
[ 0137 ] Referring to FIG . 266 and FIG . 26H , a Wireless 
Window 5R System W5RS comprises a programmable LDO 
which further comprises programmable analog LDO / digital 
LDO mechanism , brake mechanism , accelerator mechanism 
and steering - wheel mechanism . Referring to FIG . 26G and 
FIG . 26H , the programmable analog LDO % digital LDO is 
programmed to be high - gain for analog LDO and high 
bandwidth for digital LDO . The brake mechanism reduces 
the difference of the differential input voltages of said 
steering - wheel mechanism to eliminate the overshoot during 
the POS Power - On - Sequence . Due to the requirement of 
ripple reduction of the output voltage caused by digital 
loading of up , as shown in FIG . 26G and FIG . 26H , the 
accelerator mechanism is orthogonal - conjugate with the 
steering - wheel mechanism of error amplifier to have the fast 
reaction to ripple . 

Irele ( Vdiode / VT ) 

In ( Iref1 . ) = V diode / ( kT / q ) = > T = V diode [ ( k / q ) In ( Ire / 1 ) ] 
[ 0130 ] As shown in FIG . 161 , it is the Home Plug for Plug 
& Play Smart Battery Charger and / or Window Controller . 
There are AC port input , the DC port and the multimedia 
port . As shown in FIG . 1G2 , the power plug is similar to the 
phone plug having the high frequency and low frequency 
port . As shown in FIG . 163 , the Home Plug for Plug & Play 
Smart Battery Charger and / or Window Controller is consti 
tuted of the Ethernet . AC / DC converter , DC / DC converter 
and embedded controller , etc. 
[ 0131 ] The Field - Programmable - System - On - Chip 
FPSOC needs to unify the different circuits to have the 
platform for the versatile different applications . For 
H - Bridge , the operation of Diode - Bridge is continuous and 
analog . However , the operation of MOS - Bridge is Impulse / 
digital . To unify the circuit , as shown in FIG . 1H1 , the 
H - Bridge makes the conversion between the AC and DC . 
The rectifier , inverter and micro - inverter use the AC / DC 
conversion . As shown in FIG . 1H2 , the H - Bridge makes the 
conversion between the Unipolar - DC / Bipolar - DC . The Bat 
tery Charger and EC - Window Driver use the Unipolar - DC / 
Bipolar - DC conversion . Therefore , the H - Bridge is unified 
to be the two - way “ Bipolar - AC Unipolar - DC ” for rectifier , 
inverter , micro - inverter , battery charger and EC - window 
driver , etc. As shown in FIG . 1H1 , FIG . 45H1 and FIG . 
45G1 , for the H - Bridge , the AC / DC operation is “ DIPFC : 
Digital / Impulse PFC Phase - Frequency Control " . With the 
wave - shaper of the “ DIPFC : Digital / Impulse PFC Phase 
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has large substrate noise which exceeds the allowance of the 
substrate noise of the ADC . It makes the ADC not be 
integrated with the FPGA . 
[ 0144 ] As shown in FIG . 4A , it is the analog circuit in the 
AF / RF chip . There is no switching noise in the power and 
ground . As shown in FIG . 4B , it is the digital circuit in the 
digital / FPGA chip . There is switching noise in the power 
and ground . As shown in FIG . 4C , it is the mixed signal chip 
switching noise injecting into the substrate to be the sub 
strate noise . 
[ 0145 ] FIG . 4D shows how the substrate noises coupling 
into the circuit destroying the circuit performance . First , the 
on - board signal Vin_board will be much different the on 
chip Vin_chip . 

Vin_board = Vin_chip + N_substrate 

Vin_chip = Vin_board - N_substrate 

[ 0138 ] There are the wire - line connection and / or the wire 
less connection for the dimmer / bi - state / multi - state smart 
window and light . They integrate the light , ventilation and 
smart window to be building management system . There are 
wireline and wireless connections and the switching powers 
for the battery charger and smart window . The wireless 
circuit is sensitive to noise . However , the switching power 
generates a lot of noise . To be the consumer product , the cost 
must be low . The switching power circuit , digital circuit , 
analog circuit and wireless circuit , etc. are integrated 
together to be a single Integrated Chip FPSOC . To enable the 
Green Energy Smart Window , we must have the Noise 
Isolation Technology NIT first . 
[ 0139 ] A Green Energy Smart Window integration system 
has noise isolation . The noise isolation has a plural of current 
regulators to regulate the current flowing through a plural of 
connections of pins and bonding wires , etc. The connections 
have parasitic inductors . The current regulator regulates the 
current flowing through the parasitic inductors to reduce 
noise generated by the parasitic inductor . As shown in FIG . 
2A , FIG . 2B and FIG . 2C , the generated noise and system 
degraded as the frequency increases . As shown in FIG . 2A , 
the switching frequency is low that the slopes of the rising 
edges and falling edges can be slow . As shown in FIG . 2B , 
the switching frequency is high that the slopes of the rising 
edges and falling edges are fast . As shown in FIG . 2C , as the 
frequency increase , the slew rate of the digital switching 
increases . The switching noise of L ( dI / dt ) of the parasitic 
inductor increases . It induces the power and ground noises . 
The noise injected into the substrate becomes the coupling 
substrate noise . 
[ 0140 ] The SINAD is the ratio of the signal ( the funda 
mental ) to the sum of all distortion and noise . As shown in 
FIG . 4D and FIG . 2C , the substrate coupling noise injected 
into the circuit and system causes the degradation of the 
circuit and system performance . The signal to noise ratio 
S / N and SINAD decrease . The Effective Number of Bits 
ENOB decreases where 

ENOB = ( SINAD - 1.76 ) /6.02 

[ 014 ] It means the substrate noise N_substrate becomes 
the circuit input signal at the front gate . Second , the substrate 
noise N_substrate applies on the substrate of the input MOS . 
It is the back gate effect . Due to the dual substrate noise 
effect of the front gate and back gate , the RF circuit cannot 
have the digital switching circuit to be integrated into the 
RF / AF chip . 
[ 0147 ] Regarding to the substrate noise , there are a lot of 
mistakes in the system design . As shown in FIG . 5A , the 
digital circuit or FPGA generates the switching current . As 
the switching current flows through the parametric inductor , 
the noise oscillations are generated . The switching noise is 
dumped on the board and it contaminates the board . 
[ 0148 ] As the board shrinks , the assumption of the board 
having the infinite large capacitance is no more valid . The 
traditional way to dump the noise on the board is no more 
allowed . To reduce the noise dumped on the board , as shown 
in FIG . 5B , there is the bypass capacitor Ce , connecting 
between the power and ground . However , due to LC oscil 
lation , this bypass capacitor Cbypass makes the chip substrate 
noise even larger . Comparing FIG . 5B with FIG . 5A , it 
shows the substrate noise oscillation of chip having the 
bypass capacitor Cbypass is much larger than the substrate 
noise of chip having no bypass capacitor Cbypass . To reduce 
the substrate noise , it had better not to add the bypass 
capacitor Cbypass . It completely reverses the conventional 
thinking in the design practice . 
[ 0149 ] Due to the wrong concepts about the substrate 
noise , the substrate noise problem becomes the mysterious 
and nobody can solve it . Actually , the substrate noise is the 
essential problem of the planarization of the chip system 
integration . With the multi - disciplinary training , now the 
grand master Ming recognized the fundamental problem and 
solved this problem . The Noise Isolation Technology is 
introduced as follows . 
[ 0150 ] As shown in FIG . 6A and FIG . 18D , the Device 
Under Test DUT has the digital switch . The power and 
ground are oscillatory in the conjugate phases . The Vsrc + 
node voltage is Vsrc and the Vsrc- is OV . As the P - device 
and N - device of the digital circuit are both on , there is the 
crowbar current . At the same time , the parametric inductor 
tries to supply more current for the crowbar current . The 
continuous flows of the inductor will charge up the Vccl 
power node and discharge the Vssl ground node . It causes 
the Vccl to go upward and the ground to go downward . The 
cycle of the power ground oscillation will be the doubling 

[ 0141 ] As shown in FIG . 27B and FIG . 2D , the ENOB 
decrement of the ADC is unacceptable . Therefore , the ADC 
and DAC cannot be integrated on the FPGA . 
[ 0142 ] To solve the noise in system , the conventional 
system is partitioned as shown in FIG . 3A . The system is 
partitioned to be RF / AF chip , Mixed Signal Chip and 
Digital / FPGA chip . The parametric inductance of the pack 
age generates a lot oscillations in power and ground . To 
minimize the noise dumped on the board , there is the bypass 
capacitor C However , as shown in FIG . 5A and FIG . 
5B , this bypass capacitor Cbypass makes the on - chip oscil 
latory noises even worse . All the switching noise is dumped 
on the board . For the analog chip and RF chip , there is the 
on - board inductor / choke to block the digital switching noise 
from the noise contamination . 
[ 0143 ] As shown in FIG . 3B , to keep the circuit perfor 
mance requirement , the substrate noise for the RF / AF chip , 
Mixed Signal Chip and Digital / FPGA chip are bound at 
separate levels . The RF / AF signal and noise will be ampli 
fied along the chain . The noise level at the front end of LNA 
is very small . For the mixed signal , the substrate noise of the 
ADC signal has to be small . After the analog signal is 
converted to be the digital signal , the substrate noise can be 
raised to exceed the safety noise margin . The digital circuit 

bypass 
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As the digital circuit is switched , all the time varying current 
Iac flows through the capacitor Cac . Ilp and Ily are the 
current flowing through the parametric inductors . 

Ilp = lv - Ic - const 

frequency of the switching frequency of the digital circuit . 
The oscillation of the power and ground are in conjugate 
180 ° out of phase . 
[ 0151 ] The substrate noise can be zero with the proper 
design of circuit . To illustrate the zero substrate noise 
concept , two different zero substrate noise conditions are 
introduced for comparison . FIG . 6B is virtual mathematical 
model . FIG . 6C is the real world Noise Isolation Technology . 
[ 0152 ] As shown in FIG . 6B , the Vss2 has the OV . Vsrc 
has the Vssl voltage . The Vsrc + = Vss1 + Vsrc that the Vss + 
curve is in phase of Vss- . For the two cases of FIG . 6A and 
FIG . 6B , the voltage across the inductor should be the same . 

Lp ( dllp / dt ) = 0 
[ 0158 ] Furthermore , according to Kirchhoff's Current 
Law , the section cut is shown as the dotted line , we have 
II 

Ilg = IB = Iconst 

V ( Vcc2 ) = V ( Vsrc + ) + V ( Lp ) 
= V ( Lp ) + Vsrc + V ( Vscr - ) 
= V ( Lp ) + V ( LG ) + Vsrc 

Lp ( dilo / dt ) = 0 
[ 0159 ] As shown in FIG . 5A , the inductor is the noise 
amplifier of the noisy instantaneous current with the L ( dI / dt ) 
mechanism . As shown in FIG . 7A , the noise isolation 
technique has the instantaneous current lac to be confined 
locally with the local bypass storage capacitor Cac . The lac 
doesn't go through the inductor Lg . The capacitor Cac at the 
output absorbs variance of current to keep variance of 
current flowing through the current regulator Ic to be mini 

V ( Vss2 ) = 0 
VA ( Vcc2 ) = V ( Lp ) + V ( LG ) 
with 

mum . 

V ( Lp ) = -V ( LG ) ! = 0 
Vss2 = Gnd ( Ov ) 

[ 0153 ] It shows the substrate noise can be zero and the 
power oscillation is double . It gives the implication that the 
substrate noise can be zero . 
[ 0154 ] Now , with our innovative Current Regulator of 
Noise Isolation Technology , as shown in FIG . 6C and FIG . 
18E , in the physical real world , the substrate noise is real 
zero . 

V ( Vss3 ) = 0 

VA ( Vcc3 ) = VA ( Vcc2 ) 

with 

V ( Lp ) = V ( LG ) = 0 

Vsrc- = Gnd 

[ 0155 ] As shown in FIG . 18D and FIG . 18E , the inductor 
at Vpp is Lpp and the inductor at GND is Lss and Lod = Lss : 
Furthermore , with the proof of the mathematical and simu 
lation , due to the conservation of energy , the ( VDD ) ² + ( VSS ) 
2 = ( VDS ) and VDD = VSS where VDD is the amplitude of 
the AC energy in FIG . 18D and VDS is the amplitude of the 
AC energy in FIG . 18E . Therefore , VDS ~ ( 2 ) 1/2 VDD . The 
VDD amplitude increases and the noise energy is stored in 
the noise storage capacitor at the power node VDD of the 
digital circuit . The substrate VSS is clean out of noise . 
[ 0156 ] The conventional noise technology is to try to 
reduce the digital switch noise . Our approach is completely 
different . Our innovation is to confine the noise in the local 
power node VCC3 and isolate it from the substrate . Just as 
the heat isolation using the magnetic shield in the fusion 
reaction as shown in FIG . 6D , our noise isolation uses the 
electric shield in the planar chip as shown in FIG . 6E . 
Instead of the dump of the noise on the board , our innovation 
is to confine the noise in the digital power bus chip locally . 
The board is clean without noise . 
[ 0157 ] As shown in FIG . 7A , the current regulator regu 
lates the current supply to be a constant current source IC . 

[ 0160 ] The Green Energy Smart Window integration sys 
tem has noise isolation . The noise isolation means has the 
current regulator to regulate the current flowing a plural of 
bonding wires . The bonding wire connection has the para 
sitic inductor . The current regulator regulates the current 
flowing through the parasitic inductor of bonding wire to 
reduce the switching noise generated by the parasitic induc 
tor . 
[ 0161 ] As shown in FIG . 7A , with the short circuit 
Lodl dt ) = 0 of the parametric inductors , the substrate VSS 
is clamped to be the zero voltage . All the noise is confined 
and isolated at the node VDD . The ground and substrate are 
shorted and clamped by the ground 0 with the inductor LG : 
[ 0162 ] Since the VCC and VSS are quite , as shown in FIG . 
7B , the RF / AF radio frequency , analog front and analog 
circuit can be connected to the quite power , ground VCC and 
VSS . The substrate is connected to the VSS that there is no 
substrate noise coupling problem . In other words , the RF / AF 
radio frequency , analog front and analog circuit can be 
integrated with the digital and FPGA to be a single chip . 
Furthermore , based on the average voltage of Vod , the 
function block V. avg , adj can vary the current to maintain the 
Vod at the proper voltage level for the dynamic circuit . 
[ 0163 ] As shown in FIG . 8A , the on - chip metal ground 
line Gnd is connected to the substrate through the high 
density doping wells , etc. There are the parametric capaci 
tors . As shown in FIG . 8B , it is the equivalent circuit of the 
substrate connection . The substrate has the resistance 300092 
per square ; the metal has the resistance about 0.00122 per 
square . So , the ground metal shorts all the substrate circuit 
together to be a lump node . The low resistance metal has 
shortened all the substrate circuit together . 
[ 0164 ] Comparing the conventional noise isolation tech 
niques as shown in FIG . 8C , the digital noise injects into the 
substrate . This substrate noise is in the substrate under the 
analog circuit . The substrate noise contaminates the analog 
ground . So , the conventional separate power and ground 
doesn't solve the coupling substrate problem . 
[ 0165 ] As shown in the FIG . 8D , it is the hydraulic model 
of the electron sea in the substrate . The substrate noise in the 
digital substrate will disturb the substrate of analog circuit . 
In other words , it must have all the substrate connected 
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together to be a calm sea as shown in FIG . 8E . The 
separation of power and ground cannot eliminate the sub 
strate noise to meet the high S / N or ENOB requirements that 
the analog RF / AF ASIC chip has to separate from the large 
digital or FPGA circuit . 
[ 0166 ] To have the quite ground for the digital substrate in 
the FIG . 8E , as shown in FIG . 8F , the current regulator CR 
confines all the digital noise at the power node Vo 
ground is kept isolated from the noise to be the electrical 
isolation layer . With the innovative CR in FIG . 8F , the power 
voltage , ground voltage and noise voltage are shown in FIG . 
9E . The ground voltage and the substrate voltage are 
clamped to be the ground OV with the LG inductor . There is 
no substrate noise . All the digital switching noise is confined 
at the Vod node . Depending on the size of digital / FPGA 
circuit , the Cac might be the versatile combinations of the 
on - chip capacitor and on - board capacitor . However , the 
on - chip capacitor can reduce the inductor current that the 
peak voltage oscillation is reduced . 
[ 0167 ] In the Noise Isolation Technology NIT , there is a 
question whether the oscillation of the current between the 
digital circuit and the capacitor will inject into the substrate 
to generate the noise . To answer this question , as shown in 
FIG . 9A , there is one capacitor with the positive terminal 
being connected to the negative terminal of this capacitor . 
There is no ground and / or substrate . The closed loop current 
will not inject to ground and / or substrate . As shown in FIG . 
9B , the ground is added to the circuit , however , the loop 
current will be still the same . So , as shown in FIG . 9C , the 
loop current will not inject into the ground and / or substrate . 
In other words , just as the electric field inside the closed 
metal cavity as shown in FIG . 9D , the ground and substrate 
are shielded from the inject current FIG . 9C . FIG . 9D is the 
static electric field case ; FIG . 9C is the dynamic current case . 
There is no switching noise outside the current loop and it 
is names as the Tangs ' Law . 
( 0168 ] A green technology integration system comprises 
application specific integrated circuit ASIC and field pro 
grammable gate array FPGA . The green technology inte 
gration system integrates the ASIC and FPGA on a platform 
made of the noise isolation means to be the field program 
mable integrated chip FPSOC . FIG . 9E is the application of 
the Tangs Law to the platform of the system integration . All 
the Radio Front , Analog Front RF / AF , analog / mixed signal 
and Digital / FPGA circuit are integrated on the same chip to 
share the same substrate . With the Tangs ' Law , the power 
Vccs of the RF / AF , analog circuit is constant over time . The 
switching noise is confined on the multiple Voos digital 
power buses . For the switching current spikes , the switching 
noise is small . With the on - chip capacitor , the oscillation 
voltage is much smaller than the on - board capacitor . 
[ 0169 ] FIG . 10A and FIG . 10B illustrate the differences 
between the innovative current regulator and conventional 
voltage regulator . As shown in FIG . 10A , the current regu 
lator eliminates the internal on - chip substrate noise gener 
ated by the on - chip digital switching noise . As shown in 
FIG . 10B , the voltage regulator eliminates the external 
on - board power noise injected into the analog circuit . 
[ 0170 ] The digital switch has the periodic curve that we 
can take advantage to get rid of the digital switch noise . As 
shown in FIG . 10A , the digital circuit consumes the switch 
ing current Iswitch = 14c + IDc : The Ipc is the slow varying low 
frequency average current which can be treated to be con 
stant in the timing window . The current regulator CR only 

provides the constant average current loc . In the short time 
window , Ipc can be approximated to be constant , 
Ipc = constant . For Ipc = constant , Ldloddt ) = 0 . The sub 
strate has V ( Vss ) = V ( 0 ) to be the ground node voltage and 
has no digital switch noise . The capacitor Cac will smooth 
the voltage Vdp . The amplitude variance of Vop is the 
inverse proportional function of the capacitor Cac . To make 
the variance of VoD smaller , we need the larger Cac : 
However , there is the limit of the on - chip capacitor . Then the 
off - chip capacitor can be used with the combination of the 
on - chip capacitor . The on - chip capacitor reduces the peak 
voltage and the off - chip capacitor reduces the large variance 
of the Vpp amplitude . 
[ 0171 ] As shown in FIG . 10A , for the current regulator , 
the current switching occurs at node VDD . The protected 
node Vcc voltage is a constant voltage . On the contrary , as 
shown in FIG . 10B , the node Vcc has the on - board injecting 
noise . This on - board injecting noise is coming from the 
digital switching noise of the neighboring digital or FPGA 
chips . The digital or FPGA chip dumps the digital switching 
noise on the board . Even having the bypass capacitor and / or 
choke , it still has the digital switching noise injecting into 
the RF / AF analog chip . Under the Vcc injecting noise , the 
voltage regulator is trying to have the on - chip analog supply 
voltage V to be constant . Comparing FIG . 10D with FIG . 
10E , the noise injecting node and the protected node are 
exactly reverse . It shows the essential difference between the 
current regulator CR and voltage regulator VR . The current 
regulator CR has the completely different functional features 
from the voltage regulator VR . Comparing the voltage 
regulator VR in FIG . 10D and the current regulator CR in 
FIG . 10E , the voltage regulator VR is to filter the voltage 
oscillation in Vec to generate the constant voltage at V 
node ; the current regulator CR is to filter the current spikes 
in the V to generate the constant current in the node Vcc . 
The current regulator CR has the conjugate and opposite 
functions of the voltage regulator VR . 
[ 0172 ] As shown in FIG . 10C , the comparison table sum 
marizes the difference between the conventional approach 
and the Green Technology . In the conventional approach , the 
system is partitioned to be multi - chip of the RF / AF analog 
chip , mixed signal chip , digital and FPGA chip . The Green 
Technology uses the single chip system approach . It saves 
power and has higher performance . The conventional multi 
chip system uses the on - board bypass capacitor . The on 
board bypass capacitor will generate much more on - chip 
digital switching noise . The conventional system dumps the 
noise on the board . The Green Technology confines the noise 
in the local chip . The conventional uses the voltage regulator 
to isolate the alog circuit from the on - board power and 
ground noise . The Green Technology uses the current regu 
lator to isolate the digital switch circuit to keep the switching 
noise from the contamination of the on - board power and 
ground . The conventional system uses the voltage regulator 
VR to generate the internal constant chip voltage V A for the 
analog circuit . The Green Technology uses the current 
regulator to generate the constant current for the digital 
switching circuit . 
[ 0173 ] From the power source view , we compare and 
make the analysis for the characteristics of the current 
regulator . As shown in FIG . 11A , it is the characteristic 
curve and symbol of the voltage source of the voltage 
regulator VR . The output voltage is constant over all the 
current load . As shown in FIG . 11B , it is the characteristic 
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curve and symbol of the current source . The output current 
is constant over all the voltage load . As shown in FIG . 11C , 
it is the characteristic curve and symbol of the current 
regulator . Both the output current and voltage are the speci 
fied constants . So , the current regulator is neither the voltage 
source nor the current source . The current regulator is a new 
kind of power source . Furthermore , for the dynamic loading , 
the output current load varies but the output voltage is 
constant . This is an adaptive smart current regulator . How 
ever , the current regulator is different from the voltage 
regulator . The voltage regulator is high speed and broad 
spectrum circuit to keep the output voltage to be constant . 
The current regulator is low speed and narrow spectrum 
circuit to keep the output current to be constant . 
[ 0174 ] As shown in FIG . 12A , it is the digital switching 
curve with the slow wandering . The slow wandering comes 
from oscillation having the large on - board capacitance , etc. 
The spectrum of the digital switching curve is shown in the 
FIG . 12B . The high frequency band is the digital switch . The 
low frequency band is the wandering baseline coming from 
the large on - board capacitance , etc. FIG . 12C2 , FIG . 12C3 
and FIG . 12C4 are the waveform , symbol , spectrum of the 
input and output signals of the current regulator CR . FIG . 
12D2 , FIG . 12D3 and FIG . 12D4 are the waveform , symbol , 
spectrum of the input and output signals of the voltage 
regulator VR . 
[ 0175 ] In FIG . 12C1 and FIG . 12C2 , the power noise PNi 
input is at VDD and the output is constant or slow varying 
current ICC . The control signal Vctl slowly varies to keep 
the current ICC to be constant . As shown in FIG . 12C3 , the 
power noise PNi input has both high frequency digital 
switching noise and the low frequency wandering baseline . 
As shown in FIG . 12C4 , the control signal Vctl only has the 
low frequency control for the low frequency wandering 
baseline . 
[ 0176 ] On the contrary , in FIG . 12D1 and FIG . 12D2 , the 
power noise PNi input is at Vcc and the output is the 
constant voltage V The control signal Vctl fast varies to 
keep the voltage VAA to be constant . As shown in FIG . 12D3 , 
the power noise PNi input has both high frequency digital 
switching noise and the low frequency wandering baseline . 
As shown in FIG . 12D4 , the control signal Vctl has high 
frequency control for the digital switching and the low 
frequency control for the low frequency wandering baseline . 
[ 0177 ] To generate the low frequency control signal for 
the current regulator , we need to extract the baseline wan 
dering information from the input PNi digital switching 
power noise signal . As shown in FIG . 13A and FIG . 13B , 
there are versatile different ways to extract the baseline 
wandering information from the input PNi digital switching 
power noise signal . 
[ 0178 ] FIG . 13A is the basic block diagram of average 
circuit to extract the average value larg from current I ( t ) . 
FIG . 13B is the basic block diagram of average circuit to 
extract the average value Vavg from current V ( t ) . FIG . 13C 
is the block diagram which generates the average current 
from the voltage instead of the current directly . The funda 
mental principle of the current regulator is to minimize the 
variance of current flowing through the parasitic inductor of 
the bonding wire and pin , etc. The current flowing through 
the parasitic inductor is only the average of the current . The 
feedback control circuit provides the low frequency current 
to current loading and keeps the voltage to be the specified 
voltage level . The abrupt change and variance of switching 

current is absorbed by the storage capacitor . There are many 
different implementations of the above principles . As shown 
in FIG . 13D1 and as shown by the Fp in FIG . 14F , the 
switching noise is filtered out first , then the low frequency 
signal is compared with the reference voltage to generate the 
control signal . This pre - filter is the preferred implementa 
tion . Of course , as shown in FIG . 13D2 , it is possible to have 
the alternative post - filter implementation to feedback the 
voltage first , then filter the switch noise . However , in the 
practical implementation , as shown in FIG . 13D3 and FIG . 
18C , the pre - filter of FP , post - filter made of the Cpc and the 
output impedance of amplifier AP are adopted . As shown in 
FIG . 18C , the cascade current regulators and the cascade 
filter FP3 are adopted . The green technology integration 
system has the current regulator further comprises the filter , 
feedback and comparing circuits . The filter filters out the 
high frequency variance of output to get low frequency 
variance of output . The comparing circuits feedback the 
information of variance of output current loading . The 
current devices are controlled based on the information of 
the low frequency variance of output loading current . 
[ 0179 ] FIG . 14A and FIG . 14B illustrate the versatile 
techniques to generate the dynamic average current . FIG . 
14A is to use the average circuit to generate Iavg ( t ) from I ( t ) . 
The current regulator comprises filter , feedback and com 
parator . The filter filters out high frequency variance of 
loading to get low frequency variance of loading . The 
comparator feedbacks information of variance of loading . A 
plurality of current device is controlled based on information 
of low frequency variance of loading . FIG . 14B is the timing 
integration block to generate the lavg ( t ) from I ( t ) . FIG . 14C 
is the timing window to generate the lavg ( t ) from I ( t ) . FIG . 
14D is to use the low pass filter to generate the Iavg ( t ) from 
I ( t ) . FIG . 14E1 shows the waveform of the power buses and 
clock . At the clock edge , the simultaneous switches of the 
digital circuit generate the switch noise instantly . The switch 
noise dies away to be the average value . As shown in FIG . 
14E2 , the sampling circuit samples the average value at the 
average value period to get the average value Iavg ( t ) . 
According to the principle illustrated in the FIG . 13C , FIG . 
14F shows the current regulator design which integrates of 
the above techniques to have the practical application . The 
filter F , is to serve as the filter as shown in FIG . 14D to 
generate the average voltage for the average current . The 
voltage divider Rip , R2 and Cfbp are the feedback circuit and 
filter . The sampler Sy is to sample the average value at the 
average period to have the much cleaner average value . The 
sampling gate Spe and capacitor is to compensate for the 
sampling noise generated by the switch gate Sp . 
capacitor Cpe and the output resistance of the amplifier Ap 
are another filter . So , there are four filters are in cascade to 
get the high quality average current . Finally , the average bias 
voltage for the average current applying on the P device M , 
to generate the constant “ current source ” which has the 
" constant ” current value lavg ( t ) to be the “ average ” value of 
the current load I ( t ) . It is noted that the circuit is dynamical 
that the Iavg ( t ) is also dynamic . The “ constant means over 
a short time period of time window . The time window shifts 
and the “ constant ” value also varies and shift slowly at very 
low frequency . For a short period time , the average value can 
be treated as a constant . For the constant current . L ( dlavg / 
dt ) = 0 , the voltage across the inductor is zero , i.e. , the 
switching noise generated by the inductor is zero . 
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